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Abstract

Our team worked with the Mirror Ant Group to install a solar electric unit in Ban Jalae, a
rural hilltribe village in northern Thailand. The photovoltaic system provides electricity for educational
equipment in a cultnral enter that showcases Labu customs and traditions, as part of an effort to
increase awareness and prevent their assimilation into mainstream Thai society. In addition, we

analyzed the cultural and societal impacts of the technology.
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Executive Summary

Government regulations, technological development, and the overwhelming appeal of the
mainstream Thai society are just some of the forces placing the culture of rural hilltribes in jeopardy. One
tribe in particular, the Labu, faces many internal and external pressures that threaten the existence of its
culture. Recently, the government has forbidden the tribes to continue their traditional farming practices
because the tribes’ technigues contribute tothe deforestation of Thailand’s already largely depleted forests.
While the government ordinances are intended to protect the environment, they have impeded the 1.ahu
villagers from continuing their traditional lifestyles. In addition, the Lahu people are struggling to endure
in a Thai society where technological advancement and societal conformity have become necessitzes for the
villagers’ survival. Fortunately, the Mirror Art Group (M.AG), a nonprofit, non-governmental
organization, has recognized the need to assist the Lahu people in the preservation of their culture. The
MAG s now making efforts to organize projects in northern Thatland to assist the Labu and other
hilltribes.

One of the projects the MAG promoted was the construction of the ‘Ban Jalae Hilltribe I ife
and Culture Center,” a cultural museum and learning facility for the Labu villagers The Culture
Center is located in Ban Jalae, a Labu village situated in the Mae Yao sub district of the Chiang Rai
Province of Thailand In order 1o preserve aspects of the tribe’s traditional lifestyle, the Culture Center
features a niuseum that highlights their tribal customs and ceremonies. The museum better enables the
Labu villagers to preserve their heritage and addresses some of the changes that are bound to come inan
encroaching Thai society.

The Culture Center provides technological tools 1o aid the Ban [alae inhabitants during this
difficult period of transition. The equipment not only functions to document the culture and traditions of
the tribe, but also provides educational services to the comniunity and visitors. Since Ban Jalae is located
in an isolated, mountainous region, the government has thus far not provided it with electricity. As a
result, the MAG decided o have a self-sufficient and environmentally friendly method of powering the

Jactlity installed, using solar technology. 1t became onr job to explore the feasibility of using a photovoltaic



(PV’) systemr and determine its effectiveness and tmpact in the village The goal of our project was to
provide the Culture Center with electricity in order to assist in the preservation of Labu culture.

To accomplish this goal successfully, onr team completed four main objectives:

1) Determining the expectations of the MAG and the Lahu tribe for the Culture Center

2)  Evaluating the success of similar PV systems at a different Labu village

3)  Installing a sustainable solar power supply

4) Educating the Ban Jalae residents about the safety and maintenance of the PV technology.

The first objective involved a study of both the Mirror Art Group and the villagers’ expectations
of what the Culture Center wonld provide. Individual interviews with the Hilltribe Life and Culture
Center Conncil headman Khun Surachai, and MAG representative Jonathan Morris, allowed our
project team to understand how the two groups expected the technological devices in the Culture Center to
aid the villagers. 1t also gave ns some insight as to the types of problems, both culturally and technically,
that they expected would arise from the installation.

In general, the tribe members and the MAG had similar expectations for the Cultnre Center
and its photovoltaic power supply. Khun Surachai minimized our fear that educational technology wonld
adversely affect the village’s culture by explaining that in order to preserve the Labhu way of life, the iribe
needs to bridge the cultural communication gaps between generations. Khun Surachai made clear that
this could only occur if the villagers maintained the will for ther culture’s existence.

We completed onr second objective by analying previous PV system installations at Ban Y afu,
also a Labu hilltribe village, and conducting an interview with a villager, Khun Jamai, about the solar
unats’ history and cultural impacts. The village’s solar installations provided onr team with an example
of how a photovoltaic system withstands a rural hilltribe environment and what societal impacts the
technology can have on a hilltribe community.

It was evident through both the interview and the observed condition of the solar installations in
Ban Yafu that the villagers did not utilige these systems to their fullest. The solar components were in

disarray and it seemed as if the villagers had not maintained the panels since their installation almost



seven years ago. Apparently, the villagers had received little training about how the system functioned or
should be maintained.

The third objective was the design and installation of our PV system in Ban Jalae. After we
performed a load analysis and site surveys, our project team purchased, assembled, and installed the
components with the assistance of Ban Jalae villagers.

The load analysis allowed us to estimate what size system was necessary to neet the electrical
requirements of the Culture Center. Omce we completed the load analysis, we purchased componentsthat
both met the budget and satisfied the power needs of the Culture Center. Before assembling the Pl
system, we conducted site surveys to determine the best placement and orientation of the solar panels, and
decided that the construction of a separate building for the installation would best suit the villagers’ needs.

Qur final objective was to leave the villagers with the means for using and maintaining the PV
system.  For training purposes, we separated the tribe into two groups, those technicallyinclined for
maintenance purposes, and a larger group that we informed of the basic safety precantions of the system.
We condncted a presentation to inform all villagers of the safety and operationd issues with the Pl
system. Qur team also provided a training session and technical demonstrations to four individuals in the
village who volunteered 1o be in charge of the system’s maintenance and repairs.

Although the installation of solar technology in Ban Jalae may seem primarily technical, the
actual focus of onr project was on what effects the technology will have on the people and their culture.

The Labu currently live in a society that is not dependent on technology, so having access to these new
empowering devices will inevitably affect their day-to-day life. Achieving our goal of installing a
photovoltaic system in a manner that does not harm the fragile cultural equilibrium that exists in Ban
Jalae was essential to ensure the success of the vilage’s Culture Center.

Through both the interview we conducted with Khun Surachai and our on site evaluations in the
village, we have determined that the Labu in Ban Jalae feel in no way culturally threatened by their newly
acquired solar technology. 'This conclusion is extremely site specific, and projects teams working with

similar hilltribe installations should analyze each tribe’s cultural sitnation carefully on a case by case

viz



basis.  Our installation, however, should serve as a reference point for those futnre projects. We
recommend that future project teams visit Ban [alae and treat the village as a case stndy, taking into
consideration where the project has succeeded and where improvements can be made.

The Labu tribal people in Ban Jalae face a difficult period of transition between their
traditional way of life and a modernized form of existence. The Ban Jalae villagers realize that they
minst adapt to this new way of life in order to survive, but they also have a strong sense that they must
take measnres to preserve their cultnre, or it will inevitably be destroyed and the tribe will be culturally
assimilated into mainstream Thai society. The solar technology that our team has installed in Ban Jalae

Is a means for preventing this assimilation, as it will aid in the villagers’ efforts to preserve their cultnre.
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Chapter 1: Introduction

The preservation of culture at first glance may seem as insignificant as it does futile. One may
ask why preservation of cultural heritage in a dynamic society such as our own is a necessity when we
perceive ambition as visions of the future. However, it is in man’s best interest fo cling to that which
makes us unique; being able to look back and see what once existed is an inspiration that fuels ambition.
Knowledge of the past can provide one with a deeper appreciation of one’s origirs. Unfortunately, not
ezz?gone has the luxury of being able to share his or her heritage with others. In some cases, it can be
difficult for a group of people within the same culture to pass on the history of their heritage. Seeing that
we all share the same planet, we should have respect for the many cultures of the world and take notice
when one in particular is in danger of becoming extinct. NMany cultures today face assimilation, especially
those that have not kept up with the global technological revolution. Assimilation can occur when a
majority gronp and a minority group co-exist in the same region. Quver time, the culture of the majority
can influence that of the minority, cansing the minority to abandon ifs way of life, which ultimately
becomes extint.

Raural hilltribe villages in northern Thailand face an increasingly diffucnlt struggle to maintain
their culture, heritage, and traditions in an encroaching Thai society. In the past, the villagers in these
tribes have passed on their culture orally. As a result, if a tribal generation fails to communicate its way
of life to its children, that heritage is irretrievably lost. The tribal minorities in Thailand have not been
able to organize themselves politically above the village level, cansing additional erosion due to the lack of
cultnral authority in their homeland (Virtnal Hilltribe Musenm, 2003). As a result, the hilltribe
villagers of northern Thailand have felt an increasing need to find new methods of preserving their culture
and way of life.

The current erosion of the northern hilltribes’ cultural identities is due to a few key factors. The
hilltribes have encountered numerous economic and social problems due to the Tha government banning

tribal agricnltural practices and relocating the hilliribes to highland areas. Traditionally, most hilltribes



practice a slash and burn technique for the purpose of cultivation that can lay waste to large tracts of
Sorest. Many Thai and foreign conservationists believe these techniques heavily damagethe dwindling
Sorests in Thatland. The government has banned these unsustainable farming techniques and has
announced a program of ‘integration” of the hilltribes into Thai society, pushing them to become fully
integrated Thai citizens. Yet obtaining Thai citizenship has proven to be extremely difficult, as the
majority of the tribal people’s time has been dedicated to adjusting to their surroundings and finding new
ways to produce income. Without citizenship, it is impossible to vote, buy land, travel outside the district,
work legally, or even own a vehicle in Thailand (Virtual Hilltribe Musenm, 2003). A non-citigen
effectively becomes a nonperson.

The Mirror Art Group (MLAG), a non-profit, non-governmental organization (NGO), is
working to assist hilltribes from the Mae Yao sub-district of the Chiang Rai Province in this difficult
period of adaptation. The NLAG, with support of the hilltribe villagers, felt that a creating a museum 1o
showcase the tribal customs and ceremones of the hilltribes wonld enable the villagers to preserve their
heritage and address some of the changes that are bound to surface as a result of the impinging Thai
society. In an attempt to document the hilltribes’ vanishing cultnres and to educate both tribal people and
those interested in tribal culture, the MAG created a cultural learning center located in Ban Jalae, a
village near the northern city of Chiang Rai (see Figure 2 in Chapter 2). This Culture Center, known
Sfully as the “Ban Jalae Hilltribe Life and Culture Center,” exists so that residents and visitors can learn
about hilltribe culture within the environment of a tribal village. The MAG also planned a non-
Dphysical, internet-based, aspect of the project: the Virtual Hilltribe Musenm (www.hilltribe.ory).

Lhrough the mnltimedia presentations featured in the Culture Center and the online version of the
musenn, the villagers of Ban Jalae shonld have adequate tools to record and propagate their culture.

There was, however, a problem with the MAG’s solution: the That government has not
provided the Ban Jalae village with the electricity necessary to power such a facility. Ban Jalae is located

in an isolated, mountainous region, w hich has thus far prevented the That government from connecting it



to the existing power grid. To ensure successful operation of the Culture Center’s equipment, such as the
multimedia devices, onr team formulated a plan for electrification.

To compensate for the lack of electrical grid connections, we explored the option of installing a
solar electric unit in the Culture Center, where a computer and other educational equipment resides. The
Labu people who inbabit Ban Jalae will primarily utilize and maintain the center. Working alongside
the Mirror Art Group, onr project team has implemented this maintainable and sustainable technology
with the financial support of the Rockefeller Foundation. To gnarantee the long-term viability of the
Culture Center, we also developed a maintenance training program for the solar apparatus in order to
edncate local villagers who will ensure the upkeep of the system. The training program included
instructions for preserving the unit as well as safety procednres to use when handling the equipment and

uts various electrical components.



Chapter 2: Background

Our team conducted extensive background research on the Lahu hilltribe and the cultural issues
they face, the Mirror Art Group and its mission to improve the conditions of the hilltribes in northern
Thailand, case studies relevant to cultural assimilation, and information on solar technology. T his
research allowed us to make betier-informed decisions while we worked with the Labu hilltribe. By
studying and observing the tribe’s culture, we were able to construct a training program about the
maintenance of the new solar unit for the tribe members. The villagers’ use of this technology will have a
crucial effect on how it influences their culture.

The first part of this chapter introduces the hilltribe people of northern Thatland and
concentrates on the sociological factors that have led to their need for cultural preservation. The second
section provides background information on the Mirror Art Group, which was responsible for the
creation and successful deployment of the Culture Center. In the third section, we present a variety of case
studies that describe what can occur when two cultures collide, and explain how communities can use
technology to assist in the preseruation of a threatened culture. The last section of this chapter focuses on

some of the maintenance issues related 1o the solar electric units in rural Thailand.

2.1 The Hilltribes of Northern Thailand

In Southeast Asia, there are dogens of mountain- dwelling peoples collectively known as
hilltribes. Hilltribes are linguistically and culturally distinct semi-nomadic peoples who have migrated
through the mountains into Thatland over the last century. Most hilltribes are originally from Tibet,
while more recently migrants have comefrom Myanmar (Burma), Laos, and the Y unnan province in
China, after fleeing military conflict and oppression (Figure 7). Due to their origins, none of the hilltribe

peoples are related 1o ethnic Thais, either linguistically or culturally.
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Figure 1: Immigration routes for the six main hilltribes in Thailand
Source: www.hilltribe.org/museum/images/map1.jpg

Among the six largest hilltribe groups in Thailand are the 1kha, Hmong, Karen, Iahu, Lisu,
and Mien (Yao). Only the Mien have a traditional system of writing, which leaves the nigration
histories of the other hilltribe peoples to be derived from oral histories, linguisiic data, Han Chinese
manuscripts, and guesswork (Virtual Hilltribe Museuns, 2003). s we will see, possessing only an oral
langnage can make the recording of cultural history difficult for some hilltribes. In particular, the Iabu
tribes have concerns that they are losing their way of life due in part to a breakdown of communication.
Before we discuss these issues, we will first introduce the Lahu people and provide some background

information on their culture and origins.

2.1.1 Demographics of the Lahu
Today roughly 25,000 Labu occupy areas spread out over morthern Thailand divided into four

major groups: the Red Lahu, Black Labu, Yellow Iahu, and Labu Sheleh (Thaipro, 2003). The



particular tribe that our project team was involved with is known as the Laba Labu, who are closely

related to the Red Labu. There are only two Laba Labu villages in Thailand, one of which is Ban

Jalae, located in the Mae Yao sub-district in the capital district of the northern Thai province of Chiang

Rai Figure 2).
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Figure 2: Map depicting the location of Ban Jalae
Source: www.mirrorartgroup.org

Ban Jalae consists of about 6O homes. The Lahu villagers settled in Ban Jalae as the
government forced them to leave government -protected forestland in the mountains to “reservations” set
aside in the foothills. Ban Jalae is at the site of a former government logging concession of the Royal Thai

Government. A number of Akba fanmilies who worked for the logging concession also live in the Ban

Jalae community (Mirror Art Group, 2003).

Since the Labu villages are located far into the mountains, without paved roads and other
aspects of city development, the tribes operate mostly independently of urban society. The villagers have

made their living by hunting, trapping, and harvesting, and alt hough they are some of the most skilled

hunters and trappers in Thatland, a lack of game has required them 1o resort fo harvesting crops as their




main source of income. They grow rice for consumption as well as corn and ginger for sale. Many people
consider the Labu ginger to be the best on the market and it is, therefore, a good sonrce of income In
addition to growing crops, the Lahu villagers raise cows, chickens, and pigs, both for consumption and for
religions sacrifice. Although agriculture has become increasingly essential for the tribe, hunting remains a
vital part of the villager’s way of life, and tribes still judge their membersby their tracking and trapping

skills (Mirror Art Group, 2003).

21.2 Lahu culture and traditions

The Labu are extremely pround of their cultural identity. s a result, the villagers are notably
unified in their communal and religions interactions. s important as the concept of unity is the respect
the Labu people have for their elderly; the village elders are the most respected members of the tribe and it
is common for households 1o follow ther rules and wishes. Although the decisions of the village elders can
Sometimes create a divided society, households that act against the elders’ wishes are enconraged to leave.
However tragic this occurrence, it attests o the strong social and political bonds that the Labn people
expect and their desire for unanimity. In general, the villagers anticipate that everyone will agree with the
decisions that the council makes, and in particular, respect the wishes of the village elders.

Another governing force for the Lahu people is their village priest, or paw hkn The traditional
Lahu religion is animistic and is based on the belief that a supreme ruler called G'en sha governs the
spiritual realm. The village priest holds a high position in the village becanse he acts as mediator between
man and G ent sha and is the main religious teacher. Lahn religion and its practices can vary among the
many different tribal branches, with some following a more shamanistic tradition and others placing more
enaphasis on ancestor worship.  Those ethnic sulgroups that have converted to Christianity have made the
transition with relatively little destruction of their way of life, and many maintain a degree of animistic
worship, creating their own brand of Christianity (Mirror Art Group, 2003). Their easy acceptance of
Christianity is due to the separation of their spirituality from the rituals of every-day life, and becanuse

several movements of Labu religion are already messianic (Virtual Hilltribe Musenns, 2003). The



Lahu religion itself is still vital, as demonstrated by the recent opening of a Laba Labu temple in the
village of Ban Jalae. The religion creates a strong focus for the local popnlation and allows all faithful
members of the commmunity to unite and celebrate their continued traditions, including traditional costumes
(Mirror Art Group, 2003).

A further aspect of Labu ¢ ultnre that contributes to the tribe’s strong sense of community is
gender equality. Within the household, the husband and wife share chores and childeare equally. In fact,
a good husband is valued for his caring nature, especially in times of sickness and childbirth. T he Labu
husband and wife are typically quite devoted to each other. .Although divorce is a common practice among
the tribal families, a married couple will share a mutual respect that does not exist elsewhere. The
extended family does not dominate the household, althongh family members will often live nearby. A
husband may live with his wife's family for a period, but it is never a permanent arrangement since most
households tend to consist of the parents and their unmarried children. The children who live in the
village tend 1o be very young because most of them leave their homes at aronnd age fifteen to seek
employment elsewhere, often in the city (Mirror Art Group, 2003).

Overall, the Labn people are proud of their religion, skills, customs, and independence. They
are a people of strong conviction who do not easily bend 1o the will of others. Ewven though poverty and
hardship plague many of them, they refuse to sacrifice their way of life. "Loday, the government plays a
greater role in deterniining how the villagers conduct education and farming practices by enforcing farming
ordinances and enrolling Labu children in Thai schools. The level of modernization that has made its
way into the Lahu culture is proof that the tribal people are willing to accept change to ensure their

survival, but because of their strong willed nature, “they wish to make the transitions on their own terms”

(Mirror Art Group, 2003).

2.1.3 Cultural issues confronting the Lahu people
Many villagers of the Mae Yao sub-district continue the traditions of their ancesiors and

continue to defy government regulations. They carry on their slash-and-burn agriculture in fields deep



within the mountains, far from government supervision. Recent movements, however, have brought many
villages to adopt new, sustainable agricultural technignes. Two of the most pressing issues currently
confronting the Lahu tribes are adjusting to these new techniques and obtaining Thai citizenship.
Recently, though, due to the strong organization of their villages, 60% of Mae Yao Lahus have become
cetigens.

Obtaining citiz enship is important for a variety of reasons. 1t enables hilltribe people to buy
land, travel outside their district, work legally, and even own a vebicle. 'The government awards an
individual citienship only if both parents were born in Thailand and only considers giving an individual
citizenship if one of the individual’s parents has been a Thai resident for over three years. The
Qovernment denies those withont citizenship access 1o any governmental welfare benefits. The school
certificate awarded at age 15 is stamped “non citizen,” meaning that all further education must come at
the individual's excpense, far beyond the budget of an average hilltribe family. In addition, Thai citizens
pay a standard flat rate of 30 babt for every treatment received at government hospitals, but people living
in Thailand without proof of citizenship are obligated to pay the full price. Although recently the number
of Labn villagers who have gained citizenship has been increasing, there are still difficulties with the
process. Many times, in an effort to achieve citizenship and earn a better social and economic standing,
villagers will fall prey to corrupt local government officials and police. City employers will often take
advantage of the fact that the hilltribe people lack citigenship and will exploit them financially, cansing
Surther setbacks (Mirror Art Group, 2003).

Even hilltribe people with Thai citizenship are exploited due to ignorance of their rights and
distrust of the legal process. This lack of knowledge is a result of the limited education most non-Thais
receive and can lead to demoralization and nninformed decisionmaking. In recent years, for example,
the drng trade has been influencing hilltribe communities. "The result is that some hilltribe people have

Jjoined the infamons Golden I'riangle drug trade in a search for income. Lack of knowledge about the
dangers of newer drugs, such as methanmphetamines, has led to their abuse among some of the rural

villagers (Mirror Art Group, 2003).



In the face of thee adversities, the distinct culture of the hilltribe people has begun to erode.

Prejudice from the Thais, although never violent, is still prevalent in a mocking form. As an example,

the Thai word for Akha, E-gaw, is pejorative, with undertones of backwardness, simplicity, and
Sfemininity. Since the majority of Lahu children now enroll in state-run or missionary-funded boarding
schools afier completing the sixth grade, it is not uncommon for Thai teachers to belittle a tribal child's
ethnic identity (Mirror Art Group, 2003). Gradually this constant low-grade barrage of intolerance and
cultural misunderstanding causes many members of the hilltribes to become ashamed of their own cultural
herttages, thinking of them as backward and basic. Instead of returing home afler schooling, hilltribe
youths will often travel to the cities in search of employment, stepping directly back into this cycle of
excploitation.

The villagers themselves are not blind to the erosive processes occurring; they just feel powerless to

stop them. The following section describes the Mirror Art Group and its efforts to aid the hilltribe people

in their difficult period of adjustment.

2.2 The Mirror Art Group’s dedication to hilltribe
communities

Our sponsor for this project, the Mirror Art Group, is a knowledgeable resonrce for the Lahu
people about modernization and adaptation. This NGO has been working very closely with the hilltribe
communities located in the Mae Y ao sub-district, especially the Lahu tribe, for nearly five years. Thus,
the organization has a great deal of information about the tribe’s people and their culture. What follows

is a description of how the Mirror Art Group established its connection with the hilltribes and what

programs it is zﬁrp/ementz'ng 1o assist these communities.

2.2.1 History of the Mirror Art Group
Originally founded in 1991, the Mirror Art Group’s (MLAG) aim was to promote social

change, human rights, and universal equality. Sombat Boongamanong, visionary and founding member

(Figure 3), believed the best way to accomplish these goals was through cooperation, selfeducation, and
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community activism. Sombat and bis colleagues decided that art and drama performances could
commaunicate their ideals to the widest audience. In addition, the MAG conld avoid placing its
organization in a dangerous political controversy by using entertainment to address potentially contentions

issues like democracy, human rights, HIV, and sex education (Mirror Art Group, 2003).

Figure 3: Photograph of Sombat Boongamanong (Nuling) , founder of the MAG
Source: www.mirrorartgroup.org

Despite performing over one hundred times per year, the Mirror -t Group eventually became
disillusioned by the relatively small amount of time they were spending with rural target audiences. In
1998, the MAG decided 1o redirect its focus and moved from Bangkok to establish a grassroots
multimedia center in Chiang Rai. The change in venue brought changes to the NL-AG’s largely political
website, www.thebangkok.com. The Mirror <Art Group changed the name and general content of the
website to www.bannok.con, bannok being a Lhai term meaning rural (Mirror 1rt Group, 2003).

Upon arriving at their new location, the Mirror Art Group saw the high levels of poverty,
unemployment, malputrition, and drug abuse present in an adjacent village. 1t was the first time the
MAG had considered the difficulties faced by Thailand’s highland ethnic minority people (Mirror Art
Group, 2003). The villagers were coping with the complete upheaval in their way of life brought on by
their relocation from the mountaintops to the foothills. It was at this time that the Mirror Art Group

SJound their new mission and began preparations to assist the tribes.
1t was not long before the Mirror Art Group made friendships with the many neighboring tribes

scattered throughout the Mae Y ao sub-district. _fter learning the problems from the villagers’ point of
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view and seeing first hand that the modern world was slowly swallowing their culture, the MAG started
projects to help the hilltribes regain their strong communities.
2.2.2 Promoting c ultural awareness through the Virtual Hilltribe
Museum
One project the Mirror Art Group is working on is the completion of a Virtual Hilltribe
Musenm. This project’s goal is to document and teach the public about the cultural shift of highland
ethnic minorities in Southeast Asia, especially Thailand (Virtual Hilltribe Musenns, 2003). The
project aims at attracting an andience ansong hilltribe youths in urban environments w ho no longer have
the time, access, or interest to receive the oral traditions of their cultures from elders. Tourists of the
hilltribe villages and those interested in learning about the hilltribes will also find the website useful. 'The
miusenm focuses o the traditional ways of life and the manner in which the billtribe peoples have adapted
and integrated with majority cultures, like the Thais. The project website is www.hilltribe.org and it has

received funding from the Rockefeller Foundation's Mekong Sub-Region Project (Virtual Hilltribe

Museum, 2003).
2.2.3 Development of the Ban Jalae Hilltribe Life and Culture

Center

The Mirror Art Group, with support of the Ban Jalae villagers, believes that a museum
highlighting the tribal customs and ceremonies of the Labu hilltribe will enable the community to preserve
115 heritage and address some of the changes that are bound to come withan encroaching That society.
The Culture Center provides the Ban [alae villagers with some technological tools to ard in this endeavor.
The equipment will not only document the culture and traditions of the tribe, but will provide educational
services 1o the commmunity and visitors. The equipment powered by the solar unit includes a large projector
and one or more computers. In addition, the solar unit contains a battery ch arging station for the
villagers.

A static version of the Virtual Hilltribe Museun website will be avatlable to the villagers on

the computers to exhibit thetr culture further. The computers will also serve 1o enbance the Labu tribe’s
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computer skills and may be linked to a satellite internet connection in the future. 1If an internet
connection were to be present in the Culture Center, a new set of options would become available to the
villagers: the Virtnal Hillt ribe Musenm would no longer be static; through online research and
instruction, the villagers could learn new langnages and perform routine tasks, such as the checking of
agricultural prices (Mirror Art Group, 2003). The remaining equipment would aid in the

documentation of rituals and traditions by capturing video and still images of the tribe.

2.3 Case studies of cultural preservation

To gain a perspective on how cultures can be affected by assimilation, we have gathered a
collection of case studjes relating to the difficulties that face the Ban |alae villagers. We used these case
studies to anticipate possible social consequences that could occur with the installation of the solar nnit,
and understand why there is a need for the Culture Center. In this section, we use examples from
different countriesto show what can occur when two cultures collide, how people can use technology to

assist in the preservation of a threatened culture, and how these exaniples relate directly to the Lahu

tribe’s situation.

23.1 U.S.Indian School Chemawa

In an attempt to assimilate Indian tribes and meet the requirements of the Indian Act, the U.S.
government, from the 1860s to the 1970s, established a Catholic-led system of residential schools. These
schools targeted Indian chil dren, with the goal of “tivilizing” the children and making them more like
their American “brothers and sisters” (U.S. Indian Commissioner, 1904, as cited in Carlisle Indian
Industrial School, 2003). Government officials displaced Indian children from the ages five through
ezghteen from their homes and placed them under the care of nuns in the residential school system. The
nuns were 5o anxions lo “Rill the Indian and save the man,” that if a child spoke in his or her native
language, he or she would be punished in order replace the children’s native ways with the new “more
czvil” ways of the Americans (A Place at the Table, 2000). By subjecting thon to constant

brainwashing and punishment, the nuns were able to instill within the children’s minds the belief that the
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Indian way of life was wrong. The residential school system was a tragic attack on the Indian culture
and it succeeded, 1o some exctent, in diminishing the oral history and traditions of the native people,
eliminating much of the Indian culture.

The residential school system serves as a warning of what could happen to a threatened culture.
The Lahu villager’s culture faces a similar threat as their children attenda Thai school just north of
Chiang Rai. Tl emphasis is to assimilate the children into the Thai culture (Macan-Markar 3). The
school is teaching them to be Thai and the children are allowed to speak their own language only outside
the classroom. On Fridays, the school permits the Labu children to wear their traditional clothes. While
not as strict as the residential schools for the Indians, the Thai school teaches only That culture, which
makes it difficult for the Iabu children to accept their own cultural background. These factors
contributed to the Mirror Art Group’s decison to implement the Culture Center, 1o help preserve the

Labu’s cultural background by placing less emphasis on conformuty within Thai-tanght schools.

2.3.2 FourDirections Study

The Four Direction Study, conducted in the spring of 2001, involved four different Indian tribes
across the US, and gave Indian children the opportunity to learn about their culture through interactions
with their iribe and the creation of a virtnal museum of Indian artifacts. A virtual musenrm is a musenm
located on the World Wide Web that contains images of artifacts, stories of past histories, and traditions
of a culture. The tribal schools that these Indian children attended collaborated with local musenms to
allow the children access to artifacts. They selected objects from their avn cultural background and used
Quick Time Virtual Reality (OTV'R) technology to build three- dimensional digital constructs of each
artifact (Christal 436). With the aid of tribal community members, teachers, and museum staff, the
students also conducted research to understand each artifact’s cultural significance. This research
combined information from the museum exhibit with valned cultural content provided by the tribal
commmunity. After the students completed the research and wrote text descriptions of the objects, they

compiled all the data 1o a website where everyone conld view it.
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The virtual musenm provided the tribal community with a resource to pass down cultural
knowledge to the Indian tribe’s younger generations. Many tribal members recognized that the stndent
role in the virtual musenm project contributed to the function of cultural reproduction. The students
became "'story-tellers for their grandparents' through their participation in the virtnal museum project;
story telling is an ancient tradition of the Indian tribes (Christal 447). Learning how to use the
technology allowed the students to help preserve their cultnure for the future. The utilization of the
technology also became an example to the Indian tribe members that they conld intgrate technology into

their culture to preserve their past, a valuable lesson that we applied to the Lahu tribe in Ban Jalae.

2.3.3 Museau da Pessoa (Museum of the Person)

With a mission to preserve the past of Brazilian history, Karen Worcman founded the Musean
da Pessoa, a virtual museum that archives lifetime excperiences of Brazilian individuals. The virtnal
miusenm uses the Bragilians’ native language so that the people of Bragil can, themselves, access the
musenns and learn about others in their society. Athough the museuns is entirely in Portuguese, and is
inaccessible to those who cannot speak or read that langnage, it has a strong social impact that reinforces
the “Individnal and community identity and selfesteem” (Worcman 2). Bragilians have utilised the
Musean da Pessoa to write books from their stories. Teachers have used these books in educational
programs for workers to show the experiences of individuals who came before them. With the experiences
of fellow conntrymen before them, Brazilians dray on their history to shape their future. Karen
Worcman established the virtual museum for the pegple and it remains an example of preserving culture
and tradition by means of stories throngh the use of technology.

Using a virtual musenm similar to the Musean da Pessoa, the inbabitants of Ban Jalae are now
able to create a place where they can store knowledge of culture and tradition as well as preserve their
native language. The Labu language has no written script form, so the website of the virtual musenm
conld be nonexclusive to the Labu just as the Musean da Pessoa is nonexclusive to Bragilians. The

website would have to be in another langnage, but could include an online talking dictionary that wonld
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serve to physically preserve the oral 1abu language as well as provide a place for its study (Macan
Markar 2). The native language for any cultnre is important to uphold, as it is vital to its history and

traditions.

23.4 The Studio Museum in Harlem

Oral history and tradition is only one of many methods to preserve culture. At the Studio
Museum in Harlem, artists of African descent portray their culture and history through sculptures,
parntings, ])eiformam'e}, and dialognes, among other artistic approaches. The museum allows people of
all cnltures to visit the exhibits and learn of the past and present siruggles that the African Awmerican
community has faced and currently faces. In addition to the art exhibits of the musenm, the musenns also
Sunctions as a studio. Artists of African descent can apply for an ArtistsIn-Residence Program, which
admits three artists per year and gives them studio space as well as a fellowship (The Studio Musenn in
Harlem, 2003). These fellowships allow artists to explore their culture and excperiences artistically. The

studjo displays their work to the public towards the end of their fellowship term. The fellowship permits

the artists to surround themselves with their art.

The Museurm in Harlem uses methods to display culture that are similar to those of the Culture
Center in Ban Jalae, and both have a common goal of educating people who are a part of the culture as
well as people who are not. The Culture Center serves as a place where the Labu people can ensure that
their culture endures. They are able 1o use the Culture Center to display their customs and ceremonies,
which are very important as the younger generations do not “know the ceremonies, and this kRnowledge is
being lost” (Macan-Markar 1). Using the Culture Center and the virtual museum, the Lahu people

can teach teir children their unigue culture, which will keep their traditions from fading into the

shadows.

2.3.5 PV Installation in Mae Wae

In 2001, a team of students from Worcester Polytechnic Institute conducted an Interactive

Qualipying Project in Thailand that invobed installing a photovoltaic systems (P17) in a rural village in
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order to provide electricity for a school. The students visited Sokaykla, Mae Wae, and Poe Kee, three
villages in the northwest corner of Tak Province, and assessed the needs of the villages to decide where they
wonld install the P17 system. The team interviewed village leaders and schoolteachers to obtain
information on how they would like to improve the children’s education. Through these interviews, the
team determined that by restructuring the villagers’ Thai langnage classes, communications with people
ontside of the village conld drastically be improved. The teachers in the village agreed that using a TV
and video system would effectively meet the tribe’s educational needs. In order to power this equipment, the
team designed and successfully installed a photovoltaic systems in Mae Wae. With the aim to keep the
PV systemn running after the students left the village, they created a maintenance mannal. I'he experience

of that team provided a base of information for this project.

2.4 Solar electric maintenance and safety

In order to ensure that the photovoltaic systems would continne to function properly in its rural
setting, we educated the local hilltribe on the system’s operation and required maintenance. Three of the
five major parts in a photovoltaic systen--the solar module, inverter, and batteries (Figure 4)--have
maintenance procedures and safety precautions to follow. Most of the information in the following sections

derives from James Dunlop’s useful article, *Stand Alone Photovoltaic Systems.”
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Figure 4: Diagram of a typical photovoltaic system
Source: www.solartron.com
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2.4.1 Problems due to weather and debris

The solar module contains the solar panels and functions as the receptor of sunlight. The
maintenance persons should wash the panels occasionally in order to remove dust or debris. If excessive
debris collects under the module, air intake into the system could become blocked, which would result in
systemn malfunction due to overheating. This is especially worrisome in Thatland where average daily
temperatures often reach 90°F (Figure 5). There are two large trees located on either side of the Culture
Center that are potential sources of natural debris. The villagers must check the solar module periodically
Jfor branches and leaves that niay have fallen on the solar panels. These types of debris hinder the system’s

ability to collect solar rays and severely reduce energy output.
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Figure 5: Graph of annual rainfall estimates (cm) and temperature (C°) in Thailand
Source: www.thaifocus.com/climate.htm

Rain will, over time, cause corrosion of the solar module’s metal components. .1 protective
coating of paint can help prevent this, but the Lahu villagers will need to apply a new coat about every
two _years to maintain the corrosion protection. When the cells in the solar console are manufactured, they
are coated with a waler proofing lamination, which may leak and cause the system to short circuit. If this
shoutd happen, the maintenance persons need to remove the solar receptor immediately from the sunlight to
terminate their output. The solar cells should be replaced or the seal repaired after the maintenance

persons have properly disconnected the panels from the system.
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Leakage due 1o rainfall is particularly tronblesome for the village’s solar installation due to
climatic changes in northern Thailand. Each year, around June or July, the climate shifis from warm
and dry 1o relatively cool and rainy (Figure 5). During this rainy, or monsoon season, rainfall totals
typecally exceed 20 or even 30 cm a month (Northern That Climate and Weather, 2003). 1f the solar
unit’s housing does begin to leak during this season the villagers may need lo disassemble sensitive
electrical components and store them away from the damaging moisture. Another concern imposed by the
monsoon Season is that the production of solar electricity is nearly impossible as the cloud cover can block
the sun for days at a time. The village owns a small generator that it uses to operate small power tools.
Ifthe villagers want to produce electricity during extended periods of clondiness they may have to use the
generator as an alfernate power soure.

An adjustable solar array monnting structure allows the solar modules to function at their
highest level of efficiency by directly aligning them with the sun’s rays. To obtain the appropriate angle
towards the sun during various times throughont the year, solar installers typically raise the mounting
Structure using a series of stands or stilts. Flowever, strong winds can cause the solar modules to twist
slightly and become repositioned or even crack when this method is used. Selecting appropriate materials
2o resist the stresses tuposed by strong winds and rain minimizes the cffects of these deformations.

Other damaging deformations to the solar modules can result from excessive loading. "The solar
modules are designed 1o bear no more than the occasional weight of environmental debris. 'T'herefore, it is
imperative that the villagers place nothing on top of the modules and that they do not walk on them
during maintenance or reparr. Any extra weight conld canse the module to crack and it would need to be
replaced. The solar panels in Ban Jalae are located in an area of relatively high recreational traffic. "I'be
children in the village often play soccer games nearby and throw around hard wooden tops which are both

potentially hazardous to the installation.
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2.4.2 Inverter overheating and fire risks

The location of the electric inverter determines its overall effectiveness and functionality. The
main concern is that improper placenent of the unit will cause overheating which will result in its
malfunction. Direct exposure to the sun can cause overbeating. The inverter, therefore, is located within
the solar building where the protective roof will act as a shield against the sun’s rays. The area around
the inverter needs to be clear of debris, as any constriction of the airflow in or around the inverter conld
also canse the unit to overheat. Although the risk of overheating is unlikely since the inverter is located
within the solar building, the threat of fire still exists.

Fanlty wiring or connectors within the system are potential fire risks. To prevent shorts, the
maintenance persons need 1o inspect the wire connections and the condition of the wires themselves. Any
damaged connections or wires need replacement immediately, as they can also canse electric shocks or fires.
If any of these shocks produce sparks around the system’s batteries, human risk increases drastically as

the sparks may induce an explosion.

2.4.3 Maintenance and safety issues with lead-acid batteries

The most common types of batteries used in photovoltaic systems are lead-acid. 1t is essential that
the maintenance persons monitor these batteries through either routine checks or continual readings from
meters on the battery charge controller. These readings will indicate whether the batteries are functioning
properly. It is imperative that the maintenance persons be able to understand the system readingsin order
to perform the proper maintenance or repairs. Routine cleaning of the battery and battery terminals will
ensure conductive connections and help prevent corrosion and battery acid leakage. Routine maintenance
will also minimise the occurrences  shorts within the system.

Due to the potential production and niixing of gases within lead acid batteries, they are
extremely prone to explosions. Improper charging or overcharging of the batteries can also have the same
result. Suitable ventilation will allow these gases to escape and will greatly reduce this risk. Production

of sparks or flames by power tools or other objects near the battery storage area can canse the gases to
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zgnite. "The maintenance persons need to disconnect the batteries from the systen in order to avoid
electrical sparks that could result in an explosion.

The potential toxzcity of the batteries in a photovoltaic system prevents them from being disposed
of conventionally. There are typically strict regulations on where disposal o batteries can occur in order to
prevent environmental pollution. Oftentimes the companies that produce the batteries will also provide
methods of disposal. Ullimately, the Ban |alae villagers are responsible for the proper disposal of old or

damaged baterses.
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Chapter 3: Methodology

This project aims to increase awareness of the Lahu tribal culture by assisting with the
implementation of a Culture Center in the Ban Jalae village. Sponsored by the Mirror Art Group
(MAG), our team has investigated the option of installing a photovoltaic (PV') system to power the
Cultnre Center, while taking into consideration the societal impacts of the technology.

To accomplish this goal successfully, onr team completed these four main objectives:

5)  Determining the expectations of the MLAG and the Lahu tribe for the Culture Center .
6) Evalnating the success of similar PV systems at a second Lahu village

7)  Installing a sustainable solar power supply

8) Educating the Jalae villagers about the safety and maintenance of the PV technology.

The first objective involved a study of both the Mirror Art Group and the Lahu tribe’s
expectations of what the Culture Center wonld provide. Individual interviews with a selected villager and
MAG representative allowed our project tean to understand how the two expected the technological
devices in the Culture Center to aid the Lahu villagers in their struggle to preserve their cultural identity.
The results from the second objective provided onr team with an example of how a photovoltaic system
Sares in a rural hilltribe village and what societal impacts the technology can have on the community. We
achieved this objective by analyzing two previous PV system installations and conducting an interview
with a Ban Y afu villager about the history and impads of the PV systems. The third objective was the
actual design and installation of our PV’ system in Ban Jalae. After we performed a load analysis and
site surveys, onr project team purchased, assembled, and installed the system with the assistance of
villagers. Finally, once the PV system was fully functional, onr last objective was to leave the Lahn
villagers with the means for using and maintaining the PV’ system. We conducted a presentation for the
villagers to inform them of the safety and operational issues with the PV system. We also provided a
training session to the individuals in the village who are in charge of the system’s maintenance and

repairs.
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3.1 Determining the expectations for the Culture Center

Our first main goal was to assess whether the Ban |alae residents had realistic expectations of
the Culture Center and its deliverables. We drew comparisons between the expectations obtained from
the interviews with a Labu villager and aMAG representative in order to predict the success of the

Culture Center and the solar installation.

3.1.1 Interviewing the chief member of the Culture Center Board
Our team initially chose to conduct a census of the Ban Jalae Lahu rather than interviews and
Jocus groups. A census would have provided a statistically better picture of how the villagers viewed this
project. However, when we consulted members of the MAG, they brought to our attention that these
results may not be entirely accurate, as some villagers would respond to our questions with the answers
they thoug bt we wanted to hear. We decided that in place of a census we wonld interview a respected
member of the tribe who conld represent the views of the entire tribe. We interviewed Khun Surachai, the
head of the council the villagers created to oversee construction of the Culture Center. Khun Surachat was
able to give us a clear overall perspective of the villagers’ expectations of the Culture Center. The
interview covered three main issues: how the Lahu people felt about tourism and the increase of traffic
through their village due o the Culture Center’s presence; how the Culture Center and the technology

powering it would affect the lives of the villagers; and what the tribe members expect to gain from the

Jacility. A transoript of the interview is in Appendix A.

3.1.2 Interviewing a MAG representative

The second part of the project’s initial assessment of expectations involved conducting an
interview with a Mirror Art Group representative. Our project team used an interview instead of
guestionnaire. This was largely due to our inability to anticipate the range of possible answers. An
interview allowed us to collect specific answers o our questions and to redirect the conversation towards
material that we did not consider prior to the interview. The interview with the MAG representative

ensured that we obtained the most accurate information in the most direct manner possible (Berg 114).
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Since the MLAG was responsible for the creation of the Culture Center, its representatives had
the clearest idea of its goals and also a firm understanding of what equipment wonld aid in its
Sunctionality. The guestions in the interview centered on how the Mirror Art Group envisioned the
Culture Center benefiting the Lahu people. We questioned Jonathan Morris, our main contact in the
organization, about the Culture Center and its role in providing cultnral education and preservation. A

record of the interview is in Appendix.A.

3.2 Observing PV installations at a different Lahu village

W hile visiting Ban Jalae our team learned of another Labn village within walking distance,
Ban Yafu, which contained two previously installed solar units. An analysis of their current condition
and operating history was vital for predicting the success of our team’s PV system. Since the village w as

also Labu, we were able to investigate the cultural impacts associated with the unit’s installation as well.

3.21 Examining the condition of the PV systems

In order to obtain information about Ban Yafu'’s P17 systems, we interviewed a villager that
was familiar with the PV systems’ operation and history. 1t seemed that the villager that we consulted
had the most accurate knowledge of how the PV systems had been performing and what issues had arisen
since their installation. We made observations and asked guestions pertaining to the types of
maintenance and repairs that the villagers performed on the system, how often problems had arisen, and
during what time of year or under what Rind of meteorological conditions the PV systems had
enconntered difficulties. Answers to these questions along with resolutions 1o the problems, if they were in
fact resolved, provided ns with a clear understanding of what procedures we would need to take to avord

similar problems with the solar installation in Ban Jalae.

3.2.2 Determining the installations’ cultural and societal impacts
The ways in which the introduction of solar technology socially and culturally affected the Lahn

in Ban Yafu, contributed to onr understanding of how the Ban Jalae villagers may also be affected.



W hile observing the physical condition of the system, the project team also asked the Ban Yafu villager
what types of impacts they felt that the photovoltaic system has had on the tribe. The questions we asked
were similar to those addressed when interviewing the Ban Jalae villagers regarding electrification of the
Culture Center: whether the Ban Yafn tribe was accepting of having electricity brought to their village,
how the installations affected the tribe, and whether the electrically powered equipment had taken away
[from their culture or heritage. A detailed description of the questions and responses from the interview is

in Appendix.A.

3.3 Installing a sustainable solar power supply

The main technical element of onr team’s project involved powering the Culture Center’s
edncational equipment. For the Ban Jalae installation, a well-designed and environmentally appropriate
photovoltaic system was necessary, not only to meet the requirements of the equipment being run but also
to be accessible, maintainable, and resistant to Thailand’s climate and weather. The following three

sections detail the main tasks in providing the Culture Center with an appropriate solar power solution.

3.3.1 Performing a load analysis

To meet the power requirements of the equipment used in the Cultnre Center, we performed a
load analysis to determine the exact system requirements. The load refers to the total amount of power
required on a datly basis. Although it was impossible with our budget to install a photovoltaic system
that conld supply all the power the Labu tribe desired, determining the power requirements afforded ns the
opportunity to inform the Lahu tribe and the Mirror Art Group of what power limitations they had.
We identified the honrly power requirements of all appliances in the Culture Center, along with their
likely hourly usage, to calculate the overall system requirements. Once we obtained this information, we

were able 1o estimate the maximum power output that our budget wonld allow.
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3.3.2 Conducting site surveys

In order to select the most appropriate location for the installation in Ban [alae, our team
conducted a site survey of the village. To assess the strengths and weaknesses of different locations around
the Culture Center, we created a Site Survey Analysis Sheet (see App endix B). The analysis sheet
helped us evaluate the conditions at each site, including the amount of sunlight, safety, location of other
components, and distance from the Culture Center. We then evaluated this data in order to determine
which location in the village wonld be best for the system installation.

To assess the amount of sunlight each location receives during different times of the year, our
team used NASA’s surface meteorology and solar energy data tables. This webpage is a too! consisting
of data that NASA has gathered dealing with solar geometry and meteorology around the world
(Barkstrom, 2004). By entering the latitude and longitude of an area, our team could determine the
aﬂe;age percentage of a full day of sun that a specific site receives during any time of year.

Keeping the system safe and from injuring villagers was another important criterion our team
used in comparing the different system installation sites. Our team conducted a visual evaluation at each
of the locations to seek for potential threats to the Ban Jalae villagers and the system components. To
ensure the safety of the components from damage by people or animals and vice versa, we further evaluated
the sites based upon their proximity to heavily accessed areas of the village. We also took into
consideration methods for preventing the electronic devices from being rained on or exposed to extreme
temaperatures and humidity. Finally, by considering all these factors, we determined the safety criterion for
each potential system installation site.

Outr team also evaluated possible locations for each of the individual components of the P/
system. The solar panel’s proximity to the batteries, charge controller, and inverter can greatly affect
power loss. _As described in the inverter section of Appendix C, the power produced by the solar panels
comaes in the form of direct current (DC). Unfortunately, this DC is applied with a very low voltage,
which means that long wires lead to power losses. Lo minimise the power loss, we tried to situate the

components as close to the solar panels as possible, eliminating the need for larger, more expensive panels.
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Our last measurement was the distance between the PV systemr and the Culture Center.
Distance directly affects the PV system’s cost and maintainability. The wiring nsed to connect the PV
system 1o the load devices powered by it is expensive, so minimiing the length of the wires can reduce the
overall system cost. In addition, longer wires are more prone to damage, which wonld increase the amonnt
of maintenance and likelihood of premature system failure. We logged the distances between the
components and the Culture Center in the Site Survey Analysis Sheet. We used the summation of all
the information we gathered to discover the most appropriate location of the PV’ system installation in

Ban Jalae.

3.3.3 Assembling the PV system

In order to obtain a PV system, we identified companies that sold PV system components and
arranged meetings with their sales representatives. We presented the PV system design parameters that
we determined for the Culture Center to the PV distributors who delivered price quotes and system
specifications of the PV system components to us. We evaluated each of these systems and compared
components according to cost and appropriateness for the Culture Center implementation, and selected the
most cost-effective and appropriate design.

Using funding from a Rockefeller Foundation grant, we purchased and delivered the PV system
to Chiang Rai. Appendix E includes price quotes of the main PV components and Appendix F
contains the parts list. To ensure none of the components were damaged or defective, we thoroughly
examined and tested them individually _After we verified that all the components were functioning
proper by, we proceeded with the installation of the systen.

The installation involved constructing an adjustable mounting structure, wiring the solar panels
and the remaining components, and testing the completed system to ensure proper performance. We
construded the mounting structure to ensure that we oriented the solar panels correctly 1o receive the
greatest amonnt of sunlight thronghout the year. Once we wired the solar panels into the electronic

components of the solar power system, we tested the panels’ functionality on the mounting structure. After
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wiring the batteries, charge controller, and inverter together, we conld finally verify that the PV system

met the power requirements of the educational equipment in the Culture Center.

3.4 Educating the Lahu villagers on PV Maintenance and
Safety

The Ban Jalae hilltribe has experience with electricity and had an understanding of its benefits
prior to onr solar installation. Flowever, now that we have installed the solar unit in the village, the tribe
will be solely responsibly for the system’s upkeep and regulation. 11 is possible that the solar unit conld
cease to operate or canse injury if the village residents do not maintain and monitor the unit’s usage. To
prevent such problems, we implemented a training program for the villagers.

3.4.1 Presenting general PVsafety information to the Ban Jalae
villagers

The safety of the Ban Jalae villagers was the most important aspect of onr training program.
Our main concern was that village inhabitants conld injure themselves while operating or maintaining the
system. . Although we did not find 1t necessary to instruct the entire village abont the system’s maintenance
and operation, we tried to ensure that each member was aware of the dangers that a photovoltaic system
poses. We discussed safety and maintenance issues and created a poster, currently displayed next to the
photovoltaic system, explaining proper safety procednres (see Figure 15 in Chapter 4). Since a langnage
barrier existed between the villagers and onr team, we made nse of pictures in onr informational posters
that were able to show systematically, with minimal use of words, the safety precantions for the system.
The poster shown in Figure 15 will contain additional Thai text describing in more detail the piciures
llustrated. We gave the residents a brief overview of the technical aspects of the photovoltaic system as
well. This overview included information about the amount of electricity that the PV system can produce
daily and a short introduction to how the system functions. We made every effort to stress that the solar

energy onlput has lipaitations and that the villagers should use the electricity only for its planned purposes.
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Althongh the group discussion and posters were helpful in conveying general safety precautions,
onr team also decided that a more technical description of the maintenance and repair of the system was

necessary for select individuals of the tribe.

3.4.2 Developing a training program for maintenance and repair
The Mirror Art Group made it clear that there were technologically inclined villagers in the
tribe. With this in mind, we createl a separate training program concerning the maintenance and repair
of the photovoltaic system for these villagers. We designed this program to cover the photovoltaic system
and each of the components in detail. Section 4.4.2 contains a more thorough description of the training
program. In addition to our team’s physical and verbal instruction, we created a poster that showed the
selected tribe members the methods for operating the PV system’s battery charging station (see Figure 14
in Chapter 4). The finalized version of the poster will also contain Thai text describing the process of

charging 12-volt batteries.
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Chapter 4: Results and Analysis

In the following sections, we discuss the results from our four main objectives. The first section
covers the expectations of both the Ban Jalae villagers and MAG concerning the Culture Center and PV
technology. By analyging the responses given in the two interviews, our team was able to determine if the
two groups had similar outlooks, which assisted in predicting of the success of our solar installation in
Ban Jalae. Next, our team assessed the solar installations in Ban Yafu. By observing its physical
condition and interviewing a w'//éger, we were able to avoid similar problems during our installation of the
solar equipment . In addition, the interview with the Ban Y afu villager allowed our team to draw further
connections between technology and its influence on a rural hilltribe village. Ounr third section focuses on
the actual installation of the photovoltaic system in Ban Jalae and the complications onr team
excperienced. The last issue discussed focuses on the results of onr maintenance and safety training
programs, and the problems that surfaced during each of them.
4.1 Evaluation of the expectations of the Lahu villagers and

the MAG

One of onr team’s first steps towards the completion of this project was determining if the MAG
was providing the Ban Jalae villagers with what they expected to receive from the Culture Center, and in
turn, if the community had realistic expectations of the Culture Center and its technology. We wanted to
ensure that we designed our solar electric system to meet its intended purposes. The interviews with both
groups provided information concerning how the MAG and the villagers felt the Culture Center’s

technology might affect the culture of the tribe.

411 Interview with the head Culture Center Board member
While in Ban Jalae, we had the opportunity to interview Khun Surachai who, in addition to
being a member of the Labu tribe, is the head of the Ban Jalae Hilltribe 1 ife and Culture Center Board.

Wee chose to int erview Khun Surachat becanse he holds a high position in the village and could represent

the majority opinion of the villagers with respect to the Culture Center. He also speaks fluent Thai,
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which allowed us to use only a single translator during the intaview and reduced the possibility of
miscommunication. We divided the content of the interview with Kbhun Surachai into two main sections:
the villagers’ expectations for the Culture Center, and technology’s influence on the tribe’s way of life. A
transcrapt of the interview is in Appendix A.

Since the Culture Center would be open to visitors and provide multimedia presentations about
hilltribes, it is likely that tourism in Ban Jalae would increase once the facility was finished. Improved
tonrism wonld provide the financially burdened community with a sonrce of outside income. Before
visiting Ban | alac, we believed that the number of nonLahu visttors in the village also would disrupt the
villagers’ traditional lifestyles. However, Khun Surachai informed us that the Lahu villagers are
delighted abont this increase in tourism. One of the main reasons the villagers agreed to the creation of
the Culture Center was to increase tourism and thus increase their income. Due to the lack of suitable
Jarmland, the Labu villagers are desperate for new sources of income. Khun Surachai assured us that
tourism would in no way degrade the quality of the tribe’s culture, as the community has always had the
will to remain strongly unified.

The Ban [alae villagers posses sed a very open mind as to how they could benefit from the
Culture Center. They anticipated that it wounld provide better education for younger generations about the
tribe’s sacred traditions and practices, but as Khun Surachai told us, the villagers were unfamiliar with
the actual solar technology and electrical equipment. The Lahu villagers were excited about the prospect
of being able to charge batteries and have computer access, but they did not have a full understanding of
how the technology operated, and so did not entirely know what to expect. They were still confident that
the Culture Center wonld exceed any expectations they might have.

Overall, Khun Surachai believed that the Culture Center was going to have an enormously
posttive effect on the Ban Jalae community’s culture. 1t had already served to unify the village, as each
villager had a hand in its creation. Furthermore, the role of the Culture Center is to preserve important

Labu traditions and practices by making it possible for older generations to pass them on to their
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offspring. Khun Surachai told us that cultural communication between generations is very important to
the Labu. The villagers considered the Culture Center and the PV installation to be a blessing.

Our team was concerned that the Culture Center’s technology could have a negative affect on the
way the villagers live. "The community has thus far lived with extremely limited amonnts of electricity and
we suspected that introducing such technology might canse the village to become dependent on it and lose
sight of what makes their tribe unique. "This concern prompted us to discuss these issues with Khun
Surachai in the second section of our interview.

Contrary to what we e@eried the Ban Jalae villagers’ attitude towards the solar electric unit
and the electronic equipment in the Culture Center were equally positive. We asked Khun Surachat
questions about the effect modernization would have on the tribe, such as, “Do you see any conflicts
between modernization and the preservation of tradition?” and ‘Conld electricity accelerate the process of
cultural erosion?” His responses gave us a clear understanding of how the Ban Jalae residents perceive
their assimilation into mainstream society through modernization. The goal of the villagers has never
been to oppose modernization, but to use aspects of That society and technology to their advantage. The
solar technology that we would install would not be a detriment 1o their way of life becanse it does not
affect what is essential to their culture. In addition 1o being a means for education, technology itself is
necessary for the tribe becanse without some level of modernization it could not survive. The conflict is not
between Labu culture and modernization but rather stems from alack of cultural continuity amid the
generations. The technology we have given the villagers not only enables the Culture Center to function; it
provides a degree of modernization that allows the tribe to endure.

The results of the interview with Khun Swachai were quite different from what we expected.
Our first impression was that tounrism, although economically stimulating, would impose on the tribe and
their traditional way of life. To onr relief we found that the local people were optimistic and supportive of

the Culture Center and its electrification.
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4.1.2 Interview with the MAG representative

One of our motives for conducting interviews was to determine how the views and expectations of
both the Labu tribe and the MAG could be compared to make sure that the two groups did not have
contrasting ideas of how the Culture Center was to be used and how it wonld benefit the tribe. Our other
miotive was to gain some insight into what types of problems might arise both during and after the
installation process. We interviewed our liaison, Jonathan Morris, from the MAG in hopes that he
conld provide answers to these questions. The interview contained the same types of questions as the
interview with Khun Surachai and retained the two basic sections: MAG's expectations for the Culture
Center and technology’s influence on the tribe’s way of life. Appendix A contains a transcript of this
interview.

Like the first interview with Khun Surchai, we asked guestions to address the relationship
between the introduction o the photovoltaic technology and the rising levels of tonrism. We asked
Jonathan what some of the pros and cons associated with the increased tourism due to the completion of
the Culture Center. Similarly to Khun Surachai, the MAG recognizes that the Labn villagers receive a
large portion of their income from tourists. lthough, tourism has introduced things like candy and
rubbish into village, the Lahu are still struggling to survive economically. For the time being, the MAG
belzeves tonrism will need 1o remain a part of their datly lives.

One part of our discussion abont the expectations for the Culture Center that we did not
mention in our interview with Khun Surachat dealt with neighboring tribes sharing resources. Since both
Abka and Labu villager s occupy Ban Jalae, we asked Jonathan if there was a possibility of conflict
between the tribes over the new technology. He said that there had been conflicts between the two tribes
over minor issues, but be felt that the installation wonld present no such problems. A member of the
Labu tribe had already been appointed to regulate the power supply to ensure that the two tribes, or
villagers within the same tribe, wonld not come into conflict over the use of electricity. Jonathan told us

that both Abka and L ahn wonld be able to use the battery charging station.
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The second section of onr interview discussed the issue of technology’s influence on the Labu way
of life. We asked Jonathan whether the MAG was concerned about the solar installation having a
pot entially negative effect on the villagers’ culture. He believed that to some degree, the tribe would further
integrate into That society, but it wonld only occur for survival purposes.  Jonathan shared the same belief
as Khun Surachai that the introduction of technology and preservation of tradition can coexist. Both
interviewees believe that the electrically powered educational equipment will help the Ban Jalae inhabitants
with their struggle for survival and the only way that the villagers can preserve their culture is to maintain
the will for its continued existence.

Throngh the information obtained in our interviews with both Khun Surachai and Jonathan, we
determined that the two individnals have a similar understanding of what to excpect of the Culture Center

and what impacts the new technology will have on the tribe’s culture and way of life.

4.2 Assessment of the solar installations in Ban Yafu

In order to make further educated predictions as to how the solar installation in Ban Jalae
would affect the Labu villagers in the future, our group traveled to Ban Yafu to assess similar solar
installations. Our trip to Ban Yafu served two purposes: 1o observe the physical condition of the solar
units in order to see what actions we conld take to avoid hazards, and to observe effects the new technology

had had on the villager’s society and culture.

4.2.1 The physical condition of the PV systems in Ban Yafu
The village of Ban Yafu had two different photovoltaic systems. The first consisted of two small
solar panels and was intended as a power supply for the village schoolhouse. The second unit consisted of

Sifteen different panels subdivided into five arrays and serving as five battery-charging stations that were

intended for use by all houses in the village.
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42.1.1 BanY afu schoolhouse PV system

The PV system for the school originally had two solar panels mounted on two separate poles
abont two meters from the school building. One of the panels was resting on the bathroom roof just
outside of the schoolhouse as it had fallen from the pole mount. Based on this observation, we noted that
we should secure our solar panels to a substantially sturdier structure. There was no apparatus for
adjusting the angle of the panels towards the sun nor were the panels facing towards the sonth. During
different seasons of the year, failure to adjust the panels wonld result in a reduction of maxinum energy
output from the system. We also noticed that the solar modules had a thick layer of dust that had
collected on the solar cells. To prevent dust build-up on the Ban Jalae panels, we planned to provide
details on how to wash the cells in our maintenance program.

After observing the solar panels, we studied the rest of the PV system. The charge controller
had been installed inside a plastic box. We thought that we should also nse some kind of box to keep
wiring connection from collecting dust and corroding. The inverter sat on the shelf above the batteries,
which were lying on the floor with their wiring exposed. This is a dangerous arrangement for system
components. We knew that there should not be any objects above the batteries that conld fall onto the
battery terminals. The exposed wires convinced us that we needed to use electrical tape to cover

connections that could wear from use.

4.2.1.2  Ban Yafu battery charging stations

The Ban Yafu battery charging stations were in a grassy area just south of the village center. A
metal frame supported the solar array and the area was fenced in with barbed wire to keep animals out.
The vegetation around the modules had grown tall and a layer of dust coated the panels. We determined
that either there was no one in the village responsible for the upkeep of the PV system, or that no one had
informed the villagers of the steps necessary to keep the system operating at its maximum performance.

Wee reaffirmed our suspicions that no one was in charge of the upkeep of the solar unit after

entering a metal structure that contained the rest of the components. Although the structure protected the
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system from environmental damage, the components were in poor condition. Only two out of the five
charging stations were still functional. Attempts to repair the nonfunctional stations revealed exposed
wiring and misplaced components. One Ban Y afu villager st ated that there were no restrictions placed on
the charging stations, which most likely led to their abuse. We saw evidence of this, as a villager had
connected a wire from one of the stations that was missing its charge controller to a house that was over
ten meters away. These observations led us to propose that the Lahu in Ban ]alae appoint at least two

people to be in charge of their PV system.

4.2.2 Cultural and societal impacts of the projects in Ban Yafu

Since Ban Yafu is also a Labu village, we were able to investigate the cultnral impacts
associated with the unit’s installation. The Ban Yafu inst allations were constructed for Lahn villagers
very similar to those of Ban [alae, which means that we were able to use interview data to predict similar
problems that could result from Ban Jalae’s installation.

We interviewed Khun Jamai, a Ban Yafu villager, near one of the solar arrays. The interview
covered two topics: PV installations and technology’s influence on the tribe’s way of life. The first secton
of the interview gave us a better understanding of the history of the PV systems and their operating
status. We structured the second section of the interview to be comparable to the previous Ban ]alae
villager and MLAG interviews. In this manner, we conld draw better conclusions on how the solar
installation in Ban [alae conld affect the villagers.

Outr team was not surprised 1o discover that a dedicated technician did not maintain or reparr
Ban Yafu's solar installations; the village carpenter only repaired the system occasionally. 1t was
interesting to note, however, that despite the shortcomings of the PV system’s current electrical ontput, the
tribe remained generally content with the installation. It was useful to have the battery charging station
available to all the villagers and the school children and teacher greatly emjoyed their access to a television.

In terms of the technology’s influence on the tribe’s way of life, the Ban Y afu villager believed

that little change has occurred. The fact that the villagers use the solar installation to enhance everyday
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actzvities as opposed to promoting cultural awareness, as the Culture Center installation mtends, may
explain Khun Jamai’s outlook on the technology’s impact.

While observing the Ban Yafu illage, our team did not detect that the technology had any
negative effects on their culture. Since we only made observations in Ban Yafu for two days, we cannot
state definitively that the villagers experienced no negative change. However, our observations and Khun

Jamai’s responses seem to indicate that the solar installations have not harmed the villagers’ culture.

4.3 Installation of the Photovoltaic system

The technical part of onr project consisted of designing and installing a photovoltac system 1o
meet the needs of the Labu villagers. In the following sections, we describe the process by which we arrived
at the finished product of the PV system. The first section contains the design of our solar unit. In the
second section, we explain how we chose the PV system equipment. The third section presents our site
placement analysis, which describes where we decided to place the PV system in Ban Jalae. In the final

section, we describe the installation and testing process of the completed Pl systen.

4.3.1 System Design
The solar unit consists of two main parts, the photovoltaic systers, and the mounting franme for

the solar panels. In the following sections, we discuss how we arrived at our final system design.

43.1.1 PV system design

In order to determine what com ponents were necessary for the PV system, we performed a load
analysis on the Culture Center’s educational equipment. We used a system design worksheet from
“Tmproving Hill-Tribe Education with Solar Power’. Appendix D contains a completed form with onr

calcutations. Our resnlts from the calculations appear in Table 1.

Parameter Valne
Total Load (in W) 1185
Number of 24 170lt Batteries 5
Battery capacity (in Ahr) 132
Solar Modnles Reguired 5
Peak W attage of S olar Panels 75
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Inverter Size (in W) 1185

Table 1: Summary of minimal design requirements for the Ban Jalae PV system

We calculated the total load by assuming that the Lahu villagers would use only a computer and

a projector as their main loads. 1t is very likely however, that the villagers will use other appliances

along with the computer and projector. Since the total load of the system affects most of the Pl

components, we decided to design the system to allow for future expansion. The battery capacity and peak

wattage of the solar panels were our limiting factors since these were the highest rated equipment in terms

of output that the PV companies had in stock. We chose a 2kW inverter to allow the villagers to add
more appliances to the system, ten 121 batteries that we wired to create a 24V battery array, eight

75W solar panels, and a 304 charge controller. With these main components, we designed the PV

systern shown in Fignre 6.

| I | J AC Outlet
2207
Chasge Controller O
Steca 304 O
|
Inverter
21,24V
Disconnect
| I | I 5W1!El’l| I
Shell 5Q75 Mo dules 304
W 2504 Fuse ?
| Change Over Switch
328
Battery Charging Station Battery fmay
24V

Figure 6: Diagram of the PV system design

The PV system consists of eight solar panels wired in series and parallel, which connect to the

charge controller. The charge controller output runs to a disconnect switch, which serves as a safety feature

2o shut off the power coming from the solar array to the battery array. The disconnect switch connects to
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the change over switch, which controls the two features of the system. When one turns the change over
switch to the battery charging position, the villagers can charge two batteries in series. When one turns
the switch to the AC load position, the solar panels will supply power to the battery array. The positive
wire from the battery array connects to a fuse and then the inverter. We nsed the fuse to prevent a power
surge from damaging the inverter. The inverter then changes the DC from the batteries into AC, which

then connects to the AC ontlet where the villagers can plug in appliances.

43.1.2 Frame design

Just as important as the electrical design of the system was the design of a suitable mounting
structure for the solar modules. We decided to build a mounting structure from scratch rather than
purchase one from a solar distributor for two reasons: we estimated that the building materials would be
less excpensive than purchasing a pre built unit, and that the unit provided by our solar distributor,
Solartron, only provided mounting structures to accommodate PV systems in excess of 15 modules. Fonr
major consideratio ns went into designing the support structure: weight, angle adjustabulity, exposure to
weather, and cost of materials. Our team was able to formulate an optimal design for the monnting
Structire 1o accommodate these four paramelers

The entire support structure consisted of two parts, a rack to maintain the eight panels in a
specified rigid formation, and a linkage system that wonld aid the roof in supporting the rack and allow
the villagers to adjust it seasonally. We drafted three final designs to choose among for the actual
installation. The first consisted of an arm supporting a rotatable module rack that could be positioned on
different rack notches to alter the angle. "The major problem with this system was that the arm would not
be able to support the heavy load of the panels for particular adjustments intervals. The second design
was much simpler because it avoided any type of linkage. The rack design remained the same as above,
Jor the modules, except that the angle adjustments would be made by adding or removing blocks from
underneath the rack. A crucial problem with this is that the blocks would not be stable enough and

could eastly buckle.
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In the end, we implemented our third design for the adjustable mount, which ntilises legs that
exctend from the front of the roof to the ground. This is a key feature of the design becanse it means that
the roof only has to support half the weight of the rack. The unit consists of a four bar linkage in which
the legs can extend to adjust the angle of the module rack, which hinges towards the top of the roof
(Figure 7). We constructed the rack itself using bolted L-braces as cradles for the modules and the

remaining adjusiment apparatus is entirely of steel and painted to protect against corrosion.
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Figure 7: The completed solar module rack design

4.3.2 Purchase of the PV components

With the design of the photovoltaic system complete, we contacted three PV companies and gave
company representatives our load analysis results, to obtain a list of suitable components. In order to
determine which PV parts wonld be nseful, we collected the specifications of the equipment, shipping lime,
and cost. _Appendix I contains price quotes from the P17 companies. Our compilation of data appears in

Table 2.
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Shipping Cost
Supplier Component Specifications Time (in Baht) Notes
" | Solar Panel 75W 15,000
Charge
BP Solar | Controller 20A 57 days 5,500
Battery 200A-hr 4,000
Inverter 2kW, 12V 45,000 Pure sine wave
Solar Panel 75W 14,000
Charge
Solartron | Controller 30A 2-4 days 10,100 LCD included
Battery 132A-hr 3,500
Inverter 2kW, 24V 31,500 modified sine wave
Solar Panel 60w 18,000 BP solar product
Siam 8'32I?§|er 30A 12 12,000
Solar months
Battery NA NA
Inverter 1kW, 24V 55,000 | cannothandle load

Table 2: PV component information

Our criteria for choosing which company to buy from were availability of parts, price, and
rapadity of shipping. Al of the PV components that the companies offered in the price quotes were in
stock with the exception of Siam Solar’s products. Ounr budget had been extended to 240,000 baht for
the entire PV system,; we needed to maximize the power output w hile keeping within budget. A prompt
shipping time was also important so we could complete the solar unit during our stay in Thatland.

After comparing the data in Table 2 with our criteria, we decided to buy the PV components
Sfron Solartron. We elinrinated Siam Solar as an option since the parts wonld take at least a month to
arrive and their cost was the highest. Wee rejected BP Solar, as their prices and shipping time were not as
good as Solartron’s. We considered buying the batteries from BP Solar because they offered greater
storage capacity, but we could not reach the sale representative in time for our return to Ban [alae.

Solartron’s equipment fit our desion requirements as well as our purchasing criteria.
(=3

41



None of the three companies had all the parts needed to construct a complete PV system. We
went to Win Chance Industries outside of Bangkok to buy two switches and a fuse. The remaining
equipment we purchased from electrical supply stores in Chiang Rai. Appendix F contains a full parts

list

4.3.3 Site Placement Analysis

In order to determine the best location for the photovoltaic system, our team performed a site
survey of the village and analyzed a number of factors at each of three chosen locations. Appendix B
contains a completed site survey form and a diagram showing the three surveyed locations. Location one
was sitnated by the northeast wall of the Presentation Hall. Location two was positioned atop a
villager’s house about ten meters to the east of the Culture Center. Location three was situated two
meters from the south wall of the Cultural Museum. We ran the wire for the system from the modules to
the charge controller, from the charge controller to the batteries, from the batteries to the inverter , and
finally from the inverter to the AC lpads. The AC load are located in the Presentation Hall; however,
the location of the other components was dependent on where we chose to mount the panels.

After completing our site placement analysis, the team decided that the best location for the solar
modules was next to the Cultural Musenm’s sonthern wall. At this site there were no trees to obstruct
the solar arrays as there were with locations one and two. The distance from the Culture Center to
location one and two, was much closer than if we were to mount an array on the roof of a villager’s hut.
Since there were no roofs in our chosen location that were suttable to support the weight of the modules, we
had initially planned to mount the solar array on stilts. However, this was a dangerous approach as the
wind could cause the mounting poles to break. Another issue that we also needed to address was where to
place the charge controller, inverter, and batteries. The builders constructed the Culture Center without
allowing extra space for this vital equipment. Our feam concluded that it wonld be beneficial in this

specific case to build a separate housing unit sokely for the PV system.
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By having the villagers erect a separate building, we were able to meet the exact specifications for
our photovoltaic system. The villagers built the roof at such an angle that when the sun was at its lowest
point of the year, the solar panel could rest flat against its slope. We also designed a metal frame for the
tap of the building that allowed for quarterly adjustments of the angle of the panels. The housing unit
also provided a space for the charge controller, inverter and batteries to reside that was waterproof to
prevent electrical malfunction and corrosion. The villagers were able to install a locking door on the
building, which made it possible 1o restrict access to these components. The butlding wonld protect the
equipment from weather, people, and animals, as well as prevent unnecessary injury to villagers not
trained in handling the equipment. The villagers made the building high enongh so that people and
animals counld not tamper with the solar modules. In addition to safety, the solar housing building

allowed more space to be available in the Presentation Hall for exctra equipment, furniture, or community

J;Dm‘e.

4.3.4 PV system installation and testing

The PV system installation consisted of two main parts: building the frame to support the solar
panels, and wiring the electrical equipment. The first step was to assemble the nodule frame. We had
the village carpenter, Loong Iuat, cut the braces to the appropriate lengths and then we bolted the frame
together. We placed a panel in the frame 1o test the dimensions and double-check our measurenments.
Loong Inat and some of the villagers made the hinges and the bars that would attach to the frame, as
well as the adjustable legs. Once we painted the netal components with multiple rust protective coats,
Loong Luat welded the additional support bars to the frame. At this point, the frame was complete and

we conld mount the solar modules (Figure 8).
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Figure 8: Bolting of solar panels into the frame

Ounce we had all ejght solar panels secured in the frame, we wired them in series and in parallel
(Figure 9). While the panels were facing the sun, we lested them o see if they were prodicing the correct
voltage and if the bypass diodes functioned properly. We checked each panel’s output voltage o see if it
was approximately 21.7V DC. Every panel produced voltages between 20.517DC and 21.317DC.
These were acceptable values, as the panels were not optimally aligned with the sun. We then tested the
ountput of the solar array, which was 1.1V DC. This value was within the acceptable range; the

maximum ontpit was 43.41"DC.
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Figure 9: The solar array wired in parallel and series
After finding that the voltage outputs were correct, we fested the functionality of the bypass
diodes. The diodes serve as a safety feature so that if a panel in series fails, the second panel in that series
can stil] deliver current to the charge controller. To mzimic broken panels, we covered the four panels that
we connected in parallel from the positive terminals as shown in Eigure 10. We measured the voltage

output to be 20.7V de, showing us that the bypass diodes were operational.

B Covered solar panels

Figure 10: Diagram of bypass diode test setup
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After testing the mounted solar panels, we constructed a control box that housed the charge
controller, the disconnect switch, and the change over switch (Figure 11). In order to test the connections
between these components, we used the multimeter to determine when the switches created a completed path

Jor current. We checked all combinations of the switch positions to ensure that we had connected the

internal wiring correctly.

Figure 11: The completed control box

With the control box connections all made correctly, we connected the battery array by wiring the
series connections, then wiring the positive parallel connections, and finally the negative parallel
connections (Figure 12). We connected the inverter to the battery array and we tested the functionality of
the wnverter by plugging an AC operated lamp into the inverter outlet. The lighting of the lamp

demonstrated that the inverter operated properly.
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Figure 12: Wiring of the battery array

The final step for installing the PV systens was to monnt the frame on the roof of the solar
housing building. Twenty villagers assisted in hoisting the frame onto the roof (Figure 13). Once the

rack was in the correct position, Loong Luat secured the frame using bolts throngh hinges on the roof.
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Figure 13: The roof mount

Finally, we checked to see if the solar array charged the battery array by measuring the voltage
level of the batteries while the disconnect switch was off and comparing it to the voltage level of the
batteries while the disconnect switch was on. When the disconnect switch was on we recorded the voltage
level across the batteries to be 1.217DC higher than when it was off. The success of this final test meant

that the photovoltatc system was completely functional.

4.4 Results of the training sessions

The following sections describe the material we presented in our training sessions. We examine
the effectiveness of the deliverables, such as the poster boards, that we presented to the villagers. We also
discuss issues that arose during the training session, including the concepts that were difficult for the

villagers to understand and how we rectified the problens that surfaced.
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441 Maintenance training session

Initially, onr team planned to conduct a formal training session for the technically-inclined
villagers that the Hilltribe 1ife and Culture Center Council identified. However, since these villagers
were present throughout the solar unit’s installation process, we decided o train them while we installed 11,
By using the solar equipment as a hands-on visual aid, it was easier to convey our training and
maintenance instructions to the villagers. Jonathan Morris was also present during this training period
and served as an invalnable resonrce as he translated our instructions into Thai.

We provided a poster, which is now hanging above the charge controller, to show the villagers
how to charge individnal batteries at the battery charging station (Figure 14). The connections a the
charging station are intended 1o connect and charge two twelve volt batteries in series simultaneonsly, since
the installation produces twenty-four volts. The villagers also nse six-volt batteries, which they should
charge four at a time fo maximize each of their battery’s life spans. We made the wiring of the batteries
in series very clear to the villagers and made sure 1o inform them of the types of connections that they

would need to purchase if they wanted to charge their six -volt batteries.

49



Figure 14: Poster describing the 12-volt battery charging process

Another important piece of information that we conveyed to the technically-inclined villagers was
the importance of covering the solar panels with an opague material before any type of electrical work was
to begin. Althongh the system may appear to be off, the panels still produce enongh electricity to canse
shock. We noticed that the villagers did not take seemingly common safety precantions during the
systent’s installation. For example, while welding the frame for the solar panels the welder only wore a
pair of sunglasses to protect his eyes from the radiation instead of a welding mask. The safety of the

villagers as they work with the P17 systens remains a major concern.

4.4.2 General training session for the villagers
After the installation was completed, we began onr planned training session for the entire village.

Our intention had been to discuss photovoltaic safety issues to the villagers inside the Presentation Hall,
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but instead we proceeded less formally. Much like onr training session for the technically-inclined, we
conducted the general training session while the villagers were gathered around the solar installation. We
created a poster with pictorial instructions displaying the types of precantions the villagers shonld take

when they are close in proximity to the solar unit.

Figure 15: PV safety information poster

It was slightly more difficnlt for us to convey information to the entire tribe than it was to the
technically-inclined villagers. Althongh some of the villagers spoke fluent Thai, the majority conld only
speak the tribal langnage. Jonathan Morris was also onr translator during this time, but on occasion, we

needed a second translator who was both fluent in Thai and Iabu in order to explain certain complex
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instructions. Having two translators was essential to explaining successfully the technologially rich
aspects of the project.

While staying in the Ban Jalae village, we noted that the villagers participated in sporting
activities almost every night near the site of the solar installation. We tried to have the elders explain to
the children that if a ball or other object were to hit the solar panels, it conld damage the entire P17

system. The children seemed to take the warning lightly, and the issue still concerns us.
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Chapter 5: Conclusions and Recommendations

Our main focus in this project was not the installation of the PV systems but rather ensuring
that its completion would help preserve the culture of the Lahu villagers. In onr interview with Khun
Surachai and our own observations, we concluded that the technology would not damage the traditions
and heritage of the villagers. However, the new solar technology would have an immediate impact on the
village’s abilzty to accommodate rising levels of tourism. Potentially, the tribe members conld focus so
intently on the tourist market that unigue cultural aspects of their lifestyle conld start to diminish. The
Ban Jalae villagers, however, are confident that the Culture Center will prevent further cultural erosion
and are glad to increase visitors’ awareness of the Labu way of life.

Our project team left Thatland shortly after the project was completed, so we conld not analyze
the long-term effects of the solar electric installation in Ban Jalae. We recommended that the MAG
document any changes that occur in the villagers’ traditions or daily rontines that conld be due to the solar
technology. The MAG conld then evaluate the cultural changes associated with the PV installation to
decide if future projects along the same line would be beneficial.

We also recommend that before a similar installation is completed in a rural hilltribe village,
onr project be used as a case study. The successes and failures of the PV system in Ban Jalae, and their
cultural effects can serve as a reference point for future project teams. However, the results of our project
are site specific.  Other hilltribe villages may not face simsilar cultural preservation issues like the Ban
Jalae villagers; therefore, the implementation of a PV powered culture center may not be the most
appropriate choice. W'e suggest that in addition to nsing our project as a case study, future project groups
shonld also conduct interviews to determine potential sitespecific problens.

The installation in the village of Ban Y afu provided our project team with great insight as to
what can resul from an installation where the residents receive little to no training about its operation

and upkeep. Based on the condition of the solar unit in Ban Yafu, and the likely success of our training
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program in Ban Jalae, we recommend that future projects highly consider presenting a training session to
ensure that the villagers understand and respect the full potential of a photovoltaic system.

Ban Jalae will eventnally be connected to the national power grid. When this occnrs, they will
no longer need their PV unit. Our final recommendation to the MAG was that if Ban Jalae does
recezve electricity from the grid, they either donate or sell the unit to another village that is in need of
electricity. The installation came at no cost to Ban Jalae and thus a donation or sale at an inexpensive
price wonld allow them to help another village that is also facing cultural assimilation.

The Labu tribe in Ban Jalae faces a difficult period of transition between their traditional way
of life and a new modernized form of existence. The tribe members realize they must adapt in order 1o
survive in a changing world, but they also have a clear sense that they must remain strong and nnited to
keep the spirit of the Labu alive in their hearts and minds. The solar technology that onr team has

installed in Ban Jalae will work with this assimilation and aid in the villagers’ efforts to preserve their

culture.
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Appendices

Appendix A: MAG and Lahu interviews

Listed below are the guestions we asked during onr interviews with a Mirror Art Group
representative, the head of the Culture Center conncil, and a Ban Y afu villager. The responses that we
recesved are italiciged. In the case of the interviews with the Iabu tribe members, translators were
necessary and therefore the responses are in a third-person perspeciive. We added the comments, in

brackets, after the interviews were completed.

Interview with the head Culture Center Board member
Interviewee: Khun Surachai — Head of the Ban Jalae Hilltribe Life and Culture Center Conncil
When: Monday, Janunary 19, 2004

Location of interview: Campfire area ontside the Culture Center in Ban Jalae

Sitting in a circle aronnd the campfire with our translator, Jon Morris, Ben Mar acted as the main
interviewer, and Chris Treat as the response transcriber. The respondent, Khun Surachaz, answered the
guestions after Jon translated them into Thai. Our translator then translated Khun Surchai’s responses
into English, with some elaboration as needed for Chris to record in note form.

Session Introduction
We would like 1o talk to you abont the Culture Center and solar cell technology in order to understand

how they will affect your village. We also want to identify the expectations that the tribe has for the
Citlture Center and the solar cell technology.

Section 1: Expectations for the Culture Center

How do you see the Culture Center helping the Lahu in the fiture?
Good, tourism generates income so the villagers do not have to move. With
farmlands being restricted, the villages are desperate for all the income they
can get. The Culture Center is one thing all the villagers agree on, it unifies

everyone because everyone pitched in. Also, the elders are very happy to pass
on their knowledge.

What equipment do you see as the most important or beneficial for the solar unit to
power in the Culture Center and why?

The computer is important because it will eventually have access to the

internet. In addition, the villagers want to charge batteries. However, there
will need to be a system to ration the power.

For what do you want the Culture Center to be used?
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The Culture Center will be a place of reference; it will immortalize aspects of
the culture that would otherwise be lost.

For what do you want the solar unit to be used?
This is something new to them, they do not really know what it is capable of,
and therefore they do not know what to expect.

Section 2: Tahnology’s influence on the tribe’s way of life

Is the tribe generally accepting of having electricity brought to their village?
Yes, the tribe likes to be able to power lights at night and looks forward to
having a computer in the village.

How will having a solar unit change the village/villagers?
The villagers are not going to be able to live the way they normally do,. but
this is good because they could not survive if they did. Modernization is
necessary for the village to survive, the villagers need to be educated, it all
comes back to restricted farmland preventing them from living the way they
are used to.

Do you see any conflicts between modernization and the preservation of tradition?
There is no conflict between modernization and preservation oftradition, the
only conflict that exists is between generations. It is getting harder for older
generations to pass on information because of the different lifestyles of the
younger generations. The Culture Center makes the passing on of important
cultural traditions possible.

Could electricity accelerate the process of cultural erosion?
This is not an issue, electricity will not degrade the culture in any way because
it in no way affects what is essential to the culture. The Lahu will still be Lahu
whether they have electricity or not. What is essential about the culture
requires the aid of technology to preserve it; electricity will do nothing except
help the Lahu. It is up to each person to make good use of it.

Interview with Mirror Art Group representative
Interviewee:  Jonathan Morris — Member of the Mirror Art Group

When: Monday, Jannary 19, 2004

Location of interview: Sitting area in front of the Culture Center in Ban Jalae

Description

We conducted the main portion of the interview while seated in front of the Culture Center. [ustin acted
as the interviewer and both Chris and Ben performed the transcription. Although we asked most
questions during this period, Jon answered some questions in Section 2 later that day.

Session Introduction
We wonld like to gain an understanding of how the MAG envisions the Culture Center and the solar
installation benefiting the Labu people. The effects that the technology will have on the tribe are also of

main concern.
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Section 1: Expectations for the Cult ure Center

What services will the Culture Center provide to tribe members and visitors?
The Culture Center will be an interactive museum where visitors can learn
about hilltribe culture and rituals through presentations and self-observation.
The Lahu villagers will be able to use the Culture Center to learn about
aspects of their culture that may otherwise not be communicated to them. The
computers will provide language instruction and in the future will provide
internet access for research purposes.

How will the Lahu benefit from the Culture Center?
[The above response was sufficient in answering this question]

What are some of the pros and cons associated with the increased tourism due to the
completion of the Culture Center?
The Lahu receive a large portion of their income from tourists. Although,
tourism has introduced things like candy into village, the Lahu are still
struggling to survive. For the time being, tourism will need to remain a part
of their lives.

Will both the Lahu and the Akha make use of the Culture Center?
Yes. The Culture Center will showcase the Lahu’s culture, however both
tribes will be able to use the equipment powered by the PV system

Do you foresee any cultural/political conflicts between tribes resulting from the solar
technology?
No, their has already been group discussion amongst the tribes and they have
made arrangements with each other. Someone within the Lahu tribe will
monitor the use of electricity so that neither group can abuse the system.

Section 2: Technolooy’s influence on the tribe’s way of life

Was the tribe generally accepting of having electricity brought to their village?
Yes, our discussion with the Culture Center Council has shown that they are
anxious for the PV installation.

Do you see any conflicts between modernization and the preservation of tradition?
The Lahu have sustained their way of life thus far by adapting to their
environment and the tools they have available. They are not ashamed of using
technology to aid in their advancement or to make tasks easier. Therefore, the
conflict is really a non-issue.

Could the introduction of the newly powered equipment accelerate the tribe’s
integration into Thai society?
Not in the sense that people would abandon their Lahu roots. A certain level
of mainstreaming is desired for survival. The technology itself will not have a
negative effect on the culture, how they use it will determine its impact.

Interview with Yafu villager

Interviewee: Khun Jamai — Labn tribesman living in Ban Yafu
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When: Thursday, February 19, 2004

Location of interview: Sitting area near the second PV system installation

Description

We conducted the interview with Khun Jamai while seated on the benches across from one of the solar
arrays. Ben acted as the interviewer and Colin performed the transcription. Khun I_aak, a member of
the Mirror Art Group, acted as onr translator.

We wonld like to ask you some questions regarding the two solar installations. T'he effects that the
technology has had on the trbe are also of main concern.

Section 1: The PV installations
When were the PV systems installed?
[Khun Jamai pointed to the nearby 15-panel array]

This one is about 6 years old. The PV system that the school uses is about 10
years old.

How much did each PV system cost?
[After some discussion amongst villagers on pricing, rough figures were
given. Our translator informed us however that these prices would not be
comparable with today’s prices because of economical changes that have
taken place]

Who designed and installed the PV systems?
[Khun Jamai could not recall the organization’s name]

For what purposes were the PV systems installed?
The villagers use the newer PV system to charge their 12-volt batteries. The
PV system powering the school is used for satellite television.

Who is in charge of the systems’ maintenance and repairs?

Currently, nobody is designated in charge. When some thing needs repair, the
local carpenter is usually the one that works on the system.

Have there been problems with either system’s operation?
Wiring has been damaged and PV equipment, like voltage indicators, have
gone missing.

Have there been problems with how the systems’ have been used?
Yes, the lack of maintenance has been a problem. Also, some villagers have
been using the power for their personal equipment.

If something could have been done differently or improved, what would that be?
The villagers wish they were better informed on how to maintain and repair

the systems so that they would work better.

Were the villagers originally content with the PV installations?
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Yes, the school children and teacher were happy to have a television in the
classroom.

[Follow up question]

Are they still content?
Yes, they are still content but wish the systems could be repaired to work
better and produce more electricity.

Section 2: Technology’s influence on the tribe’s way of life

Was the tribe generally accepting of having electricity brought to their village?
Yes, charging batteries usually would take a few days, but now they could do it
much quicker.

How has the system changed the village / villagers?
They haven’t noticed a change in their village. Electric generators were used
for lighting long before the solar installation.

Do the villagers feel that having greater access to electrically powered equipment has
taken away from their culture or heritage?
No, they still celebrate their traditional holidays and continue to dress and
speak Lahu. Being able to use electricity for education and lighting has only
improved their living.

Do you see any conflicts between modernization and the preservation of tradition?
[This question was difficult for Khun Jamai to understand at first. Khun Laak
needed to rephrase the question so that it was easier to answer. ]

No, the Lahu will always stay Lahu. Technology, such as the PV installations,
has made it easier for the tribe to accomplish their everyday tasks.
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Appendix B: Site survey analysis
Shown below is a diagram representing an aerial view of the Culture Center area. The three
locations labeled were possible sites for the P17 installation. The tables that follow contain information

abont the parameters our team used to decide the final location of the PV installation.
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Diagram depicting the three possible locations for the PV installation
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Site Description Battery Location | Distance from Safety Factors Maintenance Factors
Presentation
Hall
Presentation | Small area adjacent to two Inside the 1 to 2 meters Very safe location due to the low Physical maintenance wonld be difficult due to
Hall buildings on the south and | Presentation Hall east level of traffic and close proximity to | small amount of space, debris from the adjacent
west sides with a large tree next to the the Presentation Hall, however tree would demand more frequent cleaning of
on the east side computer batteries wonld be unsafely exposed modnles
Village house | On the roof of a villager’s Inside the 10 meters east | Low level of safety, wire wonld run | Module maintenance wonld require technicians
house 10 meters east of the | Presentation Hall through a villager’s home across an to frequently access someone’s home, however
culture center next to the area of high traffic, batteries wonld | debris and moisture wonld be minimal. Large
computer be unsafely exposed

amount of AC wire wounld be more likely to
suffer damage.

*Solar
housing
building

Solar housing building
located in an open area 2
meters east of the cultural

mansenm

Inside the solar
housing bulding

20 meters south

Very high level of safety, all
components of the PV unit are
contained in the solar housing
building which protects against traffic
and tampering

Optimal position for maintenance, technicians
will be able to perform maintenance procedures
free from disturbance. Al components will be

[free of potentially dam aging effects.

(* Indicates chosen site)
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Distances with respect to the solar housing building

Distance from solar panels 1o charge controller

1 to 2 meters

Distance from charge controller fo batteries 1 meter

Distance from charge controller to inverter 1 meter
Distance from inverter to load 20 meters

Type of Installation (Roof, Gronnd, or Pole Roof mionnt

Mounnt)
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Appendix C: Information on photovoltaic systems

The photovoltatc method directly converts solar energy to electrical energy. A photovoltaic system
is composed of five main parts, which include solar panels, an inverter, conductors, a system charge
controller, and batteries. In order for our team to be able to assemble such a system, it is necessary to
understand the functions of each of these parts, what will be required to maintain them, and the

parameters that they collectively impose on the systen.

Solar panels

A photovoltaic solar panel is composed of two layers of semiconductor material, a reflective film,
a glass cover, and insulating material. "I'he majority of the photovoltaic activity takes place between the
two semiconductors. The reflective film functions simply as a barrier to keep the sun’s rays trapped in the
panel, and the glass serves as a transparent protective covering.

The most widely used semiconductor for solar panels is silicon. It accounts for about 95% of all
solar panel semiconductors in the world. This is partially because silicon has a high level of conductivity,
but more importantly, silicon is the second most abundant element on the earth’s crust and therefore s

nexpensive.

Inverter

A main power grid supplies alternating current (AC) power. However, a photovoltaic system
supplies direct current (DC) power. Direct current flows in a single direction whereas alternating current
changes directions many times a second. Direct current is the more powerful of the two, but it tends to
decrease in magnitude over long distances. "Therefore, alternating current is more practical for power grid
usage. The purpose of an inverter is to enable the electric energy in a photovoltaic system to be converted
Sfrom direct current to alternating current in order to support AC appliances. The inverter, also known
as the power adapter, changes the voltage between the two states as well.

There are two main types of inverters that are used today: true sine wave inverters and modifred

sine wave inverters. Lrue sine wave inverters produce the ideal form of AC power. They have a smooth
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wave pattern and deliver a very stable connection. Modified sine waves on the other hand, produce a
square waveform, which can be detrimental to certain systems. The modified sine waves can drastically
reduce efficiency and reliability of motors. It can also interfere with digital clocks, and render them
useless. "The modified sine wave is the less expensive of the two inverters, but the true sine wave produces

a more exact power connection.

Conductors

The conductors in a photovoltaic system are the wires that run between each component of the
system. It is important to ntilige conductors that allow for maximum energy transfer in order to increase
the efficiency of the system. There are two different factors to take into consideration when trying to
determine which conductor will be nsed: wire type and wire size.

Wire type can differ in conductor material within the wire, and insulation surrounding the wire.
The condnctor material can be made ont of either aluminum or copper, and can be composed of a single
thread or many smaller threads twised together. Aluminum is not nearly as durable as copper and upon
insulation may even weafken to the point of failure. Copper also is a better conductor than aluminum
and is able to carry current in larger quantities. The conductor wires may also be coated with many
different protective coatings. Depending upon the location of the system, the conductors may need to resist
heat, moisture, chemicals, abrasion, or ultraviolet light. "The wires that are designated to resist sunlight
must be marked clearly. Each conductor wire is designed for a unigue purpose in the system and is color
coded accordingly. Both alternating and direct current systems use a color coding system, so it is
imperative that the person installing and maintaining the unit is familiar with the system and the color
coding method he or she is dealing with.

Wire size is determined by line losses and the amount of current flow. Line losses, or decreases
in electricity flowing through the conductors, are measured as voltage drops and result from resistance in
the condnctor lines. Line losses can be attributed to many things: the gange of the wire, the amonnt of

current flowing through the wire, and the length of the wire. The greater the length of a conductor wire,
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the greater the resistance in the system. Also, a functional photovoltaic system requires a balance between
wire size and current flowing through the wire. If the current flow exceeds the current flow capability of
the wire, voltage drops will increase. 1 oltage drops are not only very expensive, but they can also lower

the life excpectancy of the equipment powered by the systen.

System charge controller

The system charge controller has many functions. "T'he most important task that the charge
controller has is 10 ensure that the battery’s charge is kept at the highest possible levels. It is also
responsible for preventing battery overcharge, providing load control functions, and performing temperature
compensations.

Any system that may have unpredicted power surges should contan a charge controller. The
effectiveness of charge on a battery is directly linked to how well the system’s power is controlled. The
charge controller will prevent overcharging by ceasing to supply energy to a battery after the battery has
been fully charged. Over discharge will also be prevented; if the controller senses that the charge is low in
the battery, it will disconnect the battery from the appliance it is powering.

Another function of a charge converter is to perform temperature compensations. Ihe controller
measures the temperature of the system and if it is lower than the ideal design temperature it will increase
voltage flowing to the battery in order to charge the battery fully. 1If the temperature is greater than that of
the ideal design temperature, then the voltage is decreased so that the battery does not overbeat.

The system change controller is one of the most expensive parts of a photovoltaic system. It is
important that the controller used is sized according to maximmm surge voltages and currents. There is a
possibility that reflections from clonds and other atmospheric water may magnify the intensity of the sun
rays. Therefore, there should be a factor of safety (125%) so that the possibility of overload is at a
mininum. Even though it may seem as if the extremes of the controller’s capabilities are unrealistic, the
charge controller is worth the investment. 1f the controller is undersized and fails, it will be more

expensive to replace 1t than it wonld have been to buy a better controller with which to begin.
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Batteries

In order for a photovoltaic power system to create a power reserve, the system needs to include
batteries for energy storage. There are two possible types of batteries that can be nsed: shallow cycle
batteries and deep cycle batteries. Shallow cycle batteries do not have the ability to store energy for long
periods of time or in mass quantities. However, they are an inexpensive sonrce for short-term power
storage. Deep cycle batteries have a longer life span than shallow cycle batteries and can store a

considerably larger amount of energy. Deep cycle batteries are more expensive.
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Appendix D: Completed system design worksheet
We produced a preliminary design for the PV system using the data we collected fr om Ban

Jalae. We nsed the system design worksheet from Improving HilFTribe Education with Solar Power.

The WPI 1QP team, Andrew Keefe, Charles McAunley, Gregory Milette, and Justin Schneiderman
designed the layout of the worksheet in 2001. We entered onr data to obtain the summary of design

paramelers.

Section I: Information Gathering

This information needs to be determined before the calculation begins.

Average Sun Hours per day (RWh/ m?) 1) 5.2
Peak Wart Rating of Solar Panels 2)75
Number of Days of Backup Storage for Clondy Days 3)4
Amp-Hour Rating of Battery 4) 132

1. This data can be obtained from meteorological services or from Appendix G.

2. The peak watt rating of the solar panel is the maxinmum amount of power the array can
produce. "This valne can be modified once the needed peak watt rating of the modnles are
determined. This information comes from the PV supplier. "Iypically it is 50 to 120 Watis.

3. Lime, in number of days, for backup storage. How many days of storage do you want the
battery to hold? Typically 5 days are needed in Thatland. "I'his data can be obtained from
meteorological services or from Appendix G.

4. Each battery has an amp-hour rating, the amonnt of charge the batteries can store. Most

conventional PV batterses are rated at 220 ah. An industrial PV battery can be rated as high

as 350ah. Golf cart batteries are rated at 50ah. 'The PV supplier provides this information.
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Section ll: Load Analysis

This section will determine how much power is required.

Device Watts X | Hours per Day Watt Honrs per Day
Computer 600 | X 5 = 3000
Projector 585 | X 7 585
5) Total Device | oad: 1185 3585

Each AC device that will be used on the PV system is rated for a certain amount of watts. This can
also be found by multiplying the input voltage (V') by the input current (A).

Total Device X Inverter 1 oss Total Load
Load per Day (Watt-Hours)
5) 1185 X 1.15 6) 1363
Section lll: Battery Size
This section will determine how many batteries are needed.
Total Load Watt- | X | Battery | X | Battery Discharge Total Adjusted Load
Hounrs) Loss Reserve (Watt-Hours)
6) 1363 X 1.2 X 2 7) 3270
Total Adjusted Load (Watt-Hours) | / | Systems Voltage (Volts) | = | Total Load (Amp-Hours)
7) 3270 / 24 =[98 136
Total Load (Amp-Honrs) | X | Days of Storage | = | Battery Bank Capacity Needed (Amp-Honrs)
8) 136 X |3 4 =19 545
Battery Bank Capacity (Amp- | / 24 Volt Battery Rating Number of 24 volt Battery
Hounrs) (Anp-Honur) Strings
9) 545 /1 4) 132 10) 5
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Section IV: Solar Panels

This section will determine how many solar panels are needed at what peak wattage.

Total Load (Watt-Honrs) X | BatteryLoss | = Reguired Watt-Hours per Day
6) 1363 X 1.2 =1172) 1635
Required Watt-Honrs per Day | [/ | Average Sun Hours per Day | = | Solar Array Watts Reguired
12) 1635 /117) 5.2 =1|173) 315
Solar Array Watts Reguired | / | Peak Watts of Solar Panel = | Solar Panels Reguired
713) 315 /12 75 =174) 5

(Lo reduce the number of panels, use panels of a higher peak wattage rating)

Section V: Inverter Size

Total Wattage of all Devices

5) 1185

This is the minimum amount that the inverter must support. Inverters of higher wattage are
recommended for safety and to facilitate system expansion.

Section VI: Summary of Design Parameters

Parameter Sonrce Valne
Total 1oad Section 11 5) 1185
Number of 24 V'olt Batteries Section 111 10) 5
Battery capacity Section 1 4) 132
Solar Modules Required Section IV 14) 5
Peak Watts of Solar Panels Section I 2) 75
Inverter Size Section IV 5) 1185
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Appendix E: Price quotes from PV Companies

B8P THAI SOLAR BP Thal Solar Corporation Lid.
101/47/9 Navanakom Industrial Estate
Phaholyothin Road, Klong 1, Klong Luang
Pathumthanl 12120, Thalland
AC Power . Tel. (662) 52911056

Fax. (682) 5204542
No  Unitcost Total cost

Module 275 3 15,000.00  45,000.00
P82212 Trace inverter 1 45,000.00  45,000.00
Battery 200Am 10 4,000.00  40,000.00
Regulator GCR2000 1 5,500.00 5,500.00
135,500.00

Battery Charger No  Unitcost Total cost
Module 275 1 15,000.00 15,000.00
Regulator GCR800 1 3,200.00 3,200.00

1820000

Total 153,790.80

Remarks 1. The Price is including VAT
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Siam Solar qnoted ns aprice through email. Below is the transcript of the email.

We want to know more detail for computer loading too high. Estimate price is

10 Modules SX 60U @ 18000. Bht.
1 Inverter pure sinewave 1000 W/24 V 55000.- Bht.
I Charge controller 3 Amp.24 V 12000.- Bht.

for battery you can find at local.

Not include installation and transport.

I would like to inform you the produce are import.
More enquiry pls. do not hesitate to contact us.

Thanks.
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Appendix F: Parts list
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Appendix G: Meteorological data

Radiation in sun hours on a tilted surface in Ban Jalae (latitnde 19°)

Radiation on equatot-pointed tilted sutfaces / Perez/Page method (kW /m?/ day)

Lat19 _ | mmaf
Lon 100 L’ i el P” lM‘” L ol e .l o t;p_e_mge:

[SSEFRZ _[+59] 538 604 [620 [543 438 [#05 426 438 [433[419]432] 481
K 060|062 0.61 [058]049]0400.37 040 045|0.48|0.53]0.59] 0.51
|PAGE DIF |1.16| 1.25 1.4 |1.69|2.01|2.10 |2.06 |2.03 1.89|1.67|1.38 |1.13| 1.65
|PAGE DNR(6.32| 6.91  7.04 |6.54|4.92|3.30 |2.87|3.21 4.01|4.29|5.03|6.04| 504

O« |Nov :

|Titr 0 |4.57| 5.33 5.97 609|540 |4.36 |4.03 |[4.17 4.51|4.29|4.16 |4.23| 4.76
[Trs (489 561 6.15 |6.16[5.38 443 [4.08 [420 461 [446]4.42]4.55] 4.91
\Tilz 19 |5.92| 641 6.58 |6.17|5.09|4.52 4.1 |4.13 4.80|4.95|5.24 |5.55| 5.29
|Tils 34 16.58] 6.82  6.61 |580|4.57|4.36 |3.92|3.84 4.71|5.14|5.74|6.21] 5.35
| Tilt 90 |5.37| 471 340 [1.811.25|1.86 |1.54|1.22 2.25|3.334.50|5.20] 3.04
lorT 16.83] 6.87 6.65 |6.21|540|4.52 |4.13|4.20 4.80|5.15|5.89|6.49] 5.59

|OPT ANG  [50.0| 41.0  27.0 |120(0.0017.0 |14.0|8.00 22.0|36.0|48.0|52.0| 27.2

Hypothetical number of days for which no solar isolation is available
Equivalent number of NO-SUN days (days)

LLj; 17?)0 l[an Mar }Aprth@/-l[zm l/ﬂ/ Pug Sep
[Ty |0.63[0.85[0.82]0.65]0:83[0.82[0.900.97(0.73[0.77 [0.76 [0.92
Bdgy [1.36(1.701.77(1.47(1.9011.95(2.07|2.09|1.67|2.13|2.06 |1.93
\7day  |1.94|2.07|2.46|1.87|2.84|3.34|3.68|3.26|2.31 |3.56 3.69|2.65
|14 day |2.23(2.48|3.09|2.54(3.95|3.704.34|4.85|2.78 |4.61 |4.67|2.37
|21 day |2.37|2.61|3.14|2.47|5.11 |4.70|5.06 |6.41 |2.98 |4.72|4.71 |2.16

| Month [1.55(2.28(3.0212.08|3.994.24 |4.66|5.67 |1.63|3.15|2.86|2.00

Oct

Feb

Nov;

Dec

Sources:
hitp:/ [ eosweb.larc.nasa gov/ sse/
Document gener ated on Sat Feb 21 06:15:37 EST 2004
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Appendix H: PV company contact list for Bangkok area

Solartron Co. Ltd.

Address:

38 Chavanich Bldg., 2’ " Eloor, Soi Salinimit Sukhumyit 69.
Bangkok 10330

Tel (662) 392 0224-6 | (662) 711 0698-700

Fax: (662) 381 2971

BP That Solar Co. Lid.

Address:

Kian Gwan House, 7" Floor, 140 Wireless Rd.
Bangkok 10330

Tel- (662) 255 79456

Fax: (662) 256 7945

Emal: thaisolar@bp.com

Siam Solar and Electronics Co. 1.4d.
Address:

62/16-25 Krungthep-Nothburi Rd.
Nontaburi 11000

Tel: (662) 526 0578-9 [ (662) 965 0690
Fax: (662) 526 0579 / (662) 526 0127
Email: siamsolar@hotmail.com
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Appendix I: Annotated bibliography

A Place at the Table. Dir. Jim Carnes. Teaching Tolerance, Hudson & Houston, 2000.
o Short film on historical struggles for equality; nseful for the section on case studies

Barkstrom, Bruce R. NASA Surface Meteorology and Solar Energy. 17 Jan. 2004.
<http:/ | eosweb.larc.nasa.gov/ sse>.

o Useful for obtaining solar radiation angles and other meteorological data for specific regions of
the world

Berinstein, Panla. Alternative Energy. Oryx Press, Westpoint: 2001.
o Contains useful statistics concerning alternative energy solutions and their viability

Boyte, Godfrey. Renewable Energy: Power for a Sustainable Future. Oxford University Press,
NewYork: 1996.

o Discusses some of the social and environmental benefits of renewable energy

o Contains information on photovoltaic systems in developing countries

Christal, Mark. “School-Museum Partnerships for Culturally Responsive Teaching” The Electronic
Library. 21.5 (2003): pp. 43542. 21 Nov. 2003
<htip:/ [ iris.emeraldinsight.com/ vI=1430549/ c/=61/ nw=1/ fm=html/ rpsv/ cw/ mcb/ 026
40473/ v21n5/s5/p435>.

o Study that exanines school-musenm partnerships for virtual musenm projects in American
Indian culture; a useful case study

Daniels, Farrington, et al. Introduction to the Utilization of Solar Energy. McGraw Hill Book
Company, New York: 1963.

®  Details some of the engineering concerns when implementing a solar electric system

Dickinson, William C., and Panl N. Cheremisnoff- Solar Energy Technology Handbook. Marcell
Deckker, New York: 1980.

o Contains potentially useful solar angular and shadow equations for correct placement of solar
panel

Dunlop, James P. Stand Alone Photovoltaic Systems: Fundamentals and Applications. 1997. 14 Now.
2003 <http:/ | www.fsec.ucf-edu/ prt/ Resources/ publications/ pdff FSEC-CR-1292-2001-
1.pdf>.

o Discusses the theory and practical applications of solar electricity
o Contains useful information on the capabilities of solar energy

Durrenberger, E. Paul. State Power and Culture in Thailand. Y ale University Press, New Haven:
1996.

o Discusses the role of the state government in relation to cultural issues in Thailand

EggersLura, A. Solar Energy in Developing Countries. Pergamon Press, Oxford: 1979.
o Contains addresses and contacts in Thatland

“Energy Use Calculation Chart”. 21 Jan. 2004.
<wmmw.co-nect.net| Schools| Energy/ calechart. htm/>.
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o Contains wattage values Jor appliances

Greacen, Chris. “Renewable Energy Workshops in Burma”. Home Pawer. (Issue 98). Dec. 2003.
o Describes a very useful and detailed technical description of a solar installation in Burma

Ingram, James C. Economic Change in Thailand since 1850. Stanford University Press, Stanford:
1955.

o Contains discussions of economics in Thailand after it was exposed to world trade and western
cultnre

Jensen, Johannes, and Rent Sorensen. Fundamentals of Energy Storase John Wiley and Sons, New
York: 1984.

®  Describes energy storage for power systems

Keefe, Andrew E., et al. Improving Hill-Tribe Education with Solar Power. Worcester Polytechnic
Institute, Worcester: 2001.

o Provides an example of an IQOP project that implements a solar electric unit into a rural school

Lisu I odge. 16 November 2003. < http:/ | www. lisulodge.com/ index. htm/>.

®  Provides somewhat useful information on Labu culture

Lopez, Donald S. |r. Religions of China in Practice. Princeton University Press, Princeton: 1996.
®  Provides background information on the Lahn tribe and some of their rituals

Macan-Markar, Marwaan. “Hill Tribes Go High-Tech to Preserve Way of I ife.”
¢ N geney (July 2003): 5 Dec. 2003.
<htip:/ | www.inmien.com| modules.phpname=Newsfile= article & sid=99mode= >orde
r=0&>thold=0#>.

®  Describes issues that hilltribes in Thatland are facing

Morris, Rosalind C. In the Place of Origins: Modernity and its Mediums in Northern Tharland Dnke
University Press, London: 2000.

o Provides general discussion of modernization in Thailand, somewhat useful for understanding
cnltural implications of appropriate technology

Neff, Thomas L. The Social Costs of Solar Energy. Perganon Press: 1981.

o Describes some risks associated with photovoliaic technologies, public health, and environmental
impacts

Neville, Richard C. Solar Energy Conversion. Elsevier, New York: 1995.
o Discusses alternate energy sonrces — sunlight and geometrical effects, solar cell confignration

Northern Thailand Climate & Weather. <http:/ | www.thaifocus.com/ climate. hin>.
o Talks about the climate and weather in Northern Thailand

Orange & Rockland. “Calenlating Energy Use”. 21 Jan. 2004.

<www.orn.com/ energyandsafety/ energyefficiency/ calculatingenergyuse. himl>.
e Contains wartage values of appliances
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Perlin, John. Solar Energy Fact Sheet. Santa Barbara: 1975.

o Contains requirements for solar systems and their components

Roy, Edward Van. Economic Systems: Northern Thailand Cornell University Press, Ithaca: 1971.

o Contains information on Hill tribe economy | upland economy | economic development

Schaeffer, John. Real Goods Solar I iving Sonrce Book, 9" ed. Chelsea Green Publishing Company.
White River Junction, V'I: 1996.

®  Discusses harvesting of solar power and its use in practical applications

Solartron. 22 February 2004. <http:/ | www.solartron.com™.
o Useful for gaining technical information and equipment specifications

Ter-Gazgarian, A. Energy Storage for Power Systems. Peter Peregrinas, Ltd., United
Kingdom: 1994.

o Discysses energy storage for power systems

Thaipro. Thaipro Digital Engineering Co. 2003. <hitp:/ | www.thaipro.com/ thailand/ labu.shim!>.

o Contains information on the Labu and their culture, somewhat usefnl

Thailand Online. Siam Sun Tours, Chiang Mai: 11 April 2000. <bhttp:/ | www.thailine.com/ >.
o Contains information on the Lahu and their culture, somewhat nsefu!

The Mirror Art Group 16 Naember 2003. <http:/ [ www.mirrorarigroup.org>
o Contains onr sponsor’s website — has all the projects that the MAG are working on
o Contains the mission statement of the MAG

The Studio Musenm in Harlem. New York. 2003. 21 Nov. 2003
<htip:/ | www.studiomusenm. org>
o Contains the website of the studio musenm — interesting exchibits
®  Contains the mission statement useful for case stndy

Virtual Hiltribe Musenm. 16 November 2003. <htip:/ [ www.billtribe.org>.
o Contains the virtual museum that MAG wants fo have in the Culture Center
o Contains stories of the hilltribes of Thailand

Warren, William. Bangkok. Reaktion Books, London: 2002.
o Discusses history and background of the city

Wilson, David A., and William H. Rankins I11. Practical Sun Power: 5 Projects I orien House
Publisher. Black Mountain, NC: 1974.

o Contains sections on safety, parabolic reflectors, and conversion to electricity

Worcman, Karen. “Digital Division is Cultural Excclusion. But Is Digital Inclusion
Cultural Inclusion?” D-1ib Magazine. 8.3 (March 2002): 15 Nov. 2003.
<http:/ | www.dlib.org/ dlib/ march02 [ worcman/ 03worcman. htmHMUS EUM>
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o Contains an article on issues surroanding digitization of cultural resources
o Discusses the Musean da Pessoa- useful excample for case study

Wyatt, David V. Thailand: A Short History. Yale University Press, London: 1984.
o Discusses history and backgronnd of Thailand. Makes mention of the hilltribes

Zweibel, Ken. Harnessing Solar Power: The Photovoltaics Challenge Plenum Press,
New York: 1990.

o Discusses implementation issues when harnessing solar energy
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