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PREFACE

Bachelor Report Angkor Light

This project really was an eye-opener for me in different v8ayAs a designer | went to a world completely
different from the one | am used to live in and it therefore rég required another view on designing. For
example efficiency was not a main priority, contrary to theeed to produce the product locally (almost)

regardless of the amount of extra hours per product added.

Personally | experienced that living in 4
poor country marks the relativity of the
wealth of our Western world. Our hunt
for more and better things sometimes
intends to overshoot in the materialistic
direction. People living in the most
sober circumstances with  greaf
pleasure and joy point out that
belongings are not (always) the way tq
happiness. Severe poverty on the othe
hand makes life extreme difficult and
having some products to help during

the daily activities really can make 4 FHGUREL: CHILDREN FROM THE VILLAGE

difference.

My motivation to start this project was to go abroad to a totalifferent country in the first place. Also the
ability to contribute to a sustainable product was a big cashsration. During the project my view on the best
way to help third world countries changed a little. We can astiould provide the knowledge to help these

FGURE2: THE STUDENTS AAAMWORKYEXCEPT BAS

people but should not judge the
culture of a country from a strictly
Western point of view. Trying to
understand why people act the way
the do really helps in this process and
providing education can help them to
develop themselves and their country.

Working with local people and
attending a class at the University of
Leap was a nice way to get acquainted
with the Cambodian culture. At the
start | was overwhelmed with the
attention given to all western people,
everyone was looking at us and in the
more rural areas people are even
waving and shouting (especially the
children). After a while | got used to
this phenomenon, but it was nice to
see that | was not the only one seeing
new things.

| had real fun with the Cambodian employees of Kamworks, witle other students and the kids at the
orphanage, who were always smiling. Exploring the countyyrbotorbike revealed a lot of things tourists
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normally don't see and meeting people who normally
don’t see tourists. It was a beautiful way to explore
Cambodia and its natural and cultural treasures.

| want to thank the following people who helped me to
complete this project: Arjen for his help and endles
patience while answering a lot of questions. | also want t
thank him for the constructive discussions we had abol
the production process. Henry for his support and criticg
eye while watching at a distance from the Netherland
Leap for his endless smiles and stories about Cambo
and its people and for showing us around. Sarin and S
for their help in the workshop and a wonderful insight in
the Cambodian way of living. Last but not least | want t
thank Angele Reinders for her support from the
Netherland, especially helping to achieve things diffi¢ol
arrange at the University.

FGURHE: LEAR CAMBODIAN STUDENTRANSLATOR
AND FRIEND

A special thanks goes to Loes and my family for ther
support and motivation while being far away from home.

Martijn Kranen

T

FGURE3: DAILY WASHING OF THE COWS
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SUMMARY

INTRODUCTION

This report is the result of a bachelor graduation project #te University of Twente commissioned by
Kamworks, a small Cambodian company founded by the Dutchighoundation Pico Sol. The company itself
aims at the production and sale of affordable PV products the rural consumer market in Cambodia. The
project covers the prototyping, the redesign and the desigfrthe production plan for a solar lantern.

THE PROBLEM

Cambodia is a country with limited power resources. Abou#®0f the Cambodian households have no access
to electricity infrastructure for reliable lighting. Thegpeople are also very poor and live below the poverty line
of less than 1$ per day. Needs like lightning are not obvigushtered for, because of this limited power
availability. The alternative, using a fuel lamp, is verpersive because of the high fuel price.

Another problem Cambodia faces is the unemployment rate.néml wages are low and because of the
turbulent history about 60% of the population is 20 years ayynger. Job opportunities for this group are very
low.

ANALYSIS OF THE EXISTING LANTERN

The project started at Kamworks aims to solve a part of botloplems described. In association with the Delft
University the first version of a solar lantern has been déyged, delivering both an affordable lightning
solution to the rural population and work opportunities tooung Cambodians. This version of the lantern was
designed by Stephen Boom in 2005 as a result of a master gridogroject. The complete design process
was done in the Netherland, exact for a field study of about @&ks. The lantern had not been produced and
tested locally and exact knowledge of the Cambodian sitoativas not always available during the design
process.

This project started with a global analysis of the situatiand the problem. Next the existing prototype of the
lantern was reproduced in Cambodia, followed by a generalgsis of the result and the production process.
Several tests were done with this prototype, including a grtest, a water test and a user test to determine
deficiencies of the product.

REDESIGN OF THE LANTERN

Using the requirements formulated by the company and the idefncies found a redesign was carried out.
Every aspect was looked after, but special attention wasgito a low price for the product and the possibility
to produce it locally. Inquiries were done to obtain the loweprice for components used.

The product was altered to be waterproof, to be more residébagainst dropping on the ground and to be
easier to produce at Kamworks.
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1 INTRODUCTION

1.1 BACKGROUND

This report is the result of a bachelor project at the deparemt of Industrial Design Engineering of the
University of Twente. It covers the redesign of a solar lamtéor the rural population of Cambodia. The project
was commissioned by Kamworks, a small solar company in Cdiabo

1.1.1 KAMWORKS

Kamworks is a young Cambodian PV company with Dutch founddéiis initiative arises out of Pico Sol, an also
Dutch independent charity organization which makes an effto help the small-scale application of solar
energy in third world countries. The company itself aims dtomdable PV products for the rural consumer
market in Cambodia. About 90 percent of the population ofslgountry has no access to electricity.

The goal of Kamworks is being expressed in their missionestent: “Affordable energy for sustainable
development”. At the moment the main focus lies on instaljiiso called Solar Home Systems at orphanages,
churches, schools etc. These activities will be extendethwhe production of commercial consumer PV
products.

FGURES: THEKAMWORKS BUILDING AT THE ORPHANAGE

Kamworks is located in a village named Sré Ampil, 40 km s@a$t-from Phnom Penh, on the grounds of an
orphanage (see Appendix N ). One of the problems these orghaome across is finding a job when they are
leaving the orphanage. Cambodia is mainly a traditionai@gtural society and children usually continue with
the business of their parents. Kamworks tries to establishm® jobs by employing them to produce

sustainable energy products. In this way both the envirormand the orphans gain profit.

The University of Twente is an entrepreneurial researchvamsity. It offers education and research in areas
ranging from public policy studies and applied physics torbedical technology. The discipline Industrial
Design Engineering focuses on the design of mass producaus(ener) products. The bachelor project is the
final assignment of three years of the bachelor program.
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1.2 ASSIGNMENT

1.2.1 BACKGROUND OF THE PROBLEM

At this moment the rural population of Cambodia does not haaesolution for affordable permanent indoor
lighting. Indoors and in improvised stores under their heuseople make use of kerosene lamps and lighting
powered by generators and batteries. Outdoor lightning wibns only consist of small torches powered by
expensive batteries. Although there is a demand for both pement indoor and movable outdoor lightning no
affordable products are available.

With five full hours of sun per day and a balanced distributiover the year, Cambodia is one of the sunniest
countries in the world. Because of this fact, the potentiakfsuccessful solar powered products is very high. To
utilise this potential in 2005 Stephen Boom of Delft Univieysof Technology carried out a Master thesis with
the goal to design a solar lantern. In October of that year liei$hed this project resulting in the SOLantern. At
the moment a prototype of this lantern is made, but it is not agly yet for mass production.

1.2.2 ASSIGNMENT DESCRIPTION

The goals of this assignment are to redesign the SOLantemmé&ixe it useable and affordable for the target
group and make it producible in Cambodia. The assignmentsggia of the analysis of the current design, the
redesign of the lantern and the production plan.

At the completion of the assignment a pre-production serigsabout 20 pieces must be able to be produced
using the designed production plan. Next extensive usetsezsan be performed with these products by the
company.

1.2.3 STUATION

To get a good idea of the local situation, the end users and gireduction capabilities the assignment will be
carried out in Cambodia. A team of 6 students will be working different parts of the lantern and its
distribution system (see Appendix A for more information).

1.2.4 FRAMEWORK
The approach that will be followed consists of several pafgure 6).

General analysi e . Redesign

analysis

FHGUREG: PROCESS OF THE PROJECT

The general analysis consists of reading lecture and papengerning the lantern, e.g. the reports of Stephen
Boom (Boom, 2005) and Mando Rotman (Rotman, 2006). Alsodhballsituation in Cambodia will be explored
and the rural population will be questioned about the protgpe.

The technical analysis will be done by the local reproductad the prototype, by performing several tests with
this prototype and by the analysis of the competitors. Also examination about the availability of materials
and a cost price analysis will be performed.

After gathering this data a redesign of the lantern will benbermed to fulfil the demands.
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To produce a pre-production series and a subsequent prodcbf about 400 products the implementation of
the production is carried out. This will result in the prodiimn of this pre-production series which will be used
to perform some final tests.

The timeframe of this assignment will be three months.

1.3 NAMING CONVENTION

To make a clear difference between the product designed bgpben and the redesigned one these two
versions will be referred to as SOLantern and Angkor Ligepeetively. The SOLantern is the name originally
chosen by Stephen. Angkor Light is the one chosen by Kamwoefkecting the Cambodian identity of the
lantern and is also the name under which the product will beddo
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2 GENERAL ANALYSIS

2.1 INTRODUCTION

Because the project is carried out in a country with huge diffnces compared to the Netherlands a general
analysis about the local situation is carried out. This gs#é consists of an exploration of the geographic
situation, the language, the market, the energy and lightgi situation. At the end of the chapter the
SOLantern is introduced and placed into the local situation

2.2 CAMBODIA

Cambodia is a country in South East Asia, bordered

Thailand on the west and north, Laos at the north an
Vietnam at the east. It has a population of almost 14
million people (Population Reference Bureau, 200
covering an area of 181.035 square km (World Ban
Environment Department, 2004) , this is about 4.5 time
the size of the Netherlands. The country is located in th
tropics. Cambodia has an average minimum temperatu
of 23° and an average maximum temperature of 32° wit
almost no variation during the year (The Weathe
Channel, 2007).

The country is mainly known to the outside world
because of the cruelties of the Khmer Rouge regime
the '70, led by “Brother Number One” Pol Pot
Nowadays the country has still not completely overcom| ~ FGURE/: GEOGRAPHIC LOCATION G¥MBODIA
its history, the leaders of the regime have never been

prosecuted (Pol Pot died in freedom in 1999) and the soldiefshe regime are still walking around and could
be anyone’s neighbours without them knowing.

In two weeks after the Khmer Rouge was defeated by the Vietremmin 1978, next the Khmer Rouge started a
guerrilla war which finally ended after the peace settlenten 1991. In 1993 the first democratic elections

were held, but even today the country is not really a democydwecause corruption and intimidation are every
day’s business.

Due to the economically and technical recession during aftérathis period and the lack of financial support
of Western countries like neighbouring country Vietnam edged, Cambodia is still a low developed country.

2.3 LANGUAGE

The Khmer language is part of the Austro-Asiatic languageupy
together with e.g. Viethamese and Mon found in Thailand, Gedia,
Burma, Vietnam and Lao (Gordon, 2005). These languages difiot
from Western languages in sound and writing. It has a comelet | 5;ures: TheE WORD CAMBODIA IN
different kind of alphabet and several other sounds are usgste KHMER

Figure 8 for an example of Khmer writing). The English edarats
developing but at the time almost no one speaks it at a highdémaking communication with local people
very difficult.
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2.4 MARKET SITUATION

2.4.1 (ORRUPTION

According to the Corruption Perceptions Index Cambodia veasked 151 out of 163, meaning that it belongs
to the 15 most corrupt countries in the world (Transparencyérnational, 2006). Compared to thé”gplace of
the Netherlands it is obvious that trade is not as straightfeard as in western countries. A lot of regulations
exists and officers in function don’t hesitate to ask more mey purely for personal gain to get things aranged.
Going higher up in the command chain will get around this plerin but is time consuming.

This fact has certain implications for product developmentd production in Cambodia. A longer period to get
the necessary paperwork has to be taken into account and ewmpredictable incidental higher costs for

licensing and the import of products will be possible. Thaigernment is aware of the corruption problem and

is trying to organize things better for foreign companiesspecially because this in the interrest of the country.
But the same corruption is causing these things to changensow.

24.2 SFLLING PRODUCTS

Large electronic concerns do not exist i
Cambodia, instead little market shops are locate
in a lot of villages. These shops sell a lot g
different products varying from ventilators to gag
stoves which make finding a certain produc
sometimes difficult. Prices for products areg
always established by bargaining.

A big problem for buyers in general is the
unknown quality of a product. A brand name i
no guarantee because the Cambodian market
flooded with fake Chinese products copyin
quality brands. A big challenge is to develop
quality product and convince the people of thig
fact.

FGURE9: ATYPICAICAMBODIAN MARKET SHOP
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2.5 ELECTRICITY IN RURACAMBODIA

In the rural areas of Cambodia electricity is not an obviouggence. Over 85% of the total population of
Cambodia lives in rural areas (Institut de Technologie dunBadge, 2002) and over 85% of the total
population suffers of the lack of access to the electricityidy Together with electricity prices of 16 c/kWh in
Phnom Penh and an average of 51 c/kWh in the rural areas Cari@bbds one of the lowest electrification
rates in Asia and among the highest electricity costs in therld (Economic Consulting Associates, World Bank,
2002).

; ‘ The electricity distribution differs from the distance to a

city. At the moment only 7 of the biggest cities have access
QUTSIDE THE PROVINCIAL TOWRSWER SUPPLY|  tg the national power grid supplying power generated by
IS RARE AND MEAGERVITH ONLY ABOUT6 | the national power company Electricité du Cambodge
PERCENT OFCAMBODIAS RURAL HOUSEHOLDS (EDQ). It is very unlikely that this company will extend the

HAVING ACCESS TO ELECTRICITY SUPAND grid to cover more than 80% of the population because of
ANOTHER3 PERCENT OWNING SOME TYPE OF . .
the high costs and low gain.

INDIVIDUAL POWER GENERATING UNIT
The second type of power suppliers are Rural Electricity
OF THE REMAININ®1 PERCENT OF THE RURAL . .
Enterprises (REEs). Relatively small generators supply
POPULATIONSOMEDS PERCENT USE AUTOMOBILE ¢ wo vill | K | id not
ower to one or two villages only, making a large grid no
BATTERIES(COSTINAUSS$ 2.0-3.5 KWH) FOR P g y g ge g

necessary. This type of power supply is suitable for rural
OCCASIONAL AND LIMITED YSIR DO WITHOUT ) )
ELECTRICITY COMPLETHB6 PERCENT areas but with the average price of 51 c/kWh very

expensive.

' , The third method consists of car batteries charged by local
' generator shops, but this is also an expensive solution, up
to $3.5 per kWh (Economic Consulting Associates, World
Bank, 2002). The batteries are not charged with the right
current and with very inefficient diesel generators caugin
very short battery life, loss of energy and a lot of pollution

WORLDBANK
(http://go.worldbank.org/C1KN2PJ7NIO

2.6 SOLARENERGY

At the moment solar energy in Cambodia is a rare phenomenam8 small NGOs are installirgplar Home

Systemsn small villages, supplying power to one to several smalliseholds to let them use some electrical
lights and perhaps a small television if affordable
These systems are often paid by foreign countrie
as a part of an aid project.

Solar Home Systems are an effective way 1
supply rural villages with electricity. The costs ar|
generally about $1.2/kWh (Kamworks, 2007
mainly because of the high material and
installation costs.

Another option is to extend the electricity grid to
reach these people. This is even more expensi
and the costs also depend on the distanc
between the existing grid and the area that needs to be coveér&olar energy has no need for a large grid,
resulting in the same cost per kW independent at every locatiwith the same amount of radiation (Figure

10).

FGURELOD: SOLAR ENERGY COSTS VERSUS GRID EXTENSION[COSTS
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FGUREL1: MONTHLY AVERAGES INSOLATIORHNOM PENH

2.7 LIGHTNING IN RURAICAMBODIA

Lighting in the rural areas is a matter of improvisation aneative use of available resources. At the moment
several kinds of lightning solutions exist.

2.7.1 TRADITIONALCAMBODIAN LAMP

The first one is the Traditional Cambodian lamp, a simpleftiel
lamp (Figure 12). Kerosene is available throughout the dopand
is therefore an easy way to get some light. Besides a bad sithésl
solution has some other disadvantages:

Little light is produced

These kinds of lamps are unsafe because the top part becom
too hot and can fall off easily. Atthat moment a fire can arise
The lamp is useless in rainy conditions

Burning fuel is polluting to the environment

Due to the high fuel price the use of this kind of lighting i
expensive. Families using this kind of lighting spend $20g2r

year on fuel (MIT Sloan - GLab team, 2007).
FGUREL2: TRADITIONAICAMBODIAN

2.7.2 HUORESCENT TUBE

Some kind of electric lighting is available. Light bulbs aery
energy consuming and are therefore not used. Fluoresceriigsi
are used instead, but little is known about electricity artd safety
aspects and very bad wiring and fixation of these lights i®ds
often. Besides this increase of the risk of short-circuitdafire
several other problems with this kind of lightning exist:

Batteries are used carelessly, with the result of damaged
batteries and less capacity

Batteries are being charged with the inefficient generasor
The characteristics of these batteries are not taken into FIGUREL3: AHANGING FLUORESCENT
account while charging resulting in overload and heavy wear
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The charging process is very polluting because of the vegfficient generators used

2.7.3 HSHERMANS LIGHT

A lighting product commonly used is the headlight for asaigte by fishing
or finding frogs and is powered by a small battery. A diffetgrurpose is
the use as lighting inside a house. In this situation a carnest is used as
power supply.

The biggest problem with this headlight is the weak light bulUser
interviews performed by Stephen Boom indicate that the buibeds to be
replaced up to 3 times a day. The fishermen spend about $10latoh
month on charging of the battery and replacement of the lightilbs.

This product is a multifunctional; by removing the reflectine headlightis | FGUREL4: HSHERMARS LIGHT
transformed into an ambient light usable for indoor lightrg. This
principle is used in the development of the SOLantern.

2.8 THESOIANTERN
The lantern developed by Stephen is a sustainaly

solar product aimed at the needs of the rura
population.

Because a rechargeable battery and a solar pan
are used no extra costs are needed to keep
working. The lantern should replace the twa
current polluting and inefficient lighting solutions
the traditional Cambodian lamp and the
fluorescent tube.

The chosen materials and production method
are supposed to make it possible to produce th
lantern in Cambodia. This is not tested yet and n
local manufactures are located at this moment.

At this moment only a basic prototype of the
design is produced in the Netherlands. Sever
requirements formulated by Stephen are no
evaluated yet.

FGURELS: PROTOTYPE OF TEEOIANTERN
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2.8.1 PURPOSE OF USE

The product can be used inside the house for reading, cooking talking and outside the house for walking
and tasks like finding animals. Several general lightniatggories can be determined when these tasks are
analysed (Plas, 1998). To fulfil all demanded purposes trapct should be able to comply with all these

lighting categories (Table 1).

Light distribution

General lighting

Evenly distributed light around the lamp i
horizontal plane

=

Bachelor Report Angkor Light

Light fixation
Fixated on the groun

General lighting
Evenly distributed light around the lamp i
horizontal plane

N

Fixated at the ceilin

General lighting
Big bundle of light from above

Fixated at the ceilin

Task ligh
Bright spot to see more details

Fixated at the ceilin

General lighting
Big bundle of light

Mobile possible to carry in one han

Spot light very bright spot

Mobile possible to carry in one hat

TABLEL: LGHTNING CATEGORIE0O0M, 2005)

2.8.2 TARGET GROUP
The target group defined by Kamworks are:

“Poor people living in rural and developing areas withoutdialble access to an electricity grid”.

Poor people are those with an income of about $1 per day. Thetftarget market will be Cambodia because
of the lack of electricity grid and the huge potential for PV¥qalucts. About 5 million rural people in Cambodia
(1.1 million families) belong to the target group. Monthlkpenditures of these families for lighting vary from

$1-3 per month (Boom, 2005). The product positioning issthated in Figure 16.
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Bachelor Report Angkor Light

2.8.3 SELLING MODEL
At the moment a Master thesis is written
by Miriam Reitenbach about the

Complexity of

) the products
marketing of Kamworks’ solar products A Business to business sol
Several directions are being explore( High ompanie
varying from fixed a market stall to
altered tuk-tuks driving between villages Kh
mer c
to sell the products.
SOLAR
The entrepreneurs selling will also be abl COMPANIES
to repair products and give information /’) Anakor Liah
about PV to customers. An educationg
program made by Jony Heerink providin _ _
general knowledge about solar energy Low tE)ilge;::);'t?;hOps n
and Kamworks’ vision is used to trair -
these people (Heerink, 2007). $100 $200

Price of the products

FGURELG: POSITIONING OF THENGKORLIGHT BETWEEN THE EXISTING
SOLAR PRODUCEBoOM, 2005)

2.8.4 SELLING PRICE
The target price of the solar lantern made by Stephen Boom wwasmated at $50. Several market researches

confirmed this price as the maximum amount of money people able to spend on this kind of product (MIT
Sloan - GLab team, 2007) (Rotman, 2006).

The current price estimated by Stephen is almost $63 (seel@ &), this is higher than the indication of the
amount of money the target group can spend on a lantern. Attemm should be given to obtain an accurate
prediction of the real cost price and the selling price andMering it. This can be done by enquiring a lot of
companies to get the lowest price and comparing alternasugased on price during the redesign process.
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Components Price (%) Reference

Bachelor Report

Angkor Light

Plastic components $2,77 Westward.com
Electronics $7,56 Conrad electronics
Metal components $0,09 PMB

Screws, Nuts, bolds etc

$1,]

P9 Assumption

CFL $2,10] Kamworks Chinese supplier
Battery $2,80] Kamworks Chinese supplier
Subtotal $16,61

Capital costs (machinery) $0,53 Assumption

Labor $0,25| Assumption

Transport, packaging, breakage (15%) $2,49 Business glamwdrks
Subtotal $3,27
Distribution and marketing (14%) $6,05 Business plan Kankg/o

Profit(20%) $8,64 Business plan Kamworks
Margin retailer(10%) $4,32 Business plan Kamworks
VAT(10%) $4,32| Business plan Kamworks
Subtotal $23,33

Total excl, solar panel $43,21

Solar panel: $19,50 Kamworks Chinese supplier
Total: $62,71

TABLE2: THE COST BREAKDOWN OF B4{BIANTERN
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3 TECHNICAL ANALYSIS OF THREOLANTERN

3.1 INTRODUCTION
After a general analysis of situation presented in the pi@ws chapter a technical analysis of the existing
lantern will be carried out. This will be done in the followgrsteps:

Recommendations from previous reports about the lanterramnalyzed, questions are formed based
on these recommendations
The prototype is reproduced locally to:

0 doausertest, adrop test and a water test

0 analyze deficiencies of the product

0 analyze problemsin the production process
Technical analysis of the SOLantern and its functions
A new competitor analysis is made to determine the strengtrsd weaknesses of the product
Answers to these questions, results from these tests andaasions from the previous chapter are
used to determine a list of requirements and wishes for thadi product

This list of requirements will be a starting-point of the coept development phase and is used to check if the
final product fulfils its needs.

3.2 RECOMMENDATIONS AND RESULTS OUT OF PREVIOUS RESEARCH
Three reports have been written (partially) about the solantern. The first one is the initial master-thesis of
Steven Boom about the SOLantern, the second is the inteqmsikport of Mando Rotman about Product
Market Combinations (PMCs) in Cambodian rural areas andidéise one is a market research project of the
MIT about solar product and the marketing of them. In all ofebe report recommendations and points of
attention are written down for further investigation. A copiete list (with answers) can be found in Appendix
B .The ones useful for the redesign of the lantern are extettput together and sorted by way to acquire the
answers.

3.2.1 REPORTSTEPHENBOOM

The graduation assignment of Boom (Boom, 2005) was to delignSOLantern. His report is a reflection of
the design process, including a general analysis of the f@wot) the technical aspects of the lantern and a small
user evaluation at the end. Most of his considerations rediaig the design are written down making it a very
useful document as a start of the redesign.

A lot of research is done in the Netherland, so very few locab#able materials are listed. Because this is
necessary to know when starting mass production in Cambadiéll be an important part to investigate.

3.2.2 REPORTMANDOROTMAN
Extensive field research was carried out by Rotman (Rotn2806) to determine possible PMCs for Kamworks
in the rural areas. Useful data about people’s earnings aritlimgness to pay where collected.

3.2.3 REPORTMIT
The research carried out by the Massachusetts Institute etfinology (MIT Sloan - GLab team, 2007) was
done to determine
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3.3 REPRODUCING THE PROTOTYPE

One prototype of the lantern is made in the Netherlands by Bien Boom. No tests with this prototype have
been done in Cambodia, only earlier prototypes have beenwhdo the target group. Bringing the prototype
to Cambodia is very difficult and therefore no option. By plucing the prototype with local machines
advantages and problems will be known and can be taken intocamt while redesigning the product. For
these reasons the prototype is reproduced using local maekiand locally available materials.

Because the first prototype was not fully functional and serhoundary conditions have been changed, some
additions are made:

a bigger battery is used causing the bottom part to be larger
a connection to attach the solar panel is made (not implemedtin the first prototype)

3.3.1 AVAILABLEMACHINERY

Cambodia is a development country and therefore it is not pilide to easily get every imaginable machine to
produce the product. It is helpful to know which kinds of mdakes are available at the moment at Kamworks;
this can be taken into account in the design process to make pgroduct producible. Kamworks is able to buy
some second handed machines when needed. The available maghat Kamworks is listed in Appendix C .

The power needed is produced by the existing solar panels andadditional generator. The batteries of the
solar system have a capacity of 19.2 kWh (1800 Wp), the getoeria capable of producing an extra 15 kwh.
The vacuum form machine needed about 4.73 kW for heating andther 0.75 kW for all other operations. All
other machines used only a fraction of this amount. Becau$¢he high start-up power needed by the vacuum
forming machine and high energy use the generator must al&bg used during production with this machine.

3.3.2 MATERIALS

3.3.2.1 PLASTICS

During the reproduction period non-transparent polystyre and acrylic with a thickness of 1.5 mm where
available at the company. Transparent acrylic (2 mm) and arykc-like material with a thickness of 1 mm
were found in Phnom Penh, almost the only place in Cambodidital these kinds of materials. No other
plastics for vacuum forming were available, especiallyra short-term.

Some printed overhead sheets were used to make the front pltlee button overlay). This part was put onto
the casing using two components glue.

3.3.2.2 METAL
Metal is widely available at local stores, including lardeests and strips. While producing the prototype not
all strips with the right width were in stock, so a metal sheets cut into smaller pieces.

Instead of RVS as material for the handle aluminium was usegause of its availability and nice appeal.

3.3.2.3 BUY PARTS

Some identical 4.5 Ah batteries were available at the comyawith the desired voltage and size. The
connections were also positioned at the same place as the ased in Booms design so one of these batteries
was used.

CFL
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Bachelor Report Angkor Light

The CFL used was a standard 5W light with a E14 connection #tibgna bluish light. The lamp holder used
was a E14 fitting mounted onto the internal frame with two maitstrips and some screws. The original design
consisted of a different connection not available in Camizd

KNOBS

The knobs to attach the handle with the internal frame werekien from the Netherlands, because it was
known that they were not available in Cambodia.

3.3.3 THE PRODUCTION PROCESS

The local production of the prototype is very useful to anadythe difficulties in this process. Not only
problems regarding the product itself are discovered, ate complete production environment is tested. The
problems experienced are described in the next paragrapivith a direction in which the solution can
probably be found.

3.3.3.1 VACUUM FORMING

At Kamworks the 3 plastic parts are made using the vacuum fonachine. Vacuum forming is a process in
which thermoplastic materials are formed on top of a mouldrtugh which the air is sucked out of the space
between those two. The complete process is explained in Apglig L together with applications for the Angkor
Light.

DIFFERENT MATERIALS

Several materials with varying thicknesses are used beed®€ (the material selected by Boom) was not
available. Using these materials revealed some (potehpabblems.

In general thinner sheets are formed better than the thickenes and higher or vertically varying shapes
create more variation in the wall thickness. PS and ABS ary easy to thermoform; acrylic and PC on the
other hand are more difficult.

PLASTIC DELIVERY

Thick plastics which are not very pliable like Acrylic we
not formed very well using high shapes, because n
enough plastic could be delivered in the lower corner
(Figure 17). Using sheets with higher thicknesses enlarg
this effect.

A solution would probably be a bigger vacuum pum
resulting in more suction but this is not feasible given th
high costs. Also a bigger sheet and bigger frame col
solve this problem but the company will end up with a lo
of waste material. Therefore this solution is also NA FguREL7: PROBLEMS WITH THICK PLASTIC DELIVERY
preferable.

PRE-STRETCH FORM DISAPPEARS

The pressure beneath the material is blow up the plastic istdubble shape. This is necessary to produce an
equal wall thickness in the final product. At the moment onbne action at a time can be performed, e.g.
blowing and ascending the mould is not possible. When thegzare pomp stops working, the plastic shrinks
back and the bubble shape is partially lost.

Blowing more air into the mould than desirable to compensatiee shrinkage is one solution, but the
undesirable side effect is that the plastic will be stretahéoo much and wall thickness may vary in the final
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Bachelor Report Angkor Light

product. A better solution is an adjustment to the machine toake it possible to perform multiple actions at
one time.

CHILL MARKS

After the pre-stretch phase the mould starts
ascending. When the mould hits the material
only a certain amount will be in touch with it,
the remainder will be touching only air (Figure
18). This causes the plastic in touch with the
mould to stay at the same place whilst the other
part is stretched because the mould keeps
ascending. After the vacuum forming step chill
marks between the two parts are visible.

The effect described is almost impossible to
avoid, although the effect can be minimized by
good timing of the pre-stretch and ascend of the mould, a goddsign of the product and heating up the
mould to the plastic temperature.

FGUREL8: (HILL MARKS

CRACKS IN THE REFLECTIVE LAYER

Vacuum forming the reflector revealed a serious problemistalmost impossible to form this part without
making cracks in the reflective layer. This is caused by theemhigher stiffness of this layer compared to the
plastic sheet. More and longer heating and adjusting the fateetch height offer no solution to this problem.
Once in a while a useful product was made, but this is defiiteo workable situation in a production
environment.

Only adding a layer after vacuum forming of the part will be aption, e.g. gluing a thin plastic layer on the
reflector or by using paint can be a solution.

3.3.3.2 METAL CUTTING BENDING AND FIXING

Forming the handle was a matter of alternately bending and asaring the aluminium strip. The same process
was performed while producing the inner metal frame. Mouldse necessary to produce these parts in large
guantities to ensure the right shape.

Rounding the endings of the strip was done with a grindstoiremass production cutting would be preferred.
Drilling and cutting should be done before bending becaulsisrequires less complicated alignment tools.

Because no spot welding machine was available the interraatie was put together with bolts. The advantage
of this method is the possibility to separate the parts whemeessary, a disadvantage is the amount of extra
space required and the extra costs.

3.3.3.3 CFLHOLDER

A standard CFL holder was used to attach the lamp, the conioectvith the frame was made of the same

metal. By the use of a standard holder the construction wasysolid and reliable and should be seriously
considered as a possibility in the final product. Anothendtiof fitting will be used because the ballast of the
lamp will be manufactured in-house, but these holders aredable in all possible variations and mountings.

3.3.3.4 FINISHING

PLASTIC PARTS
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The difficulty of removing the plastic scrap from the vacudormed plastic depends on the material used.
Polystyrene is easy to cut and to plane away, so is ABS. Adsyliery difficult to cut and to sand, because it
cracks really easy. A solution is to use a high speed grindaking which melts the material. Drilling reveals
the same problem, PS and ABS are easy to work with and onlylas$pged drill can be used in case of acrylic.

PAINTING THE TOP CASING

The top casing needs to be transparent because the lar
needs to shine trough it but the bottom part of it should be
coloured, otherwise the battery and internal frame are \ois.
This is done by painting the plastic on the inside, temporaj
covering the part that should pass trough the light. Becawase
the difficult form of this part taping off is very difficult ad
paint easily flows to places where it should not be.

An easy to use temporary seal should be made or FIGUREL9: FRAYED PAINT OF THE TOP CASING
replacement of the paint should be found.

SCREW CONNECTION TO ATTACH THE HANDLE

The bolts used to connect the handle with the internal framesve attached to it using an electrode welding
machine. The intense heat and the thick electrode caused thetal inside the bolt to melt and to make the
screw thread disappear. A tap was needed to reconstruct theetad again which of course is not preferable
when producing in large quantities.

FRONT COVER

A silicon foil was intended to be cover the power switch, artprinted plastic sheet was used instead. Double
components glue was used to attach the cover onto the casihgt the power switch could not be used
anymore because of the stiffness of the sheet. Attachingyathle upper and lower part of the cover solved this
problem.
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3.3.4 THE FINAL REPRODUCED PROTOTYPE
The result of the reproduction is a completely functionalgiotype representing the last design made by
Boom, with a few minor adjustments to the local productiortgation.

FGURE20: PROTOTYPE IN STANDING AND HANGING POSITION
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3.4 PROTOTYPE TESTING

Bachelor Report Angkor Light

In order to see if the product fulfils its requirements ceiitatests need to be performed. Each test is preceded
by a description of the purpose and an evaluation at the andtwany problems discovered.

3.4.1 USER TEST

A very simple user test with the prototype of
Boom has been done, therefore only basi
information about the lantern at this stage is
known. The purpose for this test is to get more
insight into the thoughts of rural people about
the lantern in general, about how they are able tq
use it and if they are capable and willing to pay
the estimated selling price.

The most important conclusions of the user tes
are that the lamp is used by people as intended
The function of the lantern with and without the

FGURE21: USER TEST AT A FAMILY HOME WITH THE PROTO

TYPE

reflector is understood well and things people want to do Wiit are exactly the intended ones.

Disadvantages mentioned are the bad fixation of the reflectind the weight. Three out of ten people are
capable of and willing to pay the price of $50, but only if theuglity of the product is very high and it will last
long. The other people want to buy the product for a price beden $20 and $25, otherwise they cannot it.

The complete questionnaire including literal answers cafound in Appendix G .

3.4.2 WATER TEST

During this test an amount of water with a pressure between Ad2
bar is being sprayed over the product at a downwards anglesoAl
water from the side and from below is sprinkled, simulatingim
splashing on the floor. To determine if and where water is ciog
into the lantern, paper tissues are placed against the cgsamd on
top of the inner parts. A complete test set-up can be found i

Appendix | .

Unfortunately water is leaking into the casing at the follavg

points:

The holes used by the connection bolts between the top

and the bottom casing

The holes used by the connection bolts between the

bottom casing and the handle

The little gap between the to ends of the rubber on top of

the bottom part

FGURE22 : WATER TEST

This means that water is coming through every possible hal¢hie product. The first two problems are very
similar; a solution can probably be found in the same directi
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3.4.3 DROP TEST

The requirement made by Boom concerning the height where taetern could be dropped from was 50 cm.

This value was taken because almost every rural family haseseombined tables/couches in their home,

which have an average height of the assumed criteria. Beeaagural house always has a tamped down
earthen floor and this will also be the hardest kind of fountifan during outside use of the lantern this kind of

surface was add to the criteria.

Results of the test are listed below, a complete report canfoeind in Appendix H .

A casing made of acrylic was very brittle and was damagedgasi

PS and ABS have much better impact resistance; partly bexthey are more flexible

The damage mostly occurred at the point were the battery tdwexl the casing. This was possible
because the upper casing and the frame did not fixate the lott casing into its original shape during
the collision.

The frame including its connections did not suffer from niple drops

PC, although not actually tested, will probably not be stgpanough to withstand the same drop test

FGURE23: DUMMY BATTERY AND POLYSTYRENE CAS|ING FGURE24: RESULT USING THE ACRYLIC CASING
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3.5 COMPETITORS

Several competing products are on the market, but most of thare not available in Cambodia. An extensive
examination of these products was performed by Stephen Booeiuding a comparison of the strengths and
weaknesses. One of the outputs of this research was a collafigbe most important ones (Figure 25).

Most of these products have a cheap appearance, fe|
cheap and are cheap. Some are of a much better qualit
are much more expensive and are made for the wester
(camping) market. The cheap ones cost as less as $
the expensive ones have typical prices of $10 and mor
The characteristics of a stereotypical lantern are (Boo
2005):

A big plastic handle to carry the product

Top part with the on/off switch. This part can be
opened to replace the light bulb.

A cap to give the impression that the light
reflects downwards.

(Semi) transparent cap to cover the light bulb
inside. Mostly it makes use of fluorescent tubes
of 5-7W

A solid base for lead acid battery or dry cells ang
electronics. The base can be opened to replace
battery.

An separate solar panel (if included) FGURE25: LLAGE OF COMPETITI(BOoOM 2005)

Chinese products are famous in Cambodia because of thek td@uality. In accordance with this finding an
important conclusion was made about these competitors; tgcel above their level a quality product with
according look and feel should be made. The new lantern sbdu able to distinguish itself on appearance
and functionality from these stereotypical models with adbaeputation. The risk of (illegal) copies by Chinese
manufacturers should be taken in account during the desigth® lantern.

Because this investigation took place in 2005 the productsrently available could be changed. Also a
comparison between these products and the existing Angkight.is possible to reveal the current advantages
and disadvantages.

3.5.1 (GOMPARISON

The biggest advantage of the Angkor Light is its light bed
shining more than the full lower (or upper) hemispherg
(Figure 26). All other products have a cap blocking light
the top side, some of them also have bars to support thi
cap prevent light to pass in some horizontal directions. TH
other advantages not seen at any other product are th
ability to use a optional reflector to converge the light if
necessary and the possibility to turn and fixate the lanter
to aim downwards or forwards.

FGURE26: THE LIGHT DISTRIBUTION AROUND THE
PRODUCT IN AN ANGLE DEODEGREES MEASURED
FROM THE VERTICAL AXLOWER HEMISPHERE
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FGURE29: TYPICAL COMPETING FHGURE29: EXTRA CONNECTION FGURE29: VERY SMALL AND
SOLAR LANTERN FOR POWER OUTPUT LIGHT WEIGHTED

The most important advantages of competing lanterns are:

One product featured an extra connection to charge mobilegoies or other small devices
Some lanterns are very light weighted
The size of some lanterns is very small

If possible these features should be incorporated into thevmdesign.

3.6 STANDARDS

Several standards were used to check and to show the qualitghe product. Guaranteed quality is very
important in the Cambodian market situation, due to the etéace of a lot of (Chinese) products of inferior
quality. Together with the existence of known selling parihe trust of the consumer can be acquired.

3.6.1 INGRES®ROTECTION RATE

To satisfy the need of checking the level of being water prabfe Ingress
Protection rate is used. The IP rating defined in internaid standard IEC 60529
and classifies the level of protection that electrical agvices provide against the
intrusion of solid objects or dust, accidental contact, améter. The one used is

IP23, standing for the protection against:
) ) ] o ) FGURE30: THEPV
Objects of 12.5 mm and bigger (fingers or similar objects) GAPMARK

Water falling as a spray at any angle up to 60° from the vertica
(rainwater)

To determine if the product complies with this standard, tesieed to be done.

3.6.2 PVQ@P ANDIEC

PV GAP (Global Approval Program for Photovoltaics) is dareprofit international organization, dedicated to
the sustained growth of global photovoltaics (PV) markets meet energy needs world-wide in an
environmentally sound manner. Its mission is to promote aedcourage the use of internationally accepted
standards, quality management processes and organizafidraining in the design, fabrication, installation,
sales and services of PV systems. To this end, it partneits RAt related industries, international organizations,
testing laboratories, government agencies, financingitmsions, non-governmental organizations, and private
foundations, in developing and developed countries.
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PV GAP co-operates closely with the International Eleetcbhical Commission (IEC) in respect of
standardization (principally with IEC Technical Commaitté® 82, Solar Photovoltaic Energy Systems) and
certification (with the IEC Quality Assessment System fecttonic Components, IECQ).

By obtaining a PV GAP mark the product can be distinguisheohfthe bad Chinese product available on the
market. The standard consists of several documents callgddap Standard Specifications, covering product
specifications for the both the electronics and the genedalsign (PV GAP, 2004).

3.7 CHANGED BOUNDARY CONDITIONS

Several additions to the lantern have been requested by Karkg due to problems encountered during the
design of the electronics. Implications will be describedrithg the design phase. The alternations are new
boundary conditions for the redesigned lantern and congift

A bigger battery with more capacity, 4.5Ah instead of 3Ah
A CFL with separate ballast
Different electronics
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3.8 LIST OF REQUIREMENTS OF THENGKORLIGHT

During the previous design stage performed by Stephen Bodist@f requirements was formulated (Boom,
2005). A lot of these requirements are in line with the findja presented in this chapter. The list is extended
with the changed boundary conditions and requirements frahe company. A direct reference is added if
available.

3.8.1

3.8.2

PRODUCTION
Vacuum forming should be used as production technology fo plastic parts
Final assembly should be in Cambodia

AESTHETICS

The product should have a modern western look and feel (Bod®o2, 2.3.3.1)

The product style should fit with the mood board made by StegghBoom (Boom 2005, 3.6.3), the
colours should be bright and powerful the Cambodian way (8pgix O )

The product should express stability (Boom 2005, 2.2.3.1)

Make people feel proud to own a product like this; Refer to ti@ambodian look and feel

The product should have a quality appeal and consist of ptagarts

The product should look and feel robust

3.8.3 THE PRODUCT SHOULD MEET THE DEMANDS OF FR&GAP
The on/off switch should withstand cycle of 100000 times
Charge controller protect from damage from voltage underaspcircuit conditions
Protected against damage from reversal polarity condisaf battery and solar panel
The battery should be protected by a fuse. This may be on threuit board
Solar panel connection should withstand minimum of 1000 nention cycles
The battery capacity (C2) shall not decrease over the tasfieriod more than 10% of the initial
battery capacity. C0O-C2/ C0 <10%
The measured days of autonomy shall match or exceed the defiminimum days of autonomy as
indicated by the manufacturer
The lamp shall operate undamaged according to the manufestspecs. At maximum battery volt
and max radiation
The manufacturer shall specify the daily number of hours #ystem can service the load under test
conditions
The product should be able to operate during rainy conditsom according to IP23
The product should be able to withstand the shipping viboatitest
3.8.4 HEECTRICAL COMPONENTS
LIGHT
The light bulb should be visible
The light bulb should be able to be replaced
The CFL should meet the PV-GAP standard
BATTERY

The battery should not make contact with the electric systevhen stored

The battery should have a minimum capacity of 2,5 Ah (at 12V)

After purchase, a fully charged battery should be able to ogke the product 3 hours without being
recharged in between (Boom 2005, 3.5.4)
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The battery should be protected from direct sunlight

The user should be able to obtain information when the batygs almost empty

The user should be able to obtain information about the charg status of the product
The battery should be able to be replaced

The battery should meet the PV-GAP standard

SOLAR PANEL

3.8.5

3.8.6

3.8.7

The panel should be able to take inside the house (Boom 2008,323)
The panel should be able to be fixated and aimed at the sun

The product should operate on 12 Volts (Boom 2005, 3.4.1)

The panel should meet the PV-GAP standard

OrHER

The selling price should not exceed the maximum of $50

The product should be sold as one integrated package cotitgjithe solar panel determined in
(Boom 2005, 3.4.4), mobile lighting unit and instructionides

UsSE

The product should be able to be carried by the user (Boom 2083.2)

The lighting product should be able to stand on a rough undengnd like stones and sand and mud

(Boom 2005, 3.3.2)

The lighting product should be able to be hanged (Boom 2003,2 1 and 3.3.2)

The light should shine evenly distributed in an angle of 1 Hyjdees measured from the vertical axis,
around the product

The minimum illumination level should be at least 20 lux atiatdnce of 1m

Components that are irreplaceable, like casing and franfmdd be able to operate after a fall of 50
cm (walking height and table height) on earth ground (Boon0203.3.2)

LIST OF PREFERENCES

The product should made be out of local materials which aresgarovided

The production of the product should fit with the main objdet to contribute to the development of
Cambodia by offering local labour

Users can easily take the lantern and solar panel to their wice field or marketplace)

The product should be easy to repair

The product should fit all lighting categories

The product should have a connection to supply power to otlpeoducts (e.g. a mobile phone)

3.9 DEFICIENCIES OF THE PRODUCT
After analyzing the recommendations, reproducing the ptype and performing a user, a drop and a water

test and comparing the results with the requirements sevedgficiencies of the product can be summarized.

Solutions to the problems to meet the requirements will rdsin the final product presented in chapter 4. The
following problems were found:

3.9.1 (SING

The handle touches the top casing causing scratches

The knobs used to hold the handle into position are heavigrnped when the handle is turned and
damaging the casing (this happens because of the turningoimlsination with the screw thread)
One side of the base casing is weaker then the other parts (r@rfe is behind the plastic)
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Bachelor Report Angkor Light

The casing is damaged due to the pressure performed by therimal frame during use

The casing is not watertight, especially at the separati@ikeen the two ends of the rubber and the
opening for the bolts connecting the top casing with the imteal frame

The casing is not large enough to contain the bigger battery

3.9.2 BHECTRONIC COMPONENTS
Users can easily open the product and access the electrgmioglucing approximately 300V during
start-up of the CFL (Hil, 2007)
Users can easily access the electrodes of the battery and&tach the battery itself to use it in other
ways, causing battery exhaustion and illegitimate warnantaims
Because the power connector is placed on the circuit board &ecause it has no supporting frame
behind it a lot of torque is applied every time a connector ikigged in. The circuit board might be
damaged after time
The lantern is designed for a CFL including a ballast instéadCFL with separate ballast
No interface for the new electronics is available

3.9.3 PRODUCTION
The edge of the painted and the transparent area of the top tagis frayed
The paint comes off at the contact points between the top cagiand the base casing

3.9.4 AESTHETICS
The picture of the on/off button is not exactly placed abovied button itself
When the on/off switch is pushed it sometimes does not workdaeise of the stiffness of the plastic
in front
The on/off switch works unnaturally: in an outward positighe lantern is turned on, in an inwards
position it is turned off
The light of the lamp shines through the lower casing, revieglthe threads and other inner parts
giving the product an shabby look
The colours chosen in the prototype do not reflect the tastétbe Cambodian population

3.9.5 @sTs
The price of $62.71 (see Table 2) is much higher than the tapgiee of $50

3.9.6 OrHER PROBLEMS
When the lantern is placed at an downward angle the lantermi balanced
The handle is cutting into the users hand, especially whea léntern is placed at an downward angle
Because there are 4 stability pins at the base casing it issdeeermined and not stable at a bumpy
surface
The reflector does not stay in position when aimed to the friomeither turned when aimed
backwards

3.10 CONCLUSIONS

During the tests and the analysis done with the prototype seal deficiencies were found. To fulfil the
requirements described in 80 several adjustments to the iges the production process need to be carried
out.

Elements that make the Angkor Light unique should work prdpeextra attention should be given to these
elements in the design process of the final product. Also ttest price need to be more specific and should be
reduced to make the product affordable for the target group.
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4 DESIGN OF THRANGKORLIGHT

4.1 INTRODUCTION
The previous chapter dealt with several shortcomings of tharrent product. In the following chapter the
solutions to these problems will be presented. Changes toesal parts are summarized first followed by
solutions to general problems. At last a total cost priceaahtion is given.

Bachelor Report

Angkor Light

FGURE32: SOBNTERN

FGURE31: ANGKORLIGHT

4.2 GENERAL PRODUCT LAYOUT
The products consists of a internal frame wrapping aroune thattery and serving as a support for the casing

and other components. The following order will be use

in this chapter (see also Figure 33):

Casing
o Reflector
o Top casing
o0 Innertop casing
0 Base casing
Handle
Front plate

Internal components

0o
0o
0o

Internal frame
Light source
Electronics

FGURE33: OVERVIEW OF THENGKORLIGHT
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Bachelor Report Angkor Light

4.3 REFLECTOR

4.3.1 REFLECTIVE LAYER

The material chosen by Boom consists of a plastic PS sheétavitery thin reflective layer glued on top of it.
As seen in the previous chapter cracks develop very easy aakenthis material not really applicable. Gluing a
thin reflective layer on top of a plastic sheet will also cauproblems; tests revealed that vacuum forming is
not possible because the layer is to stiff and will not form @it is glued onto the product afterwards seams
will always be visible because it does not shape very web idbuble curved surfaces.

MM Some different brands of reflective paint are

Reflector colou
(DEENYN available in the neighbourhood of Phnom Penh;

Without reflector 20.z | two types of spraying paint and one type of paint in
White plastic (abs 70.4] a can were found. The chrome spray has much
girll\?::(‘z':fr (spray 13125 better reflective properties than the other ones;
Mirror film 1636 €ven better than the original reflective layer (see
Chrome (spray 216.C | Table 3 for the test results). To prevent the layer

from scratches an extra layer of clear paint was
TABLE3: REFLECTOR COATING ILLUMINATION added, unfortunately decreasing the extend of
reflection with about 40 lux.

Because of the much longer lifetime of the reflector the cheiwas made to add the clear paint nevertheless.

4.3.2 HXATION

The reflector does not stay in position
when placed forwards or backwards. |
even falls off when the lantern is turned
downwards. This problem is caused b
the shape of the reflector and the base|
casing which are modelled to be able tq
be released by the mould. The curren
solution with two rubber strips does not
provide enough friction to fixate the
reflector.

FGURE34: REFLECTOR FIXATION PROBLEM
AND SOLUTION

The reflector must also be able to be placed at the base casimyvards and downwards causing more
problems because the connection point of the reflector hagleaft and is therefore not symmetrical in de
vertical direction. Several options were drafted and tedten usability and makability. The solution chosen
consists of a click mechanism with a rim making use of theifidity of the plastic (Figure 34).

4.3.3 REMOVING OF THE REFLECTOR

By adding a click mechanism to fixate the reflector the forneeded to
detach it will be higher. Removing the reflector without adjtments is
difficult; therefore an extra rim was created (Figure 35heTrim is easy to
release from the mould and formed in a regular shape, makihg mould not
more difficult to produce.

FGURE35: RM TO REMOVE
THE REFLECTOR
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4.4 TOP CASING

The addition of the rim to the reflector also implies changesthe top casing
(Figure 34). The solution chosen for this part has four segparhorizontal rims
instead of one big horizontal ring, because this fits bettato the design of the
existing vertical grooves. Tests with the prototype showsath a complete ring
and separate rims provide a good solution to the fixating ptem.

Another design consideration was the possibility to use aitato lower the
FGURE36: QAVITY screws attaching the upper parts onto the frame (Figure 3Bpwering the
screws is optically better, but two big problems were encdared. The first
problem was the connection to the internal frame. The cavigyrounded at the bottom side due to problems
occurring during vacuum forming while using shar,
corners. The rubber ring between the internal frame an
the casing had to be shaped according to the cavity; th
was not possible using the available material and tools.

The second problem was the precision required to positig
the top casing into the inner top casing. In theory the
depth of a cavity can be at most 75% of the width of the
opening on the surface, excess thinning will occur beyor
this depth (Formech International Ltd., 2001). Even shalld
cavities will result into a thinner casing, especially atte
two points where the top casing connects to the frame thi
is very unwanted.

The shape of the top casing was altered to make it visua
more consistent with the lower part. Making the top casing
rounder also has several advantages:

FGURE37: TOP CASING

The chill marks encountered during the production of the potype will be minimized because the
plastic is stretched less at the top (see §3.3.3.1)

The total shape resembles Angkor Wat better, making it maeeagnisable as a Cambodian product
The top of the part will be stronger because there will be lestsetching of the plastic making it less
thin

4.5 INNER TOP CASING

One problem discovered after the production of the
prototype was that the light of the CFL shines trough th
base casing revealing a lot of the inner parts. This effect
unwanted because it looks very cheap.

Two more problems encountered were the frayeq
painting of the top casing and the paint coming off at the
contact points with the base casing. Several test whe
done to obtain a straight paint line, like using paper tape
a removable plug and even some fluids preventing th
paint to stick to the plastic. No solution was foung FIGURE3S: INNER TOP CASING
making it both possible to produce the product locally
and being also a solution usable in a production process-.
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Bachelor Report Angkor Light

All problems can be solved by using a separate part.
This extra layer blocks the light normally shining
through the base casing and is used to colour the
lantern.

The part can also be painted by artists to make a
special collectors item or can be decorated with
stickers. The extra costs to produce this part are
partially by the lack of a layer of paint and the added
quality appeal to the lantern.

FGURE39: EXAMPLE OF A DESIGN

4.6 BASE CASING

The total shape is adjusted to the bigger battery which |
about 1.5 times higher than the old one and ha
therefore been rotated 90° to lower the point of gravity
and make the lantern more stable. Still it has effect o
the height and the required strength of the base casin
because of the increased overall weight and volume. T}
drop tests described in §3.4.3 revealed that PS with
thickness of 1.5 mm was needed, instead of 1 mm in th
original design. Vacuum forming test with this materig
showed that sharp corners and deep cavities could cau
problems.

The new design was adjusted to fit the Cambodian sty
together with the top casing. More curves are use
compared to the SOLantern, this was possible becay FGUREAQ: BASE CASING WITH HOLES FOR
the frame was used to position the battery instead of thq CONNECTIONS

casing itself. Rounded corners also facilitate the vacu
forming process and these curves make it less obvious
that it is a casing for the rectangular battery. Thg
indentations were kept because they strengthen th
casing, identify the front panel and reflect the shape 9
the top casing.

The number of stability pins has been decreased fro
four to three, making the connection with the ground nof
overdetermined anymore. These pins are placed as far
possible to the outside of the product to provide as muci
stability as possible. Drafts to ease the release of the p4g
from the mould were missing in the original design an

were added.
FGUREA1: BOTTOM LAYOUT WITH STABILITY PIN{
The battery support nodes were kept to absorb thq AND BATTERY SUPPORT NODES

energy of the battery in case the lantern will be droppe
onto the ground.
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4.7 HANDLE

4.7.1 HANDLE FIXATION

The handle needs to be turned into a certain direction and e
able to be fixated in that position. Heavy clamping of the gaghas to
be prevented when the handle is turned (see §3.9.1).

Several concepts have been developed to eliminate this peah all
with several advantages and disadvantages. The main cenatitbns
are to ability to produce it locally and the expected lifespaBy limiting
the rotation to a certain degrees the problem arises that neal

lightning function can be fulfilled. After testing of se\adrpossibilities
the most basic one turned out to be the best: a rubber ring madéan

old car tire will fixate the handle in every desirable positi without

damaging the casing (Figure 42). This material is also veeap and FIGURE42: FIXATION KNO
easy available in rings.

A nut is welded onto the internal frame to provide screw thrédor the bolt attached to the knob. A rubber
ring is also placed at the inner side of the casing to prevearimful contact between the internal frame and
the plastic casing (and also to make the lantern waterproof)

4.8 INTERNAL FRAME
The internal frame is made of steel and is more capable ofsésg shocks than plastic. Therefore the support
function of the casing for the heavy battery was decreasedttansferring it to the frame. To achieve this, the

frame was almost completely released from
the base casing and rubber rings were place
in between to absorb the energy transferred
from the frame to the casing. Only the bottom
part of the frame is still slightly connected due
to height restrictions.

By adding a frame at the back the casing i
stronger in general and the back of the
product is also supported. Only little weight is
added by this alteration.

The nuts to attach the frame were
repositioned to the height of the point of
gravity to balance the lantern. These arg
welded onto the frame to achieve a solid
connection. By unscrewing the knobs of thé
handle little adjustments of the rotation can
be made very easy and the lantern is no
tumbling any more.

The frame can be separated into two parts by FIGURE3: EXPLODED VIEW OF INTERNAL FRAME
unscrewing four bolts making it possible t
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Bachelor Report Angkor Light

change the battery. Each part consists of two strips weldedjether (after being bended). Two strips are
added to the top part to support the CFL holder.

FGUREA4: BALLAST OF A NORMALFL

FGUREA5: GOMPLETE INTERNAL FRAME

4.9 ELECTRONICS

Simultaneously with the development of the Angkor Light nelectronics were designed by two students of
the “Haagse Hogeschool”. The goal of this project was (amotigers) to design an external ballast having
several advantages over a commonly used internal ballast:

The external ballast developed is able to dim the CFL
The ballast will be separate of the CFL giving more desigroopmities
The ballast designed will be more power efficient

Beside the development of this ballast a new controller ftwet CFL and a charge controller for the battery type
used were designed making the lightning and loading much engificient.

49.1 CFL

By quantifying the lighting categories in which the lanteneed
to be used the sufficiency of the light output of the final pduct 7
can be checked. These values stated in Table 4 are based on
recommendation of Duco Schreuder (Schreuder, 2005)
lighting for very poor people.

.
Type of ligh lllumination level 25 Ix at 1m %
Orientatior light >10 lu 5
General ligh >20 lu 5
Task ligk >30 lu X
Spot ligh >50 lus =2
TABLE4: ILLUMINATION LEVELS 6SCHREUDER2005)AS FOUND IN FGURE6G: LGHT DISTRIBUTION BW CFL <
' )
(Boowm, 2005) LAMP(KAMWORKS 2007) =
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A 3W CFL has a light distribution of at least 20 lux in the honital direction measured at a distance of 1m
(Figure 46) and is very energy efficient. The alternative garay of led lights, is not as efficient as a CFL and its
light distribution characteristics are far less suitabler fgeneral lightning purposes. A led with a capacity of
about 10W is needed to match a 3W CFL (Boom, 2005).

Because the light intensity at the top side of the CFL does futfil the requirement of 20 lux for general light
instead of the 3W variant a 5W CFL has been chosen. This CFanhagensity of 20 Ix at 1m (see Appendix J
for light measurements tests).The costs for a 3W or 5W CFLaémeost the same and by using the electronics
dimming of the light will be possible when the extra light quut is not needed.

FGURE48: CFIWITH AND WITHOUT BALLAST FIGURE7: CFIAND HOLDER
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4.9.2 (ONNECTION FOR EXTERNAL DEVICE

A big advantage of one competitive product was the abilitydonnect an external
device to the battery (see §3.5.1). This can be very useful dbarging mobile
phones or powering a small radio. The electronic controliready supported
power output control preventing the battery from being dibarged too much.
This new function can therefore easily be integrated in thgigting system. The
connection also reduces the risk of people opening the cgdimconnect a device
to the battery directly.

HGUREA9: FHONE JACK | The connector chosen is a 2.5 mm phone jack, normally not aiged with
power output. The intention with this choice was to prevenepple from plugging
in external devices without knowledge about the possilidg of the lantern. Only after consultation of the
vendor a very cheap converter switch can be bought. This noetlis necessary because of the very limited
knowledge of electrical devices of rural people.

4.9.3 LIGHT INTENSITY BUTTONS ANDED INDICATORS

Due to the extra function to dim the CFL some extra buttons hade added. LEDs are used to indicate the
state of charge of the battery and to indicate if the solar pakis connected correctly. In the ideal situation this
will be indicated by to separate LEDs, but unfortunatelyghis not possible because of the shortage of
connections on the microcontroller as a result of the extight intensity buttons. The microcontroller has 14
connections, which are used in the ways explained in Table 5.

A choice had to be made between the use of:
1. A set of extra buttons to adjust the light intensity and omd=D indicator
2. Asingle power/light intensity button and two LED indioe$

The first option was chosen because the use of one button as/poswitch and light intensity regulator is
confusing to the user (this effect was seen during tests wittmpetitive products using this method). To
combine the battery state and the indication of the correcbonection of the solar panel into one indicator the
scheme defined in Figure 50 will be used.

A blink will be 0.5 seconds long, making the indication of ilenost empty state (0-5%) a continuously blinking
process. To get some extra attention from the user when theteay reaches this state the CFL will also be
flickering every second for a period of 5 seconds, makingeitwclear that there will be no more light in about

10 minutes.

2. | Pulsewidth modulation for buck converte (CFL
- 0
control) 5-25%

1. Battery curren
Solar janel curren
Dim switch - 25-50%
Dim switch-

3
4
5.
6. CF control
7
8
9

CFl control

External connectic

. Fault detection CF

10. | Wake-up after connection of panel or externg
connection

11. | LEL

12. | On/Offswitcl

13. | Power supply

14. | Power supply-

TABLES: MICROCONTROLLER CONNECTIONS

FGURES0: BATTERY STATE WITHED
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4.10 FRONT PLATE

The front plate is the most important part for the user intecéion with the lantern. It must at least contain an
on-off button and a solar panel connector. Another requiremt i that it has to be waterproof; especially the
connector(s) and the buttons are a point of attention becauthey are used a lot and pressure is applied to it.

4.10.1 LAYouT

Due to the extra connection and the extra buttons th
design of the front plate had to be redesigned ang
several new considerations had to be made.

Not all domestic appliances are suitable to be connectg
via the external output, e.g. a television coulq
impossibly run on this kind of battery. The connector g
the solar panel may also not be put in the output. Cled
marking of the input and the output connectors will be
the best solution, but a shortage of space arose fror
the addition of all the new part leaving no room for
clearicons.

The position of the connectors is considerabl
influenced by the position of the internal frame. The
frame is positioned vertically in the middle of the front
plate and the connectors cannot be put in front of it withoutrdling holes and weakening the frame.
Repositioning the frame was no option, therefore the conners had to be placed at the side of the front
plate. By using two different connectors it will be compldyeprevented that users will choose the wrong
connector by mistake.

FIGURES1: FRONT COVER WITCONNECTIO!

Due to this extra output connector a new hole must me made iretfront plate. To control the light intensity
two more buttons were added, causing the total button count rrise to three. In the original design the
connector was a separate part and not connected to the frodage directly but mounted on the circuit board.
Both connectors are mounted onto the front plate using a saréo make a waterproof connection.

4.10.2 MEMBRANE SWITCH

A big difference with the SOLantern is the type of buttons dse
Instead of a micro switch mounted unto the circuit board a
membrane switch is used. The big advantages of this kind of
button are its very small size, the ability to integrate ittmthe
front cover, its durability and the clustering of all connigan
threads into one strip. Only one hole for this strip has to be
made into the casing and because it is positioned in the centr
of the cover it will be completely protected from water. Anber
problem solved with this kind of button is the absence of targ
performed on the circuit board when the button is pressedsal
the placement of the picture of the button will be exactly orop

of the button itself.

FGURES2: MEMBRANE SWITCH COMPOSITION
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4.11 MECHANICAL CONNECTIONS

4.11.1 PREVENTING ACCESS TO THE INNER PARTS

Touching the inner parts is potentially dangerous becaudetle high current used to start the CFL. In
Cambodia the “creative” use of products is very common, eiging the battery for other purposes without the
power regulating electronics. A warranty is given by Kamkgso any undesirable use causing a broken
battery should be minimized. Access to the inner parts hasbi restricted to end users but not to repair
mechanics.

Sealing of one or more parts with for example plastic sheetl wi
solve the problem partially. The biggest problem is the
connection of the CFL and the wiring to it from the electromic
through which a voltage of about 300V will run when starting u
the lamp for a short period (Hil, 2007). Another point of
attention is the potential access to the connection from the
battery to the electronics. These electronics prevent thattery
HGURES3: TORX SCREWS from being charged or discharged too much, but nothing stebul
interfere with them to make this work.

Because it is not necessary for end users to access any ialgart these can be sealed using the casing. A
screw that can not (easily) be removed will be a good solutitanthis, e.g. a Torx screw (Figure 53). The
drawback of this seal is that end users will not be able to rapé the CFL themselves. With a life expectancy of
3 years the replacement of the CFL by a Kamworks entreprendglibe sufficient.

4.11.2 MAKING THE INSIDE WATERPROOF
To solve the problems discovered during the water test mpiiéi alterations to the design were made.

Rubber rings were placed around the screws and between therinal frame and casing, preventing water to
enter through the holes.

The front panel was replaced by a membrane switch, coverihg hole
necessary for the wires to the on/of switch. Jacks with sceeare used to
create a watertight connection. Rubber rings can be used aseal if
necessary.

Finally silicone kit is used instead of a rubber hose to fiétgap between the | Fcure54: DCPOWER JACK
base and upper casing. Silicone kit is more elastic and extegerial can be WITH SCREW
applied in corners to follow the shape of the casing more aiate.

4.12 ELECTRICAL CONNECTIONS

The charge and output controller are mounted on the same aitdoard making the wiring easier (Figure 57).
The arrows in this figure represent physical wires betwedretcomponents and are implemented in the
following ways:

The wire attached to the solar panel is connected to the citdwoard
with a DC power plug and a normal DC power jack (Figure 54% Thi
jack is connected by welds on the circuit board and small qgrim
terminals at the side of the power jack (Figure 55)

The connection between the battery and the circuit board isde

by a wire weld to the circuit board and crimp terminals at theatiery

side FGURES5: (RIMP TERMINALS
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The same wire is used to connect the battery with the outputrttooller

The wire to the CFL holder is welded onto the circuit board asswlewed
into the holder

Small crimp terminals are used to connect a wire to the jacktioe external
device. This wire is welded onto the circuit board

The wire from the user interface (front plate) is attached tioe circuit board

by a plug and socket connector (Figure 56) HGURES6: AT PLUG

By using a permanent connection at one side and a releasalvie at the other side all components can be
detached and replaced if necessary.

FGURES7: HLECTRONICS IN TARGKORLIGHT

4.13 BATTERY
The battery chosen by Kamworks is the Genisis NP 4.5-12. T
sealed lead-acid battery is has a current of 12V with a cafyaof
4.5Ah.

The electronics developed prevent the battery to dischargere

than 50%. At this rate the battery has a life expectancy of abo
550 cycles. This amount increases quickly when dischargsst |
at a discharge depth of 30% the life expectancy rises to 12
cycles. The expectation is that people will use the light fam

average of less than 4 hours a day, making the expected lifansp
of the battery about three years.

FHGURES8: THE BATTERY USED
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4.14 MATERIALS

4.14.1 RLASTICS

The materials possible for the plastic parts were testedngsa drop test described in paragraph 3.4.3. Several
other considerations were made during the selection of themopriate plastic for the Angkor Light. The
characteristics are summarized in Table 6. Several ingsiiave been carried out to obtain the price for all
materials, which are summarized in Appendix D .

The choice for PS was made because of its low price, its easib@ vacuum form, its shiny surface look and
transparency. No other material has all these propertiebeTonly real disadvantage found is its UV sensitivity.
The lantern will only be used at night, when it is kept away finc¢he sun during day (and while charging the
battery) the problem can be avoided. The packaging shoufdrim people about this potential problem.

The parts damaged (by sunlight) should be obtained very eassn the Kamworks store at a very low price.
Due to the low material costs and production costs this widl possible.

Material Price per piece Advantages Disadvantages
(1.5x244x250mm) (Formech International Ltd., 2001) (Formech International Ltd., 2001)
see Appendix D.2  (Zeus Industrial Products, Inc., 2005) (Zeus Industrial Products, Inc., 2005)
PC $0.4¢€ Very strong, not brittle Expensiv
Transparent and highly shiny Hygroscopic
Good resistance against weather
influences
P< $0.18 Transparer, shiny surface loc Does not withstand UV very wi
(or HIPS) Cheap
Easy to vacuum form
AB¢ $0.21 Very shiny Not transparen

Strong material
Easy to paint and glue

PMMA (Acrylic | $0.3C Highly transparer Very brittle
All colours available Difficult to vacuum form

PET( $0.2¢ Easy to vacuum fori Expensiv
High transparency Bad UV resistance, not used for
Good recyclable durable consumer goods
Stronger than acrylic

APE $0.3¢ Easier to vacuum form than PE Expensiv

(Amorphous PET High transparency Bad UV resistance, not used for
Good recyclable durable consumer goods

Stronger than acrylic
TABLEG: PLASTIC CHARACTERISTICS

4.14.2 METALS

The metal for the handle selected by Boom was galvanised|stEleis material is hard to get in Cambodia, and
only as large sheets. A possibility is to the cut the sheet® istrips width the desired width, but the tooling
costs would be very high. The borders are also very sensiblerdist because they are not galvanised. An
alternative was found by use of aluminium instead. This méeis light weighted, easy available in the right
size and has a quality appeal. The material costs are highantthe galvanised steel, but this is compensated
by the lack of extra tooling cost.

The internal frame is still made of galvanised steel, thesgps are less thick and cutting is therefore much
easier.
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4.15 COLOURS

During the basic user research of Stephen Boom several codshemes were presented to the people. All
participants favour bright colours and like shiny matesdFigure 59). A possible explanation for this fact is
that most products available are not very coloured, not shimnd look cheap especially most Chinese
products. People want to show off with the lantern and want aal quality appeal.

FGURES9: GOLOUR CHOICE OUT OF THE USER(Besam, 2005)

All plastic parts can be made in a lot of bright colours becadise availability of sheets is high. The front plate
however can be produced in one colour only. Very high stapt-costs are required to produce them, only
when a second batch is ordered it can be changed. Dark red &seh because of the contrast with the base
casing and because it matches best with all bright colours.

4.16 COST PRICE

) ) ) Component: Subtota Total
Getting a reliable forecast of the cost price of the " : .
d d bringing it d  th Plastic componen $3,77
Pro uct and bringing it ovyn was one of the mosl Electronic $9.02
important tagks of the assignment. A I_ot o_f things Metal component $2.07
Wer_e ur_wf:ertaln and_ based on rough estimations an Screws, Nuts, bolds € $2.0F
availability of parts in Europe. Electronic part $6.9¢
A global part list was included in the report of | Solarpane $17.8:
Stephen Boom (Boom, 2005), but it was nac Subtota $42,6
containing all parts used. Also a lot of suppliers wer ;rankqur $(1)’3]
unknown. This list was used as a starting point an Bac sgm ilgf
extended with other all parts used for the product. reaxag e —
. . . . Subtota $3,1:
After the redesign of the lantern all items in the list - -
; doutto b laced b ) Marketing $1,42
urned out to be replaced by new parts. Overhea $6.22
The costs of all parts used in the product have bee | Profit $5,0¢
analysed. To obtain several possible distributors « | Subtota $12,7¢
components and get different price indications | Margin retaile $6,5(
many inquiries have been performed. Using thes | Subtota $6,5(

inquiries an accurate estimation of the product price Akl $65,01

. i i i i |
could be made. The list with suppliers is also usef TABLE7: THE COST BREAKDOWN OF THE FINAL PRODUCT
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to decide which alternative can be chosen in case of a conhfliith the current one or increased cost prices.
The total cost price breakdown including the complete pastican be found in Appendix E .

The total cost price (Table 7) marks the problem found durithgs process: the product price is $65, after
intensive research for cheap suppliers. The price per comgt chart (Table 8) reveals the share of each main
part of this total amount.

A big problem are the import taxes. The government collectsoat 10% VAT and 35% import tax. An
exemption is made for NGOs, but Kamworks is a commercial ammypand has to pay them. The price of the
solar panel is considered to be as low as possible after miw&nt 25 inquiries. A comparison of the electronics
of several other distributors by the electrical engineeginexperts can possibly lower the price of the
electronics and the electronic parts (e.g. the battery). M for the retailer, overhead and profit are
determined by the Kamworks management, when the productig mto practice it can be seen if these values
are correct and reasonable.

$20,00
$15,00 %
$10,00 % é
$5,00 | % .
$0,00 1= . . . . . | I . s I
& & G & o & © © & &
N S < N ‘3 N
& & & & N < ¥ s & NG
® & & & o &K \J S N
S < & < & & N
& ¥ &N
Y
Q® N &
(70

TABLE8: PRICE PER COMPONENT
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4.17 PACKAGING

Simultaneously with the redesign of the Angkor Light
packaging concept was developed by Stefan Ruiter
a bachelor assignment (Ruiter, 2007).

The packaging together with the manual provide|
information about the product as defined in PVGap,

protects the product during transportation and makej
clear what the product is used for and how wher
placed in a market stall.

FGURES0: USER MANUA(RUITER 2007)

FIGUREG1: PACKAGING DESIGRUITER 2007)

Bachelor Report Angkor Light
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4.18 THE FINAL PRODUCT

The Angkor Light is the redesign of the SOLantern made byt&teBoom. Itis a solar lantern designed for the
rural population of Cambodia and is characterized by itstausability, its suitability for multiple lightning
situations and low costs on the longer term. Possible regamas can be done by entrepreneurs educated by
Kamworks against very low repair costs. The lantern will ®duced in Cambodia itself with as much
materials local available as possible.

FGUREG3: ANGKORLIGHT DURING OPERATION FGUREG2: EXPLODED VIEW OF TARKORLIGHT
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FGURES4: ANGKORLIGHT IN HANGING POSITION

Bachelor Report Angkor Light
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5 PRODUCTION

5.1 INTRODUCTION

During the product development phase the production prosegas analysed. Some problems encountered are
used to redesign the product if possible, others are used t@ange the production process itself. This chapter
deals with all production analysis aspects not describedhia previous chapters and the implementation of
the final product into a production environment suitable féckamworks.

5.2 PRODUCTION SITUATION

Production in a third world country like Cambodia is commbt different from a production situation in a
Western country. Educational standards are low, qualityrenodities are rare, the country is very corrupt and
the infrastructure is very bad. On the other hand it has a lof advantages: labour costs are very low,
employees are easily available, the local community is maakier reached and last but not least Cambodians
are very patriotic and prefer “real” Cambodian products afereign ones.

5.3 EMPLOYEES

Kamworks currently has four employees capable of operatmadt all available machines. Only the vacuum
forming machine is unknown to them, but it will be easy to ofse because it will be programmed to perform
a complete production cycle by its own.

More employees can be hired easily if necessary because efttigh unemployment rate in the country. An
educational level of grade 9 (comparable witfi’Zlass of the Dutch secondary school) will be a good starting
point for an internal training. The children at the orphanagwill complete at least this grade, making it
possible for all of them to work at the company in theory.

Payment is a fraction of labour costs in Europe; good paid ketrop workers earn about $80 a week. In
addition to the salary Kamworks also provides additionaktth and industrial disability insurance services
making them above-average employers.

A problem observed while making the prototype was the lackasturacy of these employees now and then. In
Cambodia a lower quality standard (compared to western ctrigs) is commonly used. This is not acceptable
while producing the Angkor Light in mass production. Cheftkseach critical part should be provided after
production as well as quality checks concerning the comgletoduct performed at random.

5.4 PRODUCTION EQUIPMENT

Several basic machines like the a drilling machine and a hamsds brake are available (see Appendix C). To
produce the Angkor Light some parts need to be made by a thiedtp, e.g. the vacuum forming moulds. To
ease the production process some tools were designed, mgkine time required to produce a part lower and
the accuracy higher.
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5.4.1 TooL DESIGN

The internal frame consists of a metal strip bend in anglesapproximately
90°. The first consideration was to use dieing to shape thanfie, but this
technique has several drawbacks:

A lot of dies are needed

The dies are expensive to make

Aligning the metal to the die is very difficult because theegiulls the
metal into its form making the metal slide easily

To verify if a die suites its purpose it has to be actually madiais
results in a high risk of losing the invested money if the die i
imperfect

The stroke of the available machine is not big enough contaia
frame (necessary for some bends)

An alternative bending tool was developed taking away all tifese
disadvantages. All the corners have a +90° angle, only tistadice between
them varies so the tool has several positioning stops at tlight distances. It
consists of locally available materials and is easy to mantifre. A hydraulic
cylinder can be attached to the handle to make it more prodive (Figure 65).

A (rubber) stop can be used to stop the handle at the desiredybn

FHGURESS: TOP VIEW OF THE
BENDING TOOL

FGUREG6: SECTION VIEW OF THE BENDING TOOL FIGUREG7: PROTOTYPE OF THE BENDING TOOI

Angkor Light
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Angkor Light

A bending tool was also constructed to get the right shapeoithe handle. Aluminium is pretty easy to bend,

making it possible to do this by hand. The strip is fixated othe tool using the hole used for hanging the

lantern.

To form the material a metal cylinder is used, possibly cahteith rubber to prevent scratches. The aluminium
strip can be turned 180° to make a symmetrical shape. Thid tealso operated by hand and is therefore using

no electricity.

FGUREG9: BENDING TOOL SIDE FHGUREG8: BENDING TOOL PERSPECTIVE

To fixate the plastic parts during the drilling of the holesw&ral supports were designed and tested. A frame
made of Fiberglas and epoxy built upon a metal constructiomned out to be the most accurate and strong
solution. The metal construction was used to attach the sopipto the column drill. Only a metal frame did

not work because the frame could not be shaped correctly dadhe double curved shape of the casings.

5.5 MOULD DESIGN

Several considerations were taken into account during thesidin process to ease
the vacuum forming of the plastic parts. The new material dkiness was
implemented and tested to reveal (potential) problems.

The changes in the design of the lantern considering the wanuforming process
consisted of adding drafts to all vertical faces to ease thedease of the parts
(Figure 70). New ideas like the click mechanism to fixate téflector were tested
using prototypes (see Figure 71 and Figure 72).

Vent holes were added to aid the plastic shaping process.sehieoles are placed
in cavities and places where the material touches the mouétl The ideal
situation would be a mould where the plastic would hit the mimleverywhere at

the exact time. To approach this situation the material isepformed using a
blower, the amount of seconds required was tested and writtdown to apply in

the production process. By adjusting this pre-bubble fabe timing and wanted
material thickness can be tweaked.

FGURE7ZO: DRAFT ADDED

Production
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FHGURE72: INSERTS TO MAKE THE CLICK
MECHANISMEXPLODED VIEW

FGURE75: MOULD OF THE REFLECTBRPLODED VIEW

FGURE73: MOULD OF THE BASE CASING

FHGURE74: COMPLETE MOULD OF THE TOP CASING

FGURE71: PROTOTYPE OF THE NEW CLICK
MECHANISM
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5.6 PRODUCTION PROCESS

5.6.1 ENERGY CONSUMPTION AND SUPPLY
The power needed for production is produced by th
existing solar panels and an additional generator. Durir
the prototype production the values were gathered tg
obtain an insight in the production situation.

The batteries of the solar system have a capacity of 19
kWh, the generator is capable of producing an extra 1
kwh. The vacuum form machine needs about 4.73 k
for heating and another 0.75 kW for all other operations
All other machines are using only a fraction of thi

amount. FGURE76: KAMWORKS SOLAR SYSTEM

All costs required for the operation of these machines
have been used to calculate the final product price.

5.6.2 PLASTIC PARTS
Production of the plastic parts consists of vacuum formingldinishing. The vacuum forming step takes place
using the moulds designed and the vacuum forming machindlate.

To remove the waste material and obtain a nice upper edge salesome finishing need to be done. To
investigate the local possibilities the following tools regtested:

Knives (hot or cold) are working but it takes a lot of time. Hatives are a little bit faster.

A hot wire separates the plastic but also melts it togetheraag

An angle grinder is much faster then a knife because it melid @&moves the plastic in the grinding
process but is less accurate then previous methods

A hand saw is working but it costs a lot of human power

A figure saw is very suitable but an often occurring problestihiat the product is too big to fit into
the machine

The conclusion was that saws with fine tooth are in generat thest solution to separate the product and the
waste material. To make a smooth upper edge a simple knife lbamsed to scratch the burs off. To apply this
method to mass production a band saw is most useful, these hiaes are not very expensive and are
available in Phnom Penh.

The holes needed are made with a column drill. Several opgion
fixate the parts were investigated; the problem encounterevas
the many double curved surfaces. By making epoxy moul
described earlier the exact internal shape of the parts cbube
reproduced. The plastic parts can be places on the mouldy\easy
and the placement is accurate. FIGURE77: INNER TOP FRAME CUT SHAPE

Cutting the hole of the inner top casing will be done using & dBecause of the round shape of the die it can
be made pretty easy, while corners are difficult to producge€ Figure 77). An epoxy mould will be used to
position the part.
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5.7 METAL PARTS

5.7.1 QJITTING

The internal frame consists of metal strips with a width of 2dm and varying length. Only metal sheet is local
available making cutting it to the correct size necessarye Quillotine shears in the Kamworks workshop are
only suitable to cut sheet in 90° angles or into vary smallqas. Sawing by hand is not possible because of the
necessary tolerances; machined sawing or cutting is notgilule because no such machines are available at
the workshop and buying them would be to expensive. An ext@roompany capable of machined cutting was
found in Phnom Penh, the only drawback of outsourcing thetmg is the slightly higher cost but the quality is
much higher. The last option mentioned is used.

Aluminium for the handle was found with the right width as dersbed earlier, cutting it into the right lengths is
done with a hand saw. Rounding the edges can be done with a sagndnachine or a grindstone (both
available). Quality checks will be done using a templatehadf turves.

5.7.2 BENDING
Bending is done by the tool design. Because the hole on the sigle is used to fixate the part it should
therefore be drilled first.

5.7.3 DRILLING

In contradiction to the hole used for hanging the holes fordtknobs to attach the handle onto the internal
frame will be drilled after the bending process. This is doemake sure that they are made at the right
positions.

Production
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5.8 PRODUCTION GUIDE

All actions needed to produce a part are summarized in thddaling pages. The assembly of parts that cannot

be parted are also described in this section, e.g. connetsiby welding.

5.8.1 INTERNAL FRAME-LOWER PART

FRONT-TO-BACK AND SIDETO-SIDE FRAME
1. Cutametal strip of 1.5mm thick galvanised steel to the ed length
2. Drill the holes using a drilling template
3. Bend the frame using the bending tool into the right shape
4. Check the precision of the frame using a reference templat

BoTH
5. Place both parts in the welding template and weld them taber
6. Remove wired edges if necessary

+

FGURE78: INTERNAL FRAMELOWER PART

5.8.2 INTERNAL FRAME- UPPER PART

FRONT-TO-BACK AND SIDETO-SIDE FRAME

1. Cutametal strip of 1.5mm thick galvanised steel to the tled length
2. Drill the holes using a drilling template
3. Check the precision of the frame using a reference templat

BoTH
1. Place both parts in the welding template and weld them taber
2. Remove wired edges if necessary

-+ —

FGURE79: INTERNAL FRAMEUPPER PART

Bachelor Report Angkor Light
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5.8.3 TOP CASINGINNER TOP CASING AND BASE CASING

1. Vacuum form the casing with a 250x250mm PS sheet with tHi®fdng thickness:
Top casing and base casing: 1.5mm
Inner top casing: 0.5mm

2. Remove the rest material

3. Drill the holes using the supports

Bend the frame using the bending tool into the right shape
Check the precision of the frame using a reference temeplat

FHGURES0: TOP CASING FHGURES1: BASE CASING FHGUREB2: INNER TOP CASING

5.8.4 HANDLE

1. Cutametal strip of 2mm thick aluminium to the desired lehg

2. Round the edges

3. Check the precision of the edges using a reference tenglat

4. Dirill the holes

5.

6.

FGURE33: HANDLE
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5.8.5

5.9

Bachelor Report

Angkor Light

REFLECTOR

Vacuum form the reflector with a 1.5x250x250mm PS shee
Remove the rest material

Place the reflector in the paint support and paint a chrome
layer

Place the reflector in the drying cabinet

After drying: place the reflector in the paint support and
paint a transparent layer

Place the reflector in the drying cabinet

FGURE34: REFLECTOR

ASSEMBLY

After production of the different parts required assembiinthem is the next step. The assembly has been
broken down into several sub-assemblies, making it pogsiblcomplete one part at a time. The process can
be managed and optimized according to work capacity and fgmkses. The complete assembly process can

be seenin Figure 85.

{

FGUREZ5: ANGKOR LIGHT ASSEMBLY CHART

Production
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6 CONCLUSIONS AND RECOMMENDATIONS

6.1 MEETING THE REQUIREMENTS

After te redesign it has to be checked if the requirements thefd at the beginning are met. Colour codes are
used to mark in which level the requirement is met in the folling way:

Green mains = requirement met

Red = not met

When a requirement is partially or not met an explanation ivgn, with recommendations to meet it in the
future. Also ways to determine how requirements that are nohecked yet can be verified will be given in the
recommendations section.

6.1.1

6.1.2

6.1.3

6.1.4

LIGHT

PRODUCTION
Vacuum forming should be used as production technology fo plastic parts
Final assembly should be in Cambodia

AESTHETICS

Make people feel proud to own a product like this; Refer to ti@ambodian look and feel
The product should have a quality appeal and consist of ptagarts
The product should look and feel robust

THE PRODUCT SHOULD MEET THE DEMANDS OF FREGAP

The on/off switch should withstand cycle of 100000 times

Charge controller protect from damage from voltage underaspcircuit conditions

Protected against damage from reversal polarity condisaf battery and solar panel

The battery should be protected by a fuse. This may be on threuwit board

Solar panel connection should withstand minimum of 1000 nention cycles

The battery capacity (C2) shall not decrease over the taspieriod more than 10% of the initial
battery capacity. C0O-C2/ C0 <10%

The measured days of autonomy shall match or exceed the defiminimum days of autonomy as
indicated by the manufacturer

The lamp shall operate undamaged according to the manufestspecs. At maximum battery volt
and max radiation

The manufacturer shall specify the daily number of hours Bystem can service the load under test
conditions

The product should be able to operate during rainy conditsom according to IP23

BLECTRICAL COMPONENTS

The light bulb should be visible
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The light bulb should be able to be replaced
The CFL should meet the PV-GAP standard

BATTERY

The battery should not make contact with the electric systevhen stored

The battery should have a minimum capacity of 2,5 Ah (at 12V)

After purchase, a fully charged battery should be able to oge the product 3 hours without being
recharged in between

The battery should be protected from direct sunlight

The user should be able to obtain information when the batygs almost empty

The user should be able to obtain information about the charg status of the product

The battery should be able to be replaced

The battery should meet the PV-GAP standard

SOLAR PANEL

The panel should be able to take inside the house

The panel should be able to be fixated and aimed at the sun
The product should operate on 12 Volts

The panel should meet the PV-GAP standard

6.1.5 OrHER
The selling price should not exceed the maximum of $50
The product should be sold as one integrated package cortgjithe solar panel determined in
(Boom 2005, 3.4.4), mobile lighting unit and instructionides

6.1.6 UsEe
The product should be able to be carried by the user
The lighting product should be able to stand on a rough undergnd like stones and sand and mud
The lighting product should be able to be hanged
The light should shine evenly distributed in an angle of 1 Hycees measured from the vertical axis,
around the product

Components that are irreplaceable, like casing and franmegd be able to operate after a fall of 50
cm (walking height and table height) on earth ground

6.1.7 LIST OF PREFERENCES
The product should made be out of local materials which aresgarovided
The production of the product should fit with the main objdee to contribute to the development of
Cambodia by offering local labour

The product should be easy to repair
The product should fit all lighting categories
The product should have a connection to supply power to otlpeoducts (e.g. a mobile phone)
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6.2 RECOMMENDATIONS

Some requirements for the redesigned Angkor Light have neei tested yet. These tests should be
incorporated into the field test planned for the nil serie$he following list needs to be checked:

The product should have a modern western look and feel

The product style should fit with the mood board made by StegghBoom, the colours should be
bright and powerful the Cambodian way

The product should express stability

The product should be able to withstand the shipping viboatitest

The minimum illumination level should be at least 20 lux atiatdnce of 1m

Users can easily take the lantern and solar panel to their wice field or marketplace)

The following requirements are not met:

The selling price should not exceed the maximum of $50
De high selling price is discussed in previous chapters dmahges in margins for the retailer and the company
should be reconsidered by Kamworks to lower this amount.
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FHGURES6: ABSOLUTE PRICE INCREASE PER COMPONENTANGKHERIGHT COMPARED TO TEBEOIANTERN

The increase in price can be analysed by looking at the inseei price per component compared to the
SOLantern (Figure 86). The increase of the profit and ovachin combination with the decrease in price of
the distribution and marketing can partially be explaineg b redistribution of these budget items (the items
profit and overheadare combined to be able to make a comparison with the SOLamte¥When all these costs
are added to each other a total decrease of almost $2 can bersedarketing will be done via the market
stalls, which use a different way of funding. The profit andeshead together are still $2,7 higher than the
SOLantern despite the advise of the MIT research to lowes ttosts (MIT Sloan - GLab team, 2007). It should
be considered to find ways to lower the overhead, e.g. by sporships or more local and cheaper employees.
This implications however are out of reach of this assignmand should be investigated by the company
itself.
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The extra money for the retailer was a decision made by Kamikgan order to give more financial support the
local entrepreneurs. It also has to be considered if this #otth will be the best way to earn more money,
considering the lower returns. Previous market researcmddyy the MIT (MIT Sloan - GLab team, 2007) and
Mando Rotman (Rotman, 2006) suggests giving a profit to tiérepreneur depending on the amount of
items sold.

Target price point, IDE’s
Paul Pollak Estimates of Cambodian Maximum WTP per
WTP, per Chamrouen, Mando Rotman report
Vichet, GERES, IFC, IDE

] / J. ] 1 1

$25 $50 $75

Estimated price range,

Current selling price, Angkor Light

ProSeed’s ANDS Light

Estimated price in
Cambodia, Thrive's LED
light

FIGURE37: PRICING RANGE OF TARGKORLIGHT INDICATED BY SEVERAL STUMEE S 0AN- GlaB TEAM 2007)

A comparison of the electronics of several other distribtédoy the electrical engineering experts has to be
considered to lower the price of the electronics and the etemic parts (e.g. the battery).

The product should be sold as one integrated package contaig the solar panel determined in mobile
lighting unit and instruction guides
The considerations made by Stefan Ruiter are:

1. The solar panel size is approximately 400x500mm, thiknail fit in one casing together with the
lantern in an easy way

2. A package for the solar panel is already provided by the ofacturer. A Kamworks sticker will be
added

(Ruiter, 2007)
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7 LIST OF DEFINITIONS

Rural population
Country people with a low income of about $50 per month

Solar Home Systems
Autonomous solar energy installation powering a buildifi@is kind of installation is used when no power grid
is available.

PV
Abbreviation of Photovoltaics, meaning technology basedolar energy

Nil series
Series of products made in mass production which is fullgfiomal and user test could be performed with.

Compact fluorescent lamgCFL)
Also known as a compact fluorescent light bulb or an energyirsg light bulb, is a type of lamp designed to fit
into roughly the same space as an incandescent lamp, but tithadvantages of a fluorescent lanp.

FOB

Free On Board (named loading port): the classic maritimelé&rderm, Free On Board: seller must load the
goods on board the ship nominated by the buyer, cost and risk divided at ship's rail. The seller must clear
the goods for export (Maritime transport only).

CIF

Cost, Insurance and Freight (named destination port)esetiust pay the costs and freight to bring the goods
to the port of destination. The seller must procure and pay fasurance for the buyer (Maritime transport
only):?

Glass Transition Temperature (Tg)
The glass transition temperature is the temperature belovhigh the physical properties of amorphous
materials vary in a manner similar to thos
of a crystalline phase (glassy state), an
above which amorphous materials behav
like liquids (rubbery state.

Tuk-Tuk
A tricycle used for the transportation of
people and goods (see Figure 88).

Insolation
The incoming solar radiation that reaches
the earth and the atmosphere.

Ballast

An electrical ballast is a device intended t
limit the amount of current flowing in an
electric circuit.

FGUREZ8: A Tuk-TUK INPHNOMPENH

! hitp://en.wikipedia.org/wiki/Compact fluorescentdht bulb
2 http://en.wikipedia.org/wiki/lncoterm
® http://en.wikipedia.org/wiki/Glass transition tempature
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Appendix A PEOPLE INVOLVED IN THE PROJECT

Arjen Luxwolda
Founder and managing director of Kamworks (located in Cadligno

Henry de Gooijer
Founder and director of Kamworks

Jony Heerink (Bachelor thesis, University of Twente)
Design of a training providing general knowledge about s@nergy, entrepreneurship and Kamworks'’ vision

Erik van de Hil (Bachelor thesis, Haagse Hogeschool)
Design of the electrical ballast used for the CFL

Bas de Jong (Internship, Haagse Hogeschool)
Design of the software to control the electrical ballast,qign of a battery logger for a user test

Martijn Kranen (Bachelor thesis, University of Twente)
Redesign of the lantern and production process

Miriam Reitenbach (Master thesis, Delft University)
Design of a (movable) market stand to sell the lantern andetisolar product

Stefan Ruite(Bachelor thesis, University of Twente)
Design of the packaging for the lantern and an introductiosge to explain solar energy and its benefits

Ly Senleap (Leap)
Student and part-time administrator and translator worlgrat the Kamworks office in Sré Ampil

FGUREB9: THE STUDENT TEAM (BAMBODIA
FROM LEFT TO RIGHMIRIAM REITENBACHVIARTIINKRANEN ERIK VAN DEHIL, BAS DEJONG STEFANRUITER ANLEAP
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Appendix B QUESTIONS OUT OF RECOMMENDATIONS WITH
ANSWERS

8.1.1 PROTOTYPE

Is arim of 1 cm enough to clamps the sheet material, or daassed more?

What happens with round clamps?

What size of vacuum form machine is required?

Are the rubbers are a good way to fixate the reflector to thansparent cap?

Are different kinds of LEDs better for indication to thetbery state? (also user test)

Are different kinds of LEDs possible? (also documents)

Are pictures or symbols to the inner part of the product mible by pressing a foil with an image and

vacuum form together with the plastic sheet? (also experts)

8. Can a self-adhesive foil be used that is flexible and cdlofothe slight bend of the transparent cap?
(also experts)

9. Does the product meet all requirements stated in the PVpGogram? (also documents)

No ok wbdpE

8.1.2 EXPERTS

8.1.2.1 KAMWORKS

1. Isitnecessary for Kamworks to earn $9 per lantern?
Jeroen: ?7?
2. Can the micro-entrepreneur survive on $2 per lantern sold?
Jeroen: ?7?
3. Solar panel — can a cheaper panel of lesser quality be an aed#e substitute?
globalsources.com
alibaba.com
Now: topraysolar.com
Minimum 4Wp
4. Are there suppliers in or near Cambodia for:
a. Materials (also documents)
Vietnam
b. Components (also documents)
Russian Market, Vietnam
c. Transportation (also documents)
?2??
5. Isitpossible to produce self made solar panels?
Arjen: Yes, but must be research about feasibility. Thish&ildone in the future.
a. Does these self made panels result in lower prices? (alsaiduents)
Arjen: Research needed
b. Does these self made panels comply with the PV-Gap stand@l3® documents)
Arjen: The will when we produce them ourselves
6. What are the possibilities for micro credits or other finaatsystems that can lower the initial price in
Cambodia? (also documents)
Arjen: There is not a large possibility for micro credit besa of the high interest rate.
Jeroen: ?7?
7. Whatis the best way for the end-user to return broken prodsét (also review)
Arjen: To the selling point, in our case probably the movahnkrket shop
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8. Can the waste material be recycled in Cambodia?
Arjen: Yes, for some people its al living buying this kindtoffsthe price will be higher in Phnom Penh
and when there will be more rest material.

9. Isthis size of battery common in Cambodia? (also documents)
Arjen: No, this will be an advantage because people have mmeback to us when they want a new
one.

8.1.2.2 MOULDING EXPERTS

10. Are pictures or symbols to the inner part of the product ggible by pressing a foil with an image and
vacuum form together with the plastic sheet?
11. Can a self-adhesive foil be used that is flexible and cdliofv the slight bend of the transparent cap?

8.1.2.3 ELECTRONICS

12. What is the influence of the maximum power point trackem the minimal requirements of the solar
panel?
a. Whatis the influence on the product price?

8.1.3 DOCUMENTS
Are different kinds of LEDs possible?
Is this size of battery common in Cambodia? (also experts)
Does these self made panels result in lower prices? (algueets)
Does these self made panels comply with the PV-Gap statftigalso experts)
Is it possible to bring down the profit margin? (also exfsr
What are the possibilities for micro credits or other fineial systems that can lower the initial price in
Cambodia? (also experts)
Does the product meet all requirements stated in the PVpGaogram?
8. Are there suppliers in or near Cambodia for:
a. Materials (also experts)
b. Components (also experts)
c. Transportation (also experts)

o0 hMwNRE

~

8.1.4 USER TEST
1. Are different kinds of LEDs better for indication to thetbery state? (also prototype)
Can the user handle the product without explanation?
Does the user understand the functionality of the prod@ct
What is the willingness to pay?
What additional functionality is needed or wanted? (likedio connection, charging with conventional
sources)
What will the user pay for this additional functionality?
What are the strength and weaknesses of the SOLantern mgarison with competitor products?
What is the acceptance of the SOLantern with retailers aftbries and electronics?
What price should the product be sold for, and how much gtafo they want to make?
10. How many lanterns they want to buy at once, how many do thtaink to sell?
11. When do they need them the most?

akrwn
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Appendix C MACHINERY AVAILABLE AKAMWORKS

Cambodia is a development country and therefore it is not pitde to easily get every machine to produce the

product. Itis helpful to know which kinds of machines are éaale at the moment at Kamworks, in the design

process this can be taken into account to make the product gugible. Kamworks is able to buy some second
handed machines (common in Cambodia) from which the mostlatée are also listed.

Vacuum form machinéFIGURESQ)
0 Maximum areais 500 x 350 mm
Guillotine shears (Figure 91)
o Knife isunder a 90° angle
o0 Lengthis150 mm
Column drillFIGURE9S2)
o 1-13 mminthe drill head, but with cone suitable for biggeriliis
o Slag??distance is 80 mm
o Distance between drill head and first table is 290 mm, betwedrill head and second table
550 mm
Hand press brakéFIGURESS)
o Stroke is 50 mm with maximum pressure of 200 kg
Lathe(FIGURE93)
o0 Only for plastics and aluminium
0 Steelis difficult
Lastrafo
o With 3 angle grinders
Welding torch
0 With electrodes
Hand tools(FIGURE94)

Easily available second hand tools

Point welding machine
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FGURESOD: VACUUM FORM MACHINE FGURE91: QUILLOTINE SHEARS

FGURE92: @WLUMN DRILL  FHGURE93: LATHE

FGURE94: HAND TOOLS FGUREI95: HAND PRESS BRAKE
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Appendix D

D.1 SLAR PANELS

INQUIRIES

Appendices Bachelor Report

Angkor Light

Requested product was a polar panel of 4Wp, mono or polycallste in a quantity of 1000 pieces. The total
prices asked was the price of the products including shipirienPhnom Penh, but most companies only gave

the product price.

Compan

Remark:

Total Price

Topray Sol¢ $12,0( Piece (4 Wat! | Monocrystalline, FOB Shenzt $12,00
ZEC GroL $13,8( Piece (4 Wati | FOB Shangt $13,80
Macro Sola $3,5(C Watt FOB Shanghai, Glass lamine $14,00
SEMC sol: $3,5C Watt CIF Phnom Pel $14,00
Rixin Technolo¢ $3,5¢ Watt FOB Wuhan, min 5 We $14,32
China Electric Equipment Gra | $3,6¢ Watt FOB Shangf $14,60
Changzhou Shen $3,7C Watt FOB Shangt $14,80
Shanghai Jin Ha $3,7(C Watt FOB Shangt $14,80
Sanyol $3,8( Watt FOB Shangt $15,20
Hanke $15,2( Piece (4 Wati | C&F $15,20
ShenzZhen ShengChe $3,8¢ Watt FOB Shenzh $15,40
Lighting Sole $3,9C Watt $15,60
Sunshine Solar Lighti $3,9C Watt $15,60
Risen Electr $4,0C Watt CIF Phnom Pel $16,00
Sanke Electric $4,0C Watt I\/'Ionocrystalline,' FO $16.00
ningbo/shanghai/shenzhen '
Shanghai Row So $16,0( Piece (4 Wat $16,00
Shanghai RC $16,0( Piece (4 Watl | FOB Shangt $16,00
Topray Sol¢ $16,0( Piece (4 Wat! | Polycrystalline, FOB Shenz| $16,00
Linch Electrical Applian $3,3¢ Watt 5W, FOB Ninghb $16,90
Hankey Asia L1 $17,3( Piece (4 Watt | FOB Shenzh $17,30
Happy Sky Technolo $17,7( Piece (4 Wati | FOB Shenzhi $17,70
Sanke Electric $4,5C Watt P_olycrystalline, I_:O $18.00
ningbo/shanghai/shenzhen '

Access Sol $18,0( Piece (AWatt) $18,00
Shenzhen Sunshi $18,0( Piece (4 Watt | FOB Shenzhi $18,00
Pro Built Machiner $18,5( Piece (5Wat! | 5Watt $18,50
MTT-Tech Science Developme¢ | $4,6¢ Watt FOB Ninghb $18,72
Everstep/Goldmastt $170,0C | Piece (4 Wati | Incl. Airmai $170,00
Jiangsu Holly Corporati - Ongeschil

Xinghut - 5W, geen prij

TABLE9: PRICE OF SOLAR PANELS
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D.2 PLASTICS

Company

Appendices Bachelor Report Angkor Light

PMMA  PS

PC

PETG ‘ APET ABS

HCMC market, Thanh Conh Shop, Vietnam $0,97

Westward (Great Britain) $2,09 $0,57

Vink (The Netherlands) $3,10 $1,31 $2,19 $0 $0,35

GB Plas Sdn Bhd (Malaysia) $0,30 $0,18 $0,46 $0,28 $0,21

TABLEL1O: PRICE OF PLASTICS

D.3 MEMBRANE SWITCHES

Company Price per piece Tooling charge Price

Luen Fung Silicone Rubk

$0,60

$500,00

$0,85

Size: 50 * 55mr

Material: 0.175mm PC Film
Adhesive: 3M 467

L/T: Sample- 2 weeks received 50%
tooling deposit.

Mass Production: 2 weeks after
confirm order.

Shenzhen Tongchuangfa Electrc

$0,75

$260,00

$0,88

Leadtime for tooling & sample:
days-10 days

Soar Industries Limite

$1,33

$1.200,0C

$1,93

0.125mm PET printing with Silv
ink circuit

Tail =50 mm

Mass production lead time: 2-3
Weeks
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Appendix E PRODUCT COST BREAKDOWN

E.1 SPECIFIED COMPONENT COSTS
Categon

Electronic:

number

Amount

Name

Price

Angkor Light

Total Price

Electronic part:

Electronic 1 | Membrane switcl $1,31 $1,31
Electronic 14 1 | Circuit boart $8,27 $8,27
Electronic 18 1 | 2.5 Phone Ja( $0,0¢ $0,0¢
Electronic 19 1 | DC Power Ja $0,2¢ $0,2¢
Electronic 20 2 | Jack NL $0,0z $0,0:
Total Electronic $9,9¢

Screws and bold

Electronic part 8 1 | Battery $6,7( $6,7(
Electronic part 16 1|CF $0,3( $0,3(
Total Electronic part $6,9¢

Plastic part:

Screws and bolc 21 1 | Lamp holde $0,2¢ $0,2¢
Screws and bolc 2 | Top position scre $0,17 $0,3:
Screws and bolc 2 | Nut $0,01 $0,0z
Screws and bolc 2 | Rubber rin $0,01 $0,0z
Screws and bolc 2 | Top bolc $0,01 $0,02
Screws and bolc 10 2 | Positioning nu $0,01 $0,02
Screws and bolc 11 2 | Positioning rin $0,01 $0,02
Screws and bolc 24 2 | Hand knol $0,51 $1,02
Screws and bolc 23 2 | Torx screv $0,0¢ $0,1¢
Screws and bolc 5 1 | Rubber enclosul $0,2( $0,2(
Total Screws and bolc $2,0F

Plastic part 1 1 | Printed Circuit Board (PCB) closing ple $0,1( $0,1(
Plastic part 17 1 | Reflecto $2,2¢ $2,2¢
Plastic part 4 1 | Top casin $0,6¢€ $0,6¢€
Plastic part 15 1 | Bottom casin $0,6¢€ $0,6¢€
Plastic part 1| Pain $0,1( $0,1(
Total Plastii parts $3,717

Metal parts 13 1 | Internal frame $1,02 $1,02
Metal parts 2 | Position bu $0,01 $0,02
Metal parts 1 | Carry handl $1,02 $1,02
Metal parts 1 | Lamp holder plat $0,01 $0,01
Total Metal parts $2,07
Solar pane

Solar pane 22 1 | Solar pane $17,8: $17,8:
Total Solar pane $17,8:
Total $42,6¢
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E.2 IMPORTED PARTS
Import tax: 35,00%
Vat: 10,00%

Descriptior Price Import VAT Total Weight Country Distributer
Tax per 1000
products
Membrane switcl $0,8¢ $0,31 $0,12 $1,31 Maleisie Luen Fung Silicone Rubl
8 Battery $4,51 $1,5¢  $0,61 $6,7(C 2.000,0¢ Chin: EnerSy
14 Circuit boar $5,57 $1,9t  $0,7¢ $8,27 Ching
16 CF $0,2( $0,07  $0,0: $0,3( 30,0C Chine DonghaiYufeng Lightin
Appliance
18 2.5Phone Ja( $0,0¢t $0,0z  $0,01 $0,0¢ Chin Dragon City Industrie
19 DC Power Ja $0,17 $0,0¢6  $0,0:z $0,2¢ Ching Dragon City Industrie
20  Jack Nu $0,01 $0,0C  $0,0C $0,02 Chin Dragon City Industrie
21 Lamp holde $0,1¢€ $0,06  $0,02 $0,2: 15,2C Chin: Gaori Lighting Facto
22 Solar pane $12,0( $4,2C $1,62 $17,8: Chin Topray Sole
23 Torxscrey $0,0¢ $0,0z  $0,01 $0,0¢ China’ Conrad Electron
24 Hand knol $0,34 $0,12  $0,0¢ $0,51 German'  Ganter Grif
26 Plastic shee $3,6¢ $1,2¢  $0,4¢ $5,42 600,0C Maleisic GB Plas Sdn B
27 Plastic shee $25,0( $8,75  $3,3t  $37,1: 200,0C Maleisie GB Plas Sdn B
reflective

E.3 HBECTRONICS

Component: Amount  Total price
Resistanc

NTHD4502N $0,34 1 $0,3¢
CAPACITOR, 1.8nF $0,2( 1 $0,2(
INDUCTOR, 36mH $0,32 1 $0,32
MMBTA70L $0,06¢ 1 $0,07
MMBTA20L $0,050° 2 $0,1(
MBRS230LT3 $0,0¢ 3 $0,1¢
LP2950 $0,3( 1 $0,3(
FDN357N $0,01¢ 1 $0,01
RESISTOR, 1.0kOhm_5% $0,04¢ 2 $0,0¢
RESISTOR, 10kOhm_5%  $0,04¢ 5 $0,2:
INDUCTOR, 1.5mH $0,32 1 $0,32
TRANSFORMER $0,4: 1 $0,4:
ATTINY24V $0,64 1 $0,6¢
MM5Z10VT1 $0,062" 1 $0,0¢
RESISTOR, 3.9kOhm_5% $0,04¢ 1 $0,0¢
RESISTOR, 22kOhm_59%  $0,04¢ 1 $0,0¢
FUSE, 0.5_AMP $0,1( 1 $0,1(
RESISTOR, 4.7kOhm_5¢  $0,04¢ 1 $0,0¢
CAPACITOR, 100nF $0,0¢ 3 $0,1¢
FDR858P $0,61 1 $0,61
INDUCTOR, 110uH $0,32 1 $0,32
RESISTOR, 330hm_5%  $0,04¢ 1 $0,0¢
CAP_ELECTROLIT, 220uF $0,2¢ 2 $0,5C
Circuit boart $0,2( 1 $0,4(
Soldering til $0,0¢ 1 $0,0¢
Total 25 $5,57
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E.4 OrHER COSTS
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Category Percentage Name Price Total

Transport/Packaging/Breaka

Transport/Packaging/Breaka Transpor $0,31
Transport/Packaging/Breaka Packagin $1,5C
Transport/Packaging/Breaka 3% | Breakag $1,32
Total Transport/Packaging/Breakag $3,1:
Total product cost: $45,77

Kamworks

Kamwork 3% | Marketing $1,42
Kamwork 12% | Overheac $6,24
Kamwork 10% | Profit $5,0¢
Total Overhead and marketin $12,7¢
Total product cost + costs Kamwor $58,51

Profit distributors

Profit distributors

10% | Profit distributors $6,5C

Profit distributors

$6,5(
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E.5 PRODUCTION COSTS

Name Amount INETnIE] Amout

Input Plastic parts

Labor ($/hour) $0,44 Material $0,7%
Machining+labor $0,98

Vacuum form machine cost $2.333,83 Total $1,68

Debit time (year) 4

Maintenance ($/year) $500,00
Material $0,00

Spot welding machine cost $650,00 Machining+labor $Q,27

Debit time (year) 6 Total $0,27

Maintenance ($/year) $50,00

Sheet cutter cost $0,00 Material $0,00

Debit time (year) 4 Machining+labor $0,0p

Maintenance ($/year) $50,00 Total $0,00

Generator cost $1.400,0d

Debit time (year) 3

Maintenance ($/year) $100,00

Times used 2

Diesel ($/liter) $0,75

Diesel consumption (litre/hour) P

Production amount (pieces/year 2000

Vacuum forming $0,93
Spot welding $0,24
Sheet cutting $0,04
Total $1,20
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Appendix F  SJPPLIER DETAILS

GB Plas Sdn Bl Plastit 3785, Jalan Changt} C.H. Go((Managing Directc) http://www.gbplas.com,
14300 Nibong Tebal +601 94766666
S.P.S Penang sales@gbplas.com
Malaysia
Advanced Connectiol Mould #8, Road Tan Thuan Expt Johan Tra http://www.act-vn.con
Technology Inc. Processing Zone, 7th District +848 87701469

Ho Chi Minh City
Vietnam

johan.tran@act-vn.com
Skype: johan.tran.act-vn.com

Dragon City Industries Limite ~ Jack

Unit C & D, 15/F., Yue Cheung C
1-3 Wong Chuk Yeung St.

Fotan

Hong Kong

Cherry N(
+852 2687 0351
cherry ng@dragoncity.com.hk

http://www.dragoncity.com.h|

Membrane switcl

Aluminiun

Stee

Don Bosc Mould (lathe

Shenzhen Topray Solar Co.,L  Solar pane

Block -5, Nangang Third Industri

Miles Chav http://www.topraysolar.con

Area, Shiyan +86 755-279680281
Shenzhen mileschaw@topraysolar.com
China Skype: miles_chaw
EnerSy Battery
Ningbo Jiacheng Foreign Trac CF Room 813, 815 Mayuan buildin Andy Don http://www.yufenglighting.con
Co., Ltd Mayuan Road 262, Haishu andy@yufenglighting.com
Manufacturer: Ningbo +86 57487134600
Donghai Yufeng Lighting China
Appliance Co., Ltd.
Circuit boart
Gaori Lighting Factor Lamp holde Lan Town, Zhong Shan Ci LEOXIE (Export Manac http://www.gaorilighting.con
Guangdong +86 760-2322763
China leoxie218@hotmail.com
Skype: leoxie218
Hand knol
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Appendix G WER TEST RESULTS

What will the lamp be used for by the target group?

Interviewees want to use the lamp for both indoor and outdgaurposes. Eating is mentioned by all the
interviewees, as is indoor lighting. Farmers tend to like tbrch function to catch frogs, work on their land or
check for animals. Other outdoor functionalities includgrg to the toilet, checking around the house for
animals and attract people to their local business. Othetdnr functionalities include reading and making
homework.

Which functionalities will be used?

The prototype has basic functions, all of them were used.gfeanderstood how to hang the light to resemble
a normal lamp. People putit on the table and understood thadtion of the reflector, using it as a torch.

Does the target group understand how the lamp and the solar pal work?

Not without explanation. Nine out of ten interviewees hadvas heard of solar energy before and ten out of
ten people had never seen a device like this and did not knowaith do with it. After explanation, people
understood the advantage of not having to charge the battetya generator shop and they understood the
basic functions of the prototype as well.

All the functions of the lamp are understood well, peoplettito hold it as a torch, used the reflector in both
positions and understood how to switch it on and off.

What is the opinion of the target group about the product?

What is your first impression of the product?

Ten out of ten interviewees stated to like the looks of the guzt. Since they had never seen a device like it,
most did not know what to do with it at all. The colours look gbahey can not imagine the lamp in other or
better colours because they have never seen it. Two out oiféerviewees wanted to buy the product straight
away, even though they did not know what it was.

What are good things of the product?

People like to have one product for indoor as well as outdosage. The absence of recharging costs is another
big plus. People like the modern and solid looks of the lanmpo8t of ten interviewees like the quality of the
light.

What are the problems during the use of the product?

What aspects of the product should be changed?

Eight out of ten people find it very hard to come up with a goodsaver to this question. They have never seen
anything like it before and have not ever worked with someitiike it either. Their answer is that the product
looks good and nothing should be changed about it. Two peajideknow something to change. One person
stated the lamp was too heavy, she would rather prefer a targie other person stated the reflector came off
too easily and suggested a better connection.

What are the interests of the buyers?

For what reasons would you buy this lantern?

Interviewees want to use the lamp for both indoor and outdgaurposes. Eating is mentioned by all the
interviewees, as is indoor lighting. Farmers tend to like tbrch function to catch frogs, work on their land or
check for animals. Other outdoor functionalities includerg to the toilet, checking around the house for
animals and attract people to their local business. Othetdnr functionalities include reading and making
homework.
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Appendices Bachelor Report Angkor Light

Would you buy the lantern when it costs $507?

After explanation of the benefits, wealthier rural peoplied fifty dollar a good price for the lamp, but only if

the quality of the lamp is really high and the lamp will lastrfa long time. A period of about two years is
sometimes mentioned. Three out of ten interviewees woulg e lamp if it would cost fifty dollar. For four

out of ten interviewees the price was way too high. These dedpdicated a price in between five and twenty
five dollar would be a good price.

Would you buy the lantern when it costs $40?
The same three out of ten people would buy it for forty dollao®, but the price is still too high for the poorer
rural people.

0
@
9
©
c
)
o
o)
<

06
s



Appendices Bachelor Report Angkor Light

Appendix H DROP TEST

H.1 DROP HEIGHT

To determine which materials are tougt
enough to be used in a normal Cambodia
household the products has to go trough
a drop test. Another purpose of this kind
of test is looking for weak spots in the
design. A normal rural house in Cambodi
is made of wood and has one ore more
tables in it. Not very many other pieces of
furniture are present. These tables arg
used to sit, to eat and to do some light
work. Little variations in height exist
throughout the country because all
people must be able to easily climb on it.

FGURESG: TYPICAL RURAL TABLE

The height of a table is approximately 50 cm.

No data about the fist height of a south-east Asian male is italale

(explanation of fist height is given Figure 97). With dateadable about
the length of the Stature , the arms and the lejand a comparison to the
measurements of Dutch peoplethe fist height is calculated to be
approximately 71 cm (Table 12). The height of the lantern liring

handle is approximately 25 cm, making the total drop heiglétem.

Stature 163,C 184,¢ 0,8¢
Elbow-grip length 32,5 36,4 0,8¢
Buttock-knee deptt 53,C 65,1 0,81
Popliteal heigh 41.F 49,7 0,84
Fist height standini 71,2 79,7
(Dutch value multiplied

FGUREQ7: HST HEIGHT by highest ratio: 0,89)

TABLEL2: CALCULATION OF THE FIST HEIBNTM)

A good reference for the maximum drop height is 50 cm, the heghvalue of those two cases.

H.2 MATERIALS

The materials used were the ones available in Cambodia beeaw suppliers could deliver small amounts in a
short time. The drawback of this fact was that PC (originalhosen by Boom as the preferred material) could
not be tested. The characteristics of PC however are compbrao those from Acrylic (Formech International

Ltd., 2001), so the test results of Acrylic are a good indigatof those of PC.

“ http://dined.io.tudelft.nl/en,international 24
® http://dined.io.tudelft.nl/en,dined2004,301
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H.3 UNDERGROUND

The underground in a house can be divided into two differenatarials: wooden strokes in the living part and
tamped earth under the house. The last type is the hardest arad is therefore the most challenging floor in
and around a house. The tracks at the orphanage are a goodesgntation of this type of ground.

H.4 SETUP

A chair is placed on a track; the right height is reached byngjlup a few wooden boards (Figure 100). The
product is placed at the edge of the board and pushed with acktuntil it falls down. Everything is recorded by
two cameras, to determine the trajectory of the fall and reav afterwards how the damage was made. The
damage of each drop is also photographed.

To determine the damage when a person drops the lantern a setdype of drop test is performed. The
lantern is hold at the handle and than dropped. The height &iid fall is the same as the first one only the
trajectory is different.

A dummy battery was produced with the same size and weight las triginal one to withstand the multiple
drops.

H.5 RESULTS

Several materials were used and both drop tests were perfedwith each one. The overall results are listed
in Table 13.

AB¢ Unknowr 2.C ++4 ++4 ++4
Polystyrent Vink 1.t + +4 +4
Acrylic Unknowr 2.C -- - --
Acrylic Unknowr 1.C -- -- --

TABLE13: OVERALL RESULTS OF THE DROP TEST
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FGURE98: DAMAGE AFTER DROPS WITH POLYSTYRENE

FHGUREIY : DUMMY BATTERY WITH FRAME FiGURELOO: DROP TEST SATP
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Appendix | WATER TEST

The water test was performed to verify if the lantern satisi
the 1P23 qualification demanded by the PV Gap Recommeng
Specification (PV GAP, 2004). IP23 stands for protecti@mat

Objects of 12.5 mm and bigger (fingers or similar

objects)

Water falling as a spray at any angle up to 60° from the

vertical (rainwater)

Scaffolding was used to aim a water hose with a pressure of
bar at the lantern (see Figure 101). For 2 minutes a stream

water was sprayed over the lantern.

Afterwards the beam was aimed upwards against the sepanati
between the upper and the lower casing at an angle ¢

approximately 30° for a period of 1 minute.

Appendices Bachelor Report

FGURELOL: WATER TEST SHIP

FHGURELO5: INSIDE OF THE PROTOTYPE BEFORE THE

r FGURELO2: RESULT OF THE SECOND WATER TE{

W aYal P . H ana:ll bk dlo

A Y &

FGURELO4: INNER TISSUE AFTER THE TEST

N /

FGURELO3: TOP TISSUE PAPER AFTER THE TEST

Angkor Light
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Appendix J FREFLECTOR ILLUMINATION MEASUREMENT

The light intensity measuring instrument was placed at 1m tble closest edge of the reflector. The
measurements were performed at night inside of the builditggprevent any external light to enter. Reflection
of the environment was avoided as much as possible.

The intensity measuring instrument was not calibrated, btuimeasured 0.0 lux with in the complete dark
room.

' Reflector colou

lllumination (lux)

Without reflector 20.z
White plastic (abs 70.4
Bright silver (spray 76.5
Silver (can 148.¢
Mirror film 163.t
Chrome (spray 216.(

TABLE14: REFLECTOR COATING ILLUMINATION MEASURED AT
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IRRADIATION LEVELS IEUROPE ANDASIA

7

Global Irradiation
1600 - 1750 kWh/m?a
1400 - 1600

- 1200 - 1400
- 1050 - 1200
B 1050

Data source:
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Cartography:

©2005
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CH-4142 Minchenstein

-30

\ \

GluLial i adiation
= 2100 kWh/m?a
1700 . 2100

1350 - 1700
10501350
- 1050

Ny Ty

0 120/

)
Csrtography:
Dats source: 2005
Meteonorm 40 Erergie-Atlas GmbH

hieteotest, TH-30C0 Bern TH-41£2 Minchenstein

FGURELO7: G.OBAL IRRADIATION ASIA
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Appendix L VACUUM FORMING

“Thermoforming is one of the oldest and most common methods (
processing plastic materials. Thermoformed plastic proguare all
around us and play a major part in our daily lives. It is a vegysatile
process used to manufacture a wide range of products from glen
packaging trays to high impact aircraft cockpit covers.slaiso used
extensively to make design prototypes of products to be puagd by
other processes.

Depth of cavity can be 75% of theq
The process, however, is basically the same in each casts Ini width of the opening on the
simplest form thermoforming is the heating of a plastic sheehichis | surface. Excess thinning will occy
then draped over a mould whilst a vacuum is applied. The maudds | beyond this depth.

then allowed to cool before it is ejected from the mould usirsg
reverse pressure facility.

=

(Formech International Ltd. 2001)

In its simplest form the process consists essentially oitisig a thermoplastic sheet in a cold state into the
forming clamp area, heating it to the desired temperaturetedr with just a surface heater or with twin
heaters and then raising a mould from below. The trapped aievacuated with the assistance of a vacuum
system and once cooled a reverse air supply is activated teaee the plastic part from the mould. In its
advanced stage pneumatic and hydraulic systems complireéntith sophisticated heat and process
controllers allow high speed and accurate vacuum formingtfiose heavy duty and high end volume
applications.

The thermoforming industry has developed despite two fumdantal shortcomings. Many other
thermoforming processes use a resin base in powder or pdihem. Vacuum forming begins further down the
line with an extruded plastic sheet which incurs an additadprocess and therefore an extra cost to reach this
stage. In addition, there is generally an area of materialighis cut away from the formed part which unless
reground and recycled has to be considered as waste and actadifor in any costings made. However these
problems have been invariably resolved by strict controbbiet quality and by clever mould design to
minimise the amount of waste material. Throughout this maadwyou will find useful hints and techniques to
assist in maximising the potential from this process.

Despite the above disadvantages vacuum forming offers sgigrocessing advantages over such others as
blow, rotational and injection moulding. Fairly low forngrpressures are needed therefore enabling
comparatively low cost tooling to be utilised and relatiydarge size mouldings to be economically fabricated
which would be otherwise cost prohibitive with other process. Since the moulds witness relatively low
forces, moulds can be made of relatively inexpensive matisrand mould fabrication time reasonably short.
This results in comparatively short lead times. It providee perfect solution for prototype and low quantity
requirements of large parts as well as medium size runssiti multiple moulds.”

(Formech International Ltd., 2001)

Material Glass Transitiol Required Moulc Required Formin Dryinc
Temperature Temperature Temperature Temperature
P< 94 °( 82 °( 15C-175 °( 70 °C
AB!¢ 88-120 °( 82 °( 15(-180 °( 70/80 °C
Acrylic/PV' | 105 °( - 14(-190 °( 75 °C
PC 150 °( 127 °( 17C-205 °( 90 °C

TABLELS: TEMPERATURE CHARACTERISTICS OF MATERIA(S@RSEBCHNTERNATIONALTD. 2001)

7
)
9
©
c
)
o
o
<

00)
(00]




Appendices Bachelor Report Angkor Light

Appendix M PRODUCTION TEST PHOTOS

FGURELO8: VACUUM FORMING PROBLELEFT CRACKS IN MIRRORED SHEHEGHT PLASTIC TO HQT

FGURELO9: HANDLE FIXATION PROTOTYPES

FGUREL10: GNNECTION OF THEFLN THE
PROTOTYPE FGUREL11: TESTS WITH THE CLICK MECHANISM
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Appendix N (GEOGRAPHIC SITUATION

FGUREL12: LOCATION OKANDAL ANDSREAMPIL INCAMBODJIA

The red part on the map of the Kandal province is Phnom Penle, ¢hpital of Cambodia. The star marks the
position of Sré Ampil, home of Kamworks (Figure 112). Théadise by road between Phnom Penh and Sré
Ampil is approximately 40km, it takes about 1 hour to traveddause of the bad road.

Appendices

(o)
(@)



Appendices Bachelor Report Angkor Light

N.1 IMPRESSION OF TRANSPORT SOLUTIONS

FGUREL13: THE MULTHPURPOSEX4 CAR
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Appendix O MOODBOARD AND COLLAGEAMBODIAN COLOURS

FGUREL14: MOODBOARD BBTEPHENBOOM
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FGUREL15: ®LLAGE THEAMBODIAN WAY
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