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A Project Planning
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B Cost price SHS

Materials    USD
Battery box: 
Box front   $4,5 / $7
Box back   $1,5 / $5
PCBs $35
Charge controller $7 / $35,5
Circuit breaker    $2,5
3x Cigarette plug   $2
Cigarette plug box $5 / -
IEC Connector    $0,2
4-Wire connector   $1,5
Battery     $69 / $96
Fasteners & wiring $15
Accessoires    $6
Contracts & Manuals $4
Bags and Boxes $3
Stickers $0,5

Solar panel:    
Solar panel    $39 / $36
Mounting system  $6 / $15 
Electric cable $12 / $18

Lampkit:    
4x 9W LED    $16
4x Lamp holder $2
3x Light switch    $2
Electric cable   $10

Transport
Sre Ampil to Kampong Chhnang $3
Installation  $5

Labour
Assembly $4,5
Installation (2 installers)   $10

Materials  $243,7 / $313,2
Transport & installation  $ 8
Labour:  $14,5

Production costs (including risk margin 
2% for theft, loss, damage):

$270,8 / $342,4

Large SHSRegular SHS

In the box on this page an overview of the cost price 
for both the regular and large SHS is visualized. The 
prices are derived from Kamworks' most recent 
unit cost (right page) and assembly list records 
(September 2016).
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C Calculation MFI payments

The average monthly payment for a large 
SHS with a 2-year loan (right bottom)

The average monthly payment for a 
regular SHS with a 2-year loan (right 
bottom)
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Average sun angle
 › SUM([Sun angle]) / 12 = 936 / 12 = 78˚

Annual consistent power production
 › SUM([Sun angle] x [consistency factor]) / 12,121 = 
 › (62,248+63,98+67,704+73,788+88,735+102,616+97,948+93,482+84,942+77,42+67,828+60,445) / 12,121 =
 › 941,136 / 12,121 = 77,6450788
 › Angle = 90 - 77,65 = 12,35 ˚

Maximal yearly power production
 › SUM([Sun angle] x [optimal annual output factor]) / [Total optimal annual output factor] = 78,35˚
 › Angle solar panel: 90 - 78,35 = 11,65˚

Consistency factor
 › [Average Hours sun/day] / [Hours sun/day] = 5,01 / [Hours sun/day]

Optimal annual output factor
 › [Hours sun/day] / [Average Hours sun/day] = [Hours sun/day] / 5,01

D Calculation solar panel position

Solar data of Cambodia.  1 Solar Electricity Handbook 2016.  2 NASA Langley atmospheric science data center, 2017

Month 

January
February
March
April
May
June
July
August
September
October
November
December

Average:

Total:

Sun angle1:

62˚ (61-63)
70˚ (69-71)
78˚ (77-79)
86˚ (85-87)
94˚ (93-95)
101˚ (100-102)
94˚ (93-95)
86˚ (85-87)
78˚ (77-79)
70˚ (69-71)
62˚ (61-63)
55˚ (54-56)

78˚
-

Hours sun/day2:

4,99
5,48
5,77
5,84
5,31
4,93
4,81
4,61
4,60
4,53
4,58
4,56

5,01
60.01

Consistency factor:

1,004
0,914
0,868
0,858
0,944
1,016
1,042
1,087
1,089
1,106
1,094
1,099

-
12,121
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E Understanding expandability (field research)

Goal of the research
To verify the focus topic that is most depending to the 
customer's understanding–Expandability–, a research 
was conducted. For this research three main goals 
were determined:

 › Do customers understand the concept of 
expanding a SHS?
 › Is there a demand for an expandable SHS?
 › Are multiple system sizes desired?

Since this research was performed with T. Den Heeten, 
at that time performing research in the same topic 
with a different focus, several additional questions 
emerged. For the clarity of this part of the research 
they are not included here. Before the execution of 
the research, a booklet and game were designed. A 
pilot was performed with an employee of Kamworks.

Method
Seven participants were involved in the research. 
They are persons/households who already own a 
SHS. They were located in several villages in the 
Kampong Chhnang province. They were asked to fill 
in a booklet and to play a game. A translator speaking 
both English and Khmer joined the three-day trip to 
translate everything.

The booklet with questions regarding their current 
situation was filled in partially before and partially 
after the game. This booklet gave insights in the 
households' current situations. The game represents 
a simplified version of the potential future portfolio of 
Kamworks. The gameplay and questionnaire helped 
to gain insight in the understanding of, and attitude 
towards, expandability of different system sizes.

The research was observed and captured through 
voice recording, notes and pictures. In the end the 
results were discussed and linked to the participant's 
real situation.

Results
The progress of the game is shown on page 12 and 13. 
It gives insight in the participants' attitudes towards 
dealing with money. Some results are more relevant 
to the research goals than others.
 › Participants understood the concept of expanding 

a system.
 › All participants were more confident in their actions 

in the second round (e.g. a participant mentioned 
she wanted to save money for three months to buy a 
certain appliance).
 › Two (out of 7) participants needed to expand their 

large SHS in the second round. These were village 

chief with an income higher than other participants.
 ›  Six out of seven participants would prefer buying 

a big system in the first place.
 › Grid is expanding, but participants still have a 

positive attitude towards solar energy as addition to 
reduce the grid costs.
 › Three participants complained that they wanted to 

expand their system already, but do not know how. 
They were owners of a large SHS. 
 › All customers experienced a lack of after sales & 

service. 

Discussion
The game was not only useful for the research, but 
also for the participants. Some indicated they liked 
the game because it is a fun way to learn how to 
manage income. In general there is little knowledge 
about the income of a household. During the game, 
the two village chiefs bought more appliances. This is 
possibly related to their actual income: their attitude 
towards buying products / saving money may be 
different than the other participants with an actual 
lower income.

Two participants had access to both a SHS and the 
grid. One of them mentioned he used the SHS for 
light and charging phone, while he used the grid 
as less as possible due to the (high) costs. Grid is a 
competitor, but it can also stimulate selling smaller 
systems if it is sold as a solution to reduce grid costs.

When participants were asked what system they would 
buy first, they mentioned it depended mostly on the 
price. However, looking at Kamworks experiences, 
customers would most of the times go for an as large 
system as possible. One participant mentioning 
she would buy a small system first was because 
she wanted to test the new technology first before 
investing. Also the way participants would expand 
‘their’ systems differed: some would expand with the 
same system size, others would like to expand with 
a smaller system. This implies that multiple system 
sizes are desired and the system sizes should be 
combinable. Moreover, giving the user the choice of 
multiple products may stimulate sales.

In the last place the complaints regarding after 
sales and services should be a thing for Kamworks 
to keep in mind. In the first place, keeping in touch 
with the customers could stimulate the demand 
for accessories, if they would offer them. Currently 
this is not the case. Offering the right appliances 
could reduce the misuse of the SHS by unsuitable 
appliances, but more importantly it may indirectly 



98

Expandable Solar Home System Game
The materials of the game can be divided in four 
groups: The playing board, Solar Home Systems, 
Appliances and Money. Additionaly there are 
'future objects' like a scooter or a car (that cannot 
be bought) to give the player the choise between 
investing directly or saving for the future. An 
overview of prices for the Solar Home Systems and 
appliances is provided.  

 › The playground - The playing board shows 12 
steps. Each step represents a month. Every turn 
the player can buy a SHS, Appliances, or save 
money.
 › Solar Home Systems -  Three sizes are available: 

small, normal and large. A SHS is payed through a 
monthly fee of respectively $20, $30 or $50. These 
fees represent the monthly fees for a loan. The 
sizes differ in the amount of boxes, representing 
the capacity.
 › Appliances - There are several appliances (TV, 

iron, rice cooker, electric kettle, etcetera) available 
that can be purchased. The size of the card stands 
for the power consumption for 4 hours. If a player 
indicates he/she uses an appliance for longer than 
4 hours, additional space is taken from the SHS 
boxes.
 › Money -  A player recieves $100 in fake dollar 

bills each turn. They can be spent on expanding 
their SHS capacity or buy additional appliances. It 
is also possible to safe money.

One player (1 person or 1 household) plays the 
game 2 rounds: one starting with a small SHS and 
one starting with the large SHS. In addition to that 
a player recieves 50$, 4 lights and a phone.

There is no winning or losing in the game, it is only 
about learning how the players would deal with 
their money in real life. 

Rules:
 › Each turn the player recieves 100$ and has the 

possibility of buying a SHS or appliances.
 › Purchased appliances need to stay on the SHS 

card(s).
 › You cannot have more appliances (in size) than 

the boxes of the owned SHS provide. In that case 
an additional SHS should be bought first.
 › After each round the game will be evaluated, 

the amount of SHS, appliances and money 
possesed by the player will be noted. A round 
will be concluded with a questionnaire about the 
progress of the game (How did it go? What did 
you like/dislike? etc.) 
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stimulate the expansion of a SHS.

Conclusions
After the conducted research it can be concluded 
that customers do understand the concept of 
expanding. In fact some participants mentioned this 
demand themselves. It makes more sense to them 
that it is possible than explaining the system is fixed. 
Most of T. Den Heeten's research goals were related 
to the use of appliances. It turns out that people will 
buy 'luxury' products like a TV, iron or electric kettle 
as soon as they can afford it. With this attitude in a 
growing economy, the demand for an expandable 
SHS will be definitely there.

Siebinga's design proposal offers a single sized, 
expandable SHS. However, participants indicated 
they would expand their SHS in different ways. 
Offering two system sizes that are expandable and 

interchangeable should suit the market's demand. 

Additional note
In addition to the conclusions relevant for this project, 
an issue occurred that may be good to know for 
future research. Participating in the game was initially 
perceived tricky to some participants. Apparently 
there are salesmen trying to 'play a game' with these 
people and then force them to buy things. After 
explaining clearly  we were students doing research 
only made them feel comfortable with it.
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Expandable Solar Home System Game
After the game questions were asked. The 
questions mentioned below were meant as a 
guideline.
 › What did you think of the game?
 › What did you like/dislike?
 › Did you find things hard to understand during 

the game?
 › Which round did you liked the most? [ask while 

showing the results]
 › Imagine you were a new customer: which 

system would you buy? Why?
 › Are you aware that the total investment is lower 

when you buy a big system in the first place?
 › Would you prefer a small system that you can 

expand or a big system? Why?
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Participant 4 Participant 5 Participant 6 Participant 7
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Solar�Home�Box�
�
Specification�
Compatible with RA12‐33, RA12‐40, and RA12‐55 
batteries 
 
Weight: 1088 grams 
 
Dimensions: 354mm x 247mm x 298mm 
 
Material: Recycled ABS 
 
Compatible with Phocos CML and CA series 
charge controllers 
 
Stackable for ease of transport 
 
Non‐reversible ports for power IN and OUT 
 
Integrated over‐current circuit breaker port 
 
Strong flex resistant base 
 
Small form factor 
 
Power display easily visible when box is placed on 
floor 
 

F Current battery boxes
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Solar Home Box 100 
 
Specification 
Compatible with RA12-100 batteries 
 
Weight: 3000 grams 
 
Dimensions: 495mm x 365mm x 270mm 
 
Material: fiberglass 
 
Compatible with Phocos CML and CA series 
charge controllers and SNRE SR-MT2410 
charge controllers 
 
Stackable for ease of transport 
 
Small form factor 
 
Power display easily visible when box is 
placed on floor 
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G Battery specifications
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H Technical drawings Battery Box

20

In this section the technical drawings of the assembled 
battery boxes and its parts are provided. An overview 
of the parts can be found, which is used for the cost 
estimation of the redesign (appendix L).

The technical drawings are divided in three parts, 
indicated with a yellow bar (see the right page). The 
first part is the regular battery box and the parts that 
are only used for this system size. The second part is 
the same, but for the large battery box. The last parts 
are some parts that are used in both battery boxes. 

Standard parts (sockets, screws, etcetera) are only 
included in the CAD model. They cannot be found in 
these drawings.
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Wiring is excluded in drawing & part list

Item 
No. Qty. Name Material Remarks

19 15 6.3 Faston B Multiple Imported

18 15 6.3 Faston Multiple Imported

17 1 M8 Ring Terminal B Multiple Bought in local shops PP

16 1 M8 Ring Terminal Multiple Bought in local shops PP

15 1 20.5 End Cap PE Imported (See Appendix)
14 2 M6 Washer s Stainless Steel Included in Battery (PRT1001)
13 2 M6x16 Stainless Steel Included in Battery (PRT1001)
12 4 M5x16 CS Galvanized steel Bought in local shops PP
11 10 M3 Nut Galvanized steel Bought in local shops PP
10 4 M3 Spacer 10 Galvanized steel Bought in local shops PP
9 10 M3x20 CS Galvanized steel Bought in local shops PP
8 1 PRT-0006-PCB-USB Multiple Imported
7 2 PRT-0004-C-Socket Aluminium Imported
6 1 PRT-0003-IEC-M Multiple Imported
5 2 PRT-0002-IEC-F Multiple Imported
4 1 PRT-0001-CircuitBreaker Multiple Imported
3 1 PRT-1001-Ritar55Ah Multiple Imported
2 1 SUB-0100-PowerBoard Multiple Imported | Assembled in SA
1 1 SUB-1100-Box-R Multiple Produced & Assembled in SA
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Industrial Design Engineering
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Regular SHS

11-4-2017 Solar Home System - Regular
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Electronics:
1 = Battery
2 = Circuit Breaker
3 = Solar Panel
4 = USB
5 = Cigarette sockets
6 = Lampkit/Expansion Battery
Connect all components (A&B) topowerboard (C&D)

* Make horizontal pairs. Sequence 4,5 and 6 is irrelevant
** Connected to the battery
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Item 
No. Qty. Name Material Remarks / Drawing. No.

3 6 3,2x8 Blind Rivet Aluminium Bough in local shops PP

2 3 PRT-0005-BracketPCB Galvanized steel Raw  material PP - Produced in SA

1 1 PRT-1101-Box-R Glassfiber Raw  material PP - Produced in SA
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2322
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Item 
No. Qty. Name Material Remarks / Drawing. No.

20 17 6.3 Faston B Multiple Imported
19 17 6.3 Faston Multiple Imported
18 1 M8 Ring Terminal B Multiple Bought in local shops PP
17 1 M8 Ring Terminal Multiple Bought in local shops PP
16 1 20.5 End Cap PE Imported (See Appendix)
15 2 M8 Washer s Stainless Steel Included in Battery (PRT2001)
14 2 M8x20 Stainless Steel Included in Battery (PRT2001)
13 8 M5x16 CS Galvanized steel Bought in local shops PP
12 10 M3 Nut Galvanized steel Bought in local shops PP
11 4 M3 Spacer 10 Galvanized steel Bought in local shops PP
10 10 M3x20 CS Galvanized steel Bought in local shops PP
9 1 PRT-0006-PCB-USB Multiple Imported
8 3 PRT-0004-C-Socket Aluminium Imported
7 1 PRT-0003-IEC-M Multiple Imported
6 2 PRT-0002-IEC-F Multiple Imported
5 1 PRT-0001-CircuitBreaker Multiple Imported
4 2 PRT-2002-BracketBattery Galvanized Steel Produced & Assembled in SA
3 1 PRT-2001-Ritar100Ah Multiple Imported
2 1 SUB-0100-PowerBoard Multiple Imported | Assembled in SA
1 1 SUB-2100-Box-L Multiple Produced & Assembled in SA
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3 6 3,2x8 Blind Rivet Aluminium Bough in local shops PP
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Suitable for casings Dimensions

Aperture I Wall thickness 
T A C H (M) Order no.

12.0 1.0 16.0 12.3 3.0 5.0 910 / 3280
15.0 1.0 18.0 15.4 4.0 5.0 910 / 2179
17.3 1.0 20.0 17.6 4.0 6.0 910 / 3759

20.0 1.0 35.0 20.5 5.0 7.5 910 / 2967
20.5 1.0 25.0 21.1 2.5 4.0 910 / 0766
25.0 1.5 28.0 26.0 4.0 6.2 910 / 4015
25.5 1.0 38.0 26.0 5.3 7.4 910 / 3040
26.3 2.2 38.0 27.0 7.5 9.5 910 / 3043
26.5 1.5 38.0 27.0 4.3 6.3 910 / 0763
33.0 1.5 36.0 33.5 4.0 6.0 910 / 3790
36.0 2.0 53.0 36.5 5.0 7.0 910 / 5539
39.5 0.9 50.0 40.0 4.0 6.0 910 / 3205
39.7 0.8 50.0 40.4 2.4 4.2 910 / 4010
50.0 1.0 55.0 50.6 4.0 6.0 910 / 3097
53.0 1.5 62.0 53.8 4.0 6.0 910 / 0715
60.8 2.2 66.0 61.5 7.8 9.8 910 / 3044
61.0 1.5 68.0 62.0 4.0 5.8 910 / 0714
64.0 1.5 85.0 64.6 4.1 6.1 910 / 3791
71.0 1.5 76.0 71.5 5.0 7.5 910 / 2713
72.0 3.0 90.0 72.8 7.5 9.5 910 / 3042
74.5 1.5 83.0 75.0 8.0 10.0 910 / 3223
81.5 1.5 90.0 82.0 8.0 10.0 910 / 3222
92.0 3.0 103.0 93.0 7.7 9.7 910 / 3277

100.0 2.0 109.0 101.0 5.0 7.0 910 / 4395

Covers
GPN 910

Size in mm

Colour and material alternatives, additional sizes, bespoke designs and technical 
cleanliness on request. For more information about materials, colours, drawings and 
application of our items, please see page 114/115.

>> You also might be interested in the following products: GPN 300 F, GPN 600, GPN 915

Additional information: 
Flat design, ideal for closing 
apertures in cover panels.

Your KAPSTO® quality benefits:

Material: PE-LLD
Colour: Black

We will be happy to advise you: +49 4442 982-9166
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I Building moulds for BB production

As mentioned in the report, the VRTM process is 
slightly adjusted based on Kamworks' experiences 
with the battery box. Where the VRTM process is 
explained in the literature, this appendix will describe 
the process towards two production moulds for 
Kamworks' battery boxes. 

The line drawings on these pages show the first setup 
for making the production moulds. At first, the shape 
of the battery boxes are translated into solid blocks 
with a surrounding flange of 20 centimetre.

The flange, coloured brown in the drawing, is made 
from leftover wood from Kamworks' workshop. The 
block (yellow) is made from 6 and 12 millimetre MDF. 
First the blocks are produced, after which the flange 
is attached to it. 

The block is split up in slices of 6 and 12 millimetre. 
These sections were printed [1], traced on MDF [2] 
and sawed [3]. After applying glue [4], the sections are 
joined layer by layer [5]. The dimensions are compared 
to the battery [6], after which some final adjustments 
and finishing are done [7, 8]. 
When the block is smooth, the flange is built around 
it [9]. The flange is made from different kinds of wood 
[10]. When all parts are fixed, edges are finished and 

body filler is applied to close gaps and give the block 
a hard top layer [11]. The block is sanded and spray 
painted with car paint [12]. With the car paint applied, 
the blocks are finished and the moulds can be made.

The block is waxed to avoid the mould sticking to it. 
The first half of the mould is made by applying glass 
fibre and resin to the block [13]. When the fibreglass is 
dry, it is separated from the block [14]. This first mould 
is the outside shape of the box. The second half of 
the mould is made based on this one, so this mould is 
smoothed first [15]. 

Before the second half of the mould is made, a first 
box is made by hand lay-up [16]. This prototype shows 
if the draft of the mould and the dimensions of the 
box are correct. When approved, foam is applied that 
has the same thickness as the product [17]. When the 
mould is fully covered with foam, edges are finished 
and the foam is waxed [18]. Thereafter the inserts to 
create  a vacuum and allow the resin to flow through 
the moulds are applied [19]. The second mould is 
made by applying glass fibre and resin on the foam 
and the inserts. After all this, the two mould sets are 
ready for use. The first batch [20] can be used for 
production.

1 2
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The final profile dimension is determined on 30x30x1 
mm (Galvanized steel). This dimension is based on the 
available profiles in Cambodia and the simulations 
that are found on this page.

Besides the yield strength that cannot be exceeded 
with a safety factor of 2, the displacement was taken 
into account too. Since the accuracy of the panel was 
determined on 2˚, the deformation should fit into this 
requirement. 

On the right page a simplified model of the mounting 
system is visualized. The length of the horizontal 
supports is the length of the actual supports + the 
extension arms (2m). With the large panel's load of 

approximately 11kg (≈110N), 660N force was applied 
to the mounting system (3 panels x110N x 2SF). The 
stresses stay below the yield strength, while the 
displacement is 13,6 milimeter. This comes down to 
a deviation of 0,78˚: well within the required accuracy.

Below a simulation is given of on of the arms. Also here, 
the yield strength is not exceeded and deformations 
are acceptable. 

Mesh of the expansion arm.

Total force: 110N

Displacement

Stress

J Analysis mounting system



Forces and fixtures mounting system

Total force: 660N

Simplified mounting system (total length 2000 mm)

Total force: 660N

Displacement

Stress

4140



In this section the technical drawings of the mounting 
pole and solar panels are provided. An overview of 
the parts can be found, which is used for the cost 
estimation of the redesign (appendix L).

The technical drawings are divided in two parts, 
indicated with a yellow bar (see the right page). The 
first part is the mounting pole the parts that are used 
in this assembly. The second part is the solar panels 
and the supports that are used to attach the panel to 
the mounting system. 

Standard parts (sockets, screws, etcetera) are only 
included in the CAD model. They cannot be found in 
these drawings.

K Technical drawings Solar panels and mounting pole
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Item 
No. Qty. Name Material Remarks

14 1 M6x120 Galvanized steel Bought in local shops PP
13 4 M6x80 W Galvanized steel Bought in local shops PP
12 12 M6x50 Galvanized steel Bought in local shops PP
11 32 M6 Washer Stainless steel Bought in local shops PP
10 13 M6 Nut Galvanized steel Bought in local shops PP
9 2 M6 Turnbuckle Galvanized steel Without hook | Bought in local shops PP
8 1 M6x100 r (bent) Galvanized steel Bend 50 degrees in center. Buy threaded rod PP
7 1 PRT-3006-HoleCover Rubber (recycled car tire) Bought and/or produced northern area PP
6 2 PRT-3005-HorizontalSupport Galvanized steel Bought in local shops PP
5 2 PRT-3004-VerticalSupport Galvanized steel Bought in local shops PP
4 1 PRT-3003-Pole Galvanized steel Bought in local shops PP
3 2 PRT-3002-Clamp Galvanized steel Bought in local shops PP
2 2 PRT-3001-Bracket Galvanized steel Bought in local shops PP
1 4 SUB-3100-Cable Multiple Bought in local shops PP - Assembled in SA
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Make sure hole to hole distance is 40 cm!

Item 
No. MirrorLug/QTY. Name Material Remarks / Drawing. No.

2 2 Cable lug 10-6 Copper & Aluminium PP electrical (shop)

1 1 Cable 4.5x400 Galvanized steel 40 cm, buy roll in PP
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BASE [installed by technician]EXPANSION [installed by customer]

Item 
No.

Extension-
70/QTY. Name Material Remarks / Drawing. No.

8 1 M6x120 Galvanized steel Bought in local shops PP

7 4 M6 Washer

6 4 M6 Nut

5 4 M6x25 Flathead Galvanized steel Bought in local shops PP

4 1 SUB-4200-Arm-Right Galvanized steel Includes 2x M6x25 Flathead, 2x M6 Nut and 2x M6 Washer

3 1 SUB-4100-Arm-Left

2 4 PRT4001-PanelClamp Galvanized steel Raw material PP - Produced SA

1 1 Panel_70Wp Multiple (alu frame) Imported
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Item 
No. Extension-130/QTY. Name Material Remarks / Drawing. No.

4 1 M6x120 Galvanized steel Bought in local shops PP

3 1 SUB-4200-Arm-Right Galvanized steel Includes 2x M6x25 Flathead, 2x M6 Nut and 2x M6 
Washer

2 1 SUB-4100-Arm-Left Galvanized steel Includes 2x M6x25 Flathead, 2x M6 Nut and 2x M6 
Washer

1 1 Panel_130Wp Multiple Imported
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Item 
No. Qty. Name Material Remarks / Drawing. No.

6 6 3,2x8 Blind Rivet Aluminium Bought in local shops PP

5 2 M6 Nut

4 2 M6 Washer

3 2 M6x25 Flathead Galvanized steel Bought in local shops PP

2 3 PRT-4102-Clip Galvanized steel Raw material PP - Produced in SA

1 1 PRT-4101-SupportArm Galvanized steel Raw material PP - Produced in SA
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On the following pages a calculation of the cost 
price (for the battery box and the mounting system) 
is given. It is an estimation of costs for all parts and 
components. The labour costs, packaging and 
accessories are not included in the calculation.
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