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1. Introduction

Background & Rationale

As a part of its renewable energy sector activities in Cambodia, SNV is implementing the Advanced Clean

Cooking Solutions  (ACCS) [www.advancedcleancooking.org] project to bring to scale a business model
based on a product combination of the most effective advanced clean cook stoves with the most effective

renewable biomass fuels. The focus is on clean and healthy biomass cooking solutions [stove + fuel +

behavio ral change]. The project brings proven advanced clean cooking technologies to Cambodia to

complement existing improved cookstove product offerings available to end -users. To address absence of
existing market structures for these stoves, a comprehensive su ite of market -making activities will be
implemented that result in a self -sustaining commercial sector with private entities as main actors.

Part of this project includes the testing of fuel types (e.g. woodchips, pellets) with gasifier stove
technologie s to understand optimal and most feasible combination for commercial replication. The
combined use of the woody biomass fuel products and advanced clean cookstoves are expected to halve
the cooking costs compared with charcoal.

Objectives

The objective of  the present assignment is to determine the optimal fuel source for fan powered gasifier

stoves, more specifically in this case for the Philips stove ( mo d e | HD4012) ( fiHdicobksips st oveo)
Cambodia, and compare performances against baseline stove m  odels.
Abstract

The Philips stove is a high performance, improved and clean cookstove. To evaluate its potential
successful introduction in Cambodia, a variety of tests have been carried out, assessing its operation with
locally available traditional and i nnovative fuel types and comparing it to traditional cookstoves and
cooking practices.

The stove has been tested with over 13 types of fuel, first qualitatively and then quantitatively through

water boiling tests and controlled cooking tests. In all tests, the Philips stove performed better than the
traditional cookstoves available in Cambodia, and its performances showed an impressive consistency
through very low standard deviations of the average values obtained in the different tests.

The stove 6 snain st rength appears to be its versatility in functioning well with a vast diversity of types of

fuel and its easy and consistent operation. The qualitative feedback received from the cooks performing

the controlled cooking tests was positive, in terms of appeal ing design, ease of use and fuel
consumption, with the exception on deep concerns about the potential price of the stove.

For its future potential commercialization, fuel seems to be the key aspect in terms of possible cost

saving, overall performances and consequent acceptance. A few fuels have been selected and suggested
to accompany the commercialization of the new stove, based on their performances, availability, prices

and preprocessing requirements.



2. The Philips stove

The Philips stoveisa moder n fAgasifier //

designed by Philips Research Laboratories in
Eindhoven, with the aim of reducing cooking fuel
consumption and at the same time indoor air
pollution while cooking.

The stove principle is not complicated: air is forced

into a combusti on chamber at the top and bottom
of the chamber. Intense heat at the bottom

fi g asi fthéfaes(dbiomass) and the injected air

burns the gases at the cooking surface.

The stove has a modern and appealing design. The

outside of the stove is made of stainles

while the combustion ¢ hamber is isolated with
ceramic material , which contributes effectively to
containing the heat and avoiding that the exterior

of the stove gets excessively hot.

The flame is mostly smokeless once the stove is
running (differing however onthe type of fuel \
used). Through a knob position ed at the base of

the stove it is possible to regulate the speed of the

s steel,

fan, giving the possibility to regulate the intensity
of the combustion (gasification) of the fuel. The
regulation has a continuous spectrum between the

two extremes

- lowfanspeed 171 low power/lower temperature, low fuel consumption

- high fan speed i high power/higher temperature, higher fuel consumption

/

Figure 1 i technical drawing of the Philips Stove

The battery has a capacity for a cooking duration of about 21 hours per manufacturerd.s
SNV staff validated this by runnin g a new Philips stove continuously for 24 hours before the fan turned

off. The cookstove comes with a battery charger, which can charge the battery in 2

light on the battery charger , signals when the battery is charging and when completel y full (red

charging; green  -- > full). The stove can be used also while attached to the ba ttery charger . The

manufacturer recommends a 5 watt solar panel, which is combined with a special regulator to reduce the

voltage to 7.2V, to charge the Philips 6

V battery.

2.1.Qualitative feedback on the stove about appearance and usage

Figure 2 i examination of the
new stoves

Four Philips stoves have been used for the testing activities.

-3 hours. A useful
-—>

In

general, the stoves  have a very appealing  design and raised a

significant interest  in those that observed it for the first time.

Taking a closer look at the stoves, when taken out of the box,

small scratches could be observed , especially at the bottom of the
stove and small breaks at the inner cer amic insulationds top

In addition some stoves w ere mostly covered in dust, which

seemed to be dust from the ceramic material used for the inner

insulation. All these small imperfections seem to derive from

careless handling of the materials and the s toves during the stove

assembling, storing and packaging in the manufacturing factory.

Even though the few scratches,

the operation of the stove, they could negatively impact a

s ma l

break

potenti al buyerés qual aminestipestovewhert i on, who

it is taken right out of the box.

The stove is surprisingly light, especially compared to traditional

stoves in Cambodia, and it is very practical to handle . The stove

has two useful handles on the side s and also during operation

and after cooking, the outer

which permits to touch the stove without getting burned. However

s ki

’
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<
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this is not always the case and some precautions need to be

taken. The stove is the coolest on the outside skirt, while runni ng
with the fan at full power. The secondary air flowing inside the

stove, contributes to keeping the outside skirt cool, even though

the temperature inside the combustion chamber is at its highest.
When operating the stove at low power, the secondary airf low is
weaker, and despite the lower temperature inside the combustion
chamber, the outside skirt of the stove heats up and it requires

some attention to avoid burns. When turning off the stove
completely after cooking, the air insulation represented by th e

secondary air is completely missing and the outside skirt of the

stove can heat up si gnificantly and it requires attention to avoid

burns. In fact, for a new user , which doesnodt under st an
operation principle of the stove, the heating behavior of the

outskirt of the stove could result counter intuitive and therefore it

would eventually require some preliminary warning or practice to

understand it.

The stove works remarkably well, in terms of efficiency of the
combustion chamber and heat transmission to the cooking pot ,
with a high variety of fuels. Also its operation in terms of fuel

loading, igniton, f uel fArel oadi ngodo and,isqliteeani ng/ emp
Figure 3 1 touching the stove practical, however the fuel used needs to be of a relatively small
while operating at full power size. This subject is further discussed in detail in the following

paragraphs.

3. Types of fuel and qualitative tests

3.1.Types of fuel identified in Cambodia

The fuels identified and used for t he qualitative  testing of the Philips stove are the following:

1. Commercial fuel wood

- Description : com mercial wood is defined as firewood that can be bought in shops in Cambodia . Itis
composed by a mix of different tree species , ranging from Eucalyptus and Acacia wood ( higher
quality firewood) to rubber tree wood (low quality firewood). Commercial wood is sold in bundles  of
dry cut -sfitw ocekdbpdiced by the bundle. Average weight of the bundle is 2 kg, the length of
wood sticks is about 33 cm and a bundle contains an average number of 3to5 sticks.

- Source and availability : commercial wood can be purchased and is widely available in shops in
Phnom Penh and in provincial towns. These small shops usually sell basic groceries and household
products and an assortment of cooking fuels, from LPG, traditional charcoal, char -briquettes and
wood.

- Price: 500 Riel/bundle --> 250 Riellkg

- Preprocessing requirements  : commercial wood needs to be cut in an approximate size of 9cm x
1.5cm x 1.5cm . The cutting oft he woo d can be done with a small axe. Cambodians are already used
to cutting and chipping traditional charcoal and w ood for cooking, but usually not at the small size as
required by the Phillips stove. A possible solution for the future could be to preprocess and sell the
wood fuel already in the required size.

- Effectiveness : commercial wood (when cut small ) works very well  to fuel the P hilip stove. It makes
no visib le smoke, no sparks, a bright regular flame and has a long duration.

2. Natural wood (Acacia wood)
- Description : natural wood is defined as the wood directly harvested from trees. In this case, small
very dry branches of Acacia were used . Acacia trees belong to the fast growing species widely

present in Cambodia, for example planted at road sides and to delimitate land borders.

- Source and availability : natural wood is cut directly from trees and is the main source of cooking fuel
in the provinces , where itis largel y available. It can also be found and it is used in suburban areas,
but it is quite uncommon , and its sup ply and use is occasional



- Price : usually for free, just needs to be directly ha rvested and eventual transportation costs.

- Preprocessing requirements  : natural wood has been cutin an approximate size of 9cmleng th with a
diameter of 1 .2 cm. The cutting of the wood can be done by hand (breaking), when the branches are
small, or with a small axe. Cambodians are already used to cutting and chipping traditi onal charcoal
and wood for cooking, but usually not at the small size as required by the Phillips stove. Natural
wood, when freshly harvested , also needs to be dried first for about 2-3 weeks, before it can be
efficiently used for cooking purposes .

- Effecti veness : during the tests, very small dry branches were used. The combustion (gasification)
produced a good fl ame, with no sparks and no smoke. However, the fuel was consumed relatively
quickly.

3. Corn cobs

- Description : corn cobs are defined as the inner part of the corn cob. After the corn seeds are
removed, the inner  part remains as agricultural waste. When supplied , it is usu ally already very dry
and comes in a practical small cylindrical size of approximate 5cm leng th and 2.5 in diameter.

- Source and availability : besides small quantities deriving from the use of corn in the city (for food),
corn cobs are largely  available in the provinces with corn plantations and farms (Battambang, Pailin,
Ratanakiri, Kandal).  The s eeds are separated from the cob with machinery, directly at the farms and
the inner cob is the remaining waste. The corn cobs are either thrown away or sold to factories
running gasifiers. In the city, the corn cobs waste (deriving from food waste) are som etimes used as
fuel by street food vendors (not regularly, only when available).

- Price: 1bag (20 -25kg) 1 2000 Riel/bag (this price was charged by an ice -factory in Phnom Penh,
which runs a gasifier also with corn cobs )

- Preprocessing requirements  : the corn cobs need practically no preprocessing. | tisaverys oft
material and eventually it can be b roken with the hands if needed

- Effectiveness : the corn cob is a suitable fuel for the Philips stove. It burns wi th a clear flame, with no
smoke and no sparks . The duration of the combustion is medium/short compared to the natural
wood.

4. Coconut shells

- Description : coconut shells are the hard shells of the mature coconut, after the husk (the fresh green
fiber on the outside) has been removed.

- Source and availability :the coconut shells are widely available in markets in Cambodia, where stalls
process mature coconut s, extracting the water and the mea t, leaving the empty shells.

- Price: prices range between 50USD  -75USD per metricton  + transportation co  sts. Coconut shells are

usually sold by metric tons and not a t retail level.

- Preprocessing requirements  : the coconut shells when purchased come in half shells. B efore being
used in the stove they need to be crushed in smaller pieces of an approximate size (area) of 6cm x5
cm, and the shells have an average thickness of 0.5 cm . The crushing can be done with a hammer or
with an axe, but could result quite difficult, la  bor intensive and not  practical. For the testing, the
coconut shells were crushed with an industrial biomass crushing machine

- Effectiveness : Coconut shells are within the best fuels tested in the Philips stove. It is comparable
with commercial wood in terms of good flame intensity, no sparks and no smoke .



5. Coconut husk

- Description : the coconut husk is
the outside fiber of the coconuts.

- Source and availability :the
coconut husk is wid ely available
in Cambodia in markets or from
coconut vendors on the street S.

- Price: fresh coconut husk can be
collected for free on the side of
markets and streets, and also
directly from shops (eventually
transportation costs). A bag of
already dry coconut husk has
been purchased for 1,000 Riel
(7kg/bag).

Figure 4 T Crushing of coconut husk

- Preprocessing requirements  : the coconu t husk usually needs to be
dried before it can be used as fuel. The drying can take up to a
couple of weeks in the sun. The coconut husk also needs to be cut
or crushed before it can be used in the stove. The cutting by hand is
quite difficult and labor in  tensive, while the crushing is done with
industrial machinery.

- Effectiveness : when burned, the small hand cut coconut husk
produces small to high amoun ts of smoke (depending on the fan
speed) and it presents some  difficult ies to reload the stove while
cooking, due to the sizes of the pieces.

The crus hed coconut husk (by machine) become s a veryairy Aiwo-ol
|l i keo materi al, which i s easiippduces@ f
high flame, with some smoke and some sparks , and it burns
relatively quickly, resulting  in unpractical use for cooking, since the
cook needs to constant ly refill the stove with  fuel. Figure 3 i sparks produced
by coconut husk used in the
Philips stove
6. Sugar cane waste
- Description : the sugar cane waste consists in the already pressed, squeezed sugar can e, once the

juice has been extracted.

- Source and availability :the sugar cane waste is a w idely available waste, collecta  ble from sugar cane
juice vendors and in markets.

- Price: sugar can e waste can be collected for free (eventually transportation costs).

- Preprocessing requirements  : the sugar cane waste usually contains high moisture content and it
needs to be dried at the sun for up to one wee k. Itis a very soft material , which can be cut by hand
with an axe or a knife.

- Effectiveness : sugar can waste burn s very quickly, producing a very big flame, including smoke and

in some cases a lot of sparks. Its density is very low, w hich means that one  full | oad in the Philips
stove can contain maximum 50 gram, requiring the stove operator (the cook) to constantly refill the
fuel.

7. Bamboo

- Description : bamboo is a widely available fast growing species. Bamboo waste is defined as the

bamboo which is disposed at the end of its lifetime (when it cana be used anymore for its original
purpose).
- Source and availability : bamboo is widely used as scaffolding material and in construction all over

Asia. After several years (over 4 -5years) , whenthe bamboo starts deteriora ting it is disposed and
usually used as combustion material.



- Price: unknown

- Preprocessing requirements  : fresh bamboo needs to be dried before it can be used as fuel. In
provinces, when bamboo is harvested for fuel, it gets cut and split before drying which can take a
few weeks. In urban areas, the available bamboo waste is usuall y already very dry. When collected
inurban areas, the bamboo needs to be cut in pieces, since it comes usually in long poles, and needs
to be further split to fit the Philips stove. The average size used in the testing is 7.5cm x 1.8cm x
1.5cm. T he cutting (in length) can be done with an axe (labor intensive) or with machinery
equipment, as for example an electric wheel saw. The splitting can be easily done by hand with a
small axe.

- Effectiveness : dried bamboo is a quite good fuel, just a little bit below commercial wood. It burns
with a clear flame, with no sparks and no smoke, and is easy to ignite.

8. Rice husk

- Description :rice huskis an agricultural waste,  the outer
fibrous case of the rice, which results after the cleaning of
the rice.

- Source and availability  : rice husk is widely available in
Cambodia, since Cambodia is one of the main rice producing
countries in the world. Rice husk can be purchased from rice
processing factories in bags in la rge quantities in the

provinces as well as in urban areas (for exam ple in Phnom
Penh).

- Price: 2,000 Riel/bag (1 bag ~ 20kg , price in Phnom Penh ).

- Preprocessing requirements @ r i ce h u srkquictoamys n ot
preprocessing. It actually is available already in two types. (i)
whole rice husk (most common) and (ii) crushed, simi lar to
saw dust and used also for animal (pigs) feeding. The
sizeltype of rice husk depends from the machinery that is
used for the processing/cleaning of the rice.

- Effectiveness : rice husk can be used as fuel in the Philips
stove, which is not possible to do in the traditional
Cambodian stove s. However, the combustion produces smoke
and sparks, the temperatures reached are low and the stove

needs to be constantly refilled. The main problem of this type
of fuel is that after about 30 minutes at high power
operation , the combustion chamber of the stove is filled up
completely and it is not possible to continue using it, unless it
is emptied.
Figure 6 1 two types of rice husk
9. Rice straw

- Description :therice straw is an agricultural waste and it is the
stem where the rice seeds grow.

- Source and availability :rice straw is widely available inthe
provinces from rice farmers. It is sometimes used as food for
cows, buffalos and horses when fresh grass is not available (very
small utilization compared to the availability).

- Price: 10 USD for 1 full ox -cart

- Preprocessing requirements  : Usually rice straw is collected into
bundles. Rice straw can be easily cut with a knife ora common
scissor, to fit the stove.

- Effectiveness : the maximum loading capacity is about 50 gram,
but the fuel is consumed very quickly with a very big flame, and it
produces some smoke and sparks.

Figure 7 1 rice straw used as
fuel in the Philips stove



10. Sugar Palm Fruit bunch

Description :the sugar pa Im fruit comes from the Borassus flabellifer, the Asian palmyra palm, or
Cambodian palm, which is native to the Indian subcontinent and Southeast Asia. The fruit bunch is
an agricultural waste, once the meat of the fruit has been removed frominsid e.

Source and availability : at Sugar Palm plantations (like Kampong Speu province) or as food waste
also in urban areas.

Price: unk nown/free

Preprocessing requirements  : needs to be cutw ith a small axe which can present difficulties , due to
the chewy/rubbery texture of the fruit bunch
Effectiveness : this type of fuel is very difficult to ignite; it hardly burns , producing a small flame and

low heat. At the same time it also produces smoke.

11. Saw dust

12.

13.

Description : Sawdust or wood  dustis a by -product of cutting, grinding, drilling, sa nding, or
otherwise pulverizing wood with a saw or other tool s; it is composed of fine particles of wood.

Source and availability : Itis available from small wood industries in Phnom Penh and in the
provinces. It is widely available.

Price: 2,000Riel/bag (1 bag ~ 3 0kg).
Preprocessing requirements  : none.

Effectiveness : Saw dust actually surprisingly burns well in the Philips stove. However it creates a
very high amount of sparks and the fuel needs to be constantly refilled while operating the stove,
which makes it very unpractical.

Saw dust  pellets

Description : saw dust pellets are the most common type of fuel pellets. Pellets ar e made from
compacted sawdust

Source and availability : Saw dust pellets are not available in Cambodia. For stove testing, wood
pellets were ordered from Ho Chi Minh  City in Vietham. A factory producing wood pellets has been
identified in Cambodia, which however produces on ly for the export market (Korea ).

Price: ~0.15 -0.28 USD/kg
Preprocessing requirements  : none.

Effectiveness : saw-dust pellets burn efficiently in the Philips stove, producing no sparks and no
smoke. The ignition can be a little difficult and slow, needing to place a starter on top of the pellets
and th en more pellets need to be fed in for full ignition. Wood pellets can be easily refilled in the
stove with a spoon.

Rice -husk pellets
Description : Rice-husk pellets are made from compacted rice husk

Source and availability : Rice husk pellets are not available in Cambodia. For the Philips stove testing,
rice -husk pellets have beenimported from Ho Chi Minh City in Vietnam.

Price: ~0.15 -0.20 USD/kg
Preprocessing requirements  : none.

Effectiveness : rice -husk pellets burn very similarly to  saw-dust pellets, but with a visibly shorter
duration. Rice -husk pellets can be easily refilled in the stove with a spoon.

10



3.2.Summary table of fuel used for testing the Philips stove

Type of Fuel

Source

Availability

Processing

requirements

Commercial wood .
P e Needs to be cut in
; Shops i urban 50 0R/bunch small pieces
1 areas and VERY HIGH 250 Rlkg (9x1.5x1.5¢m)
rovinces (price for Can be cut with a
P Phnom Penh) small axe or with
machine saw.
Needs to be cut in
Urban areas - small pieces (9cm
VERY LOW length; 1.2
Urban areas and .
2 rovinces free diameter)
P Provinces i Can be cut with a
VERY HIGH small axe or with
machine saw.
Mainly farms in ZOO?ZRO/ l?ag
provinces
3 (Battambang, VERY HIGH 25kg/bag) NONE
- . in Phnom
Pailin, Ratanakiri,
Kandal) Penh
80-100R/kg
Phnom Penh and Phnom Penh i Needs to be cut or
province, at HIGH crushed to an
4 coconut 200 -300R/kg aprox. size of
processing shops Provinces - 5cmx6cm
in markets) UNKNOWN (thickness 0.5 cm)
Urban areas and
provinces already dry
(coconut 1000R/bag
5 processing shops, HIGH (7kg/bag) Needs to be cut or
. crushed.
different from
coconut shells fresh - FREE
shops)
Sugar cane juice .
vendors in urban HIGH FREE an be easily cut
6 with a small axe or
areas and .
; knife
provinces
Urban areas (after Urban areas N_eeds o be cut
beina used for Urban areas unknown pieces of 9 -10cm
g us UNKOWN length and then
scaffolding for . .
7 . . chipped/splinted
construction) and . Provinces .
. Provinces VERY Can be done with
provinces (fresh 3700R/plant .
HIGH - an axe or with a
plants) 1 Plant=9m ;
machine saw
No need for pre -
Urban areas and Eﬁ::smg}ea d irl]t
8 provinces (at rice VERY HIGH 100 Riel/kg Y
mills) two forms (whole
and crushed)
Needs to be cut
9 Provinces in rural VERY HIGH 10USD/ox Wlt_h a scissor or a
area cart knife to fit the
stove.
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Sugar Palm Fruit
Bunch

11

12

13

Needs to be cut
Provinces UNKOWN/ with an axe (made
(Kampong Speu) UNKOWN FREE difficult due to its
rubbery texture)
induitr:;sg ;,r\:ouorclian 60-70R kg
HIGH (2,000R/bag; NONE
areas and
: 1bag~30kg)
provinces
Imported from
Vietnam 0.15-0.28
Only one factory USD/kg
in Cambodia LOCALLY NONE | (import price NONE
exporting all its from
production to Vietnam)
Korea
0.15-0.20
Imported from USD/kg
- LOCALLY NONE | (import price NONE
Vietnam
from
Vietnam)

Figure 4 - Assortment

of fuel, pre -processed and

ready to be used in the Philips Stove
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Figure 5 - Assortment of fuel, pre

-processed and ready to be used in the Philips Stove
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3.3.Qualitative tests results

The table below summarizes the qualitative tests performed on the Philips stove with the different types of fuel, specifying their indicative duration (from ignition until
residual glowing, not being able anymore to provide significant heat i no flame) at different fan speeds (~100g of fuel), description of the flame, amount of smoke and
sparks produced, the type of residues (char or ash) and the type o f ignition used. For all tests, indirect ignition has been used, whic h means with an external starter (in

this case coconut dust and wax cube s, produced by SGFE.)

Qualitative preliminary Testing

Characteristic of Sample

Operation and loading of

the stove T Ignition
Lfavel of Loading mass Indicative d uration Direct Indirect
air used
Min 101 32 Medium No No + +
1 Commercial wood Mid 103 31 Medium No No + +
Max 103 29 Medium No No + +
AVG 30: 40

Starting instructions:
- put starter in the middle ( easy to make combustion and avoiding smoke)
- All level of air using

Min 101 27 Big No No + +
2 Natural wood Mid 100 24 Big No No + +
Max 100 20 Big NO No + +

AVG 23: 40

Starting instructions:
- put starter in the middle ( easy to make combustion and avoiding smoke)
- All level of air using

Min 101 26 Medium No No + +
3 Corn cobs Mid 100 23 Medium No No + +
Max 101 15 Medium No No + +

AVG 21:2 0

Starting instructions:
- put starter in the middle or above ( easy to make combustion and avoiding smoke)
- All level of air using

14



Quialitative preliminary Testing

Characteristic of Sample
Operation and loading of

I—— Combustion Residues Ignition
L_evel of Loading mass Indicative t_juratlon Flame Char —_ Direct i
air used (©)) min
Min 100 34 Medium Little bit No + +
4 Coconut shells Mid 101 32 Medium No No + +
Max 101 31 Medium No No + +
AVG 32:20

Starting instructions:
- put starter in the middle ( easy to make combustion and avoiding smoke)
- All level of air using

Min 102 26 Medium A lot Little + +
5.1 Coconut husk cut, not Mid 103 19 Medium Little Litlle + +
crushed
Max 103 16 Medium Little Little + +
AVG 20:20

Starting instructions:
- put starter in the middle ( easy to make combustion and avoiding smoke)

- High level of air using and fill the stove with 60% of small Coconut husk non -crushing (quickly — add more)
Min 102 16 Big Little Little + +
5.2 Coconut husk crushed Mid 101 16 Big Little Little + +
Max 102 15 Big Little A lots + +
AVG 15:40

Starting instructions:
- put starter above easy to make combustion and reducing smoke
- All level of air using and fill the stove with 60% of Coconut husk crushing ( burn very fast)

15



Quialitative preliminary Testing

Characteristic of Sample

CREEEEnl] i) o Combustion Residues Ignition
the stove
L_evel of Loading mass Indicative t_iuratlon = Char — Direct [N o
air used (©))
Min 100 7 Big Little Little + +
6 Sugar cane waste Mid 101 6 Big Little Little + +
Max 102 6 Big Little Alot + +
AVG 06:20
Starting instructions:
- put starter above ( easy to make combustion and avoiding smoke)
- All level of air using and fill the stove with 60% of sugar cane waste ( burn very fast)
Min 102 26 Medium No No + +
7 Bamboo Mid 103 23 Medium No No + +
Max 101 18 Medium No No + +
AVG 22:20
- put starter in the middle and under ( easy to make combustion and avoiding smoke)
- All level of air using
Min 100 32 Medium Alot A little + +
8.1 Small/crushed rice husk Mid 100 29 Medium Alot Alot + +
Max 100 24 Medium No Alot + +
AVG 28:20
Starting instructions:
- put starter above easy to make combustion and avoiding smoke ( have smoke unless we fill much amount of rice husk in the stove )
- High level of air using and fill the stove with 30% of small rice husk (quickly add more)
Min 100 27 Medium Alot A little + +
8.2 Big/whole rice husk Mid 100 19 Medium A little A little + +
Max 100 16:55 Medium NO A lot + +
AVG 20:40
Starting instructions:
- put starter above easy to make combustion and avoiding smoke ( have smoke unless we fill much amount of rice husk in the stov e)
- All level of air using and fill the stove with 30% of big rice husk ( quickly add more)
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Quialitative preliminary Testing

Characteristic of Sample
Operation and loading of

I—— Combustion Residues Ignition
L_evel of Loading mass Indicative (_1urat|on = Char — Direct [N o
air used (©)) min
Min 100 11 Big Little Little + +
9 Rice straw Mid 101 10 Big Little little + +
Max 102 9 Big Little Alot + +
AVG 10

Starting instructions:
- put starter above ( easy to make combustion and avoiding smoke)
- All level of air  using and fill the stove with 60% of rice straw ( burn very fast)

Min 101
10 Sugar Palm fruit bunch Mid 103 Difficult to make fire
Max 105
Starting instructions: NONE
Min 100 29 Small alot Little bit + +
11 Saw dust Mid 100 28 Small a lot Alot + +
Max 100 25 Small No Alot + +

AVG 27:20

Starting instructions:
- put starter above ( easy to make combustion and avoiding smoke in the condition of using air max)

- High level of air using and fill the stove with 30% of saw dust(quickly add more)
Min 100 27 Medium No no +
12 Saw dust pellets Mid 100 26 Medium No no +
Max 100 25 Medium Alittle no +
AVG 26:00

Starting instructions:
- put starter above ( put starter above, slow start even using air max)
- All level of air using
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Quialitative preliminary Testing

Characteristic of Sample
Operation and loading of

I—— Combustion Residues Ignition
L_evel of Loading mass Indicative t_juratlon Flame Char —_ Direct i
air used (©)) min
Min 100 24 Medium No no +
13 Rice husk Pellets Mid 100 23 Medium No no +
Max 100 21 Medium A little no +
AVG 22:40

Starting instructions:
- put starter above ( put starter above, slow start even using air max)
- All level of air using
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