Testing ways to produce the most efficient firebrick out of waste paper at NaDEET, as
a sound alter native to firewood cooking.

INTRODUCTION

Deforestation is one of the major environmentabfgms in Namibia. But just what is deforestation?
Deforestation is the permanent removal of natuigdbwing trees by humans. Trees in Namibia are
removed for various reasons such as for firewoadding materials and to clear croplands. With the
increased demand for firewood and timber, moreraack trees are being removed at a faster ratethiegn
are being replaced, if at all (World Bank GroupQ2p With the current increase of deforestation in
Namibia, the following environmental consequenaesoa the increase too, soil erosion, biodiversisg
and desertification.

According to Ward (2002) “There is more of a probléhan the depletion humans cause to trees andthat
the effect these removals of trees have on the@mwient. These removals are changing the way energy
from the sun enters and escapes the earth’s atmi@sfitus changing the global climate”. As more and
more trees are removed, more and more carbon @dexidleing released into the atmosphere as there ar
fewer trees to absorb the carbon dioxide in theoaphere. This carbon dioxide is then left out i th
atmosphere contributing to climate change.

The way to reduce deforestation in Namibia is ol fand test a practical alternative to firewooduitable
alternative being promoted at the Namib Desert EBmmental Educational Trust (NaDEET) is re-using
waste paper to make firebricks that can be uséueiplace of wood. This has the added advantage of
recycling a waste product originally made out oodo NaDEET is located on the NamibRand Nature
Reserve which is located in the Namib Desert. thé&efore important that trees are saved in tt@a due to
the fact that there is low rainfall and therefoegwfew trees are found in the area. Firebrickshateonly
easy to make, they are good for the environmenipaogle do not have to travel long distances incbeaf
firewood. Firebricks solve the problems of wastenany places as waste paper is used in the makihg o
firebricks and not as much carbon dioxide is reddaato the atmosphere as with firewood.

Because it is the aim of NaDEET to teach Namibalysut sustainable living, the firebricks are used a
way of teaching people about ways of reusing dffiematerials for other useful products, suchrabficks
that are more eco-friendly and contribute to theseovation of the natural environment. Using fireks is
a good thing as studies show that they release#bsn monoxide into the atmosphere than burning
firewood does (Carty, 2009).

The focus of the project was recycling and the aifrthe project was to determine which waste pragluct
and which production method is the best to crdaeanost efficient firebrick. Two criteria were ds®
determine the ideal firebrick. It was the one thvatught a litre of water to boil in the shortestipé of time
or which got the temperature of the water to behighest.



OBJECTIVES

The overall aim of the project was to contributestigtainable living by reusing the waste paper igdeé at
NaDEET Centre and NaDEET Base. School childreralieady being taught how to make firebricks from
this waste paper but the firebricks do not alwaystwell. Therefore this project aimed to tesfatiént
materials and methods of making firebricks to trymiprove the firebricks that are currently made at
NaDEET. An added advantage was that by makingricks the project will provide an environmentally-
friendly alternative to firewood, and so meet thelegical aim of reducing deforestation.

The specific objectives of the project were:

1. To adapt the present recipe of making firebrickstesting different types of waste paper, different
combinations of these materials and different artoahcompression.

2. To compare the efficiency of the different fireliisdoy testing how long each firebrick took to kil
litre of water and for how long each brick remaitengining.

3. To teach Namibians, i.e. the school children androanities that visited NaDEET, the new
improved way of making firebricks and to make theware that these firebricks are an efficient
alternative to firewood for cooking food.



MATERIALSAND METHODS

Materials

Old newspapers Egg cartons
Food wrappers Office paper
Cereal boxes Cardboard boxes

Saw dust Drying rack

Water Fuel-efficient stove
Buckets 1 litre container
Kettle 1 kg yoghurt container

Timer (watch)

Figure 1: Materialsto be used to make a mor e efficient firebrick



METHODS
Objectives 1 and 2 were tested using a seriespdrarents

1. ADAPTING AND TESTING DIFFERENT METHODS OF MAKINGIREBRICKS:

The method that used to be used to demonstratedhovake firebricks at NaDEET is given in the box
below. A series of experiments were done to tfigdent materials and two different amounts of
compression to see if the method could be improvdtthe firebricks made were tested in a fuelaént
stove to see how well they burnt.

OLD METHOD THAT USED AT NaDEET TO MAKE FIREBRICKS:

The materials are torn into the smallest possildegs.
All the pieces are then put in a bucket.

Water is added (just enough to make the papers wet)
Once the mixture is wet, it is mixed into a smogpdiste.
Sawdust is added to the mixture to increase itgyatn burn more effectively and it is then
well mixed in the bucket (as sawdust is relativa@tgrce, the amount added is limited).
The mixture is placed into the brick maker (full)

The mixture is well compressed to get rid of as Imwater as possible.

The water is captured and re-used on the compost.

The brick is carefully removed from the brick makeess.

0 The firebrick is then placed on the drying rackitg out (for more than two days)
(Pfenning, person communication, 23 February 2010)
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Control Experiment

2.1 First five control bricks were made, using $hene ingredients as currently done at NaDEET. The
efficiency of these firebricks were tested.

Note: Although it would have been interesting to testksiusing different amounts of sawdust, the supply
of sawdust at NaDEET is too limited to have alloveggerimentation.

Experiment 1:

Five bricks were made from each of the five différypes of waste paper i.e. cereal boxes, eggrsrt
food wrappers and old newspaper and used officerpdpese were made using the original recipeddrie
and then tested to develop the best firebrick. &ffieiency of the bricks made was then tested funeh
efficient stove by timing how long each firebriadok to boil a litre of water as well as timing héang
each remained burning afterwards.

Once all the firebricks made from each of the mal®had been tested, the three materials usdaein t
firebricks that allowed 1 litre of water to boil titat reached the highest temperature were selémted
further testing in the next experiment.

Experiment 2:
The selected materials were combined in and usethke five new firebricks. Once dry, the efficigruf
the bricks were again tested in the fuel effici&ote to see how long each took to boil a litrevater and
keep burning.



Experiment 3:
The 3 waste material combinations that proved raffigient in Experiment 2 were further tested te e
the application of less compression when squeeaihghe water might improve the burning efficierudy
the firebricks.

Ten firebricks were made using the most promisiagtes material combinations. Five firebricks were
compressed as much as possible before drying emdavére less compressed. The volume of water ptesse
out of the fully compressed firebricks was measufée: remaining firebricks were then compressed unt
only half that water had been pressed out. A slé@itdtying rack was made using a 1m x1m wooden frame
and mesh wire. Both sets were placed on a dryicigtadry completely. Once dry, both sets werestbgt

a fuel-efficient stove to time how long each toolbbil water and how long each continued to buire T
results obtained from fully compressed firebrickergvcompared to that of the half compressed fickbri

Experiment 4:

In this experiment, the method that worked bestxiperiment 3 (half compressed) was used to make fiv
new firebricks using all the materials excect caat boxes. Cardboard boxes were omitted becaage th
can be directly used with the firebricks to sthd fire in the fuel-efficient stove and are todidiflt to tear.

Experiment 5:

Following a visit by the community members from hMatal, an additional method used by them of adding
more paste to the firebricks after compression agenvery large bricks was also tested. In this expnt,

five more firebricks were made using all materesept cardboard boxes. These firebricks were rfrade
the same paste as the firebricks made above imiengr@ 4. The only difference was that additiopaste
was added after compression to the compressingineahd the water again pressed out. This was done
until the press could no longer accommodate anyerpaste. The five firebricks were therefore bigban

all the other firebricks. This was done to test thibe size had got any effect on the burning offitledricks.

2. CREATING AWARENESS OF THE VALUE AND EFFICIENCYF FIREBRICKS:

In future, the new recipe of making firebricks waie introduced to all the visiting school and camity
groups visiting NaDEET. It will be explained to fgegroups why the new recipe is being used anditwy
important that this recipe should be used withendcbmmunities from which these groups come. Theach
chiIdren}wiII be encouraged to pass on what theyehearnt about firebricks to the communities.

Figure 2: How firebricks are made at the NaDEET Centre Source: NaDEET

Now that the project has been completed and alll#te collected and analysed, the new improved
recipe will be written up and included in a booKexh “It’s time to be efficierit The new, improved
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recipe will be used at NaDEET to teach the visiBogool and community groups that there is a more
environmentally sustainable way of obtaining fun&lrt cutting down trees for firewood.

4, TESTING THE EFFICIENCY OF THE FIREBRICKS WITH OTHERUEL SOURCES
During one of the visits with the community grotgsts were done to determine how much water a given
amount of firewood, cheetah blocks and firebricksld heat. The fuel sources were used in diffefasit
efficient stoves.

Results

Figure 3 shows the results of how long each ofitkbricks made in the old way. These were useiti@s
control firebricks. The time that each firebriclokoto burn varied from 7-10 minutes.
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Figure 3: Total time that each of the control firebrick tamkburn. These firebricks were made using only
newspapers and cardboard boxes using the way #RENT was making the firebricks before the project.

Experiment 1

The graph in figure 4 shows the time in minutes &aach of the five firebricks made out of eachhaf t
materials took to burn in the fuel-efficient stodthough one of the office paper firebricks butimé
longest this was only because it was smolderingreedied fanning.

The newspaper firebricks burnt most quickly. Othsenthe results were similar for all the firebritksted
and these results could not directly be used teradehe which to choose for the next experiment.yTtbhek
5-7 minutes to burn.

Therefore the number of firebricks that succesgfiodliledl litre of water was assessed. Figure &vshbe
results and the most successful were the four vaagping material firebricks and the three cerealds
firebricks. Two each of the newspapers, egg carmascardboard boxes boiled water. To choose wdfich
these were successful. | looked at the temper#teraater reached and this is shown in figure 8.
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Figure 4: The time that each firebrick made from the indiiatimaterials took to burn.
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Figure5: The figure shows the average time that each fickbriade from the individual materials took to
burn.
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Figure 6: The number of firebricks from the individual ma&és that boiled water out of five trials.
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Figure 7: The average time that the five firebricks from imividual materials took to boil water in the
first experiment.
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Figure 8: The average temperature of the water that did oibirbthe newspapers, egg cartons and
cardboard boxes.

Experiment 2

Figure 9 below showsow long each of the combined firebricks burnt.sldgwiaph shows that even the
firebricks made from the same materials and asémee time have different efficiencies. Burning time
varied from 4-8 minutes.
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Figure 9: The total time that each firebrick from the newsgrapegg cartons and food wrapping ( fully
compressed) took to burn.



Experiment 3

Figure 10 clearly shows that the half compressesbricks burnt more quickly while figure 11 shothst
these firebricks heat water in a short time. Eveugh the fully compressed firebricks burned ftorager
time on average, they often went out and needée telit. Therefore the half compressed firebrickse

considered to be more efficient.
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Figure 10: The comparison of the burning time in each firdbfrom the half and fully compressed
firebricks.
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Figure11: The average total time that each firebrick in theofid experiment burned
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Experiment 4 and 5

Figure 12 and 13 compare half compressed anddaltypressed large firebricks made using a combimatio
of all the materials except cardboard boxes. Fig2rehows the burning time of each brick and figL8e
gives the average burning time.
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Figure 12: The total time that each firebrick burned in tHehfand sixth experiment. The experiments dealt
with making firebricks using all the materials egteardboard boxes.
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Figure 13: The average total time that the firebricks burmethe firebricks made using all the materials
except cardboard.
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Figure 14 shows the average time of burning forhiddé compressed firebricks and the fully comprdsse
larger firebricks, even though the larger fully qmessed firebricks have a higher average, this does
mean that they burned better. In fact none of tfieslericks boil any water.
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Figure 14: The average time of burning in the half and fulbynpressed firebricks.

Efficiency test

The graph shows the time taken for different fuelboil 2 litres water. It shows that the fireliksan a fuel
efficient took 5 minutes to boil a litre of watardathat the fuel efficient with firewood is onlystar than the
firebricks by 30 seconds. It therefore shows thatfirebricks is efficient and can therefore beduse an
alternative to firewood. The bushblocks took theglest time to boil 2 litres of water.

Time taken to boil 2 litres of water using different fuels
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Figure 15 Shows the results of how long the different fualeetto boil 2 litres of water.

12



The best recipe was developed and will be usedhasvanethod for making firebricks at the NaDEET and
given to visiting school groups.

Recycled firebricks

*Easy to make * Saves time * Protects the environment™

Firebricks are a renewable form of fuel made out of waste paper

Benefits:

1. Reduce deforestation

2. Reduce carbon dioxide emissions (CO2) into the atmosphere.
3. Recycle waste locally

4. No long walking to collect firewood

5. Reduced fossil fuel consumption

6. Increased biodiversity

How do I make firebricks?
Materials needed
« Any sort of waste paper material
«  Sawdust (optional)

« Compressing tool, i.e. brick-making press, tin or simply your own
hands

Directions

Part 1

1. Collect waste paper.
2. Sort waste paper into newspapers, egg cartons, cereal boxes and food wrappers.

3. Do not use office paper as it makes the firebricks too compact (one or two sheets is not a problem).

Part 2

1. Rip waste paper into small pieces (like the size of a potato chip).

2. Once waste paper is ripped, combine the same amount of each material in a
large bucket.

3. Add water to the ripped waste paper (just enough to soak).

4. Make the papers into a mash (like stamp mielies).

5. Once mashed, if you have saw dust, add 3x 1kg yoghurt containers of sawdust.
6. Mix properly.

Part 3

1. Now you need to press the water out of the mash.
i) If using a pressing machine, only half compress (do not press all water out)
ii) If using your hands or a tin, press out as much as you can

2. Put in a well-ventilated and sunny area to allow drying.

3. Do not store the firebricks until they are completely dry.

100 g of waste paper = 1 firebrick



Discussion

The firebricks in all of the five experiments wenade using a 100g of waste paper for every fir&btic
the first experiment, a total of 3000g of wastegrapas used. This is all the paper from all theemails
used. In all the experiments, the firebricks @& same material were made on the same day araltefb
dry for the same amount of time when it was possibl

The control firebricks were made using the old radtirhese firebricks were fully compressed and were
made using only egg cartons and newspapers wittdaaty The firebricks did not burn well and someeve
smoking instead of burning and therefore needdxstteelit or to be fanned. The time that each burned
varied from 06:56-10:02(minutes). Only two of tlrelbricks boiled water and the water boiled jusewh
the firebricks were about to go out. The tempeesiihat the water got to for the three firebridiet did not
boil water were 51, 57 and 67 degrees Celsius.

In the first experiment, 5 five firebricks were neaidlom each of the 6 different types of materi@lsis was
the only experiment were the firebricks of all thferent materials were not made on the same dayhie
firebricks from the same materials were made ors#étme day. The firebricks were then burned oncgaall
dry, the best burning firebricks were those madeobéood wrapping. Four of the food wrapping matky
boiled water with 3 of the cereal boxes boiling evalhese two types of materials were in for the ne
experiment. The newspapers, egg cartons and cactboges firebricks boiled two kettles of waterleac
and the temperature that the water got to had toddked at to determine the third material that vealse
used with the cereal boxes and food wrapping nasein the next experiment. The egg cartons had the
highest temperature and were therefore used irriexget 2. Only one of the firebricks made from offi
paper boiled water. Potato bags were excluded thenexperiment because they do not easily get wet.
The second experiment had only five fully comprddsebricks to be made using the top 3 promising
materials from the first experiment. The burningeaiof each of the firebricks ranged from 04:45-008:
(minutes). Only two of these firebricks boiled waaed the ones that did not boil water got the wite
reach temperatures of 66, 79 and 88 degrees Celgiase firebricks did not burn any better than thebs
the firebricks made in the first experiment.

The third experiment compared the fully compredsetiricks and half compressed firebricks made from
the promising materials from the first experiméitte fully compressed firebricks did not burn thalvand
also needed to be relit at some time. The averageriy time for the fully compressed firebricks Wi&30
minutes and for the half compressed firebricksasWw5:36 (minutes). The half compressed firebrmkked
four kettles of water and the one that did not goil to 81 degrees Celsius. The fully compresiseldricks
boiled two kettles of water and the water thatrmtd boil got to temperatures of 51, 64 and 84 degre
Celsius. This therefore meant that the half conga@direbricks were more efficient than the fully
compressed firebricks.

With the fully compressed firebricks most of thetevavould be pressed out and used on the compatt. W
the half compressed firebricks, half of the wataswe left in the brick and so lost to the atmosph&iso,
the half compressed firebricks take longer to dgntthe fully compressed firebricks but burn muetids.

Experiment four and five compares half compressedricks with fully compressed large bricks thato
of the community groups made. Cardboard boxes @xckided from the experiment as they can be used
directly with the firebricks in the fuel-efficiestoves. The experiment was to test whether alirthterials
used in the first experiment can be combined aed ts make firebricks. The materials were torn g a
divided up into equal proportions of 300g each.sEhmade a total of 15 firebricks were 5 half arlly fu
compressed firebricks were made. The fully comme$isebrick large firebricks did not boil any watnd
smoked and went out a lot. This showed that siss thave an effect on the burning of the firebricks,
especially when the firebrick is large and compeds3 he air flow becomes almost impossible and the
firebricks will therefore not burn. The half compsed firebricks boiled two kettles of water anditager

14



that did not boil got to temperatures of 67, 79 8adlegrees Celsius. The fully compressed got to
temperatures of 49, 50, 51, 59 and 65 degreesuSelsi

Although the half compressed firebricks using dolyd wrapping, cereal boxes and egg cartons fram th
second experiment were more efficient, NaDEET waseld to make firebricks from all waste paper ekcep
office paper and cardboard boxes. This was bedheseuck that took the waste for recycling to Windk
stopped doing so and it was better to use mosteoivaste paper for direct recycling at NaDEET. dtiiee
paper was excluded for the reason that it is to® &énd it makes the firebrick too compact and foese

these firebricks did not burn well.

During one of the visits with the community grotgsts were done to determine how much water a given
amount of firewood, cheetah blocks and firebrictsld heat. The fuel sources were used in diffefggit
efficient stoves. The gas stove was also testéd lagw long it took to boil 2 litres of water. Thkeewas open
fire, fuel-efficient stove with cheetah blocks, fadficient stove with firewood, fuel-efficient ste with
firebricks and a gas stove. The results show tiefuel-efficient stove with firewood was efficiesd it has
boiled 2 litres of water in 04:30 followed by theef efficient stove with firewood at 05:00 minut&sie
firewood was faster than the firebricks by 30 selsohe firebricks were also almost twice as amdije
and gas stove. This proves that the firebricksradeed efficient and can be used as an alternftdive
firewood.

A recipe that works best was created and can lettos@ake firebricks. The firebricks can therefoee

used instead of firewood and trees are saved tnwa This recipe was introduced to schools and
community groups that visited NaDEET. The purpdsthe project was explained to all the groups that
visited NaDEET and the results were discussed aplhi@ed to the group but this was done according t
when the group came and how far | was with thegatojvhen these groups came. The school children als
made firebricks during their visit that way a preat was done and much was learned through thengaii
the firebricks.

Conclusion and recommendations

The results show that the aims and objectivesetthdy were achieved and the firebricks can bd asean
alternative for firewood as they do work. Firebsatan be recommended to people to use and thathway
trees are saved. As shown in the efficiency fesbricks are faster than some of the cookind-faeirces
that most people use. The half compressed fireback good and would work best as according to
American chimneys “firebricks work best when aita between the firebricks”.

| would recommend that in future if someone isldoa project on firebricks that more help is oftene
shredding the papers. The shredding of the papkes up the most time and it really would be hélifu
other people helped with this.

15



Acknowledgements

I would sincerely like to thank the following peeplery much for all the assistance during my finst
service training:

Mr. Andreas Keding for all the contribution and gagtions towards my project and with the idea of
testing the effect of size on the burning ;

Ms. Elissa Brown for assisting me with the datalysis;

Ms. Elizabeth Lammert for taking care of the fireks with me and making sure that no one
touched them or misplaced them;

Ms. Omagano Shooya for helping me figure out whenerite what;

Mr. Samuel Pfenning for teaching me how to makebifiicks;

Ms. Shirley Bethune for all the assistance durlmgih-service training, taking time to edit my
reports and mostly for all the motivation ;

Mrs. Viktoria Keding for all the guidance.

16



References

Anonymous, alternative fuels. (n.d).Retrieved 28y 2010, from
http://www.americanchimneyva.com/biomass-fuels.

Carbon dioxide. (2009. November 30), Retrieved dan@0, 2010.from
http://www.epa.gov/climate change/emissions/co2.htm

Carty, S.L. (2009, October 13jirewood alternatives; Bricks from recycled matésidRetrieved January
26, 2010, fronError! Hyperlink reference not valid. alternatves.html

Ward, S., (2002)The Energy Book for Urban Development in SouthcAfiNoordhoek: Sustainable energy
Africa.

World Bank Group. (2009Namibia country briefU.S: World Bank Publications.

17



