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WasteAid UKs a charityworkingto make an impact on the global waste emergency by:

9 Partneringwith local organisations to improve theealth, environment and livelihoods of
people without waste services.

1 Building the skillsf local people to deliver practical solutions to the waste managemer
crisis in their own communities.

1 Raisinctawarenes®f the benefits of proper waste managementcacampaigning for
greater change.

www.wasteaid.org.uk

& CIWM

CIWM (Chartered Institution of Wastes Management) is the leading professional body for the res
and waste management sector, representing around 6,000 individuals in the UK, aelhoderseas.
It awards the title of Chartered Waste Manager to qualifying members.

The objectives of the CIWM are to advance the scientific, technical and practical aspects of wast
resource management worldwide for the safeguarding of the naturairenment, to promote
education, training, and research in wastes and resource management, and the dissemination o
knowledge of the topic; and to strive to achieve and maintain the highest standards of best pract
technical competence and conduct byitd members.

WWW.ciwm.co.uk

Creative Commons

Under this licence, our work may be shared freely. This provides the freedom to copy, distribute and transi
this work on to others, provided WasteAid UK and CIWM are credited as the autharantexnages are
unaltered. This work must not be resold or used for commercial purposes. These conditions can be waive(
certain circumstances with the written permission of WasteAid UK. For more information about this licence
http://creativecommons.org/licenses/bync-nd/3.0/

Disclaimer
The information in this Toolkit and associated Himwguides is provided in good faith and is intended as an indicative guic
to the processes and activities referred to only, based on information provided by currently active operators and
practitioners. It should not be taken as a definitive guide to the activities referred to, and should not be used aduatesubs
for undertaking alll site-specific health and safety risk assessment. WasteAid and CIWM recommend always undertak
full feasibility and environmental and health and safety risk assessment, based on the specific conditions applying to t
community, waste, and site irugstion. WasteAid and CIWM do not accept any legal responsibility for any errors, omiss
or misleading statements, or for any injury or loss resulting from the use of or reliance upon the processes outlined in 1
Toolkit and associated Hete guides WasteAid and CIWM are not responsible for, and cannot guarantee the accuracy ¢
information on sites they do not manage, nor should the inclusion of a hyperlink be taken in itself to mean the endorse
of the site, the site owner or any specific contéatwhich it points.
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Introduction

Part A of thigoolkit discussed the challenges and dangawsed byunmanaged waste, and the
benefits of dealing with waste ag@source Part Bdiscussed the common waste materials, the
products that can be made from them, and how to set up a small waste processing business.

Part C Be inspireadtontains Howto guides to inspire you to transform waste intseful products
Thewaste materialstechnologies and processes described in thadkit vary from country to
country. TheHowto guides presented here are intended to inspire and enable you to devahab
operate safely your own processesijited to your geographic area and waste materials.

oo
T %o sk
A - . . . ® .
Be informed:Community waste managerant essentials
Understand the challenge Understand the opportunity & i
B
Be prepared: Planning a community waste project QQ@
®,0 0
Know the Select the Develop a Get help and
materials right project business plan support
() |
J Be inspired:Howto transform waste into a resource
1 Measure || 2 Charcoal|| 3Biogas 4 Animal 5 Compost 6 Worm ’&/"\
waste briquettes feed compost
. ; : (X X )
7 Selling 8 Paving || 9 Ecobrickg| 10Baskets|| 11Waste 12 Waste .(\'L . ‘\'Lifl'l.
plastics tiles & mats collection disposal || =flil—=gl==F==
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1. How to measure your waste

You can find out what materials are available in the waste by carrying out a detailed waste audit.

Summary:A waste audi{sometimes called waste composition analygiwill tell you what
materials are available in the waste, and how much of each matedahitable (sedaking Waste
Work, chapter 7).

Benefits:A waste audit is a simple process that involves sorting and weighingasiematerials.
Once you know whanaterials are in the waste, and in what quantities, you can best decide how to
manage it (sedaking Waste Workchapter 8).

You will need to plan and prepare for your waste audit, making sure you have considered everything
in the checklist belowProper ganning will help your waste audit go smoothly, and means you can
replicate it at a later date or a different site and compare the results.

Where will you get your It will probably be impossible to measure all the waste in your

waste from? community so yowvill need to take samples. Think about where y
will collect your samples and whether this is representative of the
waste produced in your community. If you collect waste from the
dumpsite, many recyclable materials that can be sold may have
already beerremoved by householders and people scavenging fc
materials to sell. So if you want to know ab@&werythingthat is in
the waste, before anything is removed, you may have to collect
direct from houses and businesses.

Safety Think about what you might find in the waste and how it could ha
you (seeMaking Waste Workghapter 4.6). Find a safe place to do
the audit.

Seasonality The waste might change throughout the year, as events and

seasonal changes affect the amount angey of waste produced.
Rain will make some materials heavier and not others.

Recording the information  Design a form and spreadsheet for recording in advance.

Setting up your site Think about the collecting, sorting and weighing equipment you v
need.ls there shade to work in and water to wash hands with? D
you need a secure ardar locking up your equipment?

Managing and analysing Once you hee the data, you can transfer it ¢ma spreadsheet.

your data What you can do with your data depends on howch analysis you
have done.
Sharing your results Think about who you want to share your results vgttinere is no

point producing a report that just sits on the shelf.

Figurel-1: Checklist to use whepreparing for a waste audit.

Making Waste Work: How to measure your waste
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Comparing waste at different times and places

If you are likely to want to compare waste at different times and places, use a standard approach.
The method described here is froml&EP/IETC publicatiband should be used asgaide.You

might choose to use more or fewer categories, but be consistent if you are planning to do any more
audits in the future.The most important thing is to be consistent with your method and keep a
record so you can comparesults.

It is impractcal to audit all the waste from a community, town or city; but sampling the waste over a
period of time will give you a good idea of the amounts of different materials available. For example,
you might take 25 samples, each of 100 kg, over adayeperial®.

Paper & cardboard Newspaper
Cardboard/boxboard
Magazines/catalogues
Office paper
Other/miscellaneous paper
Clear containers
Green containers
Amber containers
Remainder/composite glass
Metal 10. Tin/steel containers
11. Aluminium containers
12. Other ferrous metal
13. Other nonferrous metal
14. Major appliances
Plastics 15. Clear PET bottles/containers
16. Green PET bottles/containers
17. Amber PET bottles/containers
18. HDPE containers
19. Film plastics
20. Other plastics
Textiles 21. Textiles

Glass

CoNoOREWONE

Organics 22. Food waste
23. Garden waste
24. Agricultural waste
25. Abattoir waste
26. Remainder/composite organics

Construction & demolition material 27. Concrete

28. Lumber

29. Remainder/composite C&D
Hazardous wastes 30. Paint

31. Hazardous materials

32. Biomedical

33. Batteries

34. Oil filters

35. Remainder/composite waste
Other waste 36. Electrical and electronic equipment

37. Tyres

38. Furniture

39. Ceramics

40. Other

Figurel-2: Suggested categories for a waste audit, as used by the UNEP/IETC.

' UNEP/IETC (2009)eveloping Integrated Solid Waste Management Plan, Voluiéaste Characterisation and Quantification with
Projections for Future

2|f the waste is very dry ariok contains a lot of plastic, you may want to reduce the sample size to 50kg but it is important to be
consistent.

Making Waste Work: How to measure your waste
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Finding a suitable place for a waste audit

Think about how you will transpopeopleto the site, and how you will collect and transport
equipment each day. If you are sampling the waste from a dumpsite, choose an area close to the
entrance so that waste can be taken as it arrives at the site. It is better to work with fresh waste
becauset will be less smelly and easier to separate into different categories.

Choose a place that is flat and shaded to ensure as pleasant and safe working conditions as possible.
If it is likely to rain, use some sort of shelter (like a gazebo or sheetgftkepeopleand the
wastedry.

—

Figurel-3: Finda flat, shaded location close to the dumpsite entraneéh enough space to spread waste out
on a sheet and sort it into a number of containers.

Healthand safety
Sorting waste can be hazardous and it is very important to protect the members of the sorting team.

1 Choose a safe area, near to the site where youfindlly be disposing of the wse but away
from any vehicles. It should be the shade, wittaccess to water for cleaning, access to
drinking water, and away from animals.

1 Train the team properly on sorting, lifting, carrying and cleaning (as outlined in the training

planin Figurel-6), the correct use of toolsaand to ensure everyone understands the source

of the wastebeing sampledfor example to avoid waste from a hospital).

Providepersonalprotective equipment (PPBp all staff. This ishown in

Figurel-4 and listed inFigurel-5.

Supply &Hrst Aid kit and make sure the team includes a trained First Aider.

Avoid walking through waste when you ce see the floor

=A =4 =4 =4

Making Waste Work: How to measure your waste
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. dumpsite. Watch out for hospital waste, :
! particularly needles and bloestained waste. :
' Even household waste can contain hazardous :
' jitems like needles or solvents. !

Equipment and staffing

Sorting waste is hard ardirty work and it is very important for the
people involved to be trainedroperly (seeFigurel-6). As an example,
10 people can typically sort 5 x 100 kg samples a day; sa@ples
over a 5day period. As sorters become mdeeniliar with the different
materials they will take less time.

Belowis the ideal equipmenthecklist for a team df0 peopleauditing
5 samples per day.

Figurel-4: Suitable PPE f@ waste sorter.

Equipment \%
Tables or worktops to sort on.

A scale for weighing samplegenerally up to 150 kg. Medical or bathroom scales can wo
well if you have a flat hard surface to use. If you only have sand or uneven ground to wc
either use a table ohang a set of scales from a tree.

A heavy sheet to store the samples on.

A sieve to separate the small pieces with a gauge of around 1 cm.

5 shovels, 5 rakes, 2 hand brooms.

Litter pickers (plastic or metal grabbers) to pick and sort the wasiecifled.

As many waste containers as you have categories of waste.

2 wheelbarrows to collect waste from tractors and trailers.

1 large First Aid kit including eye bath.

Personal protective equipment for the people sorting the waste including:

9 Overallg; if these are too hot, make sure the important areas are covered: forear
(with long gloves), lower legs (getting brushed), and stomach area (when sorting
tables).

Leather and/or latex gloves.
Rubber boots.
Disposable face maskghere aredifferent types, we recommend standard FFFP3.

i Portable waskwater facilities with soap and disinfectant.

Washing water and soap.
Drinking water and lunch for staff each day plus regular rest breaks in the shade betwee
each sample analysis.

=A =8

Figurel-5: Ideal equipment list for a team of 10 people sorting 5 samples of waste.a day

Making Waste Work: How to measure your waste
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Trainingsession

Session title

Details Resources

What is the aim of
the waste audit?

Sorting procedure

Health and safety and
the use of personal
protective equipment
(PPE)

Introduce the aim of the waste audixplain None
to the group that we want to understand

what materials are in the waste, so that we

can recycle more (and send less to the

dumpsite).
Show the team how to collect and sort the Equipment required to
waste Steps are as follows: demonstrate the sorting
9 Number each container and stick process:
examples or pictures of each type of 1 Shovels to mix and level
material on the front. waste
1 Deposit a 100 kg sample of waste ona  Waste picking equipment

T

plastic sheet using wheelbarrows and  { Labelled containers
shovels. Spread the waste using shovels  (including sticky tape for
and remove any hazardous elements. attaching the label or
Separate thavaste into the different sample to the container)
materials, and sort it into the labelled { Tarps / plastic sheet
containers. Where possible use pickers spread out on the ground
and shovels rather than hands. 9 Scales

When a container is full, either use a 1 Recording sheet
second container, or weigh and record, q Pens

then tip the contents out and use the

container again.

When complete, weigh each container ol

the scales with the waste inside it and

record the weight.

Tip the waste out and record the weight «

the empty container.

Ensure any risks to the welfare of the team 9§ Full PPE
are minimisedSessions include:

T

=a =4

Dangers posed by waste, including from
infection, needle sticks, glass, metal
splinters, nails, razor blades, hypodermic
needles and so on.

Supervisory staff to esure that sorting
staff adhere to health and safety
measures.

Importance of avoiding dehydration and
of taking adequate breaks.

Infection risks and importance of use of
soap and water before eating, drinking
and smoking.

Importance of good lifting technicps.
Importance of correct use of PPE and
reasons for all.

Use of First Aid kit and eyebath in case ¢

injury.

Figurel-6: Template training session to prepare the waste sorting team before stastirgwaste audit

Making Waste Work: How to measure your waste
6
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A stepby-step guide to auditing waste

1.

. Place the scale near the storage container

Select a suitable area dsscribedabove.
Spreadcheavysheets on the ground tetop
the waste samples mixing with the
underlying soil.

Set up tablegor sorting the waste; label

the waste storage containers with the
categoriesselected for sampling and
arrange them around the edge of the
tables Keep some containers available for
weighing unsorted waste, anchlie some
FRRAGAZ2Y I W2 dhEshided 2
wastein case they are needed.

(a sturdy tree can be useful for thfdt is a
hanging scale Record the empty weight of
each containe(ideally, they will weigh the
same) and recheck them periodically.

Figure 1-7: Using a table makes the sorting process qui
and more comfortable.

4. Consider how you will takeamples of wastep make
sure they are representativef your study is about
office waste then try to sample from several offices; if
you are interested in household waste, try to collect
samples from both wealthy and poor aredske care
that the waste is not dangerous, for example from a
hospital, unlesgou are prepared for thidBeware of
building waste as it may contain asbestos which can be
fatal if inhaled.

Figurel-8: Use hanging scales t
weigh samples

Making Waste Work: How to measure your waste
7



5. Collect the folloving information on each sample: —————

=A =4 =4 =

T

Date

Time

Vehicle detailssuch as handcart or truck
Origin of waste such as offices in commercial
district

Weather conditions

6. Sample the agreed amount of waste (either 50 or \ ﬁ

100kg) and place it on the tarpauliar plastic

sheet To weigh the sample, place waste into empt
containers and weigh the required amount. If this i
difficult, one mehod is to stand on thacales, set it
to zero, then hold a sack epontainerand record

how much the weight increaseRemember you will

need to subtract the weight of the empty

containers.

Figurel-9: Hang the scales from a tree to wei¢
the full containers.

7. Begin sorting the waste sample without delay.
Empty albags, packets, and otheontairers of their contents and separate the different
materials(such as metal lids from glass jai&here something is made using more than one
material and is difficult to separate (such as paper and plastic stuck together), place with
whichever is the domint material.

8. Place each separateem in thecorrectstorage containerlf there is any confusionupervisors
canadvise sorters of the correct container.

9. Sort all the waste until th&argest item you have lefsaround1 cm. The pieces that are smaller
than 1 cm are callefines These will take a long time to sort, so it helps to work with a smaller,
representative amount, and then multiply the results back up to give an estimate of theTotal.
produce a small representative sample size, follow the steps below dfigunel-10.

-0 o0 0w

(]

WSO2NR (GKS ¢SAIKO 27F edaple kIt WFAYSaQ O G§S3:
Pour all the finesinto a cone shape on the floor.

Hatten it outusing a shovel

Divide intofour and discard two opposing quarters.

Combine the remaining two quarters.

Repeatuntil the sample sizés small enough to sort in a short spaaf time Record the

weight of this final sample (for example, 500 g).

. Sort the final sample into categories and record the weight of each material.

Multiply the weight of each category of fines back up to account for the original sample size
(in this elample, multiply each category of fines by 10 to account for the 5 kg of fines in the
total sample).

Making Waste Work: How to measure your waste
8
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Record the Record the total
weight of your weight of the
final sample. ) . finescategory.

~

Repeat the process until
the sample is small
enough to sortin a
short space of time.

Flatten the pile of fines
and dividecarefully into
four equal parts.

Mix the two remaining
quarterstogether.

Remove two opposing
quarters, and discard.

Figurel-10: How to produce a small and representative sample of fines.

10. Weigh and record théotal weights of each storage container, including any larger waste items
sorted but not stored in the containerBRemember to subtract the weight of the empty
container fom your results.

11. Remove thesortedwaste by wheelbarrow ani suitableoffer it to informal recyclers for
recovery.Make sure you dispose of everything else in a way that is least harmful to the
environment as possible.

Making Waste Work: How to measure your waste
9
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Analysing and presenting your rais

Record the final weight of each categamya table(include the weight of the fines, but not of the
containers) When you have completed all your samples (in this example, 25 samples of 100 kg each)
add the weights andadculate the percentage of ehenaterial group in the wasté®o not worry

about decimal places, just round up or down to the nearest whole number. Calculate the percentage
of each material in the total sample (for organics in this example, the sum would be 911/2500, and
the multipliedby 100).

Main material groups kg %
Organics 911 37
Other 482 19
Plastics 381 15
Textiles 195 8
Paper and paperboard 145 6
Construction and demolition 139 6
Hazardous waste 131 5
Glass 34 1
Metals 83 3
TOTAL 2500 100

Figurel-11: Example weights and percentages of a 2.5 tonne waste analysis (25 samples of 100 kg)

Here is the same data converted into a pie chart:

HazardousGlassMetals
Construction waste 1% 3%
and 5%
demolition
6%
Paper and
paperboard
6%

SUES
8%

Plastics
15%

Figurel-12: A pie chart showingxample waste audit results

Making Waste Work: How to measure your waste
10
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Breakdown of results

Think about what you need to knogwsometimes it is useful to bredke informationdown into
further sub-groups.

In theexampleabove plastis only made up 15% of theveight However, plastic is not weheavy
so even though it does not weigh very much, there might still be a lastygneor quantity.

¢t2 FTAYR 2dzi 6KAOK GeLlSa 27F LI I &adA Gogvide7.d dzLJ G KS
Identifying common types of plastidfthin this exampleLDPEilm (a group including plastic bags,

water pouches and other similar plasficsade up 57%f the total weight of plasticsThe other

significant group wawwovenPR generally rice sacks and other similar containers, at 14%.

Plastics kg %
LDPE fil m 217 57
Other plastics 80 21
Woven PP 53 14
Fines - plastics 15 4
Green PET 11 3
HDPE 4 1
Clear PET 0 0
Total 381 100

Figurel-13: Different types of plastic separated into more specific categories

HDPE
/1%

Green PET
3%

Fines
plastic
4%

Woven PP
14%

Other
plastics
21%

Figurel-14: A pie chart showing the different types of plastic in the waste sample

You can do the same with all of the waste groups you wanbtwider for instance organics,

~ z

GSEGAEf S&T KITFNR2dza 61 4GSz O2yaidNdzOiAzy 61 adsSs

Making Waste Work: How to measure your waste
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What do the results mean?

The results tell you what is in your waste ysm candecide which materials will be available and
suitable to work with

Consi@r waste reduction andecyclingprojectsthat:

1 Reduce the quantityof materials ending up thevastedump, to reduce the significant
environmental impact of waste disposal.

1 Maximise the valueof reprocessed material, so you can develop a sustainable kassine
model for your recycling enterprise. The technique shoulddirdy simple and low cosfThis
will ensure it is accessible to the local community, maintaiiméal the future,and possibly
replicated in other communities

When you decide on material to work with, try to find out
where it is from and ask if it can be kept separate for you to

N collect.

&

-
A
v

Making Waste Work: How to measure your waste
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2. How to transform woody waste tofuel briquettes

Instead of chopping down trees for firewood, you can make ddueboking byisingwoody waste
materials.

Summary:Carbonise the material in a barrel with limited air (like making charcoal), then grind it into
a powder and mix wittbinder. Compress thenixture in a briquette mould and then dry the
briquettes in the sun to make a cheap and effective alternative to wood or charcodibfumioking

Waste materialsDried leaves, twigs, straw, coconut shdblapbab shells, maize colggoundnut
shellsand sawdustDo not use anything that i®o wet or anything other than dry leaves or woody
waste(make sure there are absolutely no plastics in the waste).

Product:Charcoal briquettes.

Benefits:Briquettes are cheaper than traditional charcoal. Whenduae a fuefor cookingthey are

less smokyhan wood, reducing the problem of indoor pollution. THayn hotter and for longer

than traditional charcoal. They do not require the cutting of trees. The equipment is cheap and the
process is easy.

Hints:

I Tomake charcoal briquettes you needdarbonisethe material. This needs some air but
not too much or you will make ash, nciharcoal

1 Try out different mixtures of materials that you can find locglexperimentwith what you
can find easilyOne examplef a mixture that works is 50kg of groundnut or coconut shells
plus 25kg mango leaves. You will then need 1kg cassava flour (or another similar starch) and

Making Waste WorkHow to transform woody waste into fuel briquettes
13
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2 litres of water to create a binder for the briquettes. If you are using leaves, you may want
to try addingsome woodier materiallike coconut shellgo help bind them.lIt is better to
have a consistent mix of materials so the briquettes burn at a steady rate.

1 If you areonly using sawdust yodo not need to carbonise ¢ just mix the sawdust withne
binder and compress intbriquettes. The sawdust briquettes cook fast like firewood; the
charcoal briquettes cook more slowly.

1 20charcoabriquettes is enough fuel to cook a meal for 5 people on 2 pots. The briquettes
can be sold for a lower price than the equivalent fuel in firewood, and they are also less
smoky.

Youwill be workingwith fire and combustion, so make sure you have;
water nearby to put out any flames

You will be usinpeat and fire. Make sure you have fireproof gloves
(fabric, NOT rubber), heatproof boots (NOT rubber), and cover your
arms and legs with overalls or heavy trousers.

Be aware thathe process produces a lotshoke. Never stand over th§

smoking barreland think about anyone nearby that the smoke may
affect. i

Stand back when opening the barrel after carbonising, as flames ma
leap out.Have somebody ready with water to pour on the flames and
sprinkle on the material so it does not burn in the open air. i

You will need:

1 Overals, gloves, masks, covered shoedoots

1 Dry woody material (it is best to try a rangédifferent materials and combinations of
materials, including twigs, leaves and shells)

T 1 metal barrek an oil drum with several air holes in the undersitiandles on two sides
and a large holenithe top with a lidor chimney

Stick orrod to turn the material

Metal wheelbarrow or heatproof container to hold carbonised material after burning
Water to sprinkle on the carbonised material

Mortar and pestle or another way to crush the charcoal

Gumor starch from cassava or similar as a binder (you can even use clay)

Cooking stove, fuel and a container to warm and mix ymuderwith water

A place to mix your material with tH@inder (a table or a plastic sheet on the floor)
Briquette press (seediow)

=A =4 =4 =4 -4 A -4 4 -

A place to dry the briquettesin the sun if it is dry, out of the rain if it is wet.

Making Waste WorkHow to transform woody waste into fuel briquettes
14
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How to prepare the carbonising barrel

Starting with a standard oil barrel, chisel a large hole in the top (a). The hole needs to be large
enough to comfortablyill the barrel with woody waste material.

Then cut some holes in the underside of the barrel, around 6cm across (b). These holes will be used
to poke material through and start the fire. You will also need a stick or rod long enough to reach to
the bottom of the barrel comfortably.

It is also good practice to attach some handles to the sides of the barrel, and make a chimney that
fits over the top (c).

Figure2-1: Preparethe barrelby cutting a large hole in the top, a series of small holes in the bottom, and
adding handles and chimney. You will need a stick long enough to reach the bottom of the barrel to stir the
contents.

Making Waste WorkHow to transform woody waste into fuel briquettes
15
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How to make a briquette press

There ae lots of ways you can make a briquette press and each will make different shape
briquettes. This eemple produces square briquettes.

Drill a hole in the centre of the wooden block, large enough for rebar to fit(&). it

Make the briquette mould byelding four plates together to make a square tube, and then welding
two narrow plates onto an open end, with a channel down the centre wide enough for the rebar to

fit through (b).
Weld one piece of rebar onto a plate to make the b&ge

Weld one piecef rebar onto a plate to make a plungg).

@)

(d)

Figure2-2: Components of a briquette presgesign concept by Amy Smith, MIT

LF¥ @2dz R2y Qi KI @&nnot make lj dzS G
one, you can make briguettes from sawdust and

binder by hand, simply squeezing them into balls and

leaving them to dry in the sun.

Figure2-3: Sawdust briquettes can be made by hacdncept byJoyce Lockard.

Making Waste WorkHow to transform woody waste into fuel briquettes
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1. Sort

Choose material that is brown and dryry different things that you
find nearby.Remove all materials that you do not want in your
briquettes.

Figure2-4: Collect suible dry, woody waste materials.

2.Light

If you are using sawdust you can skip straight to Step 6: Mix.

Put the material in thdarrel and poke dry leaves through the holes in tase. Sit the barrel on
three stones (old block is finelse the stick to make sure the material is distributed evenly

thoughout the barrel. ight a fire underneath.

Figure2-5: Fill thebarrel with woody waste material, place on top of stones and light from underneath.

Making Waste WorkHow to transform woody waste into fuel briquettes
17



@ wasteaid™ WsCIWM

&

3. Carbonise

It will produce plenty of smokéJsing the stickturn the materialto make sure itsall carbonised
When the smoke reduces and flames come, wait a few minutes then put the lid drathed.

Remove the stones underneath and seal any air gaps around the bottom of the drum and the lid
with sand or dirt.

Leave for 5 to @ minutes then check. The materiakide should be like small pieces of charcoal
(char). If it is not yetarbonised then leave for longer. Do not leave it for too long or it will turn to
ash. Different materials take different amounts of tidepending on their water content. For
example coconut shells takd to 10minutes to cabonise. You will need to pras# a few times to
get it right!

Always le careful when you open the liccasionally there will be flames leaping out, so you
should keep your head and arms clear.

Figure2-6: Allow the material to carbonise but do not let it burn completelychdmneyis useful todirect the
smoke away

Always be careful when you open the lid, even if there is no flame.i
When the oxygen in the air comes into contact with the hot gases ;
Oy OFdaAS | avlftt SELX2aA2Yy® )
from the barrel. Always have water ready in case you need it.

.......................................................................................

Making Waste WorkHow to transform woody waste into fuel briquettes
18



@ wasteaid™ &5 CIWM
4. Tip

With a person on each side, pick up the barrel apdhe charred contents into a metal
wheelbarrow or heatproof container. Sprinkle it with water to stop it burning in the open air.

Figure2-7: Tip the contents of the barrel into a wheelbarrow esptinkle with water to stop it burning

5. Cool and crush

When the carbonised material has cooletysh it to powder You camuse amortar and pestleor
crushit in your handsor put inside a sack and hit with a stick.

Figure2-8: Crush thecarbonisedmaterialinto a coarse powder.

Making Waste WorkiHow to transform woody waste into fuel briquettes
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6. Making and mixing your binder

To bind the carbonised powder into a briquette, you will need to mix it with a binding agent. The
best binder is starchnd the gproach is similafor all types of plant starch just boil a plant or
material containing starch in a small amount of water until a thick sticky paste fdikeporridge.
Different types of starch include:

9 Cassava starch: this is cheap afifi@ctive and can be found widely in West Africa
9 Corn or maize starch or maize flour: this is more widely used in East and Southern Africa
1 Wheat starchor wheat flour, potato starch or rice flour

9 Other alternatives includgum Arabic or acacia gum whiishharvested from acacia tree
This is very common in sefaiid areas especially in Africa Sahel and inipaldr Senegal,
Sudan and Somalia. You can evennagspapermr mud from termite mounds mixed with

water to create a binder paste.

Figure2-9: Prepare your binder by mixing it with water and heating it until it turns into a sticky paste

Use enouglbinderto hold the mixture together, but not too much that your briquettes fall apart.

Figure2-10: Make a mound of powdered char, scoop out a hollow and mix ifbtheer (like making bread)

Making Waste WorkHow to transform woody waste into fuel briquettes
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7. Mould

{SS a1l 26 (2 dzasS | ONAIdzSi
page.Sit the metal base inside the mould

and rest the stick of the base inside the hole

in the wooden blockPush the material

inside the briquette press with your fingers.

Put the plunger on topvith the stick

pointing upandhit with ahammer5 times

takingcare of your fingers.

Twist and remove the plunger. You will be
able to see the briquette material,
compressed in the bottom of the mould.

Lift the mould out of the wooden block and
rest on top.Push the mould down and the
briquette will remain on top othe base.
Twist to remove and punia dry place, in
the sun if it is not likely to rain.

Figure2-11: Using a briquette press

Depending on the climate, charcoal briquettes take-I75lays to dry, sawdu®-8 days. Turn them
for even drying.

)

Figure2-12: Working as a team, you can produce hundreds of briquettes in a day

Making Waste WorkHow to transform woody waste into fuel briquettes
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8. How to use a briquette press

1. Put the base into the mould and 2. Fill the mould with the char and
sit on the wooden block with the put the plunger over the top.
rebar in the hole.

4. Lift the briquette mould out and
sit the rebar on the wooden
block. Push the mould down anc
the briquette will pop outTwist
and remove.

3. Hammer the top of the plunger to
squeeze out the water and
compress the char into a
briquette shape.

Figure2-13: How to use a briquette press

Making Waste WorkHow to transform woody waste into fuel briquettes
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9. Market
You can sell the charcoal briquettes in small daily portions, or in bigger sacks.

Make some and give them to people for free so they understand that they burn hotter and for
longer than normal charcoal!

EXAMPLE: In The Gambia, 20 briquettes are usedldioa meal for 5 people (using 2 pots). This
costs 20 dalasi (around US$0.45) and replaces the equivalent in firewood of 35 Dalasi (US$0.75).

Chapter 9 oMaking Waste Work: A Toolkprovides a detailed business case for making charcoal
briquettes.

Figure2-14: Explain the benefits of the charcoal briquettes to potential customers

Hint: If you sell the briquettes in paper bags, you can tell people to use the paper to start their fire.
Neverburn plastic!

Selling points of charcoal briquettes:

1 Low smoke, healthier to use
Cheaper than firewood and normal charcoal
Do not require the cutting of trees

Helps protect the forest

= =4 =4 =4

Helps keep the community cleaner.

Acknowledgementt NP OSaa O2dzNIiSae 2F 22YSyQa LYyAGAIFIGADS
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Choosing a fuel

You can use many different materials to make charcoal briquettes. This chart shows how much
energy (heat) is released by different materjalsth traditional fossil fuels on the left arfdels from

waste on the right.
12,000
Hint: Try making briquettes from different
materials and combinations of materials
10,000 until you find the best one for you
8,000 -
(=2
X
© 6,000 -
@)
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0 |
X & P Q & & & & D D @ N
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Data from Engineers Without Borders

Figure2-15: Different woody wastes produce different amountsesfergy beat).
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3. How to convert organic waste into biogas

You can make a free cooking dasdigesting wet organic waste in a sealed chamber.

Summary:Placewet organic waste, such as food waste, in a sealed chamber with no air inside. As it
digests, the waste will release a gas which can be captured and used for cooking. The system needs
to be airtight and the temperature close to 85 @

Waste materialsPlant waste that is starchy, sugary or fibrous; fatty substances including animal fat
or oil cake from oil seeds; flour swept from the floor of a flour mill; leftover and stale food; damaged
or overripe fruits; insecdamaged grain; nordible rhizomes of banana or cane; tea leaves; animal
dung, abattoir waste, and human excreta. If necessary the feedstock must be pulped or ground and
mixed with water so it is like a soup.

There are lots of different designs of biodigesters. If you are planni
aamaY) to build one, it is best to read this entire chapter before starting, so
@ you can better understand the technology and the importamipts
to consider.

Product: After 14-21 days, the process will produce biogas and a nuthiet soil conditioner called
digestate. About 41.5kg starchy material typically yields enough gas to cook the meais of 4
people. If the digester is working properly, the digestate willehkittle smell.

Benefits:Making biogas from organic material is a good way to manage potentially harmful organic
wastes. Cooking with biogas does not produce smoke so it is ideal for the home, and it reduces the
need to cut down trees for firewood. Thiigested slurry can be used wet or dry as a valuable soll
conditioner, reducing the need for chemical fertilisefBhe benefits of using compost and soil
conditioner are discussed ow to convert organic waste into comppbkiowto guide 5.

Biogasis highly flammable. Make sure you have no naked flames or
sparks near your biodigester.

Biogas can suffocate you in an enclosed space. Always make sure yc
work in a welventilated area and with at least one other person.

Animal dung contains bacteriairuses and, possibly, parasites. When
handling such material, use gloves and overalls and wash your hands
afterwards.

A biogas plant needs some methapeducing bacteria to get it started. This is found in animal
dung, so a small amount is ustdstart the process even if it is not the main feedstock. Once the
system is producing biogas the bacteria reproduce and keep the process going.

% Do not use the slurry directly on plants. Add it to a compost heap first so that the heat can kill any-diegisg bacteria.

Making Waste WorkHow toconvert organic waste into biogas
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Biogas essentials
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convert food into a serasolid material (dung) and biogas (a mix of methane and carbon
dioxide).

DIGESTION methane OUT

Figure3-1: AbilRA IS&aGSNJ 62Nl & AYy | AAYAfFNI gle (2 F 026Qa RA
semisolid fertiliser.

It is possible to build famigize, communitysize, and even very large industrsglale biodigesters
which serve entire cities.

Whatever thesize and design, all biogas plants need:

9 Alarge container to hold the mixture of decomposing organic matter and water (digester)
1 A container to collect the biogas (gas holder)
1 A way to add more organic matter (inlet)
1 A way to move the gas to where it bk used (gas outlet)
i A way to remove the residue (slurry outlet)
1 A way to insulate the container and keep it warm, unless the container is already in a
GNRBLAOFE O2dzyiNEB 6AGK I GSYLISNI GdzNB | NRdzy R o
Larger undergroundnasonrybiogas plants can be more reliable
==. than the cheaper, smallescale versions described in this toolkit,
"

&5 although specialist training is required. There are nabout 45

u million masonry biogas plants in China, 5 million in India, almost
400,000 in Nepal and another 400,000 in the rest of Asia
(Bangladesh, Cambodia and Vietnam).

Making Waste WorkHow toconvert organic waste into biogas
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Typicalbiodigester designs

The most common type of masonry biogas plant is a
Fixed Dome Biodigester

The design combines theurry container and biogas
container in single chamber. As the slurry breaks
down, it releases the gas, which rises to the top of
the dome and can be piped away to a kitchen stove.

The other common type isoating Dome
Biodigester in which the gas container floats in the
slurry. The gas container rises as the biogas is
produced, and sinks again as the biogas is used.

The two designs described in this toolkit are based
on the Floating Dome Biodigester. They have been
selected becase they are relatively low capital and
are simple, popular designs if used on a small scale.

Dung inlet

N

TheTubularBag Biodigestesits in a trench in Dung inlet

the ground. Biogas collects in the top of the \

flexible plastic tube and is piped away. See
How to build a tubular plastic biodigester
Howto guide 3.1, for detailed instructions.

TheARTI Floating Dome Biodigestisrmade

with a smaller container sitting upside down
inside a larger container. The smaller container
rises as it fills with biogas. SEew to build a
floating dome biodigesteHowto guide 3.2

for detailed instructions.

WWsCIWM

Dung inlet : ’rSIurry outle

\ Gasholding ;

\ | dome
\

Digester |
— |

Figure3-2: A fixed domébiodigester.
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Figure3-3: A floating dome biodigester
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Figure3-4: A tubular bag biodigester.
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Figure3-5: An ARTI floating dome biodigester.
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Working with Biogas: Safety First!

Risk of fire and explosion

Methane, which makes up to 80% of biogas, can be explosive! This ma
a good cooking fuel but it also means you nesthke extra care.

Do not use naked flames or anything that might spark (including power
tools, normal electrical switches and static electricity) near the digester

Asphyxiation

Biogas consists mainly of methane {(Ca&hd carbon dioxide (GOwith low
levels of hydrogen sulphide &) and other gases. Each of these has its ¢
problems, as well as displacing oxygen.

1 CH lighter than air (will collect in roof spaces), explosive (see abov

1 CQ ¢ heavier than air (will collect in sumps)ghlily elevated levels
affect breathing, higher levels displace oxygen as well.

1 H,S¢ smells like rotten eggs, can be harmful to the nose and lungs,
becomes odourless as the level increasatatgerous and fatal.

High levels ohydrogen sulphidecan kill

Disease

Always wash thoroughly after working around thiedigester (and
particularly before eating or drinking). Avoid contact with the contents o
the digester.

Pathogens (disease carrying bacteria) are destroyed by heat, but there
might still be pathogens in thdigested slurryTherefore it is advisable to

re-use the effluent by mixing it with fresh feedstock and then pouring bs
into the digester. Alternatively add tisturryto a compost heap, where the
heat will destroy any remaining pathogens.

Making Waste WorkHow toconvert organic waste into biogas
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Biodigester maintenance and troubleshooting

1.

The biodigestr needs maintenance and must be fed every day with organic waste and water. If
you do not have enough feedstock to keep the biodigester working, consider collecting food
waste or slurry from elsewhere.

Make sure you add enough water to the biodigestehe contents should be liquid, like a soup.
However, if the soup is too thin, the solids and liquid will separate in the container and the
digester will not work properly.

Do not use soapy water, pesticides or antibiotics in the mix. These will kill lzaittat
generate methane gas.

Methane gas is produced when the pH level is 6 to 8.5 (alkaline). If the biodigester-fediter

can become acidic, producing gas but no flame. If this happens, test the outlet slurry with litmus
paper which is sold at mogharmacies. If your system is too acidic (with a pH level lower than
6), stop adding more feedstock, and then build up the feed rate slowly. Add more fresh animal
dung to reseed the mix with the right kind of bacteria. This problem is more common with
smadler systems (0.5 or 0.75%than with larger systems.

Biogas is produced best at a temperature between 25 and 3¥h@n the temperature is
below 15°C almost no gas is made. You can keep your biogas unit at the right temperature by
insulating it.

Biodigesters do not kill all diseasarrying pathogens, so do not use the effluent (output slurry)
from the process directly on plants. Instead, recycle the liquid by using it to mix the feedstock
for the biodigester, or put it on your compost heap. Tleahgenerated by the compost heap

will destroy the pathogens.

If you can smell gas, check for loose connections, damaged taps or holes. Repair with sticking
plaster or tape.

If not enough gas is produced:

91 Check for a loose connection, a broken sectiopipé or a fold in the pipe stopping the gas
flow. Replace any damaged sections of the hose pipe. Gas leaks are the most common
problems in a biodigester. Great care must be taken to stop gas leaks, with good quality
sealing materials.

1 Clear the water fronthe gas pipe. Do this by opening the joins and pouring out the water, or
making a hole in the pipe, draining out the water and then covering the hole with tape.

Some biodigester designs need a water trap as a safety valve to prevent unsafepooflthge
amounts of gas. It is simple and cheap to make K@ to build a tubular plastic biodigester
Howto guide 3.1). Keep the water level topped up in the water trap: it will evaporate so will
need topping up periodically.

Making Waste WorkHow toconvert organic waste into biogas
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Once the basic principles of
generating and using biogas
are understood, it is possible to
create your own designs
according to the materials and
budget you have available.

The example illustrateih
Figure3-6 usesan oil barrel as
the digester and a rubber ring
to collect the gas.

%QCIWIVI

1. Pour in starter, theglose
with a plug or bung

2. Open the valve to
let out the gas, then
close it.

3. Untie the fold in
centre of pipe.

Figure3-6: A simple design with rubber ring gas holder.
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Figure3-7: A bar graph showing the volume of biogas and methane that can typically be recovered from
different types of organic waste in a tropical climatBiogas is a mixture of methane, carbon dioxide and
other trace gases. Methane is the useful cooking gas.

* Getahwn, Tadesse & Gebrehiwot, Mulat & Ambelu, Argaw & Van Gerven, Tom & Van der Bruggen, Bart. (2014). The potential of biogas
production from municipal solid waste in a tropical clim&avironmental monitoring and assessmet86.
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3AHow to build a tubular plastic biodigester

You can make a free cooking gas by digesting wet organic waste in a sealed chamber.

{ \ Before you start, make sure you have read the introductionHow
\1» to convert organic waste to biogasjow-to guide 3.

Biogas is highly flammable. Make sure you have no naked flames or
sparks near your biodigester.

Biogas can suffocate you in an enclosed space. Always make sure Yy
work in a welventilated area ad with at least one other person.

Animal dung contains bacteria, viruses and, possibly, parasites. Whe
handling such material, use gloves and overalls and wash your hands
afterwards.

Thetubular plastic biodigestewas developed by CONDRIT in the X980s simple and cheap to

build, and there are more than 7,000 in use in Colombia, Ethiopia, Tanzania, Vietham and Cambodia.
The design described here was developed by Rodriguez and Preston, University of Tropical
Agriculture Foundation, Vietnam, pubiisd by FA®

You will need:

1. Digester:Transparent polyethylene (PE) tubular film, with a diameter between 80cm and
200cm (equivalent to a circumference of 2.5 to 6.3m). The thickness should be in the range of
800 to 1,000 (200 to 250 microns), although multiple layers of a thinner maternidleased.

The length of the tube is determined by the size of the biodigester (see calculations in Step 1).
The most appropriate material is that which is used for greenhouses as this usually contains an
ultraviolet (UV) filter which helps to prolong thiée of the plastic when fully exposed to the

sun. If this is not available you can shade the biodigester from the sun using a simple canopy.

2. Inlet and effluent pipes2 PVC tubes of 75 to 100cm length and 15cm internal diameter; 4 used
inner tubes (from kycle, motor cycle or motor car) cut into bands 5cm wide.

3. Gas outlet:2m of PVC pipe of 12.5mm internal diameter; 2 PVC adapters (male and female) of
12.5mm internal diameter; 2 rubber washers (from car inner tube) of 7cm diameter and 1mm
thickness with a 12.5mm diameter central hole; 2 rigid plastic (perspex) washersrof 10
diameter and a central hole of 12.5mm. Although perspex is best, these washers can be cut
from different sources such as old plastic buckets and other materials made from strong plastic.

t K20G23aNF LIKAO AyaidNdzOiazya Oty 68 F2dzyR o6& &SIENDKAYy3a 2yt AyS F2N¥ 4
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4. Water trap: 1 transparent plastic bottle; 1 PVC elbow of 12.5miternal diameter; 3 PVC "T"
pieces of 12.5mm internal diameter; 1 tube of PVC cement.

b

o

Gas reservoir (optionaljn Y € Sy3dK 2F LRfteStiKeéetSyS Gdzdz I NI F

6. Gas pipe to stovePlastic (PVC) hosepipe of 12.5mm internal diameter (the length aspem
the distance to the kitchen).

7. Fencing and shadét is very important to keep animals (and children!) from damaging the
plastic film. A shade will prevent the plastic from degrading in the sun.

Step 1: Prepare the trench

1. Choose a location close wehere the waste is produced, for example near to a livestock pen or
kitchen. It is easier to use gravity to transport the liquid waste to the biodigester than to move it
by hand.

2. Calculate the size of the biodigester (this example has Hiduid capadiy). The standard
diameters of polyethylene (PE) tubular film are 80, 125 and 200cm. Here we will use a diameter
of 80cm which gives a croessction area of

0.4*0.4*pi = 0.50M
On average 80% of the total volume in the tube corresponds to the liquiddracto to
accommodate a liquid volume of 4will require a biodigester with a length of

4/0.80/0.5 = 10m

The recommended dimensions of the trench which will hold a biodigester of the above
dimensions are:

Width at top 90cm; depth 90cm ; width at bottom aif; length 10m

3. Using string attached to four posts, mark out on the land the upper extremities of the trench (in
this example, 90cm*10m). Dig the trench, making sure the sides and floor are smooth with no
stones or roots that could damage the plastic film.

Dig the floor of the trench so that it has a slope of about 2.5% from the inlet to the outlet (for a
10m long biodigester, thiwould be 25cm). Move all the unwanted soil away from the trench so
that it does not fall in and damage the plastic during construction or use of the biodigester.

Crosssection view of trench from the side... ...and from the end
< 0om —» 90cm —»
N\ / 90cm
«—
70cm

Figure3-8: Crosssection views of thérench to dig for the tubular bag biodigester.
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Step 2: Prepare the tube

The polyethylene comes from the factory in long rolls, so you may have a lot leftover which you
could sell to other communities. A roll is also quite heavy (a 100m roll of 80cm tubhsaabout

50kg) so be prepared if you need to transport it. Keeping a metal or bamboo rod in the centre of the
roll makes it easier to unroll the desired length. Be very careful that the plastic sheet is not
punctured when it is moved. If necessary, cfitand discard any sections that have holes in them.
Even tiny holes can leak gas.

Measure out the desired length (10m in this example) and add 75cm onto each end for wrapping
around the inlet and outlet pipes. The length in this example is therefore

10m+/5cm+75cm = 11.5m

Cut two lengths and put one inside the other to give strength. Make sure they fit snugly together
and that there are no folds or creases.

Step 3: Prepare the gas outlet

Mark the place where the gas outlet will be, about 1.5m from the ehthe plastic tube and in the
centre of what will be the top of the biodigester. Cut a hole the size of the external diameter of the
PVC male adaptor.

Cut rubber washers from an old motorcycle or car inner tube. (Instructions for making washers can
be found in Howto guide 3.2.)

Assemble the components, ensuring the male and female adaptors fit together smoothly.

Insert the male adaptor, complete with the plastic circle and rubber washer, from within the plastic
tube. Then take the female adaptor, witlie rubber washer and plastic circle attached, and screw it

tightly onto the protruding male adaptor.
'

PVC tube

Plastic circles @ PVC female adaptor

2 layers of
plastic tube

PVC male adaptor
Figure3-9: Prepare the gas outlet.
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Step 4: Fixing the inlet pipe

Cut rubber bands 5cm wide from used inner tubes. Use protective sheeting on the ground below the
work area to avoid damaging thtastic tube.

Insert the PVC pipe to one half of its length inside the plastic tube, and fold the plastic around it.
Secure the join by wrapping the rubber bands around the pipe starting at 25cm from the edge of the
plastic and working toward the exposedrpof the PVC pipe, each band overlapping the previous
one, and finishing on the PVC pipe so that the edges of the plastic tube are completely covered.

Step 5: Filling the plastic tube with air
Close the inlet tube with a plastic bag and a rubber bamdtHe same to the gas outlet.

Fill the polyethylene tube with air before putting it in the trench. From the open end, force air into
the tube by waving it up and down with your arms. Then tie the tube with a rubber band about 3m
from the end so that the aicannot escape. This will make it easier to fit the outlet pipe, using the
same process as for the inlet pipe.

Step 6: Fix the outlet pipe
Fit the second PVC pipe to the outlet of the plastic tube using the same procedure as for the inlet.

Make sure theedges of the plastic are completely covered by the rubber bands, overlapping each
one, and ending on the PVC tube. Now close the end of the outlet pipe using a plastic bag and
rubber band, and release the rubber band that was attached around the plabtic Tine bag will
appear to deflate a little as air enters the end section that was previously closed.

Step 7: Final preparations

To completely fill the bag with air, attach a length (4m) of plastic tube (same material as used for the
biodigester) to the FC outlet pipe, filling this with air by the flapping procedure, and then remove

the plastic bag sealing the end of the outlet pipe to allow this air to enter the main bag. Repeat this
process until the biodigester bag is completely full of air. Resealutiet pipe with a plastic bag

and rubber band. If the bag will not hold pressure, there is probably a hole in it and it may need to
be sealed (see Hints).

Carry the inflated biodigester bag to the trench, making sure it does not get punctured by anythin
on the way. Lower the bag into the trench, with the gas outlet at the top of the tube. Prepare a
support to hold the gas outlet line.

Secure the gas line (13mm internal diameter PVC tube) using PVC cement.

Fill the bag with water until the inlet and det pipes are covered with water from the inside. This
traps the air inside the upper part of the bag. Remove the plastic bags over the inlet and outlet

pipes.

Making Waste WorkHow toconvert organic waste into biogas
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Step 8: The water trap (gas escape valve)

Fit a gas escape valve along the gas line. Thipaxriamt as it prevents gas pressure building up to
dangerous levels.

This simple but important device will prevent pressure building up in your system. Gas under
pressure can be explosive.

t NBLINB  da¢é FNRY GKNBS LKSIOgeiong ¥ t £/ L
which will fit into a used plastic bottle.

Figure3-10Y ! a¢é¢ &aKIF LIS YIRS FTNRY O02yySOGAy3a Gg2 LIASOSa 27

Cut a 3*3cm hole in the upper part of the bottle, just below the
neck, through which water will be added to form the gas seal.

= Make small holes either side of the neck to take a length of thin

wire to attach the bottle to a support structure.
3""‘”1 Insertthet +/ &¢é¢ AYaARS (KS-5awabolef S | YR
‘ I GKS f26SNJLINI 2F GKS ac¢céd t dzyOK &
Lo--d 62G0tS HOY 0208 GKS 268N SyR 27

gas pressure inside the system exceeds 2cm water column the gas
can escape to relieve the pressure.

Figure3-11: An air hole in the top of the bottle with a wire to hag it to a support structure.

L i
‘ To reservoir or cooking stovg

Il

Holes Holes
.}\L\/?'\_O/- Distance is 5cm for Floating Drum
v Biodigester (higher pressure) and
2cmfor Tubular Bag Digester (lowel
pressure)

Figure3-12: A completed water trap to allow the escape of high pressure gas.
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replenished when necessary. Attach a flexible plastic pipe to the gas outlet and join to one arm of

GKS 20KSNJ 4¢éd ¢KS 20G§KSNJI I N storhgkitsheng A G K | y 2 (1 KS NJ

Step 9: The gas reservoir

Use a 4m length of the same polyethylene tube used for the biodigester. Close one end using rubber

0l yYR&a FTNRBY dzaSR AYyYSN) (dzoSad® CAlG I a¢é¢ YIFRS FNRBY

a conveniat place (for example, suspended in the roof space), close to the kitchen. Connect the
FNYya 2F GKS a¢é¢ G2 GKS 3Fra tAyST GKS AytSid (2

(If you need to cook faster, you can increase the pressure irefervoir by tightening the string
around it. Remember to loosen the string after cooking so the reservoir can fill up with more gas.)

Step 10: Taking the gas to the kitchen
With the reservoir in place, attach the gas line from the outlet arm of the "THecstove.

Place a strap around the middle section of the reservoir. When you pull on the strap and tie itto a
fixed object or a hanging stone or brick, you increase the pressure of the gas delivered to the
burners. This is often necessary when cookarg long time.

Depending on your feedstock, the biodigester should start to produce biogas within 5 to 28 days.

PVC

Inlet pipe B|ogas
PP outlet s it
( plpe ’/ ecurity
\ valve
_ PVC
<—>1 metre %] Tubular polyethylene biodigester Rlibber tied _ = Outletpipe

. « " Headspace.volume, & &« e WOY e

- - — ) r_/i
\ Lower side

[

Upper side
Useful volume

Trench

Figure3-13: The tubular bag biodigester.

Hint: If the biodigester bags get damaged, patch the hole using maléeamale adaptors with

washers big enough to cover the hole, and sealing the outlet of the adaptor. If the hole is too large
to be mended, replace the plastic tubes and reinstall the system. Protect the digester with a fence to
stop animals falling dowrRats and other rodents like to bite plastic, so further protection may be
required.

Hint: If the slurry inside the biodigester becomes dry, replace the plastic tube of the biodigester. This
is more likely to happen if you are feeding the biodigester witile manure. The bags will usually

need to be changed every 2 to 4 years. Cut open the bags to remove the manure and mix with
compost. Save a small amount to seed the new biodigester.

Making Waste WorkHow toconvert organic waste into biogas
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3BHow to build a floating dome biodigester

You can make a free cooking gas by digesting wet organic waste in a sealed chamber.

ﬁ‘l‘. Before you start, make sure you have read the introductionHow
@, to convert organic waste to biogasjow-to guide 3.

Biogas is highly flammable. Makere you have no naked flames or
sparks near your biodigester.

Biogas can suffocate you in an enclosed space. Always make sure yc
work in a welventilated area and with at least one other person.

Animal dung contains bacteria, viruses and, possibly,qi&s When
handling such material, use gloves and overalls and wash your hands

afterwards.
\ Gas pipe to stove
750 litre gas holder
Funnel
50mm Elbow
90mm ]
Inlet
pipe 50mm
Effluent
pipe
90mm Ca
90Mm T

1000 litre digester tank

Figure3-14: Floating dome biodigester.
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This design was developed by Dr A.D. KarvéhefAppropriate Rural Technology Institute (ARTI) in
India. It is presented here with additional tips frd@AWAGnd AIDG.

Floating dome digesters: key factdom Ashden)

1 About 50 million householdize plants are in use, in China, India, Nepal, Vietnam and
elsewhere. Over 10,000 larger plants are used for electricity generation.

1 Household plants are typically 1 to 12 cutvietres in volume, with the largest commercial
plants reaching up to several thousand cubic metres.

1 The cost of household plant varies greatly from country to country, but is typically around
US$550. If this cost is too high, a cheap alternative is suggy@sitiow to convert organic
waste intobiogas Howto guide3. The techniques in this section, such as making your own
washers, might be useful for incorporating into a simpler design.

®The Appropriate Rural Technology Institute (ARAilv.arti-india.org EAWAGvww.eawag.chAlDGyvww.build-a-biogasplant.cony
Ashdernwww.ashden.org
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You will need:
1. 1000 litre plastic tank (digester).
750 litre plastt tank (gas holder).

Sheet of rubber for making washers (this can be an old bicycle inner tube).

Chisel, jigsaw, scissors, pipe wrench.

a > w D

Inlet pipe: a 90mm diameter pipe, a little longer than the height of the digester tank, fitted into
I nYY d ¢tbom and fixédKoSselyp té the top of the tank, in upright position. This pipe
will also serve as a purge if necessary. Small block (of wood, brick or concrete).

6. Funnel: fix to the top of the inlet pipe to pour in feedstock material.

7. Effluent outlet: fittedat the top of the digester tank. (Collect effluent liquid and use it to mix
with fresh feedstock, or put on your compost heap.)

8. Gas outlet: brass valve fitted to the top of the smaller inner tank and directed toward a gas
stove. Flex hose and PVC pipe.

9. Frame structure: built above the tanks to stop the gas tank falling out when too full. It is
possible to put a weight on the upper tank to increase gas pressure in the tank.

Step 1: Prepare

Cut the top of the big tank (the digester) so that the small {@in& gas holder) will fit inside it upside
down. The big tank is cut so that its opening is the size of the small tank.

1. Cut off the top of the small tank and place it, centred, on top of the big tank to mark its
perimeter.

2. Draw another cutting line 4cm larger all around, so that the hole is 8cm wider in total.

(Alternatively, measure the distance from the centre of the top of the small tank to the outside
with a piece of string and add 4cm to the length of the string. Rlaeend of the string on the
centre of the top of the large tank and use it as a guide to mark a circle.)

3. Cut the tank using a very sharp and strong knife at first, and then with a handsaw or jigsaw blade.
Test to see if the smaller tank fits well. It sittbhave 4cm space around the sides. File the edges
so they are smooth.

Figure3-15: Cutting the plastic tank with a jigsaw.
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Digester inlet:Cut a
90mm round hole in the
side of thelarge digester
tank, near the bottom (A).
— (A
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Biogas outlet Cut a small
round hole in the top of
the gas holder tankpear
the side (C). This should
fit the regular barbed gas
fitting (see Step 4).

—_—
Effluent Cut a 50mm

round hole in the
opposite side to the
inlet, near the top (B).

Figure3-16: Prepare the tanks by cutting holes for pipe work.

Rubber washersMake rubber washers to fit the pipe holes. Sit the pipe round end dowtop of a
sheet of rubber (this can be an old bicycle inner tube). Draw around the inside and outside of the

pipe wall. Use scissors to cut the washer.

Figure3-17: Make washers byutting rings from rubber.

Making Waste WorkHow toconvert organic waste into biogas
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Step 2: Assemble and fit the inlet pipe

Fit 600x90mm pipe (A) into bottom of large digester tank (B) using an adaptor (C) to prevent leaks. It
is helpful to push the end of the pipe through a block to keep it off the floor ofahk.

Fit 90mm plastic T pipe (D) in line, onto the outside of the fitted pipe. The cap (E) fits on the other
end.

Fit the 1m pipe (F) onto the top of the T pipe so it stands vertically next to the tank. Attach (G)
loosely to the side of the tank to stapfalling.

Fit the funnel (H) in the top of the vertical pipe.

Funnel
(H)
(©)
1m pipe
(F)
Adaptor -
{(C) Block
Cap B)I1T Il 60cmA [
T pipe | ) |
(D) 1000 litre

digester tank

Figure3-18: Assemble and fit the inlet pipe.
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|
i Rubber |
] washers | Female
| adaptor
i M I |} ) A
: ]” lmHLJ v N
4 ' L
Cap r
Digester
“ wall tank
Tank interior is on the right.

There are two rubber washers and a thicker washer on each site t#fnk wall.

Figure3-19: Assemble and fit the inlet pipe (detail).

Hint: The inlet needs to be watertight. Use a male fitting for this section and screw it through the
tank wall using a pgwrench. Then use 2 rubber washers and 1 thicker, spongier washer on each
side of the inlet. Use silicon to seal all the joints.

Step 3: Assemble and fit the effluent pipe
Fit the 200x50mm pipe (1) into the side of the tank using an adaptor (J) tomireaks.

Seal the effluent outlet with washers on the inside and outside of the tank. Fit the 50mm elbow pipe
(K) and the vertical effluent pipe (L) onto the end.

Hint: The length of pipe on the inside of the tank should be short, to allow enough spattefgas
holder to fit inside the digester tank.

Adaptor (J) -
Female

adaptor

£ -
L:.O(') PVC| Elbow (Q
X

Rubber
washers .
| o
Digester PVC
tank wall l
Effluent

Figure3-20: Assemble and fit the effluent pipe (detail).
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Step 4: Assemble and fit the biogas pipe
Attach the gas line (A) to a regular barbed fitting (B) and secure with a hose clamp (C).

Sandwich the tank wall (D) between two washers (E) and (E) and nuts (F)tbretiaed end of the
fitting.

Flex hose gas line (A)

(B)

Hose clamp (C)

Tank wall (D) Washer (E)

=
Nuts (F(E Washer (E)

Figure3-21: Assemble and fit the biogaspe.

Hint: The gas line is a standard flex hose, which
can be transitioned to a standard PVC gas pipe
and buried underground. Burying the PVC line
protects it from degrading in the sun and
developing cracks that could cause gas leaks.

Figure3-22: The gas line is a standard flex hose.
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Step 6: Assemble the structure

Fit the gas holder (smaller) tank inside the digester (larger) tank.

To increase the gas pressure to a usable value, place a wWigbkample a couple of bricks) on top

of the floating drum. The height the tank rises will depend on the amount of gas in the holder. The

pressure will vary very little as the tank rises. To make sure the gas tank stays in place, even when
fulofgas, @S GKNBS tSy3dika 2F uwOY t+/ LALS 0O02yySOGSR
W' Q AKFILISa omnnanOYI MHPOYZI mMnanOY®UL . dzZAfR (g2 2F
OA2ZRAISAGSNIAY |y W.Q F2N¥IGAZ2Y D

Step 7: Start the system

Start the system by bding it with about 20kg fresh cattle dung (not more than 6 days old), waste
FE2dzNJ 2NJ AGF NODK yR gl GSN® ¢KS oF OGSNALF FTNRBY (KS
the bacteria that break down organic material into biogas (methane and cariocitd).

After 2 weeks, the system should start to produce gas and the upper tank will rise.

Test the gas by burning it: if it is combustible you can start to add high calorie materibldaet®
convert organic waste into biogaslowto guide 3).

Step8: Maintain the system

Each day, feed the system withl15kg feedstock mixed with 10 to 15 litres of water in the morning
and again in the evening. Mash up any feedstock that has large lumps (of more than 2cm) so that it
resembles a smooth soup.

The digeter should provide a steady supply of gas, typically-280 g of gas per day from 1 kg (dry
matter) of feed. Biogas is 1.15 kg / cubic metre, so to store this amount of gas would require a gas
holder or reservoir with a 0.28.56 cubic metre capacity.

SeeHow to convert organic waste into biogdsowto guide 3, for maintenance and
troubleshooting.

Making Waste WorkHow toconvert organic waste into biogas
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Step 9: Using your biogas

You may need to make adjustments to your gas burner to make the flame burn consistently. The
methane / air mix is fairly critical, drthis will vary depending on your feedstock. If the flame is
yellow or producing black soot, increase the air so that the flame has more heat. More detailed
designs for biogas cooking stove modifications can be found on the infernet

N\

Adjust air mix

Figure3-23: The biogas can be fed directly to a kitchen burner.

When your biodigester is working well, you should have enough gas every day to cook an evening
meal.

Digester capacity 500 litres 1000 litres 2500 litres
Gas holder capacity 400 litres 750 litres 2000 litres
Available gas 250 litres 700 litres 1750 litres
Duration of burning 1 hour 2 hours 5 hours

Figure3-24: The amount of gas generatém different size biodigesters (Source: ARTI).

" Fulford, D. (1996) Biogas Stove Design. Availatiigmt/kingdombio.com/BiogasBurnerl.pdf
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4. How to transform fish waste into animal feed

Fish waste is very rich in protejiyou can make it into supplements for animal feed.

Summary:Collectfreshfish wasteg what is left over after filleting. You can smoke and dry these,
addingextrasmoked fishmeatfor a higher quality product (Class &pd then put through a milling
machine.

Waste materialsFish heads, bones and tails.
Product:Protein supplement for animal feed.

Benefits:If you have access to farmers who keep animals, you can produce a nutritious animal feed.
This increases pductivity, is very good for young animals and is suitabletiarkens pigs,goats,
cowsand farmed fish. It is also useful as an alternative when there is no grass or fodder, particularly
during the dry season.

HintLT @2dz R2y Qi K lafifal feed aflaltedhaivie is To 2uNufish fraktinto very
high-quality manure that is good for the soil and for plargsgHow to turn organic waste into
compost Howto guide5). You can use this soil conditioner on your own land or you can sell it to
others.

i place well away from houses. i

' The fish waste can harbour disease and attract flies. Alwaysg
' process the material quickly and wash your hands afterward:

Even after you have smoked the figaste, it may still carry
; disease so always wash your hands after handling it.

Making Waste WorkHow totransform fish waste into animal feed
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You will need:

1 Overals, gloves, masks, covered shoeboots
1 Smoking oven

i Firewood

1 Access to a milling machine

Class 1 animal feedthe best quality

For the best quality feed onlyiseheads, bones and tajlsnixed with whole fresh fishDo not use
fish gutsq thesecanbe used tanake excellent qualitgompostinstead §eeHow-to guide 5.

25 ) SEMDC F a B " s e

Figured-1: Class Animal feeds a mix of fish bones and whole fresh fish, smoked.

1. Collect fish waste (skin, heads, bones and tails), and an equal amount of whole fresh fish, and
smoke for one day.

2. Dry for two day®ver a drying kiln.
3. Pass through a milling machine

4. Addto grain to supplement other animal feeds.

Making Waste WorkiHow totransform fish waste into animal feed
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Class 2 animal feed

1.

2.

Collectfresh fish remains (skin, head, and taifidsmoke for one day
Dry for two days
Pass through a milling machine

Add to grain to supplement other animal feeds.

o
- ®)
8 s
-
X >
R ~
e o
- . 2% Gy
d 7 e
» & L - —
O N =
A i oo
- - - -
Vi s 3 {
b —
o 1
'.* ot —
3 = i
= !
£
R
3 2 £t
VA
] - e
‘/(ﬂ«fa 3
- 2o (8=
é -y
5
s = >
Aol o =% ¢
s - 3 Pt 4,'I
L& »s;
¢ 33 48
SRl B i
[ PpE S A Z ﬁ:\‘&j L
Sl S | LS PN G AL
e Y PN . v R0 1

Figure4-2: Clas® animal feeds made by smoking and milling fresh fish remains.
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Building a smoking oven
You can build a smoking oven using different materials, depending on what is available in your area:

1. Clay mudpacked and shapedbyhand (§6p & KSI Rf 2 R&a¢ 2NJ 6l aAya T2
one oven) (S ——

2. Packed clay mud faced with cement (1/2 bag)

Clay mud blocks (stairied or baked) and mortar

4. Cement blocks with mortar (requires 3 to 4 bags of cement and sand
that is wellwashed)

w

Oven design

The ovens are rectangular, about twice as long as wide; with two stoke holes in
the front. Preferably there is a foundation sunk in the ground and a dividing wall £/~~>144
in the middle, both being recent improvements on earlier models. " -

77/

WA 111
7,

Figure4-3: Example of smoking oven showing stoke holes and inner fire pits.

Advantages of middle wall:

Gives added strength to the oven

Protects the mediamross piece of the bottom tray from burning

Gives greater support to the loaded trays

Allows for smoking of small quantity of fish over just one chamber, using less wood.

=A =4 =4 4
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Process

1. Clear and level the ground. Draw the outline of the oven walls. Dig ahtrEm20cm deep for
the foundation.

2. Prepare the materials (delivery of clay soil or blocks); if loose clay, mix with water and pound
until it becomes malleable and sticky.

3. Construct the walls in layers (if clay mud, do it in three stagést pack thelower layer and
allow to dry, then the next 40%, and finally pack and square the upper surface). This takes three
days for packed clay ovens, or two days for block construction.

4. For the clay oven, cut stoke holes in the front wall once it is dry (withshagpened strip of
iron); wet the area to be cut first.

5. For the cement oven, make an arch with a piece of scrap plywood, and pack with cement well
bonded to the blocks surrounding it.

6. Finally, after the oven and stoke holes have dried, plaster with clagroent.

/////// I7[II \\\ N\ < \\\
| W A 1 |
[ 77 l']lIIM“1\m~;\%_\ ll
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Figured-4: A diffeent smoking oven design witthimneys, to help direct the smokaway.
Drying fish

There are several ways to dry fish and there might be a traditional method where you live. If it is hot
and dry you can simply dry the fish in the sun.

For the drying kiln table:
9 Firebricks and cement or clay or mud if these are easily available
1 Rebar
f 2lcmmetal mesh

Making Waste WorkHow totransform fish waste into animal feed
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Grinding and milling

If you do not have access to a milling machine, you can grind the animal feed into a fine powder
using traditional tools.

Marketing ideas

You can probably sell Class 1 feed for more,
but it costs more to make as you have to buy
fresh fish. You should see whether you can
make more profit from Class 1 or Class 2.

Chickens fed with fish supplement make muc
richer eggg; talk to egg producerso see if
they will buy your product.

This productan also be used as fish feed in
fish farms. It can be added to smoked cow
bones, oyster shells, palm nut, groundnut,
maize and semolina to make highotein
animal feed.

Making Waste WorkHow totransform fish waste into animal feed
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5. How to turn organic waste into compost

Wastefrom plants andanimals can be used to make compost. Composting is a natural pthaess
recyclesorganic material into a sbconditioner that improves soil quality and incresfod yields.

Summary:Composting is the natural breakdown of organic materials through mixitingoxygen
from the airto form a stable, soilike material.

Waste materialsFood wasteagricultural wasteanimaldung used animal bedding, wood chips.

Product:Chemicaffree soil conditioner / compost

ﬁ»\ To produce a quality product, always use clean
.--=

e~ materials which have been kept separate from other
Na” wastes at the source.

Benefits:

9 Compost increases organic matter in the soil.

1 Higher yields; increasing the amount of organic mattend plant nutrientsn the soil can
improvecropyield potential.

9 It can be usedat least in part, instead oéxpensive inorganic fertiliserg compost contains slow
release, cropvailable nutrients, includingitrogen, phosphorus angdotassium.It also contains
plant micronutrients such amagnesium and sulphur.

9 Better soil structure and water managemergtcompost improves soil structure, witiimproves
water infiltration and retentiorandis good for crops

1 Inhibiting pests and diseasesthe organic action of compost can help to inhibit pests and
diseases within the soil.

9 Fuel savings and traffic toleranagcompost improves soil structurejaking it easier to work
with. If you are using a rotavator or tractor it will use less.flraproving soil structure will make
it more resistant to compaction from tractors and will extend the conditions in which it can be
worked.

Making Waste WorkiHow toturn organic waste into compost
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Key Ingredients: Caxdn and Nitrogen

The fastest way to produce compost is to ad®ut two parts of green material to one part of
brown material. This will ensure that there is the correct balance of nitrogen and carbon for the
composting microbes to work.

If there is too mub carbon, the composting process viaél slow. If there is too much nitrogen you
mayend up with a gellypile. It is important that air gets into the pile to help it decompose quijckly
therefore aim to ensure that the pile has enough structure

The compet should be slightly moist. If it is too dry, add a small amount of water and mix in.

NITROGENCch material (green): Smelly organic waste suc
asanimaldung, fish head$onesand guts green grass and
leaves

CARBO¥Nich material (brown): Woodgrganic waste such
as small branches, dry leaves, coconut husk and groundn
shell.

Figure5-1: The correct balance for composting is about two parts of nitregem material (green) to onpart
of carbonrich material (brown).

+ Composting is generally a safe activity, but:

There can be a risk from disease from the compost heap. You shouldi
. always wear gloves when handling compost and wash your hands
, afterwards.
' There can be spores frdinngus in the compost heap. People with !
' breathing problems should avoid turning compost heaps. Do not opeﬁ
' bag of compost with your head right over it. Damp down compost bef{

' use. It is advisable to use a mask when handling dry compost. ;

Making Waste WorkiHow toturn organic waste into compost
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Thereare many ways to build a good compost heap. It needs to be protected from the wind and
preferably not able to dry out too much.

Two different types of compost heap are described here: the Triple Pit, and the Layered Cell.

Triple PitCompost

Dig threepits in the ground
Place the mixturet¢o parts
green material and one part
brown material) in the first pit.

After aweek, remove the
material and put it in the next
hole, mixing it up. This helps air
reach every part of the compost
and speeds up the process.

After another week, move the
material to the third pit.

Finally, move the compost into a
small heap at the de to allow it
G2 WYIFGdzZNBQ F21
weeks. It will be ready when it
smells earthy and looks brown,
usually within another 6 or 7
weeks.

Figure5-2: Triple pit composting.

You can beomposting material in all three pits at the same time, each pit one week older than the
next.

Making Waste WorkiHow toturn organic waste into compost
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Layered CelCompost Heap
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Build a cell (as shown in the pictur&)ou can build it
on the ground, or raised up on legs to keep vermin

out.

\
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Figure5-3: The size of your composting cell will
determine how much organic waste you can comp

On the bottom layer, put
branches and twigsor
groundnut shellso
improve air ciculation
and drainage.

Then put a middle layer of

mixed 2 parts nitrogeitich
material (green) and one
part carbonrich (brown)

If it is particularly smelly or
likely to attract pests, add a
layer of finished compost over
the top. Leave for 6 to &eeks,

material. makingsure it does not dry out.

After 6-8 weeks, sieve the compost to remove any larg
un-composted parts, which go back in the hole/cell to
compost for next time.

Finished compost

Mixed green/brown waste

Allow the composted parts to mature faround3 more

weeks before using

Brancheg; Drainage

my
o |

[ [ ek 1 \ \

It will be ready when it smells earthy and lodk®wn.
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Figure5-5: The completed layered cell compostin
heap
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Marketing and selling compost

If you want to sell your compost to farmers or gardeners, you should sie¥eltmay have to give

Fgl & FTNBS &l YL Sa G2 O02y@AyO0S LIS2L)X S (GKFG a2YSicF
crops. One way of convincing them is to grow a market garden onsjte using your compost to

demonstrate how well it works.

Talk to farmers and agricultural stores to see how much people pay for imported cor@amsy.ou
supply yours at a lower price?

Remember to explain the benefits of using compost, from the beggaf this Howto guide.

More help and advice

There is plenty of information on the internet to help you produce high quality compost. These
resources are free to access:

1 Master Composter Manu#l998). Cornell Waste Management Institute.

1 Ali, M. & al. (2004)Sustainable Composting: Case studies and guidelines for developing
countries WEDC, Loughborough University.

1 Rouss, Xt al. 008)Marketing Compost: A Guide for Compost Producers in Low and
Middle-Income CountriesSSANDEC/EAWAG.

1 Rynk, R. (1992nFarm Comosting HandbookNortheast Regional Agricultural Engineering
Service, Cooperative Extensi(@07) 2557654.
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6. How to turn organic waste into compdsising worms

You can make very higtuality compost quickly in a small space using special worms.

Summary:Composting using worms, also known as vermicomposting is the process in which worms
turn organic wastes into very higuality compost very quickly

Waste materialsOrganic materials, especially food waste.

Product:Worm cast compost also known as vermicompost. This is very high quality compost,
suitable for kitchen gardens and agricultural uses.

Benefits:Worms can consume large amountsasfjanic wasteequivalent o their own body weight

per day(1 kg of worms can consume 1 kgéoff 2 evRgdayd ¢ KS SEONBlthe 2NJ a O & i/
worms are rich in nitrate andvailable forms of phosphorus, patsium, calcium and magnesium.

(SeeHow to turn organic waste into compgsiowto guide 5 for the benefits of compostThis type

of composting is quicker and the box method uses very little space indeed, so it may be useful in a

small compound or campusr in urban areas where space is limited.

‘.«“\“ To produce a quality product, always use clean materials

1! .

T which have been kept separate from other wastes at the
source.
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Compostingvith wormsis generally a very safe activity, but:

There can be #sk from disease from the compost heapthe organic
waste you are adding to.itYou should always wear gloves when
handling compost and wash your hands afterwards.

There can be spores from fungus in the compost heap. People Witﬁ
breathing problems shodlavoid turning compost heaps. Do not opei
bags of compost with your head right over it, and damp down comri
before uself the heap is dry wear a facemask to protect your Iungsi
from the dust. !

Choosing the right worms

Not all worms are suitablfor worm composting (sometimes called vermicomposting). Good
vermicomposting worm varieties:

9 Canlive in dense colonies

1 Prefer making their home in airy bedding material instead of soll

1 Reproduce quickly

1 Have a big appetite for decaying organic matter.

Examplesof good vermicomposting worms are: Red / Tiger WdEis€nia-etidg, European Night
Crawler(Eisenia HortensjsAfrican Night CrawleiEudrilus EugenigeWest African Earthworm
(Hyperiodrilus africanus ), BlWgorm Perionyx ExcavatyisAlabamalumper Amynthas Gracil)s
and Dendode (DendrodrilusRubidus.

It is better toidentify yourlocal speciebecausamporting themcan be costlyand many worms can
die in transport Introducingforeignspecies camlsobe harmful to the local ecology. Kérmers if
they know about any locally available worrasd experiment with different varieties

al 1S adaNB® @2dz FSSR @2dzNJ g2N)¥a (GKS O2NNBOU
moisture.

Choosing the right vermiculture system
There are several simple system&e willlook attwo:
1 The box method, suitable for a single or small number of households, and

1 The pit method, suitable for communigcale vermicomposting.
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The box method

This is suitable famaller or householdcak projects You could also use this to breed more worms.

1. Find a suitable bin or baxan old drawer from furniture, any wooden box or plastic container
approximately 40cm x 60cm x 20cm or 10 gallons. Make surkedkis clean by rinsing it with
clean waer to remove any residues which may be harmful to the worms. For wobdges,
line the bottom and sides with plastic.

2. Prepare the bedding. Instead of soil, use moist newspaper bedding. Like soil, newspaper strips
provide air, water, and food for the worsn Using about 50 pages, tear newspaper into 1cm to
2cm strips. Place the newspaper strips into a large plastic waste bag or container. Add water
until the bedding feels like a damp sponge, moist but not dripping. Add dry strips if it gets too
wet.

3. Add the strips to the boxmaking surehe bedding is fluffy (not packed down) to provide air for
the worms. The bx should be 3/4 full of wet newspaper strips.

Figure6-1: Theboxmethod of worm composting

4. Sprinkle 24 cups of soil ito the box. The soihtroduces beneficial microorganisimand gritty
LI NI A Of Sa ( gigestikeRrodeds. Potting f:eivsail rom outdoors is fine.

5. 2 SA3K @2dzNJ 62NX¥a | yR (KSy weighRhem, P& temiirea G KS 62 Ed
measuring jug and record the volume (e.g. 300 ml worms or one cup of worms). This is
important for recordkeeping and will help you know how much to feed them.
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Figure6-2: Add woms to the compost box.

Bury food scraps undehe bedding. Feed the worms fruit and vegetable scraps that would
normally be tlmown away, such as peels, rinds and cotéasiit the amount of citrus fruits that
you place in thdoox Do not add meats, bonesils or dairy productsCut or breakood scraps
into small piecesthe smaller, the better.

Measure the amount of food. Feed worms approximately 3 times their wéaghtolume)per
week. Monitor theboxeveryweek to see if the worms amatingall the food. Adjust feeding
levels accordingly. (If you start wi#®0 mlof worms, addd00 mlof food per week.) Buryobd
scraps in the bax.iftthe bedding, add food scrapthen cover food withtthe bedding.

Place a full sheet of dry newspaper on top of theldieg. This will help maintain the moisture
balance, keep any possible ads in thebox, and help prevent fruit flies from making a home
in thebox. Replace this sheet frequently if fruit flies are present, boigets too wet.

Cover and choose a spdr the box Cover the bxwith a lid made of plastic, plywood or cloth,
but leave the lid ajar so th&orms receivesome air. If desired, you may drill holes into thaxb
Place the bxaway from windows andook stoves (this will help the temperature gtstable)

Feed, water and fluffTo keep worms happy, feed them about once a weekelbedding
dries up, spray with water. (If bedding gets too wet, add dry newspaper strips.) Fluff up bedding
once a week so the worms get enough air.

To harvest the wans ¢ empty 2/3 of each box faadding tothe compost pit. Add bedding
material to the remaining 1/3 in the baxthese will multiplyagain.
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The pit method
This issuitable for medium to larger scale projects

1. Dig a series of piground 3m x f x In deep with sloping sides. (Vary the number and size
according to the amount of food waste you have to process.)

2. Laybamboo poles (or similar) in a parallel row on the pit floor and cover with a lattice of wood
strips to provide drainage (worms cannot suevin a waterlogged environment).

3. Line the pit with a suitable material to keep worms from escaping into the surrounding soil
whilst allowing drainage of excess water (old anifoall sacks for example; not plastig.

<4+—— 3 metres —»

Figure6-3: The pit method of worm composting

Add the compost and worms to thpt:

4. Fill the pit with organievaste (food waste). @er loosely with soil and keep moist for a week or
so.

5. Appl a good amount of water tore or two spots on the heap argace thevermicomposting
worms on top Theywill burrow rapidly into the damp soil.

6. Leave the pit for 2 months, preferably shaded from hot sun and kept moist.

Figure6-4: Apply worms to the compost pipicture not to scale).
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Digging out re-filling the pit and harvesting the worms:

7. After 2 monthsdig out2/3 - 3/4 the contents othe pit andremovethe bulk of the worns (by
hand or sieing).

8. Refill the pitwith fresh organic residues and the remaining worms witititme the composting
process.

9. Sundrying and sieving the compost improves thgatity of the final product.

10. The excess worms that have been harvested as above can be ustbéripits, sold to other
farmers or used/sold fouse as animal feed supplementfigh food.

Figure6-5: Digging out, rdilling and harvesting worms (picture not to scale).
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7. How to prepare plastics to sell to market

Sometimes it is more practicad profitableto collect andsellsortedplastics than to recycle them
yourself.

Summary:Collect, sort, clean and bulk different plastic materials in the right wearn low to
identify common types of plastic

7R It is always better to work with clean, separated materials than with
=gl mMixed waste.

2
) N

Clean, sorted and bulked plastics are mutiore valuable.

Note: The processes of sorting, cleaning and bulking materials to sell to merchants can also be
applied to paper and card, metals and glagsovided there is a local market for these materials.
The value of clean materials is calcathby weight. Since plastic does not weigh much it helps to do
some additional processing tnaximisethe value of the material, for example gathering a large
guantity, shredding, compacting, and baling.

Quiality: Good quality materials are likely to fetbiigher pricesGood quality materials are:

1 deanand dry not covered in food waste or dirt or left out in the rain
1 Very well sorted, with only théype of materialthat your buyer wants
1 Compacted and baled to reduce transport costs

Quantity: Your buyers Wl want to know that you caprovidea regular supply of quality matati If
you have enough, they migkend a vehicle.

Storage It is important to havea placelarge enough tstore collected material, keepinig dry, away
from animals and safe from possible theft.

i When you are dealing with plastics:

 § Only use the flame test as a last resort

' {1 Be very careful that you are clear on which type of dagiu are
' handling and that there arao other types mixeth. This is very
important when doing the flame test.

! ¢ NEVER BURN PYOIS EXTREMELY TOXIC

used forpackagingood before and is stored where rats can touch |t
Always wash your hads after dealing with waste plastic. i
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How to increasehe value of your plastic

1. Cleaning

If plastic is clean it is more valuabM¥ou can wash it before, during or after sortifigdtingin water
is also a good way to sort the plas)ics

1 Emptyanycontents ofcontainers into prepared collection barrels

1 Remove other materials and the wrong plastiagemove lids angaper, plastic or metal
labels

1 Manual washing:This can be done in large drums or containers. If the plastic is covered in
oil, then use hot water with soap or caustic soda (use gloves if using caustic soda)

1 Mechanical vashing:Use a water filled container with a motor with paddles at low speed.
The plastic is left to soak whilst the paddles stir continuously. The dirt settles otthand
plastic is removed with a drainer.

2. Drying

Either leave in the sun or dry with a fan and gas burner.

3. Sorting

You needo do this to the requirements of your customers, but this is often the way that is needed:

Remove all materials that are nplastic(such as paper labels or metallic sticRers
Separateifms (soft plastics) from hard plastics

Separate the plastic typd®VC should always be separatad a minimup
Separateifms into transparent and mixed colour

Separateigid PE materialsito light (transparent and white) and mixed colour

=A =4 =4 =4 =4

4. Agglomeration

You might want to do this with film plastic so it takes up less space and makes it easier to handle and
sell. An agglomerator consists of a vertical drum with a set of fast moving blattesiattom,

which chops the sheets into thin film flakes. Due to the cutting and friction energy of the process the
flakesbecome warm, andtart to melt and form crumbs or agglomerajein together) This will

increase the bulk density of the matersd it canbe fed directly into reprocessing machines.
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5. Reducing the size of plastic

Makingplasticsdenser helps reduce transport costs and can be more easily fed into reprocessing
machinesThere are different ways to do this:

A. Cutting: You can cunhaterials, like gallon containers, into siealpieces to make it easier to
transport or feed into shredders (3 labourers, each with scissors, can cutamqmé of
sorted plastic per day).

B. Shredding: This will cut plastics into small enough pieces @t or reprocess. You can
use a mechanical shredder (a small one with a 5kw motor could be used to start and grow as
you save more money). If you have not already washed the plastics, you can now easily rinse
with water or remove any dirt or dust.

Tobuild your own plastic processing machines see free blueprints bnline

C. Flaking: If you have a hammer mill you can produce plastic flakeéshare easieto handle
in industrial processes.

D. Baling: You can use handmade or bought machines, you can getlbgimes more plastic
in the same space if you bale.

Type of material Looseweight of material Baled weight of material
PET (soda bottles, food packaging e 18-24 kg/nt 240-350 kg/n?
HDPE (milk jugs, detergent containe 13-14 kg/n? 240-300kg/m®

Figure7-1: It is much more efficient to transport material that has been bale

8 Blueprints are available from Precious Plagtitps://preciousplastic.com
® WASTE2011)Solid Waste Entrepreneurship Guide

Making Waste WorkHow toprepare plastics to sell to market
65


https://preciousplastic.com/

How to identify common types of plastic

............................................................................................

i When you are dealing with plastics:

' Only use the flame test as a last resort

! 4 Be very careful that you are clear on which type of jgastu are
! handling and that there arao other types mixed ifThis is very
important when doing the flame test.

1 NEVER BURN P¥[T1S EXTREMELY TOXIC

used for food before and is stored where rats can touch it. Always
wash your hands after dealing with waste plasti

If you work with plastics regularly you will soon find it easy to identify the most common types of
plastic simply by their look and feel.

Thete are treeother simple ways tadentify different plastics.

1. See if you can find aidentification number

Recycling  Abbreviation Full name
Number

!
)
>
e

PETE or PET Polyethylene terephthalate

HDPE or RHD Highdensity polyethylene

PVC or V Polyvinyl chloride

LDPE oPELD Lowdensity polyethylene

f\ PP Polypropylene
(o
PS Polystyrene
A
-
i\ OTHER or O Other plastics, such agrylig nylon, polycarbonate
cz_j andpolylactic ad (abioplastig, and multilayer combinations

of different plastics

Figure7-2: Plastics can be identified by their recycling number
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2. Float test

Cut out a flat piece of the plastiabout the size of a coin and put itfiesh(not salt) water (it
R2SayQid KIF@S G2 0SS OftSlIy 6FiSNDOY

)

LDPE, HDPE, PP and——» -“
PS float

PET and PVC sink ——»

Figure7-3: The float test can help you identify different types of plastic.
3. Hame test

Only do the flame test if you have tried everything else and are stilte which plastic it is.

Takea small piece of your plastic, the size of a coin. Go outside to avamllated area away from
other plastics Hold the plastic away from your bodwpd light it using a long stick pratch:

9 Observe the colour of the flameDPEHDPENnd PFhave a bludlame with a yellow tipPET and
PS have a yellow flame with dark smoR&:Chasa yellow flame with a green tif@void burning
PVC if possible).

1 See how easily it burnslDPE and LDPE burn easibe very careful if you are testing this type of
plasticbecausdt can melt anddrip; PVC will light but not so easily and does not drip; PET also
lights but not so easily and bubbles as it burns

1 Notethe anellfrom the smokelf you must, andhis is stronghadvisel against waft the smoke
towards you andake a quick smelbf the smokeo give you further clues as to thgpe ofplastic
you are handlingWARNING: if you have already identified the
plastic from eher methods and particularlywhere you suspect the
plastic is PVC, do nburn it.

PH smellsimilar to burnt sugar

LDPE and HDPE smell like candle wax

PP has a sweet smell

PS smells like gasoline

PVC has an acrid smell like chlorgiéyou accidentally burn
PVGstay awayfrom the smoke and gas it releases, and put out
the fire immediately.

o O O O O
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1 PET (Polyethylene Terephthalate)

Common uses for PET are:
I Water or soft drinks bottle
1 Food trays and containers
9 Hair product bottles.

PETis clear and tough and stops gases or liquids entering. It becomes softer at
around 8@C.Lids and labels are madem other plastics.

What can PET be recycled into?

PET plastic is crushed and then shredded into small flakes which are then reprocessed to make new
PET bottles, or spun into polyester fibre. This recycled fibre is used to make textiles such as fleece
garments, carpets, stuffing for pillows and life jackets, and similar products.

NOTE: PET is intended for single use applications; repeated use increases the risk of chemicals
seeping into the liquid and bacterial growth. PET plastic is difficult to danonate, and proper
cleaning requires harmful chemicals.

How can | tell something is made of PET?

1. Lookt 9¢ O2y it AySNAE I NB Of SI NE azvéa)\a"&é KI 98

often used for water o drink bottles. They have a bungm the bottom of the b
bottle.
2. Float test: PET wilinkin water. "
(=

3. Flame test:

Yellow flame

Plastic drips

Burns slowly /
Smells like burnt sugar

Light smokewith soot (floating particles)

=A =4 =4 -4 -4
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2 HDPE (Higbensity Polyethylene)

Common uses for HDPE include:
91 Detergent and oibottles
1 Toys
1 Heavyduty plastic bags
T Witt2yQ O2y Gl AYySNER F21J K2f RAy3 FdzStx 2Af SiGO0c

What can HDPE be recycled into?

HDPE is the most commonly recycled plastic and is considered one of the safest forms of plastic. It is
a relatively simple and costffective process to recycldt is very harewearing and does not break

down under exposure to sunlight or extremes of heating or freezing. For this reason, HDPE is used to
make picnic tables, plastic lumber, wastentainers water pipes, fence posts or otherquucts

which require durability and weatheesistance.

How can | tell if something is made of HDPE?

1. Look:lt often has a 2 printed on it. HDPE is hard, skexible,andresistant to
chemicals and moisture. It has a waxy surface, is opéguecannotsee through it) CE_,
and softens at 7&C. It has a ridge at the bottom of the container.

2. Listen and feel: Many plastic shopping bags are manufactured from HDPE and the easiest way to
distinguish them from LDPE bag$rom the sound thgmake when you crinklthem in your
hands. If the sound is soft and swishing (think of green leaves blowing in the trees), then you
have identified LDPE; if the sound is crisper and crinkly (think of dry leavesheshgd
together), then you have HDPE. The two sounds are glistinct.

3. Float test:HDPEwill floatin water. -

e

4. Flame test:

Blue, yellow tipped flame
Burns slowly

Plastic drips
Smells like candle wax (paraftin)

= =4 =4 4

Making Waste WorkiHow toidentify common types of plastic
69


https://en.wikipedia.org/wiki/File:Symbol_Resin_Code_2.svg

A UK
3 Polyvinyl Chloride (PVC)

PVC comes in two forms:

Rigid:(sometimes abbreviated as RPVC) and flexible. The rigid form of PVC
is used in construction for pipe and in profile applications such as doors
and windows. It is also used for bottles, other Aond packaging, and

cards (such as bank or membership cards)

Flexible:Plumbing, electrical cable insulation, imitation leather, signage, music records, inflatable
products, and many applications where it replaces rubber.

What can PVC be recycled into?

It is used for flooring, shosoles, wellingtord & NXzobooS Mdd shoes.

How can | tell if something is made of PVC?

1. Look: It often has a 3 printed on it.

1 RigidPVC is strong, tough, can be cleappaque and softens at 80/ @ r\
1 FlexiblePVC iplasticised, clear, elastic and canwelded bysolvens. C?.J

2. Floattest: PVC will sinkx water. g/
==

3. DO NOT perform the flame test.

Stay safedo notburn PVC.

It produces extremely toxic fumes.é
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4 Low Density Polyethylene (LDPE)

LDPE is used for plastic bags and fikastebags and bottles you can
squeeze.

What can LDPE be recycled into?
LDPE can be recycled into building materials, as well as bags
How can | tell if something is made of LDPE?

1. Look: LDPE is soft afidxible (it is usually used as a film). It is translucent (lets light ’\
through but is not lear),and softens at 7€ /It often has a £mbossedn it. Cﬁ_}

2. Feel: LDPE feels sagtmoothand flexible It can be scratched easily with a fingernail.

3. Listen: If you rub it together, it will make a soft swishing sound, as opposed to a crinkling, harsher

sound.
—
4. Float test:LDPE floats in water S5

5. Flame test:

Blue, yellow tipped flame
Burns slowly

Plastic drips
Smells like candle wax (paraffin) /

= =4 =4 4
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5 Polypropylene (PP)

PP comes in many forms and has many uses:

Bottle caps

Food containers

Buckets

Appliances

Plastic chairs

Crystal clear plastic bags used for retail and presentation (BOPP)
Woven rice sacks and animal feed sacks

Plastic shopping bags with a woven appearance
Sports clothing

Disposable sanitary napkin linings

Rope.

= =4 =4 =4 -4 4 -4 -8 -4 - 4

What can PP beecycled into?

PP is commonly recycled intoktes, rigid packaging, containers, crates, disposable cutlery, pallets,
hangers, and tubs.

How can | tell if something is made of PP?

1. Look: Rigid PP is usually hard, opaque and coloured using pigments. Woven P
looks like cloth and is used for sacks and bags. Specially treated, PP becomes 5
crystal clear and is used in packaging and retail for presentation. It has a high
YSt GAy3 LI loffett had & stampetlah i t t

2. Feel:Woven PP feels soft, like clofRigid PReels rugged. It cannot be scratched with a

fingernail.
. -
3. Float test: PP floats in water ~
SEED

4. Flame test:

Blue, yellow tipped flame
PP shrinks quicklyut burns slowly

Plastic drips
Has sweet odor. /

=A =4 -4 =
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6 Polystyrene (PS)

Common uses for PS are:

Disposable plastic cutlery and dinnerware
Food containers

CD cases and cosmetic packs
Disposable razors.

= =4 =4 =

Expanded polystyrene (EPS) is used for:

91 Insulation panels
T tI O1lAy3 aGLISIydziasg I yR
1 Foam cups and food containers.

What can PS beecycled into?

PS cannot be recycled easily. EPS is especially lightweight and so transport is often uneconomical.
When it is recycled, it is melted and turned into pellets to be used in the production of toys, outdoor
furniture and insulation.

How can fell if something is made of PS?

1. Look: PS is rigid and shiny. EPS is usually white and madeefpareded r\
polystyrene beads. It often has the number 6 on the base. Cb

2. Feel:EPS is rigid and tough, but crumbles into separate grains. (This is differeatkimthof
foam used in furniture and car seats, called Polyurethane foam.)

3. Float test:PSand EPS floah water.

D

4. Flame tes{PS and EPS): ~.
1 Yellow flame
1 Burns quickly
1 Plastic drips
1 Smells like gasoline /
1 Dense black smoke witoot (floating particles)
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8. How to transform plastic waste into paving tiles

You can convert waste plastic into useful and valuable building materials.

Summary:Melt LDPE plastic film in a barrel over a wood fire. When the plastic has melted, mix in
sand. Transfer the mixture to an oiled mould. Remove the mould and leave to cool.

Waste materialsPlastic bags, water bags, plastic film, contairgitse correct type is Low Density
Polyethylene (LDPE). Sdew to identify common types of plastidowto guide 7.1 to identify the
correct plastic type.

Product:Paving slabs, sanitation slabs, floor gutters and bricks.

Benefits: You can make a variety of building materials that are cheaper than the concrete version.
They set quickly and are very strong. Depending on the mould, you can make floor or paving tiles or
even bricks for walls. They also make good rainwater harvesteirsy Imonwater absorbent, the

risk of dew, algae and fungus is almost eliminated, and this ensures clean water. You can add
colourants such as iron to make red tiles. Bricks made with this technique make good insulation,
keeping you warm in winter and coiol summer.

The sand in the tiles acts as a fire retardant. If there is a fire, the outer layer of plastic melts, leaving
a face of sand. Sand is not flammable, so it slows the spread of the fire through the brick. Never light
a fire directly on top of plstic floor tiles. Plastic tiles are not advisable for roofing in case of fire.

ﬁg} Always make sure you have clean, separated material and y
WYY know whatitis. If in doubt, leave it out!

&

Hint: Usefine,dry sandThed Sad (@ LIS A a WANKIONIW2F T R Y RDNIIARCRY & 2 N
concrete. Sieve the sand to remove small and large particles that can lead to pockets of air, or pores,
in the finished tile.

Itis VERY IMPORTANT to only use the correct types of plasi
and that you know what is in younix. You should ensure theré
isno PVCFumes from other types of plastic can be very
dangerous.

Always use a wellentilated area.

You will be using heat and fire. Make sure you have fireproot

gloves (fabric, NOT rubber), heatproof boots (NOT rubbexl), &
cover your arms and legs with overalls or heavy trousers.
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You will need:
1 Overals, gloves, masks, covered shoedoots
1 1 melting barrel (an oil drum cut in half, 80cm wide and 50cm high). If possible use a shield
to keep the fie concentrated under the barrel
9 Stirring equipment (a spade with a metal shaitmetal reinforcing rods with a metal paddle
welded to the end)
Firewoodor other solid fuel
Clean, dry, sievesharpsand
Tile mould (no more than 4cm deep)
Used engine oil
Metal table
Trowel

=A =4 =4 4 -4 4

How to make the melting barrel

To make thamelting barre] cuta simple oil drumn half and
attach threelegs made of rebaiVith the legs attached, the Figure8-1: Prepare a melting barrel
ideal height of the barrel is 50cm, and 80cm wide. Tmnéke  50cm tall and wittthree rebar legs.
the burner big enough that you can hold a good amount of

liquid plastic but not so tall that it is tricky to mix. If you can sink the legs into the gibunitimake
the barrelmore stable for mixing.

How to make the mould

The moulds can be valtever shape you wisfithey are constructed in the same way as moulds for
concrete floor tileslf the wallsof the mouldare more than 4cm deepowever, the material will
stickto the sidesand not come out properly.

Figure8-2: Example tile moulds. Tile moulds can be many different shapes, provided the tiles fit together with
no gaps. This mould (left, above) produces 3 tiles with the shape illustrated on the right. It is made by cutting
and weldingthree rings.
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Figure8-3: Alternative tile mould suggestions.

How to know how much sand you will need

Thestrengthof the floor tile depends on the mix with santlaboratory tests indicate thahe
optimum mixture is 3 parts sand to 1 part LDPE (3:1 sand:plastic), however it is strongly
recommended that you try different mixes for yoursdify starting with 50:50 sand:plastic and then
increasing the proportion of sand to 60:40 and 70:30 to shatworks best for youA mix of 725
works wellfor floor pavingtilesto be used in a home compound. Usually, the tiles contain more
sand than plastic, because the plastic serves as a bonding tagleoid the sand together.

As a rough guide, one standard rice sack of plagtitaround 200 plastic badseighing around 2.5
kg) makes one paving slab.

Figure8-4: Experiment with different quantities of LDPE, HDPE and sand.
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1. Select theright plastic

It is important to only select the correct type of plastic. This is because different types of plastic melt
and burn at different temperatures and have different physical qualities. The process described here
works well with LDPE

Water bag, non-woven plasticshopping bagandplasticfilm areusually made of LDPE. It is
important that you do not use other types of plasti@ couldbe harmful to your healthHow-to
guide 7.1 discusses how to identify the different types of plastic.

Makesure your plastic waste is mainly cle&emove all materials that are not LDPE (including other
LX I AaGA0a0d LT @2dzOQNB y20 ad2NBE AF a2YSUGKAy3 Aa

/. \, Hint: It is very important

\ \JJ to select the right

plastics. This process

<1 uses LDPE.

Examples include food
wrap film, food bags,
water and ice bags,
storage bags,
agricultural film and
stretch wrap.

DO NOT use other kinds
[ ® % ) of plastics, such as foarr

| O or PVC.

Figure8-5: Sortyour plastics carefully

process design from the LiviEgrth Waste to Wealth programmand Pierre Kamsouloum, entrepreneur, teacher and WasteAid
Associate, Cameroon.
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2. Melt

Light a small fire under theetal drum andyently
heat it. Add the plastic wasteAs it warms up it will
reduce in sizelLightthe plastic at the top using a
small flame to help imelt down.

Make sure the fire doesot get too hot. Keep
adding plastic gently at the side of the melted
plasticuntil it meltsdown to a black liquid. Keep
adding plastic until you have around a 20cm depth
of melted plastic

Do not stand directly over the melting barrel; try to
avoid breahing any gases from the fire; and take
care as tools can get hot!

3. Mix

Keep mixing thoroughly until all the plastias
melted and there is a consistent black liquid.
Sometimed. DPE lumpsanremain even at very
high temperatures. Stirring and heating must
continueuntil all lumps are removednd a
homogenous paste is obtainesince they affect the
strength of the mateial. This can take up to 20
Figures-6: Keep mixing the melting plastic unti minutes. Do not let the liquid get so hot that it
is a black liquid with no lumps. burns stronglyc it will not work as a building
material if this happensAfew flames from the
liquid is acceptableAdd sand until you have the required mixture and keep migimthat the
plastic, which acts as a binder, is very well mixed in and looks like grey cement

4. Mould

Prepare the mould by making sure it is very clean, with no pieces of plastic on it from previous
mouldings and well oiled.

Q0=

Figure8-7: Make sure youtile moulds are clean and oiled before you start work.
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Quickly remove the mixture using the spade with the metal shaft and put it into the mould with the
trowel. The mixture is very hot selrcareful and wear gloves.

Figure8-8: Take care when you transfer the mix from the barrel to the table.
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Press and work the mixturetmthe mouldso there are no air gaps.

Figure8-9: Press the mix tightly into the moulds. Air gaps will reduce the quality of your finished tile.
5. Set

Allowthe hot mixture in the mould to set for a few minutes, repeatedly shakilegmouldto loosen
the edges @ rocking motiorworks well) Keep trying to lift the mould. YWen the mixture has
hardened enough that the slab will not collapse, remove the mould and I#asfgould harden in
around 2 hours. Experiment with differentr@unts of sad andLDPE, the different amounts can
be used for different purposesslabs, tiles or bricks.

Figure8-10: With practice you will be able to make a consistently high quality product.
6. Market

Tiles made in this way are as strong as concrete paving tiles. If you can have your product tested and
certified as an approved construction product, you will be able to market it to local building
companies as well as directly to customers.
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9. How to turn mixed plastic waste and bottles into ecobricks

Instead of cutting down treeor using concrete block®-useplasticbottles to form the structure of
your home Tomakean ecobrickstuff washed flexible plastics and polystyrene iatplastic bottle
and replace the lid.

Summary:Wash and dry flexible plastic waste and
polystyrene, andtuff it tightly into a plastic bottle
to make an ecobrick.

Waste materials:Any type of flexible plastic waste
such asnack wrappers and plastic bags (washed
and dried inthe sun),Styrofoam (polystyrene)
plastic bottles.

Product: Ecobricks.

Benefits:Some plastievastes cannot be recycled
easily but they cause a lot of problemi§ they are
dumped or burnedEcobricks contain the plastic
wasteso they do not cause harm in the
environment and provide a free construction
material that is highly insulating, lightweight and
robust.

ot

3 > 2l w5 < £

Everyone in the community can join in, including
children. Thousands of homes and schools all
around the world havéeen built using ecobricks.

Hint: Ecobricks can also be made from filling
plastic bottles with earth.

Figure9-1: Make an ecobrick by stuffiplastic
waste inside a bottle

I

Any food residue on thegdtics will produce methane whichi
can be explosive. For this reason it is importantiéanand |
dry the flexible plastics before stuffing them into the bottleé

Always wash your hands after handling any kind of waste.!

Use gloves to protect your hands framy sharp edges. :
If you are using ecobricks to construct a building, alwaysvi
with a construction engineer.
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Making an ecobrick

To make an ecobrick, wash and dry flexible plastic waste and stuff it tightly into a plastic bottle using
a stick. Replace the litthe ecobrick should be as solid as a brick. On average, 100 plastic food

wrappers fit into a 600ml bottle.

Make hundreds othousands of ecobricks. Use them vertically as th##llifor timber-frame

buildings, or horizontally, mortared together with clay or cement. To collect enough ecobricks to
build with, youmight liketo involve many people in the community. This can take, so be

patient.

Timberframed ecobrickbuilding (adapted from BottleSchools.org)

Firstly, check that yobave suitable land, funding, community biny masons and materials
Building with ecobrickis not very different from buildingvith regularmaterials,using post and

beam construction.

The key differences are:

1. A lot of plastic bottles anplastic filler wasteneed to be collected to makenoughecobricks,

which will be used in place efandard building blocksr bricks.

2. You need to sert pins (short pieces of rebar) into the columns and beams before the concrete
sets You can thenattachthe chicken wire to the pins.

3. Tieecobricls to the chicken wire, row by row, and then stretch another layer of chicken wire over
the other side othe ecobricks.

4. Adding a cement finish meags2 dz Ol y Qi
GK2ySate sAYyR2gé¢ (G2 aKz2g LIS2LX S A4 NBIff

Bottles ¢ Community members stuff the

plastic bottles with plastic bags an
other insulating waste. More plastic bac
fill in the gaps between the bottles

Cementg Up to three
layers of cement
| mixed with sand are
applied to the outside
of the bottles, with
paint adding the
finishing touch.

Chickenwire ¢ The bottles‘are bound|
between layers of chicken wire, whic
=l are attached to a metal frame
PN M oSz N
Figure9-2: Timberframedecobrick building.

3/ BN
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Making Waste WorkHow toturn mixed plastic waste and bottles into ecobricks
82

w

e

S @ SYbu raightSvani i Bavedad G G £ Sa @

Aa

Y I

B



To make the bottlevalls, stretch a length of chicken witightly between two columns, and attach it
securely to the pins on the frame of the building.

Then, tie uprighecobricls to the chicken wire in rows, making sure to keep the bottles tightly
secured to the chicken wir&tand the bottles facing up for tHast row, then facing down for the
second row, fitting the lids in between the gapsim&igure9-2. Once all the bottles are in the wall,
stretch arother layer of chicken wire over the other side of the bottles, sandwiching the bottles in
between the chicken wire. Fill any gaps between the bottles with rptastic waste.

Finally, apply three layers of cement (ab@ubcmin total) on both sides of the bottiealls. Make
the final layer a smoother layer to present an attractive finish, and paint it.

................................................................................

¢ check with a structural engineer that they are suitableyfour
soil type and other conditions.

Glass bottles can also be used in construction, using the mortar
(cob) method Glass bottles are stronger thagplastic bottles so do
not need to be filledDifferent colour glass bottles create an
attractive light inside a building.

(e
A\ A/

<&

Mortared (cob) ecobrickbuilding (adapted from Ecobricks.org)

1. Soiltest: Test the earth that you will use for your construction. Choose an earth with high clay
content that sticks together when you squeeze it. Every clagtea different so you will need
to experiment to find the best combination of sand and clay to use for the rest of your
construction.

2. Setting asafe work space:Clear the space where you will be working of all hazavidke sure
there is plenty of free space to work and move.

3. Laying thedraft foundation: Lay out youecobricls on the ground to sculpt the footprint of
your constructionThis will help you determine the curves and shape as well as how many
ecobricls you will med.

4. Digging out thefoundation: Remove your draft ecobricks from the footprint you have marked
out. In their place dig a trench 10 cm deéjill this with medium sized stones.

5. Cementing thefoundation: Mix a roughcement mixture at 1 part cemeni0 parts sand/gravel.

If you do not have sand or gravel you can use broken and crushed glass in place of the gravel.

Pour the mix over top of the stoneallow for 5 centimetres of cement above the rock tops.

6. Laying thebottles: Lay theecobricls (thoseyou used for your draft foundation) into the
concrete.Ensure that only a maximum @6% of the bottle is coveretlet the cement dry.
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10.

11.

12.

13.

14.

Making the @b mix: Mix your cob to the ratio that yodiscovered was best in StepUse

buckets to measure each palump the buckets of s& and clay onto a large tarpdd your

2NHIFI YAO O0AYRSNI 640N 63 KédettEmashud ik trsicoldll 6 NB > S i C
small quantities of water as you go to help the mixing (but not too much or your mix will be too

soupy).

Making theballs: You will know that the mixture is complete when you can no longer see any
sand and the entire batch is of the same consistehlave your team make balls out of the
mix¢ this isthe last step in the mixing and compaction of the batch.

Laying the bottlesBring the lalls over to the constructiorBang thendown onto the concrete
layer.Cover with a layer of compacted cob approxieta 5cm highThen,lay your next row of
bottles. Lay each bottle in between the two below it.

Applying nore cob: Once the bottles are
snug in the lower cob layer, fill in any large
gaps between bottleg¢for example, on
curves) with stonesThis will hgb your cob
mixture go further Fill inwith cob between
the bottles.Add another layer of 5cm on
top of thebottles.

Building up:Keep adthg layers of bottles
and cob! To make a bench you will need
two or three layers of ecobrickBor walls,
it is advisake to add a row of iron bar

at every 5th layer of bottles.

Figure9-3: Qurved wallscanwithstandstrong winds.

Theouter skin: There are many ways to render or cover your cob mixture to make it strong and
water resilient.

1 Addcement to your cob ratigo that it is 20% of the mix. Mix in the same wapefore.
Apply to the outer layer

9 Paint on a clear acrylic water proofing paint.
1 Paint on a layer of fresh cow dung combined with 10% fine clay.

9 Paint on a layer of lime render.

Finishing the topFor benches you will want to add a émyof cement for siing upon.Mix
cement at 1 part: 6 pasand.Apply at a minimum thickness of 10 cm.

Finishing withbrokentiles: Use broken tiles to maka pattern on your bench tojh.ay tilesout
on a long boardifst in the desired patternHave the pattern ready whelayingthe cement for
the bench topWhile the cement is still wet, press the lian tiles half way into cemen®nce
semidry, use a trowel to cover with a layer of fine cement (1:4 mix). Use a wet sponge to
continually wipe clean.
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10. How to crochet film plastic into bags and mats

You can make lonlgsting reusable plastic bagkaskets and matom strips of water sachets
singk-use plastic bags and other film plastic.

Summary:Wash and dry the plastic, cut into lotign stripsandcrochetinto a variety of products.

Waste materialsWater sachets, plastic bags, pladtim wrap. Try and find materials that are clean
and dry.

Product:Bags baskets and mats.

Benefits: The products are easy and cheap to make. The plasstterialis often freely available and
you can make quite high value products withTihisalso finds a se for the plastic rather than
dumping and burning.

DO:
1 Try and find a reliable and clean source of plastic. See if you can get the producers to bring
GKS LI FAGAO G2 e2dz a2 @2dz R2y Qi KIF@S (G2 LI & |
1 Try out lots of different products to findut what sells well. Visit different markets and see
what people want and what you can sell

5hbQ¢y
1 Make too much of a product without being confident it will sell
9 Use dirty plastic

yourhands after handling dirty plastic.

Be careful if you are picking the plastic from a waste dgrtigere
could be sharp objects hidden among the waste.

You will need:
1 Water and soap to wash the plastic
9 Largesharpscissors to cut the plastic
1 Crochetneedle

You might also like to make a pattern using:
1 Textile or weaving straw
9 Different colour plastic.
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You can use different types of plastic film, such as shopping bagpping filmand water sachets. If
they are not already clean, wash and dry them.

The best bags for this are thatastic;thicker plastic isnore difficult to work with.

You need to transform the plastic bag into a long, thin strip that you can crochet. To avdidgee
lots of joins between short strips, follow these steps to cut the bag into one long ribbon.

1. Wash and dry the plastic bag.

FigurelQ-1: It is important to only work with clean plastic.

2. Laythe plastic baghut flat onatable androll it neatlyso the top and bottom of the bag are at
the top and bottom of the rollThen cut off the top (where the handle usually is) and the
bottom seamto make a wide tube.

Figurel0-2: Cut the top and bottom from the ba&ave the oftuts for other projects, such as stuffing small
toys or ecobricks (Howo guide 9).

3. Open it out and chechll the seams have been cut correctly. Thenti@l bagagain butthis
time leaving an extra lip along oreelge

Figurel0-3: Roll thebag leaving a lip on one edge.
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4. Place your thumb at the side of the roll and using sharp scissors, cut the folded part of the bag
into a stripas wide as from the tip of your thumb to the first knucl®®op cuttingwhen the
scissors reacthe edge of the roll and the start tiie lip. Repeatall the way along the bag,
making sure each cut is as wide as from the tip of your thunthédknuckle.

Figurel0-4: Leaving the lip intact, cihumb-width strips all the way along.

5. Then unfold the bad.ie the bag on the table so the lip section is unfolded, and at the top.

Figurel0-5: Unfold the bag and lie it on the table with the lip section at the top.

6. Starting at one endf the lip, cut diagonallyrom the first strip off to the side, to creai@n end
to the plastic ribba.

Figurel0-6: Make a snip from the top of one loop to the side of the lip. This will create an end to the ribbon.
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7. Then holding the plastic bag in your left hand, disigonally across to the next loojgou should
start to see a long ribbon appedteep going until you reach the end, then cut diagonally to the
edge of the plastic to finish the ribbon.

FigurelO-7: After the final loop has beecut, snip to the edge of the lip to finish the ribbon

8. Rollthe long ribbomaround your hand and tuck in one end, so you have a ball with a loose end

to work with. /\)

Figurel0-8: Roll the long ribborike a ball of wool, will one end tucked in and the other loose.

9. Now you are ready to crochetheplasticyarn is best crocheted with a size K crochet hook (or
larger).You can crochet shopping bags, purses, baskets and mats. Your creations are limited
only by your imagination!

Figurel0-9: Crochet(or weave)a range of products using the plastic ya@eate stripes and other patterns
using different coloured plastic.
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Market

Work out what sells best make samples and see whether larger bags, smaller phone covers or
purses or wallets sell better

EXAMPLE: In The Gambia, 1 laptop bag can sell for D800 (around USD$12) and takes one week to
make.

There are detailed instructions for this technique on YouTdbe:2 6 (12 wSO& Ot S tf I
Purses: Isatou Ceesaly 2 dzz DI YO A | d¢

Figurel0-10: Working as a cooperative, you can make and sell many different products from waste.
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