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Work from Waste bring's together, in one book, details of approprhHe 
I 

technologies being employed all over the worl,d to recycle paper, irot} , 
and steel,- tin, non-ferrous metals, plasti~, textiles, rubber, minerals,·· 
che~icals, oil and human and household wastes. All these materials are.

1 
• 

suitable for labour-intensive processing, often requiring littJe.caprt.al,.and 
providing .a cash income pl~s other environfnentaf.and cpmmuhi<tY ben~. , 
fits: The book also .describes how to set up and run P sr(laJf." waste ·, " 
recycling business. Althougb Work from Waste is written primarily for 3 ·? )· 
.use in deveJoping countries'~ the t~chnologies d~sc,ribed will also 'be' gf 
interest to communities and groups prac.ft!Ht'T!J f·ocal self-reliatlce:· iir .. " 
. dustrialized countries'. :-"' ' . ' . . . ·~ ,( ./ . 

~ '( ' " .l .. 

. ·an Vog.ler, a· c~artered engineer, joined Oxfam in' 1974 to set u.p th~ 
'Wastesaver' project .:w~th .the ajm of raising "mane¥ .Jar 'poor w,orld 1

-

development by recye-fing .,1rich -v-Yorld' wasteys'. H~:{then· sp~nt eight~en . 
'~ months visi'tirig developing countries for the 8 r,itisn government to sttildy 0 

their waste materials anct how<>these are re-used. This" book is-Q,ne rJsult 
I r • 4 ' • 

· of h1s study. . " . . ~ · ·. i', ., . ' __ ~· 
• 

1 
: ~-ays_·,of th~ throwaway society' ~re r.:Jumbe·r~d. In t-~i~ time~y ~~ok.,''Jon: ~ "' 
er outlines an approach ~t> solving the wastfl problem that atsq oreates job's':. •· ·v Lester Brown,_. 'l(reside,nt of the Worldwatch _ , 

. . ... ~ .Institute. 'J, • ' '• n 
t ~ .,. •'¥. ~ • ..·· .. • Jq,o J - •• 

.. ;:-

)·Work f~oi1J.. Wa~t~· is ful:l ~f conc11te, p..racti~al ideas o~ ·value to ~ersons- and 
ups 1n bot.h 1ndustnallzed ~and ;L@veJopmg countn~ to .. rtfn1tted. ·.t· o an .. 
nomically and envir6nmentally sustainable future". · "' ~ j'J • '!' 

· · Ward Morehouse/ President of" tl;,e Cri.Uifcil for · · 
\ " International Affairs.· . -~~ ~~- " "' 

\ • , • I • r , 
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"Pract.~al, authoritative, detailed ha,ndbook that shows how~mployme!lt cart be 
creat,.ed by recycling all kinds of refuse"". ~ : · " 

~~ ., •• - - • ·~ ··~-" ~ • t , ' 

~-· Honourab/1! David AStot :~ . 
Formerly Editor of -The Ob$ftfVer · 

. . 

"Today we are h~unted by 1;,ile folly of wasting tlie earth's resourees andby the" ·~b. 
tragedy of unemptoyment of the •east skilled menibers ·of soci'e.ty.,, Thi~ ~0ol<. • ~ I 

offers an informed, practical and unsentim~ntal con'tributiOn to the alle'iliatioh· of ' 
~ ' . . 

both these problems". ·~ . ~ ' . , , 
Baroness Seear, {(j ·: . ' . . •· 

Chairman of the House o~'-ords Committe,/J on 
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Tlus hook ts liedtZ;ated ru the thousands of poor geople 'l'vho live by 
collrcun.l?, and processing waste and especial!_-..,· to those w(zo 
befnetuied me aizd freely gave inf:(J.rtnario!} for this book. 

"Let not ambit·i9n mock their useful toil, 
Their homely joys., and destiny obscurej 
Nor grandeur hear \vith a disdai.nful smile, r 
The short and ~iq1p'le annals of the poor." 

· Tho'rnas Gray 1716-1771 
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Preface. • • 

JJ h u is r he h o o /,.. for:~ 

" .\lthuugh '\\'urk from \Vaste' is written p1·irnarily for use in• 
· de'\ L'lL)ping .. :uuntries, it may also be of interest in industri

dli;cd countric-.,, for communities and groups practising ·tocal 
. ' 

'-c If- rc! i ~lfh.'c. It L'~\ ers a. \vidJ. r~ng~ ~f t~ch no.logi~s and can be 
ll'-L'll hy PC.l)pk w1th vanous·levels of skilL It IS hoped that two 
g r l) u p" l) f pe' L) r I e i n 'ti 8 vel o pi o g co u n t r i e s w i II part i c u l a r l y . 
hL·ncf·~ trurn it. Fir-,tly, the unemployep who see no rea~onable. 
hope' l)f J.ny or her .kind ofj'ob. Secondly, those \vho are already · 
L'rnplo}~.:d' in ihe' cotf.ection and recycling of \vaste but do nol· 
rn.th.1.: ~111 cilkquate living from it. .There are milli6ns ot thcs~ :· 
pcl)pk; tht'Y llHill a large rninority in every Third World tov:'n. 
~md ~..·ll~. an~! include',many'wOnler1·,.children, the handi'c_apped o. 

,md c\-pri'lc)IJt:r'>. They generally ha\~e little skill and no capital 
\)r ~..·quipnH:!H [1eyond a few sacks or·a·smqll cart. They usually 
.:ulk~..·t material and -seil it un.prqcessed.,'-in tiny quantities, to 
'rniddlcme'n and it"is thesen1~-tchants wpo, because tht;Y process 
~u1d tran;pon .it iri l{}r_ger quantities~ can sell it ,atl ihcreased 
\ a I u c . - · , -- · · , 

The reasons \\ M v ·the small collectors rarelv increase the 
\ alue of what they:sell are many: ·not enough c~a:.sh to financij · 
-,toc~s. no transport, no equfpment or pr.emises.and ·no ability. 

t '{ et t hefc are ,rnany tech!1ologies which are simple apd req UiFe 
little or-nr> capital;-the purpose of this book is, to bring these to 
the attention of the poorest and least s'killed; ·As only a srrlall 
proportion of such people can read, it may be necessary Jor a: 
friend to read and explain the book to them. Theref-ere, the . · · 
readers of. the book in the first instance will be those who wo~k, 
either professionally or.om goodwill, to help the poor. They 
will· include exten~ion workers, missionaries, field staff of 
de\-elopment'agencie~, teachers and instructors in training col
leges and universities, village leaders and overseas v~Iunteer's· .. 
·Not aH will be technically trained and, f0r tJleir sak~ 'and tbat 

vu· 

·. 



of their listeners, the language and ideas have been· kept 
as simple as possible and a full glossary of technical terms is 
pro\·ided. , . 

This book may, in addition, be useful_ .to those small and 
medium comp_anies \~ich have been built up by enterprising 
people, often with limited capital and skill. Through running 
their O\\ n business or factory they have developed confidence 
in thoir ability to introduce new activities, .use new materials, ~ 

employ better techniques and make additional products. To 
them this book should be an encyclopaedia of wastes, their 
origins. tlses. and methods of processing, which will stimulate 
.ne\\ activ.ities and create employment in tl-1is way. 0 

Finally. this book may be of interest to large ind~·strial com
panies, even those that are state-owned, which create their own 
wastes .but only sometimrs proce~s or recycl~ them. It may 

'encourage 'them to use them -more im·aginati:vely and to us'e. ,· 
Ul her peoples' wastes instead of more costly raw materials. For 'b 

their interest a few high cost technologies have been described,' 
., such as for reclaiming (Ubber. and 1Jlastics, because no less 

complex processes exist at present. ~ o) 

Structure of · H 'urk from U'aste · 

· fhe book rs divided into two main parts. Part I contains details 
·of the wide range of materials ~hat can be recycled and the pro
cesses irwolved. A list of equipment suppliers. is given at the 
end of each chapter: It is expected that thi'S part will be used as 

• a reference book rather than as a text to be read right through ·· 
so there is a full index at the back of the book. The only impor
tant materials not covered are the organic wastes from.agricul-
t ure, animals, forestry and fishing. These had to be left'out to 
keep down the size and it is planned to include them iq,asecond 
volume. · ·· "" 

Part II describes how to set up and run.a s1;nall businessrecy
cling wastes. To help understanding, it has been illustrated by 
two case studies which, while i"maginary, are typical -of thou~ 
sands of actual small businesses. The only differe•nce is that the· 
imaginary, bu~inesses are being run so the:V they will succeed. 
The Lessons that lead to success are summ'ari.zed in thi-rty-two 
'>hon and ~imple rules ,which are repeated at the end. 

Also. in appendic~s at the back o"f the book, are details of ., 
-;ources of further help and inform,ation and a list of books 
co\'cring certain subjects in more detail. · 

'J} ••• 
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Ethics 

Finally, it is neces.sary to comment on ethics~ I~ many coun
tries, the scrap reclamation industries have been regarded by 
the public and by the police as activities bordering on crime. 
This is often true; many of the people \vho.have helped me with. 
information for thi book \vere part-time .was·te collectors/ 
part-time thie\eS. The .more important ·truth is that it is 
po\ erty, not scrap trading, that causes crime because many 
poor p·eoplc see .. crime as ~he only toad to escape from their 
pon~ny. 't\'here a practice is commonly fraudulent, I ha:ve tried 
to explain but rVot to judge; to suggest the p.o~s.ible conse
qQepce'-s of cjishonest dealing but not to preach against it. 
,Nobody is entitled to interpr~tthis as meani.ng either that·· I 
apprc)\·e qf crime or that I~ con,gemn those whos~ pov~r!Y leads 
them'to practise it. · · · . 

L 

,,, '\\"ork frlfn~ \Vastc' .i\ the first boo~.to be written o'n this sub
ject ;_u1d It i~ far· from perfect. Corrections, suggestions. and 
r)e\\ information from r~aders in developing countries will be " 

'\ . . . ' 
\cry welcome and should be s~nt ·to the author at the 
publishers' address. 

Jon Vogler 

• I 
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Introduction 
• 

Employment is, in the words of the Worfd Employment Con
ference of 1976, '' ... one of the most effectiye means of 
ensurdng a just and equitable distributton of incom~ and of 
raisi~g the standard of liYing of the majority of the popula:
tion." ~he only objectioJto it.s widespr~ad useL as a so~~tion to 
econom1c and dev~loi¥Tient problems IS that there IS rarely 
enough of it, espetwry in thos~ countries that need it rhost. 
Unemployment and underemployment '(employment for too 
little IT\~ard Of in a 'marginal' activity SUCh as crirrie Or SCaV

enging) are features of underdevelopment as commo'n ·as 
pon~rty, illjteracy··, bad houSoing ur disease. Worse,, it is in 
the countries that lack ,othe resources for social security •that 
unemployment means r;ot just boredom and spi.ritual demor
alization but, in aqdition, abject poverty, destitution and ~en 
stanauon. _ 
, Thi'> book is about one field of employment opportunity: 
t-he exploitation oLwaste,. Waste is one of the. world's largest 
industries., al~hotl>gh you could not discover this from any book 
of statistics, because its activities cut across the normal divi
sions into which indust~ies a~e placed-. If you buy a bottle of 
medicine it may have a rrie..tal top ancj be protected .by pla2tic 
foam padding, in a,cardboard box.:T6 recycle these parts after ,_ 
the ·medicine has·. b~en taken .:)'OU will need to sell the l!l'ottle .. 
to a glassmaker, the top to a foundry, the plast,ic th a moulder 
and the cardboard to a paperboard mi'll. Recycled materials 
are only a small part of the materials used by most of those·· 
factories; yet add up a lithe bo-ttles: tops, packaging arid card
board cartons and yot/hav~·anenorrhous quantity of material. 
Then add wastes from agriculture, animal and·me.atindustries, 
mining and quarrying, industries that m~ke iron an~ steel and 
other metals, textiles, rubber, chemicals ancj oils and it is even 
bigger. Finally~ indude all',the activities of lo~al gover~ment in , 
collecting and disposing of household and other wastes and the' 
huge size of the industry becorrie-5 j:!_@pa_rent. __ ,:·' . _ 

/'' 

) . 
.. 

';_,' 
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\Vhy, when employment is so difficult'to create, should it be 
easier to do so in the waste business, an 'activity in which,. 
hundreds of thousands of people .are already scratching a 
li \·ing. There are several reasons and they will be discussed in 
some detail. By persuading the reader that waste offers unique 
opportunities for creating jobs, it is hoped to encourage him to 
read further and then to consider whether he can apply some pf 
the ideas to his o\\'n bu~iness or to the group of poor peDple 
with whom he is working or just to J?a5S on tbe ideas or the· 
boo.k to others. This book is of no;9hie until someone, one 
day, uses it and finds work and eafps money when preyiously ., 
they were idle. , " 
· The ~"~r,-,nc "re these·; l II...L.I..:l\.J!l.> u. • 

) . 

J.J ·aste is plentij.ur In most towFls and citie"s of the world it is 
not only heaped in huge quantities 9n refuse dumps but also 
lies in piles a·round the streets and in small illegal dumps qn any 
piece of wastt; ground. Most Third World cities are worse'than 
tliosc in industrialized' countrip whi~h have the money, th'C 
technical aqilitit;s a11,d the public attitudes to control th~ir 
\\ aste to son1e degree._ They are usually gro\ving more rapidly 
\\ ith afl increasing population of middle and uppe'r social 
classe~.' These are the p~()ple who can afforcf packaged goods, 
processed'goods, new furniture or a car or clothing, who take a, 
daily newspaper and cultivate a garden. 

1 

lVasre is fr~or if not free then very cheap. It is thrown away 
because it is·;ei t her impossible or not worth the time or trouble 
to sell. Al}y proces~ that uses materials to make a product has 
to pay for those matei-ials and, worse, has to pay for them 

. before-being paid for the product itself. This need toJinance 
·raw ni'aterial stocks with working capital is, as much as anY 
'other.~ cr req uirem·eh.t that hinde.rs the setting· up of small indus
tries .. rf the materials are free or very cheap this hindrance is 
removed. . 

. ~ 

H ·aste is flexible Even ·if the material is free, there are other 
expenses in making a product to s'ell for money; even if only 
that o( feeding one'sfamily while doing so. Waste is flexible i,n 
the amount of work it needs. A weaver cannot sell a half-· 

. finished piece of cloth. A collector of waste, .however, can 
either process it into something more valuable himself or can 

XI 
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sell H immediately to- someone else for the price of his n~xt 
meal. 

,.. 

Ji £15te is labour-intensil·e It needs people to collect and sort it. 
This i"' h,ecause it comes from so many different places; from 
thL)LlsanJ~ of drfferenr homes, each eating slightly different 
foods·, .\\Car'irig different clothes, living ·in different kinds of 
hou-.;e~ d0\\11 diff~rent sorts 9f streets. Although it' Cqn be 
collected and sorted by machif)es, no one has yet.produced a 

. macbine that can do" these two things as cheaply and effectively 
as a human.wit.h eyes, hands ·and legs. In the industrialized 
...:uuntries. where wages are high and fewer and fewer people 
are\\ iilin§ to do dirty jobs, m.achines are being used where pos
"ible to collect and sort waste but often the result is a cost so 
high that the attempt to recycle or (e-u;;e the waste isaban
doned altoget-her. This wi,ll not bappen in the Third World ' 
\\ hik .-.;o many peop-le earn q very low income. Waste lends 
ihe!t" to the ~ind of sub-contracting by big firms to small that 
helped the 'economic miracles~or JLipan-, Singapore anctHong 
I...;ong. · ·· • · 

- •' 
~ \ 

· H ·aste needs little capital It can be collected and sorted and 
sometimes processed with very little equipmeutrtJ b.uildings or 

. s.upplies. Of the many industries that need only simple tools 
c and equlprnen1. few lend themselves .to such a range of differ

fnt le\ ~l_s of capitalization, as does waste. T~ _collect waste 
paper, d you have no lorry you can use a van; ·if you have n.o · 
~\·an you can use a donkeycart; if you have no donkey you use a 
hand-cart; if you have no hand-cart·then use a sack anq if you 
cannot even buy or find a..sack you can tie it in a bundle. 'If you 
have nothing whatever you can carry it loose. However, the 
less the capital or equipment used the smaller the profits that 

. can be made and the more the effort needed to earn them. You 
can collect a tonne of paper in an hour with a lorry. With a van 
it may take two hours, with a donkey cart half a day, a hand 
c~rt, a day·, \vith a sack two.days, four days with bundles, and 
loose in \·our hands' it will take a week! 

- .j~:"\1 "-" 

JVaste sells for cash which, once the collector artd his family 
have eaten, may be·nsed to buy the equipment needed. The 
first bundle of paper sold can buy half a loaf and a length of 
string; the ne~t, larger bec;ause it is tied, can buy half a loaf and · 

.. 
XII .. 



a "~h.·l--: a '\l'l'k ·-.. cullections \\ith the st:ick can yield the-price of 
r~.)tn "l'1.:lmd-hand \\heels and some scrap \\OOd with which_ io 

· mc1l--c a -..Impre car"t. If the collector isJat.~--t)f·sensible or hard
,q•rking lh.' 1.:an (in theory) continue until he has bougbJ th~ 
!urn. ~ .? 

H asrt: i.~ _tatni/i{ir E'en if\\ ay-., of processing it are technical or 
~..·l)!l1p!J.\:atl'lL' thL' fa~..·t _that Mle -.,implest person knows \'\hat 
papL'r l)r g_Lh-.. i-... ''hat it is used for,wheth-er it burns, where it 

· i "a-.,hlHlg_h t and '-l)ld. he 1 ps him tl.)de\ e lop· the confidence to 
'' urk '' ith it. '\c) une who is unfamiliar with farm-c1ops will try 
and make hi" li\ing as a farmer; no one who grew up away 
!rum -.,c~i lh ii\ crs will suddenly seek his employment as a.. 
ti .. hcrman: yet there is no mystery about waste; we are all 
brt.)ught up ~lmtmg it. \\ here\er we live. The most in1'portan·t 
requirs-mcnt to -.,t3rt 3 small business is the con'fidencet·h~t you 
'' 1~1 hc.ahk tu do it and succeed, and fan1iliaritv with the raw 

~ . 
maLl'rial hdp" tL) ~1~..·hic\C this."· "" · · 

' () "' 
Recycling of H'aHe is appnn·t:d If you dec'ick to obtain your 
lt\ mg as a p~I ... :kpch:k~_t there will be .many t1eople trying .to pre
' erH \ t.•u -..u...:ceedin~Z, for reasons that have nothing to do with - "-' , ....... . ' 

,,.,hct her \OU are good at it or not~ If you tr_y to become a 
~..·leanl'r of "ht)es o'nly your clients are at all interested in your 
''or k and 1 f \ ou are iII tomorrow thev will go' to someone else. 

~ f)' ~ ... ........ 

·If you ~.:ollc~..·r· waste. howe,er, a whqle range ol people and 
organizatiuns benefit and,jf they aFe wise they will help you or 
at least not obstruct you. Your custpmers need the material for 
fheir business. The h-ouseholder or factory that produces the 
waste needs to get rid of it,' The local council will have to collect 
what \. , . they will have to find somewhere to put it.-· 
The government ay h?ve to find foreign rt1on,ey to import· ·, 
raw materials if Joe ·~ \vaste is not collected and used instead. 
\lore imported coal roil or electricity \~ill be needed tq. pro
c~ss those raw mater als than are needed to recycle the waste 
~·ou collect. Finally·; he wastes you do _n.ot collect may drift 
around the streets a litter and spoil lhe town for tourists,. 
attract tJies or rats an _block up the.drai.ns if there are any. So 
the community has an interest in your success; provided always 
that you do not create more li.tter than you save, or cover: the 
ne~ghbour's washing ~vith thick.black smoke or do other things 
that will qui~'kly los~ everyone's sympathy. -
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Finally. and this is importjlflt to the person who wants not just 
to sun·i\ e today but also to prosper tomorrow, ~vaste provides 
a roure tor success in the same trade. The son of a rrian who, in 
trie nineteen t\\·,enties, pushed a cart around the streets of 
Londun, l.:ulkL'ting '' aste paper, recently retired as Chairman 
l')f the large" t \\ astt: paper company in Europe, with thousands 
t)!c.~emplo~·ees and offi~es and depot~ in fi'Ve or six countries., • 
Yet ~l -_' Ilt'\ er had to stop being a waste paper seller; never had· 
to karn ~l new profession or new prQducf. The_reason for this is 
that the \\~l'l.lC industry is so large, sb varied and so o'rganized .. 
AnJ, not only is \\ast~ plentifl~ bul.it is murtiplyif}g.: '. 

r 

The"e then are the reasons whf·waste offers the;_ki'nd of job~o 
upportunitie'> that the \\'orld,ErnpJoy·ment Confererke out~ ' ., 
lined. li i~ a free, plentiful, fami'liar and tlexibte raw material~ · · 
::-,uitable for labour-intensi\·e processing in informal or sub
._:omra~..·t indu-..rries, using appropriate technology 'and littl~ 
clpiL.d and pru\'iding a cash income plus other cn\'ironmen.tal · 
~llh.l ~..'lm.)munity twnl'l.i~c.s. 

' ., 
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t'hapter t··: ,.\ast_e Paper 
• 

~ 

rn tl~'-' Third \\·~..1rld, more people are self-empti~yed colleqing 
\\ a-..tc raper and board* than anv oth(~r was:te material. Then~ 

. - . 
l.'- ~reat ~CL)P'-' fL)r waste paper re-u~e~. The following aspects will 
be miNed: . . . . 
1. The roct?":-.c:~ Lhed to make different types.pf pape,r. .. 
2. Tr;, ypc~ ~)r \\d~>te paper that a cellector may finq ~nd the 

l11cli kl'h that c\i~t for each one. 
· J. \\ hnL' t1.1 find thc.cliffcrcnt types o.f"'\':·aste paper. 
,-L H~)\\ t~_) i._\llk·,_·t ~tnd pro\.:e-.~ them. 

.S' 

" \\ ll.tt tl' d .. , 11 Illl it1clustry e'\i:-.1" nearby to buy them. 
1·1r"l. :UJ c\pl~ltl~lliUll of \·vhat paper is and how it is maLic. 

• r.' ,. 

.. 

HO\\· PAPER IS 1\tADE 

Fihre' and h'nod pulp 
l1hr'-'" arL' thL' fine, thread-like wisps from which paper', 

Il'\tllc-.. ~tnd many other materials are made. Tear a piece of 
l)~lPL'r and tl{L' f1br~:-. can be seen at the LOrn edge.(clearer with a 
magntf~tng g!a..,-..):. Paper fibres consist of 'cellltilo~e·**,·the 
matL'r tal c1f \\bi~..·h many plants and especiafly trees and stalks, 
"u ... :h ~~.~\\heat. ri~~·e ~~d sugar cane, arc made. Th,es.e materials 
... :ap be Lhed tu make paper by ·bre~tking them down untiil the 
(\t},re.., arL' loo')L' lind free of the subsU.lnccs that bind them. 
!11· thL' ')Inl}1k&o;t form of pap~r-m~1king, sti.ll used to make 
umbrl'll:b in Thailand and China, theJibres a~c released from 
'>tlip-, l"lf~'t·ree-bark oy boiling in water v.ith ashes~ 1hen pgund
ll1g_ \\it h a \\ unden mallet."-h.he process of releasing the fibles is 
called 'pulpmg' and the mass of fibres, ho longer held together 

-.'fl 

¥In r h11 chuprer rhe 110rd paper 11'111 ht' ust'Ci ro mean paper and board, and 
'>\u.\lt' f'Uf!t'T rr1 meu~z wu.1te j)(Jpl?r and hoard. Board nif:ans fhe·_s~ame as 
( u ref hu,l{r/ ' · 

• • t // di/lltu!! 11 unf, 111 rhe huof.:. hai·e bt:"en pul u·triun quota lion marks ( · ') 
cl!lr/ilzt'i! 11/t'tUI//11!'> Uf.Jfh'tll Ill rfze g/ossan. .. . 
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but ready to be suspended in \\·at,er for making paper, is known ~ 
as 'pulp'. Sofnvood or .coniferous pufps are used for tough 
\nappi1-1g, and packaging p,apers because of their lqng fibres; 
dc~..·id uou~.; or hardv .. ·ood pulps provide 'filler' for p.Pintirig ,?.nd 
\'> f'iting papers. There are three principle types of /primary, 
woqp-pulp' used in paper~making; ,mechanical, 'Kraft' 
-;ulphatc, and sulpbite pulp: . ' 

' (\i ' 

.\fecJ.wnicaf f5dlp ~ . _ , " 
This i's, rr1ade by p'ounding or ,gr_inding cellulos1~ material 

~lldl as wood. Lr is JlSed for printing neyVspapers. Newsprint is : 
\ GY weC2-k anq loses its strength altogether ifo wetted - this is 
characteristic of. mechanical pul,P. ll is 1:ideal for newspapers 
because it is highly absorbent and liquids, such-as printing ink, 
are sou ked up and dr)' very quickfy. Mechanical pulp often 

·_contain~ tift¥· particles o'f wood·wprth hav~ not been reduced to. 
fibre and ar.e \ isible to the-naked ·eye. Thu~ paper made from 
mechanical pulp i~ often described as '.wood,y'. 

('he f'Jl iqd p u I p _ 
.\ ~t ro.r1g paper pro-duct is most 'ch~aply achieved,by PJllping 

cellulose fibres so that they are not weakened,hy ~echanical 
damage. The wQod or stalks are mecha·nic,ally reduced to small 
(hips zmd then co9ked at high pressure,with certain chemicals 
that attack the bonds setween the fibres and release thentfo 
form pulp. The m<;~st common chemicals use.,d are; ·.. ." 

i) C~Jwaic soda ~nd s'odium <~"S).llphate. which pr6du"ce 
coar~e, very' stn)flg 'fibre& known as J:Craft ,. suit3:ble for 
sacks and boxes to hold heavy weights, and · _ ... 

ii) Various sulphites (such as ammonium and calcium) 
\vhich produce fine fibres suitable for making high 
quality printing .and writing papers (usually bleached 
white); these are fine and strong but expensive.' 

There arc n'lany variations to· pulping processes, but only 
one point needs to b& made here: all types ofpulp start out lhe 
colour of the cellulose (usually a wood-like c.o.louq-) and, can be 
bleach~d white and later tinted (colour~d) to other colours. 

' 

l ·se of a·asre. pap·er in· paper-making . 
The p. primary wood.-pulp was used ahove ·to dis

tin~uish i > • n 'secondary pulp' which ~s made by vigorously 
stirring waste paper in wa(er (usHally in a ',hydra-pulper', a 

~· ~ 
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cylinder contammg rotating blades), to separate the fibres 
bonded during the original paper-making process. As these 
bonds are weaker than those of the original cellulose plant, 
hydra-pulping is a more gentle process than wood-pulping and 
consumes less energy. Even so, paper cannot be repulped an 
indefinite number of times without becoming much weaker. 
Secondary pulp ~an never; therefore, have as high a quality as 
the primary fibre· from which it was made, although it can 
come close provided pure waste paper of the same type is used. 
For example,~ pulp made by hydra-pulping clean Kraft sacks 
will make new £acks of only slightly lower quality, particularly . 
if mixed with a proportion of prim~ry Kraft pulp. If, however,·· 
the secondary pulp· is made from material which contains 
newspapers or s~me other cweak mechanical pulp product or 
dirt, du.st or clay, it will not be strong enough to use instead of 
primary Kraft; it_svalue to the paper-maker (and the price h~ is 
prepared to pay for it) will be much reduced. This leads to the 
first important rule of waste paper collecting: pure, clean 
material IS of far; higher value than dirty or impure waste 
paper. 

Coated papers 
Iri some cases the matted, absorbent, dull surface of the 

paper is coated with a materiafwhich makes it appear brighter'· 
shinier and harder, and makes printing on it shar~er and more! 
contrasting. Coated papers are particularly used in magazines' 
that are financed by the advertisements they print. In the 
process. of hydra-pulping ~aste coated paper, th~ coating is 
washed ouc thus the weight Q)f fibre obtained from a tonne of 
coated paper is less (often by 200Jo) than that obtained from a 
tonne pf uncoated. The value Jo.the paper~mill and the seHing 
price will also be lower. . 

Moreover, if the coating is plastic, tar or other material 
which will not dissolve in water f then the waste papt:r is not 
suitable for paper-making and has no value at all. Indeed, i( 
may even reduce the value of other, good paper with which it is 
mixed~ The same is true of polythene film, 'cellophane', glued 

~. papers, string, and any material'which will not break .down in 
water. 

Printed. and coloured papers 
As well as v.ariati"ons lnliow.the paper is made, wastepaper 
. ~ 
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may be printed or tint.;d. Both reduce its value: prin't because it 
make-; both the pulp and the paper made from it dull grey in 
colour· unless bleached (which is expensive); tinting because 
the tint~· colour the pulp \vhich must then either be used for a 
limited range of similarly coloured pro¢ucts (or cheap, grey 
products} or must be expensive!;· bleached. 

TlzcrtJj(u.·e ir is inzporranr to remember that white waste 
paper is tnore \'aluable than similar material which is coloured, 
and unprinred waste paper is of greater value than the same 
nwrrriai prinred. 

The paper-making industry 1-· ., 

•· I 

The m.an u facture and use of paper is one of the world's biggest "· 
indusr1ies: there is little hand-~aking or small-scale manu
facture. The follov.;ing types of factories are involved: 

Pulp mills that process timber or other materi-als tomake pulp. 
·Paper mills (and board mills) which use pulp or waste paper to 
produce finished paper and board. 
Paper con\·errers that use paper or board and produce items 
from them such as boxes, tub'es, rolls of t.oilet tissue, boxes of 
blank office paper, stacks of printing paper cut to standard 
SIZ~S, etC. 
Prinrers \\ ho usually buy from converters, although larger 
firms such as ne~·spaper presses may buy direct from the paper 
mills. · • 
Integrated mills are thQse that make pulp and t_hen use it to 
make paper themselves. 

TYPES OF \\'ASTE PAPER AND BOARD AND 
MARKETS FOR THEM. . ,. ,. 

""' :# 
Because the market is so important' to waste paper collection, 
the different types of waste paper will be consiperec:Hn relation 
to their markets, starting with the most valuable and going on 
to those of less value. For values, see Table 1. · 

Printing and writing papers 
This category contains the best quality, most expensive 

papers \V hich fetch the highest waste paper prices ...and are '" 
mainly made ;from bleached sulphite pulps. They are, in 
descending order of value: 

j) £omputer printout (or C.P.O). Printing does not 
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Ta.ble l \"alues of differe~t kinds of waste paper 
.'•,, 

Main grade 

Printing and 
\\Tltlng 

Corrugatt'd 
cardboard 

Cart om 

Newspaper 

f\..lixed waste 
paper 

Sub grade 

Computer printout 
Computer cards 
Printers trimmings -

white, unprinted 
i· white, printed 

coloured, unprinted 
,coloured, printed 

Mixed office papers 
Sorted office papers 

School and letter papers 
'Pams' (pamphlets and 

magazines) 

Resale as sacks 

\\'aste paper 

Sale as cartons 
\Vaste paper 

Unprinted 
Printed (for sale to a de
• inking plant) 

Printed (no de-inkin'g 
plant) 

Clean, free froml<· 
'contraries' 

Dirty, with contraries 

Value (compared 
with old cartons) 

3-4~ 

2-3 

21J2 
11Jz 
11/z 

-Y4 
11Jz 

As printers 
trimmiqgs 

3;4 -1 

10 

5 
1 

5 

Sore: The compararive values of wastepapers are approximate and 
•viii vary between different places. · 

reduce its value, provided it is sold to amanufacturer of 
high quality printing and writing pa·pers. 

ii) Computer punched cards (sometimes called tab-cards) 
These ._may be buff-coloured (the most valuable) or 
coloured. Printing does not reduce their value. They can 
be ~;old to makers af high quality printing and writing 
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papers but are also widely used by the makers of tissues, 
good quality boxboards etc. 

iii) Prinrers' rrimmings. These are the edge trimmings left 
when a printer, box-maker or converter cuts his product 
to its fin a.! ~ize. Their value lies in cleanness, lack of print 
and quality of material and it is increased if the wise 
printer has kept different grades separate. If not, it is 
\\ orth·while for the collector to sort 'the paper into dif
ferent grades and separate printed material from 

·(. unprinted.~ This is ~labour-intensive activity, widely 
practised in India, that needs no investment but may 
create jobs. However, it is tedious· work and may cause 
eye-strain. White trimmings should be sorted from 
coloured, but different colours need not be separated. 
All may be sold to makers of printing and, writiflg 
papers. 

iv) Office papers. Invoices, ledgers, letter-papers and~
record cards are amongst these. Those -printed or· 
written on are separated from blank ·paper and whites 
are separated from.coloureds. Carbon paper, self-dupli
cating paper, plastic coaled paper~, file. covers and 
bookbindings, metal file dips, string and other office 
·materials should be removed. For. sales to a big mill it is 
unnecessary to remove staples or paper clips as tht\,mill 
will remove these with magnets; smaller mills may insist, 
however, that vou remove them. · ~ 

Tear the ba~kings and cove'rs from catalogues with 
glued bindings: Only a very large quantity justifies an 
expensjve guillotine to do this. _. 

Envelopes, including a few of the cheaper manilla 
variety (light brown) can be mixed in witl1 whites, as can 
cream-coloured envelopes apcL papers in any quantity. 
Adding machine rolls are us-ually good, white and 
unprinted. They may be sold. ~D makers of printing 
papers and high quality board. '. , ., 

v) School and letter-papers. Letter-papers may be of good 
quality, but school exercise books are low in value, 
although they oJten o6ntain little ink. whkh increases 
their value (feint ruling does not count). They can be 
sold to makers of printing and writing papers ... 

.;1 

\·i) Pamphlets and magazines (known in theJrade as Pams) 
These are the lowest grade of printing papers other than 

.. 
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\iii) 

nc\\ sprint. They are often coated, have heavy printing 
and large amounts of colour; sometimes they may be 
printed on newsprint. They are not worth sorting unless 
a paper mill has a particular demand. The advantcige is 
that they are heavy and it is easy to collect a great \Veight 
quickly. They are best sold Jo makers of low quality 
board. · '·' 
krafr sacks. Kraft paper is recognized by its strength 
and hro\vn colour. It is used for large sacks, in two or 
three ply (thicknesses), or for smaller bags and \vrapping 
papers. (Occasionally, whitish, bleached .Kraft is used.) 
\Yatch out for sacks with polythene linings, often used 
to protect c-hemicals from damp, which should be·· 
ripped out. RemGve heavily-sewn b_ottom seams, which 

· are often reinforced wi'th canvas or similar material. 
Tarred papers (\vaterproof) are unsaleable and -reduce 
the \ alue of a load. Empty remaining contents from a 
sack, for example, p.lastic granules or fertilizers. If 
L·ullcctcJ in any quantity, these may be resaleable. 

The important decision is whether a greater profit can 
be made by· selling Kraft for re~use as sacks,~ or to board 
or Kraft paper mills for pulping. Re:.use may entail 
repair or more 'SOrting, transport and selling costs, but 
usually pays off. "· 

Jt ,, 

CrJrrugared cardboard. This is a brown board made of 
three layers (Fig. 1 ). The flat top and bottom layers are 

·~ . 

top liner 

.. fluting 

... ·bottom liner 

Fig. / Corrugated board. 
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called liners and the corrugated (wavy) centre is the flut-• ing. The liners are often made of primary Kraft, s9me-
times with secondary material (e.g: Kraft sacks or old 
corrugated cartons) mixed in. The fluting is made from 
lo\ver quality material, as its function is only to give 
stiffness. Pulp for fluting manufacture may have a high 
proportion of mixed waste paper (see below). 

Corrugated board is used to make packing boxes or 
canons and these are in demand everywhere. If there is 
r1o board mill in yoyr district, they can often be sold _for 
re-use, either in the flattened or made~ up state at a value 
up to five times that of old cartoBs. l"he~re rarely con·
taminated with impurities or contraries. They need to be . 
tlattened before transporting, otherwise space will be 
wasted. Printing on cartons has no effect on the price 
paid by bearp mills. ' 

i:x) /Ve'¥vspaper. In some countries, newspapers are little in 
dernand due to their low strength; likewise telephone 
di~ectories and magazines made from newsprint. Their 
principal uses are as .mixed waste paper for the manu
facture of cheap flutings, grey board (cheap cardboard), 
or the middle layers of 'multilayer boards'. There are 
three important exceptions: 
a) In poor countries- where little packaging or news

papers are thrown away, even low quality raw mate-
rials ar.~ in short supply. . , -J h! 

b) Some countries,· usually'~tho;e· which are -heavily 
industrialize.d but lack theff.own sources of paper
making materials, operate 'de-inking plants'. These 
are f.actories that remove ink from old newspapers by _ 
washing or bleaching. If such plants exist, or .it is . 
economic to ship to countries that have them, pr~·.ce · .. 
for newspapers may be higher. However, there· 
uften enough over-issue newspapers (unsold ~d 
unread) to feed de-inking plants. 

c) Unprinted new,sprint is discarded by newspaper 
presses, as are trimmings from the side.s of the paper 
and re€1 enc;is (the material at the centre of the reel of 
newsprint which cannot be used for technical rea
')Ons). The former can be· sold back to manufacturers 
of r1ewsprint and low quality writing paper. The 
!at ter is clean and large enough to be cut up and sofd 

/ 
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at a high price for food wrappings. 
x) l'v!ixcd waste paper. This is the lowest usable grade 

and may have almost any composition: grey board or 
multilayer board and similar packaging materials not 
acceptable in any other grade, as well as mixed, unsorted 
materials from other grades. This is the material often 

:collected from municipal (town) refuse by scavengers on 
refuse dumps or at specially built composting or refuse 
sorting plants. In a district of offices, factories or 
wealthy homes it may contain valuable grades, worth 
sorting out for separate sale if labour costs are low or if 
the collector is underemployed with time to spare. This .£~ 
must be done \vith the market in mind: if the. <Jnly _-
market is a mill making cheap grey cardboard, it, is'"· 
\\ orthless to sort out grades which wiil then be mixed 
together again tty the mill. It is impGJrtant to realize that 
the material left after better grades have been removed 
may fetch a lower price because it is made up principally 
of newspapers, packaging-and cheap cardboard. Ho\v-
n cr, if there are mills nearby making corrugated board, 
toilet t,issues and cheap gre): board, then separated Kraft 
~~ack-s-,bmw_u ~er and;.Dld. c_~artons can go to_ ~he first 
;:md printing and \IT1Tin-g ~~-t-Q,.the second_, at good 
pricr:s which will not reduce the price of theJ.eniainder 
for making grey board. , 

This point is covered ·at length because, while mer
chants may ha\·e cornered stlpJ'flies'W:'bi_gh quality mate-· 

· -rials such as Kraft, corrugated cartons and printing and 
· writing papers, quantities of these may stili':be extracted 

from municipal refuse by·those who understand what is 
J ;aluable and what is not. Opportunities exist here fOF 
creating extra jobs. Once the pril)Cipfes of sorting have 
been taught, the work requires neither capital mop.ey, 
skill, nor bodily strength and may be undertak~n by tbe 
disabled or mentally retarded. 

l'vlixed waste paper is worth half or a third of the value 
of old cartons, and this value is reduced if it is dirty, 
such as most material extracted from r~use dumps. By 
sortir1g out the higher grade~ and selling to the right 
market, a value equal to that of cartons may be .... 
achic\·ed; the gain, however, has to be compared with 
the cost (or, for the self-employed collector, the time) of 
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sorting, selling and transporting to several markets 
instead of only to one. 

xi) Packaging and wrapping papers. These·follow mixed" 
wast~ paper~1r1 the order of value because of the prob
lems they cause with contraries: Much modern pa~kag
ing mixes plasti_cs, metals, and other materials with 
paper and board, and it is difficult or uneconomic to 
separate them. Oreaseproof, o cellopn~me and 'wet . . 

strength· papers do not break down in water, cannot be 
pulped," and are difficult to recognize and· remove. The 
main material is cardboard, containing a high propor
tion of cheap grey boar9 (sometimes inside an out~r 
layer of gooq quality). The amount of colour printing is 
high, too. Therefore, although such papers or boards 
are expensrve tO produce, their value as waste i~ no 
higher than that of mix~dwa~te paper and may be lower 
due to contraries. · · 

'" 
Table 2 Keep these out of waste·paper 
rhe folk1\'ving contra,ries harm it5 value because they are unsuiLable 
for raper-making. ,. 

Plastics of all sorts, especially those that look like papers sue~ as: 
Polvrhcnc 
L\panded polystyrene foam 
Cellopha.ne, greaseproof a~nd wet-strength papers 
'ABS' (used for plastic coffee cups, cream and butter cartons 

" ~ . 
cl\ . .'.) 
Paper and board coated with plastics 

Sanita-ry tO\\~ls, babies nappies ('diapers'); 
Srrtng, rope, wire; ., 
Tarpaper, any tarry substance, oilcloth, bitumen roofing papers; -
~letcfls, especially tlii~ foils that look like paper; · 

" ·Paper and board ·coafed with metal; 
S.toncs, grit, earth, s·and, dust, pottery, etc; 
Textiles, yarns, carpets, sacking; 
\Vood, leather, bone, glues; 
Organic· materials: food, peelings, agricultural waste; 
Binding and book covers coQtaining glue, plastic, cloth,, qilcloth 
etc. 

~vore:Thefollowing are n?t c'ontrari.j?s and may be included in ~ 
mixed H'asre paper: 
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- Egg boxes made from paper (but not those made from thin 

rigid plastic or expanded polystyrene foam); 
- Paper tubes or Cones used in the textile industries. 

SOCRCES OF \VASTE PAPER 
Having established what sort of ~aste papers can be collected, 
and where they cc;1n be spld, where does one find them? Paper 
car\

1
be collected from th~ following places, starting·with t~at 

which is likely to be the most profitable: 

Conzpurer offices produce the most valuable of all waste 
paper. ~· 

Prinring shup.s usually selr the trimmings themselves or else 
. they are collected by a merchant. 
1Yewspaper presses almost always sell the edge-trimmings and 
reel~ends themselves. 
Offices throw out quantities of blank paper as well as office 
recc1rds. letters etc. If offices are small or located away from 
the city centre they may not have made arrangements to sell 
their waste. 
~Varehouses receive goods in sacks and cartons and often dis-

~ . . 

ca~d these after unpacking. Quantities may be large. 
Facrories may also have large quantities of pad~·aging which 
they do not want. These will· get dirty on the factory ·floor 
unless rescued. 
Shops ~eceive goods in cartons twt supermarkets and food 
stores often give or sell these to their customers. Sma_ll,shops 
may not produce enough to make a visit worthwhile unless 
there are other shops nearby. 
Householders may allov./ their servants to sell any waste paper. 
It may be dirtied by food waste or ashes and not be in large 
enough quantities to make a visit worthwhile. Still, thousands 
of people in many countries make a living by collecting house
hold waste paper, sometimes by paying the householder a 
small sum. 
Refuse dumps and disposal plants receive .the paper which no
one has thought worth collecting. Refuse collectors often keep 
saleable ·material but quantities of good quality waste paper 

· continue to arrive on refuse dumps all over the worl.d (Fig. 2). 
By regularly visiting the local dump .ypu may be able to dis
cover which factories or offices discard good quality m~terial 
arid arrange to collect it direct from them. 

13 
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l'n:. 2 Good qualiry wasre paper conrinues ro arrive on refuse rips. 
A.t'/1\(}, 

:' 
\\A YS OF COLLECTING WASTE PAPER 

The cheapest way in \vhich to co'llect paper is by putting it into 
a sack, but this does not hold enough to be profi.table. The next 
step is a hand-cart, sma~l enough for one person, or a bigger 
one for. a larger enterprise. The following is a description oLa 
collection project which could be carried out by a. team of four 
to si.x members. To ,work as· a ~earn,· every member should 
undergo .training before starting as a collector. This should· 

'I cover: . 
i) \Vhy \vaste paper i,s collected, and h~ it is used. 

ii) \Vhat grades of waste paper a·re wanted. 
iii) \\'hat materials are not wanted or are harmful. 
i\·) Terms ·and conditions of employment. 
v) The importance of punctuality for teamwork. . 

vi) . \Vhat to say when entering ·a client's premises. 
vii) the naotion of.the project's public image qnd the need 

14 
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for honesty qnd politeness fo clients and the general 
public. · 

viii) The necessity of avoiding litter and the penalty for 
failure in this. 

Once the project ,is making a profit it is desirable to adopt a 
~ dist.inctive"tiniform, the same colOl;lr as the cart.· 

1 
,\1ethod of operation· 

i) One member always stays with the cart, preferably .fh_e 
Leader. 

ii) The other members call at each office/factory as 
dirt:cted hy the leader, with their hessian or woveh poly-

'!.. propylen~ sacks. Waste paper is .collected in the sack 
until it is full arid then emptied into the cart. 

iii) The team leader has a route card and ticks off each client 
visited. It is a good idea to send -the· same person to 
collect from the samtl client each time so that they get to 

· know one. another. · ·· .. 
iv) Instructions to Clients should make it quit·e clear that 

only paper and cardboard, are required. Unwanted 
materials should be either rejected on the client's prem
ises -politely- or sorted out on the cart. A sack for can
t raries should be hung on' the. c:art and emptied whe~e 
convenient and t-idy. , 

v) At the end,' the cart is wheeled to the pick-up. point, 
material is transferred to a vehicle and the cart parked in 
an agreed location. ·(More about this in P~rt II.) 

Specifications of a cart to hold 300-400 kilos of paper (Fig. 3) 
i) Large \vheels for fr~e movement with ball or roller 

bearings. " 
ii) A push-bar for two to three people at the front. 

)ii) Legs so that it ca·n be parked horizontally. 
iv) A cage of wire mesh over the top, with a hinged opening 

f0r loading. 
v) The back drop on hinges for easy unloading. 
vi)~ Some means of measuring loads. ,, 

v;ii) Painted a distinctive colour with a sign giving the name, 
address ancf telephone number of the collector. 

viii) Dimer1sions: 1.5 metres long, 1.2 metres wide, 50 em 
wooden sides' cage top 1. 5 metres above cart floor. 

·' I 
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· cart back drq.ps' for unlDading 

cage sides hinged for easy 
loading 

wire mesh cage 

push bar 

kg:-, for cart 
:o stan'g !eye! 

"· 
large wheels with ball bearing 
hubs 

Fif!,. 3 Waste paper collect ion cart. 

Collecring"'rvirh a vehicle 

•'- f-..:,.' "'I• 

~, ~ . 1 I:; i 
• • • • 10 I 

.: ; ' . 

In the industrialized countries, waste paper is often collected 
in a \·an or a lorry fitted with ~wire mesh ~age over the top. 
This holds a great deal of paper but is expensive to run, partic
ularly for stop-:start collections from small shops and offices. 
For co1lccting from large warehouses and factories it may be 
ecoqomic. It can be more profitable if it draws a trailer, also 
fitted witfi a cage on top. When collecting cartons and boxes it 
is necessary for someone to tread the loatl down. Some fac
tories will tlatten cartons and tie them in bundles but may 
charge for doing so. A cart drawn by horse, donkey or bullock~. 
is cheaper than a motor vehicle if distances are short, for 
example in a dense town area. 

Cost of waste paper collection 
When costing out• a waste paper collec~ion s,cheme take 

account of: 
1il 

i) \\'ages for collectors and supervisor. t 
ii) Cost of letters or visits to clie_nts. /' . r 

iii) Cost of publicity -=- leaflets or advertisements. 
iv) Interest on any loans for handcart or oth~r vehicle. 
v) Wear ,and tear on ha~~-cart or other eq1ipment. 

vi) Costs::'bf the vehicle collecting from hand-carts. 
vii) Payments to clients. .-~ 

~S" 
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See also chapter 18 on costing. 

Ir may b.t~ . .}TILH~ profitable to pay a factory a smal'l sum for a 
luau uf box~ .that can be collected in one journey than to 
-,pend huurs and walk miles collecting free, low quality, house-
hold '' aste paper. 

Importance of haling waste .paper 
Tu make a profit fro~11 collection and sale of waste paper it is 
u"ually necessary~ ro bale it, that is, squash it and tie it up. 
L\ualiy the bale i~ a square-shaped bundle, densely packed and. 
tied in two or three directions with wire or string . 
.r J ,~~ ,-=f-

Reasons for haling· · ·· 
Bal111g makr.?s transport cheaper. If waste paper is loose, a lorry 
lllad '' iJl ut ertlo'' before it reaches the \Veight limit that the 
h'hi.__.lc ~.:an (arn. Baling paper makes it denser and the weigh~ 
limit i-, read1t.'d be!'on: the \'chicle is full. .. The paper .. is sold by 
':'t'ight but tlw lorry costs the same, full)~ laden or not, so the 
traihpUrt ~..·u"t per ronne is reduced. 

Baling makes srorage cheaper. Baled .material is not only 
Ul'rhcr hur (<111 al-,o be stacked much higher (Fig. ·4). Because ,. 
both :-:,eller and ,__.u-,tomer can store more, a larger vehicl€ ca'n be 
u-,ed ftheap_er per tonne) and a larger quantity sold (high~r 
price per tonne). 

Baling adds value to the product. The customer will find baled 
rn~Herial cheaper to transport, s_tore and use and wiH therefore 
pay more for it (except in one case- see below). He will regard 
the seller of baled material more highly than .the seller of loose 
paper, and may renect this by entering into a trade agreement 
or by cbntinuing to buy when the market is slack (depressed). 

· Balinf.' rr.?duces fire risks. Fire is a serious and ever-present risk 
in waste paper processing. Baling prev~pt.s air reaching the 
inside of the bundle, so even fierce names only char the 
outside. H OV\ ever, this does not mean there is no fire risk J 

where paper is baled, particularly if there is unbaled material 
lying around.· Note, too, the danger from fire if wet . "er is . 
baled. The paper 'ferments' arid the temperatury an -rise high 

' ' \ . 
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F1g . .f. Buling perrnits high stacking .of v.:asrepaper, improves tid i.
ness and reduces fire risks. Photo: courtesy of Oxfam. 

enough to burn. \Vetting w·aste paper to increase its w~ight is 
dangerous as well as likely to a~oy the buyer and lead to 
trouble for the seller. ~ · 

.. 
Cases when baling is not desirable 

18 

i) If the buyer has no means of Jiftin~ the bales, unless it is 
possible to make a smaller, lighter bale that -ca,n be lifted 
b~· hand. ' 

ii) lf buyer and seller are located close together and neither 
stores the material for a long time. The cost of baling 
cannot be reco\·ered against savings in transport OT 

storage. \\'ork out the co5t and the likely savings and. 
improved prices before you start.a balin·g operation. In 
Third World countries \vhere labour is cheap, where the 
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one-rrian firm has lots of spare time and transport gets 
dearer each year, baling usually pays off. " 

•'' .• J 
' '~il' 

,, . 
BALI~G PROCESSES AND PRESSES 

fhe -.,impk"t process is to stand on a pile ofpap,er while.a friend 
tJ c" i l: Th i", ho\\ e\ er, is more like bond ling t hai;t):?alin~·· Baling 
i" mo"t cffi,:icntly done in·a press, a strorrg box-equipped with 
:-,ume me~lih l)t' -.·ompressing the materia'l af.ld holchQg it while it 

......... , ,. ' '-~-- ... 

i-, tit.'d. '\ ::~._. -

Treading hox 
Ti1e "impk"t. cheapest baling press Ls sho\vn in Fig. 5. It may 

bt.' tb<::L1 1 ur paper or thin metal scrap. It is a strong, hinged, 
f~nn-:-,idcd \\ ooden frame with no top or bottom but a joint at 
llllC hinge. Tu c)perate: 

i) lay '\t rin& or rope in the empty box. 
ii) !'ill the bc)x wit'h paper, treading down each layer. 

iii) Tread down and tic the string ends while still standing on 
top. 

,, 

Fig. 5 Simple baling box, ful/:a!Jd ready ro t~e. Note the sree/-hinges 
, on rhe neur corner. India. -· · 

,19 
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Baling wastepape'r in a simple press. 

Fig. 6a With one side down, 
nz'aterial is laid flat in the pres,s, -
treading down if necessary, until 
it is nearly full. The sides are 
latched into place and the latches 
tied to prevent the sides from 
spnngmg open Linde!' p~ssure. 
Mexico-' 

' Fig. 6b The box is filled and the 
jJ/auen placed on top, fo/lowea b~v 
rhe beam. A hanger is placed over 
one end ofrhe beam and hooked a 
few teeth down the wothed rack. 

-A 5:econd htilfzger is plqced, loo~e, 
on rhe end of the beam, followed 
by the lever sr.irrup. 

•• -~. ~ 
fig. 6c The lever end isfi(led under a low tooth.andforce applied. 
The hanger is slipped over: the nearest tooth and the force is released~. 
The operation is repeated at the other end, s.o that the hanger already 
inplace'can" catch a lower tooth. ' ' ... ' 

·' ''.:,\ 
.t ~. 
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Fig. 6d li 'ir h otze person 
working on eirher side the 
larcizes are released and the 
sides remored. 

F(f!!,. 6f H }zen H'trlf7c':C 

ts complere, rhe 
hangers arejerkecLojf, 
rhf! beam and plai~en 
remu,•nl and rhe bales 
puslied out sideways . 

,• 

Fig. 6e !·Vires are inserled, I ,_ u 

using thg-lotzg wiring needle, 
an.fl t\visted together.· " 

( ':'. 
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' 
i\·) Open the box joint, S\ving the sides away and remove th 

bale. · -
A treading box can be made_ by a carpenter wit! 

hinges and catch bought in a hard\vare store. 
~ ~ 

'....' :4 let·er press ""',~---
A better hand-operated baling press is used in rv1exico, ~ 

· 6a-f show how it is operated. Its manufacture requires,a met,a 
workshop as well as a carpenter. The parts are sho\vn in Fig. 7 
Other designs of simple baling presses are available (Fig .. 8) 
although these probably would not be as simple to operate a. 
the rv1exican unit. ' 

A motori-;.ed screH' press 
If electric power is a\·ailahk then a motorized press can b1 

u~ed." The ·press has a strong vertical steel frame on which ~ 
mounted an electric motor that turns a vertical screw whicl 
moves the press plat ten (the strong, tlat board that con1presse: 
the paper) up and down. This kind of press can be made in ar 
engineering works equipped \vith a large lathe, and cutting 
welding, bending and drilling equipment, or it can be bough 
from a manufaclllrer of pres.ses. Often, a paper mill willlenc 
such a press to their \\aste paper supplier, although this ~vi!! tit 
the supplier to the milt' and may result in lower selling prices 

)..t:' 

;Hare complicated baling presses. . 
If a waste JJ·aper operation increases in size a_whole range Oi 

baling presses are a.vailable. These are ou tsidrthe ~cope of thi.~ 
book but see Equip~.ent_ suppliers at the end of the chapter. 

Tying of bples 
Bales should alv.ays be tied two ways and often three. Th<: 

following waste materials are useful for tyrng: string, espe-
. cially made of polypropylene. rope, wire, ladies tights 01 

-.,tockings. strip.., of sacking and strips_ of'rubber cut frorr 
motor ryres. The higher the pr'essure appl-ied when making the 
bak. thl' stronger the tying req~1ired. If you do not tie tight!) 
l'llough or in enough direc_r.ions and the bale breaks, you wil 
Jo-,e the value of the material and have to pay the transpor1 

·~ ~ opcrat<..1L. 1s we_ll:. ~- .. .• 
-~ .. 

"!._. 
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!tr: s fl(iml-o{Jerured halmg press using .\c·rews and capsuin nuts. 
!mild. Plzur(l: l·ourfesy u/ 0.\)cim. , 

l \\~)'u-,~_'fut t~H1t.., for tying b~1ks while they are in the baling 
r'1rt.'"" ~ir~_' ;1 11CL'dk mad~r~fn:Hn thick wire, about a foot longer 
t h .. tn tilL·\\ 1dth L)f t)1c bale, and a pair of stout pliers. 

\Lll.:liinc" aho ~'lq for '~!rapping bales, using steel strapping 
( .. l tl-lt. thm :-,teet strip) ~ut uoless a source of second-hand 
"trappmg I'l a'ailable it is usually ... roo costty for waste paper. 
h)r detaib ;cc Chapter 2 on steel scrap. 

BI'\S A'\D Bl''\KERS 

Bin" or t"lunkt..'rs can be made to store-\vaste paper while it 
~l\\dih h;. . .ding L)f transport. or to help in the sorting process: 
Their aJv~mtages are: -< 

24 

Floor". ~angways and working areas are kept free of waste 
fL)f <lfer· \\or king. · · 
The~,, d'llC is kept clean and i.ts value maintained. Mixing of 
di ffncnt grades is prevented. 
f-ire risks are reduced. 
\lore material can be stored on a given floor area: 

Storage hunke_rs have side and rear walls (and floor) only. A 
,,, 
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front wall would increase the amount that the bunker could 
hold, but make loading and unloading more difficult. A roof 
may be used to keep out rain but this,'too, can make loading 
diffi~..·ult. A tlooF sloping steeply do\vn to the front could make 
unloading ea"ier but the angle of slope (necessary for paper to 
·"lid(;~ under its own weight) would be so large that either the 
'olume ot the bunker would have to be much reduced or its 
height much increased.. • 

\L\RKET~ FOR \\ ASTE PAPER 

The t\\O mo~r common markets for w:llste- paper are: 
i) Paper or Board Ali/Is may make any or all the products 

Jc-,~._·nbt,'U ear)ierin the chapter. It is best to sell to them 
d i reel if possible. They are final users and will pay the 
hc-.,1 pr1c~..·s. If YltLI can sign an agreement with them they 
ma\ ra!-._l· material from vou when the market is slack . . . 
~tllll 1 IlL'\' '-lop buying from merchants. 

11 l .\ferl·hanrs bdy from printers, c<:mvcrtcrs and small 
~..·~.lllc~..·l~.).r" and sell at a profit to the mills. They can onf~, 
m~thc J prufit if they bu) .. at a lower price than they self so 
both you and the mill rrake a bad bargain if you sell 
through a merchant. The only,, situation that may be 
better ''hen selling through a merchant is when quan
t i t i l'.., ~~ r l' "o s rna 11 t hat t he m iII w o u I d not buy them , but 
t hh h rare. Sometimes mills set up their own merchant
ing department to buy waste paper and the seller has no 
cf1UlCC. 

Chapter 15 e~plain,s why you should avoid selling to a mer
chant if possible and always try to sell to a final user. 

H hat to do 1/ no markets exist·nearb~r .'iJ\. 

ln .'>ome places it is not possible to sell waste paper at' all 
.. ' 

bccaU'>l': .. 
\tany other people are collecting and the market is flooded. 
~o paper mills e\ist in the district. 
Paper mills exist but are so far aw~y that transport costs. .., 
would be too high. . 
Paper mills exist but use rice straw, kenaf or bagasse as r.aw 
materials. • . ' 
\liddle men control the market and offer prices that are too 
low. 

',:, 

Nnt enough space is ava.ilable for storage. 
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In sUL'h ca-ses one of the following may be considered if you 
arc capable of the necessary processing operations. 

SMAIL-SCALE PAPER-MAKING 

Han(/-making process' 
Pulp is made by beating \vaste paper or fine cotton rags, and 
suspended in a large vo1ume pf water with constant stirring. A 
wooden frame or 'mould' bearing a fine wire mesh .is dipped in 
the ·~uspension' and brought up in the tlorizontal position. 
The water drarns·away evenly to leave a uniform layer of pulp 
on top of the mesh. This is gently stripped off and laid- on a 
rectangle of felt on a soJid board. Other pieces, interleaved 
with felt, are stacked above it. The pile of felt and sheets, 
topped by a \\·ad of several layers of felt, is pressed to expel 
most of the water. Th~ baling presses described earlier would 
he -.,uitahk fur this, but a higher pressure is desirable. The felts 
~._·an then be ..,afely removed and the paper dried on canvas or 
!Je..,..,ian Lray.-;.. As it dries, the paper wrinkles and requires a 
'-l'l'ond pn.:s-.,ing. .,. 

Further treatment may be applied, depending on the use to 
\\ hiL'h the paper is t"o be put. For writing paperJjipping into a 
h:.uh of gelatine or starch solution, followed by further drying, 
prln ide" a L'Oated surface vvhich will resist ink penetration. To 
ohtain a much smoother surface, sheets may be interJeaved 
with perfectly smooth metal plates and pressed or passed 
through he a' y rollers. 

' 
.4 small-scale (one tonne per day) paper-making plarzi 

This Indian plant is simp.le to operate arid Ccln use a wide 
range of raw rJ!aterials from waste paper to agricultural wastes 
"uL·h a .... sugar cane, sisal, banaha or bamboo. Cotton rag, 
'' iTkly a' ailable in India, is also used. The raw material is first 
p~bSL'd throllgh a chopper, then cooked with caustic s.p"da or 
lime in d digester (this is unnecessary when recycling waste 
rarcrl. :\e\t. it is broken down te basic fibres, in a 'Holfander 
DL'arn' (Fig. 9a) \\hich takes one-and-a-half.to eight hoqrs, 
dL'f1L'l1d i ng un the raw material, ~nd can include washing and 
h k ~k h i l1 ~ , I I 

rhi" pulp is diluted with plenty of water and fed into the 
L'\linLkr l1H1L!f~.imachine w·hich forms the paper. A Wire-mesh 

f~)\ 1,.'r~d ~._-\ Iinde/ revolves in a vat full of pulp. Water is sucked 
"' 
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fti.!. Yu /I(J/Itlrzrier bearer used wirh rhe Indian one ronne per day 
flLlflt'nnuklng machine. • 

; 
·-~ ": ·~-·-'' 

' 
., 1 

I 
«-, 

I 
,. 

r- 11 ~ . 
A' 
·'l 

\ 

• -·""" -j ~ ) - ~ ____ ... ·-·----
·ftr:- t;/J c )ne runne pa dur fWpenn'aking mucbine. The paper is .. 
flee/eel u/l rhe l·uuing roll, nlr andsracked for cullendering. 
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· out through a drain in the cylinder:, leaving a layer of pulp on 
the wire-mesh surface. 

· · · ·At- the top or the· cylinder ah endless~~oand -o-r woollen felt 
(Fig. 9b) picks up the pulp and conveys it to the cutting roll 
\\here an operator peels off the pulp in sheets :which are 
~i:.1cked fl1r squeezing i.n a hydraulic press. Finally, the sheets 
are dried and valendered (squeezed between smopth rollers). 

Each sheet is 86 x 56 em and the weight of paper ranges 
from 65 grammes per square metre (gsm}ofor writing and print
!llg. tu o\·er 300 gsm for packaging. Amongst many appiica
tions .1r;:: t:i1\ dopes, file covers, file cards, insulating and filter 
paper. ~ 

\ loq L.,.f l he water used in the process is recovered but there is 
a net CClJlsumption of abo~t 46,000 lit res in 24 hours. The plant 
1 !11.:! ude..., a number of three-phase electric motors. It employs 
12-16 \\Ork.er"' per SRift, plus management. It is available 
CL)rnpktL' (apart from local ci,·il eng}neering construction) for 
betwet.'n l20.000 and l30,0()0 CIF. This compares very well 
''it h ~..:ur1' L'Ill innal paper machines, which have a capital cost of 
at ka.-..t ll 00,000 per tonne of daily produ~tion without count
ing the ~..:o-..t uf ancillary equipment such as beaters. For the 
. ,,,......,.....,.J;.-.y-, ,,t' th;, . .,.....J.,r"\t .,.,.,,.-l .-.....th,...,.,...,. r·.-..1""1. L,,..... •• !-.....---4- ,--.., .. _... ...... 1!..-..-..-... r~r.t 
"Lll'~ll!Ll :'l l)l lllL" IJl<.llll <.lllU UlliCi ~ ~CC L .... Ul}Jtllt:lll ~uppllt:l~ dl 

l he end of the chapter. 

Cosrs of one tonne per day plant 

Thc-..c arc late 1979 prices; 'FOB'.Bombay, as a guide to 
L'Urrent pri~...'C:-,. Some equipment is not necessary if the plant is 
T/\ h,_"' ll~.._,~r~ t"t'"\r rt=~, ... ,,~, ... l~n'l ,, ... Jet~~ nrJnAr \I,;tl.,Attt f""lnr";, ..... ltttr.r")l 
l\.' L''- ll.J'-...U 1\..IJ 1\..\..._,'f\..11115 .,l''I'U..Jl\... .l-'U}J\...1 \'Yll11VUL Clf511\....UllUl(...ll 

\\ ;;1-..t cs; in r hi" case about $ 17,500 can be deducted from the 
t oral price. 

flu/lander heatt>r: Roll dia. 91 em, width 76 em. with 
\\ ashing drum. Capacity .200 kg rag, 250 kg waste 
paper. Trough to be constructed locally from 
L'Ul1CrL'tc. Two required. . 
Hydraulic press: Capacity 150 tons. 1 m x 1.25 m 
nbtfnrrn with 4() t'm lnCJrlinP hPiPht r ------·---- ---- ·- ---- -------v --- ..... o··~-

Ca/t>ndering machine: Two rolll., 30 em dia, 91 em 
length. speed 10-15 rpm. · 
Papt:r culling ntachine: 1 m cut, ing width, two sets 
l)f knin.~...,. :vlotor and manual operation. 
Couching troiieys: Two needed pius two tabies. 

I 
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Cylinder mould fl_hd~vat: Hand or power operated. 
Cylinder mould ofl:@6 m dia., 1.0 m length. 
Overhead gravity flow tank, continuous felt, couch 
roil, press roll. set of squeeze rolls, guide rolls, . .
ten . ..;ion ro lis. cutting toll. 
Knife grinder: To sharpen paper cutting machine 
blades. 

• Rag chopper: Stationary knife and three revolving 
kni\eS. . 
r "omit ing digesrer: 1. 22 m high, l-68 m dia. to hold 
250 kg rag~ or jute. Volume 2 cu. m. 
Drying chamber: Vv'heeled trolleys (16), rails, blower, 
compre\~.;c;r for kerosene heating. Tunnel to be made 
local!\. 
Baby bearer: For experimental purposes. Roll dia. 30 
em, width 20 em, with trough and washing drum. 
.\Jurors: 2 x. 22k \V for beaters; 7 1/2 k W for calender; 
5 · 2 k \\" fL)r C\'linder mould machine; 2 kW for 
hydraul1l· prL·ss: 1 1 ~k\\' for paper cutting machine; 
2k \\ fur rag chopper; l k \V for dr'y'ing·chamber 
cornrres-.or: lk\\' for knife grinder; lk\\' for baby 
beater; -+k \\' for drying chamber fan; motor pump 
~eh t~..•r \\ater, three sets. 
Aguarors: f,, o units consisting of 2k W motor, 
reduction gear and rotating paddle (pul~anks dia. 
2.1.3 m, height .3m, to be made locally). .· 
Pulp pump: with 2 k \\. motor, 3 off 
Swirches and sraners .,;,.~.;.:;. 

-':1}/, 

.--lccessorit's andfoundarion bolt:.' · 
Spare pans ,, 

Total FOB Bombay 
E-.tirnated ocean fr~ight . . 

OTHER MARKETS FOR \\A 

ding 

6,600 

300 

1,200 

1,000 

3,200 

1,000 

8,500 

1,000 
1 '100 
4,000 
l ,000 
4,400 

49,5,00 
3,100 

,, 

l ·se of paper for anima! 
Bank-.. go\ ernment othS?r offices often 'shred' waste 
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paper intu thin strips to prevent 'confiden-tial' information 
from being read. Some experience has been gained in Engle1hd 
rd' using this material for bedding animals and one commercial 
.. :ompany. Shredabed Limited, markets both the material and 
mad1ir1t..'f\ for making it. Thev claim that: . 

Pi~"' b~dJcd on this materi-al keep dean-~r. 
1\)tiltr~ ~~ain a little more weight and suffer less mortal
tl y t k111 birds bedded on \\ oodsha \·ings, straw or sand 
UJ)!. 10). 

_·:....--·· 
-"';· 
'4§~ ., 

..t'\,, 

/1'-'.. /IJ L .~t' ofslzrt'ddr!d wusre papaj(H animal bedding. Photo.: 
( , nlfft'', 1 o! Shrt'dahed L rd. L · . .r..·. 

Other lin:stOL'-k _suffer less from respiratory (breathing) 
prnbkms when bedded on paper instea·d of stra\\1

. 

Shredded paper is much easier to 'muck out' from pens and 
·:-,tables after use. It spreads easily on fields and breaks down 
to tLnm e.~cellent manure. 



.\. 

Shredded waste paper is easy to bale, thus costs of transport 
and storage are low. However, effidept shredding machines 
are expensive and hand tearing is tedious. Some anxiety has 
been expressed over the heavy m\tals contained in, printing 

· inks that might cause sickness among animals bedded on :waste 
ne\\Spapers, but no evidence of this has b.een reported. 

In cities where livestock fetch high ()rices but std!w or otQ.er 
bedding materials are hard to obtain, this business may yield · 
good profits, particularly if combined.with an operation to sell 
the manure to gardeners. Sadly, few Third World pig breeders 
obtain the benefits of bedding them on anything other than 
earth. 

'"fanufacture of egg and fruit bo~tes/rom old cartons 
In rural areas there may be excellent markets for these. They 
cc1n be produced from old corrugated cartons with a small 
amount of hand operated equipment, namely: 

i) guillotine or paper shears; ~. 
ii) folder; 

iii) punch for slotted tray pieces; and · · 
i \.) stapling machine. . 
The old cartons are cut down to accurate size, refolded and 

stapled. It is important that the trays fit exactly anc;l do not 
mo\·e during transportatj_on. The off-c;uts from the boxes ,are 

Fig. 11 Egg trays and fruit 
cartons are made. jrdm 
ojjcuts of old .cartons, 
using a hand-made punch. 
The punch is welded steel 
plate, 4mm thick, hinged 
along the bottom. The 
lmver plate is slotted to 
match the punch which is 
hand-operated with a long 
handle. The edges a/the 
punch cutters need Jo be 
kept sharp. Colombia. 
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the materials for the trays which q.re guillotined to a standard 
site and punched (Fig. I!). 

Fruit a;rd egg cartons from waste paper 
/\.not her system makes egg cartons from paper pulp using a 

smJll-scalc paper plant called the Super Melbourne. Waste 
paper is first soaked, then pulped and re.fined. The P\Jlper, 
Jeri\ ed from a domestic washing machine, breaks the waste 
parer Jo\\ n in water and the refiner completes the job of 
r.educing it to basic fibres. 

The slurry which results is poured on to a sheet of mesh 
..;tret~..·hed O\ er the forming tank of the Super Melbourne and a 
\ al\ e in the tank is opened. The water draining frolll the tank 
-..u1.:k" moi-:.ture from the layer of 'the pulp, which is then pulled 
lrt.Jm the tank on its sheet of mesh. 

The layer L)f pulp is folded over once and pressed between 
-:.pt'\:'ially ,flaped Jie'>. After forming, the egg tray is laid out to 
dn in the -..un or in a heated room. These egg tr.ays look a little 
dlt ferent from the usual type but they are just as strong and 
-..cl\ Iceablc. Fruit and \·egetable trays can also be made. 

The proce">s employs four people but labour economies can 
be achieved when several Super l'v1elbourne machines are 
ba11.:hed ro_gether for greater output. 
liar sheers: By substituting a press for the egg carton die~, 
Surer \klbourne can be made to turwo,ut tlat sheets of paper 
..,uit~ble for cutting and creasing into cartons. 
Sr ar is i ics: 
Output: 60 egg trays per hour, or 60 sheets of paper size 

84 x 66 em. 
Elcctricitv: 
\\"at er: 

Pulper and refiner- 300 watts. 
!'v1ost ofthe water used is recycled. 

I:loor space: i}bou t 2 sq. m for the machineryand 5 sq,.m for 
drying. I·" 

Shipplllg: The machinery is shipped in a 0. 97 cu. m container, 
\\ eig~t 150 kilos. Shipping costs .to Africa and Latin America 
are about $ U.S. 330. 
Price: FOB London \vas $ US 2000 in 1979. Flat sheet ver~ion 
with a press but without dies is the same price. 

Another example of a paper pulp ni~oulding system was 
originally developed by ITDG m conjun:ction with Tomlin-
')0!1S. 
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/Hanufacture of paper bags and funnels " 
In many countries, small traders use these for the sale ot 

nub, sweets and many other items of food. There are serious 
risks to health from contact between food and unprocessed 
\\ aste paper \\ hich may have been in contact with pol'sons or, 
d iscasc-.,. 

L ·se of H"aste paper as a building material 
All overt he world the very poor use ·waste paper to construcr

the~r homes. It is cheap and will k~eep the wind out and the sun 
off but there the advantages end. It does not resist water, is 
highly in tlammable, it is eaten by rats, is weak and tears easily 
and rots or becomes brittle after quite a short time. It is an 
unsuitable material that demonstrates the desperate condition 
of those who .. have no alternative. A great improvement is: 

.\fanufacrure of asphalted roofing sheets (Figs 12a & b) Low 
"' quality, lO\\ cost roofing sheets with a life of about five years 
~.:an be made from the very lowest graqes of mixed waste paper; 
grades which would not be acceptable for paper-making d:ue to 
the 3.mount of dirt and contraries present. . 
" A factory with three ·moulding machines, costs about 
S US 200,000 for plant and machinery and can prodl).ce about 
R,OOO sheet; daily, each about one square metre in area, or'over 
two million square metres per annum. About 35 peuple are 
employed and 50 tonnes of paper per week are used. ·rn India, 
the roofing material retails at around$ US 0.25 per sheet; in 
South America, at about$ US 0.6 per sheet. The nianufact~r-
in'g process is as follows: ·"'" 

i) The \Vaste paper is washed and pulped' in a hydra
pulper. A mechanical hammer mill or a Hollander 
beater may be used instead. 

ii) The pulp is pas"sed through a 'screen' tb remove dirt, grit 
or other impurities, and ow to a board-forming machine 
similar ro that already described, to· produce a con
tinuous length of board that is cut to lengths as it comes 
off the machine. 

iii) The boa,rd is spread on the ground and dried in the open 
air. Next, the edges are trimmed on a rotating slitter. 

iv) The board passes through an avery at the end of which 
are corrugating rolls. The corrugated she-ets are .then 
trimmed again and st~cked in ~radles. 
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II.'!.. J::u \ftmufucrure of asphalral rocding sheers .. Dipping in 
LJ)flha!t. \ote the use of a .Wt!el cradle and cha111-operared hoisr. The 
rlfll'nnon weur gfo,·es fO prbrecr rheir hands bur their hodies are 
~..·uvcred In aspha/1 due ro working srripped lO the waist in''the hear. A 
Hl'lt' ~c'mp!rn-er ~nmld insisr on lighr corron shins and provide a 
luzu!(/r_~. \ervtce. 
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v) Next, they are dipped in a bath of hot asphalt. (Asphalt. 
is inflammable so the means of heating must be carefully 
chosen.) The asphalt dries rapidly at air temperature 
and the sheets are unloaded arid stacked. 

\ i) \\.hen quite hard they are taped in bundles for sale as 
third quality or sprinkled with mineral ·chips on soft 
asphalt prior to packing as second quality, or hand
painted and packed as first quality. 

Alt~tnati\Tly. the board may be made on a cylinder mould 
type of tJoard-t~lrming machine. The boarq forms on the cut
off roll, a metal cylinder whose circumference is the length of 
~heel required. \\'hen the required thickness of sheet has 
fL)rmedt it is'(U[ along a gro'ove in the roll and the sheet is then 
peeled off. Peeling requires skill and. smoothness as the board 
h as I itt k s tre n g t h . 

H asre par)er as an insularing material 
·In Canada and the U.S.A., there has been some experience 

or Lhing <;lncdded waste paper as a thermal ins\Iiation material, 
that j, to "a~. a material that keeps wacm house.s warm and 
.. :oullh)U"e" CL)l)l. The thermal efficiency (i.e. the effectiveness 
111 dL1ing ih job) of shredded and tluffed-up waste paper is 
almo"l a." gvod a" glass fibre. To guard ag.ain:?t fire, ttle paper is 
"L"'~t~:_'d in~~ "'·1lution of bora\, and dried. Such material is much 
chcapc'r than ut her thermai' insulators and could be used widely 

; '~ . -
\\here IlL) "t ra\\ )'> a\ ailable ,"provided each batch is tested to 
c'n"ure that the~(ire-resi..,tant treatment is effective. 

B~ ..,anchvi\..·h'ir\g> a· 15 ,~rn 'layer of shredded waste paper 
') :;. J 0 ) J 0) ., 

bct\\CCn [\\L) \})ci.?tS Of corrwraJCcJ,,, galvanized steel, a roof can 
0 ,._ ~ 

he made t haJ pre)~\ ideo.., a cci(')l inkrior i.11 intense sunshine. The 
matc'rial :-.l1l)Ldd be treated against fire as abo\e and ·possibly 
a g a Ill-. t fX'.., t " . 

II asre paper as a ji1el 
\\ ~htc.' paper i<; the \vorld 's most commonly-used kindling 

material (material for starting~ a fire). It can be used as a fuel if 
it is -,crC\\CJ or rolled up tightly, as it \~,ill bur\ more slowly 
than\\ hen spread out in thin sheet'>. It bun-1s with a sooty name 

·and is not ideal for cooking. · 
.fn a number l)f de\clopecl countries, city refuse is being pro

~..·e..,-.c·d intu pellets of Refuse Derived Fuel (RDF) which 
\..·ont~llrh plaqi~..·, te\tilcs and a high proportion of paper. A 
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calorific (heat) value between half ana two-thirds, that of 
mineral co~l is reported. 
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Equipment suppliers ... 
! 

;\/olori::.ed screH' baling presses ·. 
- ~ Hams Group, Fiber Baler Division, 63 South Robert Street, St. Paul, 

\linnesota 55107, U.S.A. 
Edwin \lillt; and Son Ltd., Firth,.Street, Huddersfield, U.K. 
Dell Balers Ltd., High town Road, Cleckheaton, W. ·Yorkshire, BD 19 
SJT. U.F\.. .., 
\"anesL·o Ltd., 165 Gart-h Road, ~Iorden, Surrey, SM4 4LH, U.K. 

Paper :\lachtnery 
Paper \!til Plant and \!ach1nery l'vlanuf~tcturers Lrd., 181 S. Y. Road, 
.ldt>_eSh\\art, Bombay 400060, India . 

. \mu/1-scule pupermaklllg plant 
TlmJ Scale Technology Ltd., ~1elbourne Bury, Royston, Herts., SG8 
6DE, L:.r..:. 
LmJlm~ons (Rochdale) Ltd., Newhey Road, Milnrmv, Rochdale, U.K . 

. -i nunul trJcitng manufacture · ' . 
Shr~J;.thL·d Ltd., 11-12 Bridford Road, Marsh Barron, ExeterEX22QX, 
L . !...:~ . . 
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Chapter 2. Iron and Steel 

ivletal scrap is one of the world's largest industries with regard 
to the number of companies and people employed, weight of 
material handled and value of eq~ipment used. Ir9n or steel .<> 

which has reached the end of its useful life is called 'scrap' or 
ferrous scrap to distinguish it from non-ferrous scrap metals 
which do not originate from iron. The latter will be discussed 
in Chapter 4. This chapter is divided into two.sections: 

A. Iron and Steel Scr~p looks at the sources of ferrous scrap; 
how to collect it; the different grades; how to sell or re-use 
them and the reclamation ·of motor cars. 

l-3. The Forge and the Foundry describes how to produce, from 
ferrous scrap, finished goods that can be sold to the public. 

' 
Before examining the iron .and steel scrap trape, it will be 

useful to understand a lhtle about the production processes 
and the uses of iron and steel. ' ' ,, 

The production of iron . 
Iron is a nat ural element, usually found as an 'oxide' of iron ' 

mixed with other minerals and called iron ore. This is reduced 
in a blast furnace to produce metallic iron called pig iron (so
L'alled because the mo,ulds in. which. it used to be cast were 
3.rranged 3.round a central channel like pigfets ~ckling a sow). 
Pig iron is impure and contains 3 or 40Jo carbon·~s well as other 
chemicals such as manganese, phosphorus, sulphur and 
silicon. Some of these chemicals burn in the blast-furnace to 
f0rm ·slag', a layer of oxides on top of the molten iron. Sl~g · 
can be recycled in many ways - see Chapter 9 on mineral 
\\as 1es. 

Pig iron has two uses. It can be melted in a 'foundry' where it 
i\ cast into moulds to produce solid, heavy, often brit~le 
objects such as manhole covers, pipes, pulleys and objects with 
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complicated shapes such as valve bodie's or cylinder blocks for 
engines. It can also be made into steel. 

. Sometimes iron ore undergoes a 'direct reduction' proce.ss 
to produce sniall pellets of sponge iron, so-Galled because they 
are pon)us and, spongy. These, too, can be used for steelmak
ing, but they are un~uitable for foundry work until they have 
been con\ erred in an· electric arc furnace (seep. 43'and 72). 

',1 •• 'i ', 

The production of steel 
Steel i.-; iron with less c~rbon and steelmaking is simply the ,f)

remo\ al of the carbon by burning. This ~akes the steel 
stronger, more flexible and easier to ,cut than. iran. The other 
impuritie"' in pig iron are removed by burning them in the steel
maKing proce~s and again the slag produced can form.yaluable 
by-products. 

There are many different processes for making steel from· 
pig or ~ponge iron and all produce molten steel which may then 
be cast directly into a shaped mould in a steel foundry to 
produce an end-product. Steel castings ar~ not as common as 
iron. Steel may be cast into ingots for fo-rging, the process of 
hammering hot steel, to make items of extreme toughness and 

I 

~trength. lt may also be cast into 'slabs, blooms or billets' for 
rolling. Rolling is the most common process for shaping steel. 
Tlh.' bilkt ;, heated until i.t glo\vs ~dlo\v, then passed forwards 
a rH.l had.:\\ a rds bet ween powerful steel rollers of the correct 
~i1e ~u1d .... hape to produce the cross-section that is required. 
Steel ~e~.:t ion~ in turn may·be· cut, cold-rolled: forged, welded, 
electroplated or treated in many other ways to form the huge 
\ :1riety of .steel components in use in the world today. 

-A. Iron and Steel Scrap 
lk.fore entering the steel scrap busi~ess, 'it is necessary to find 
our exactly what kind of iron and ~tee! industry exists nearby. 
The local Chamber of Commerce or the Ministry of Industry 
will be able to help you, and a glance through the classifieQ. 
telephone directory will also be very us~ful: look under 'Iron',~ 
'Steel', 'Foundry', etc. 

Ferrous scrap can be fed back into the iron and steel manu
facturing processes. already .. described at any of a number of 
stages: 

Foundry scrap. Scrap iron or steel may be melted in~ 'cupola 1
: 
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or rotary furnace to make ,iron or steel castings. It is usually 
mixed with pig iron. 
Sreefmi/1 scrap. Scrap s-teel, bt1t not cast iron, may be inelted in ' 

. a steel-making furnace and cast as billets for rolling. Usually, 
the scrap is mixed with pjg or SI?onge iron. 
Rerol(ing scrgp. Large pieces of scrap steel" may be cut to 
regulcir shapes and hot~rolled into, new sections of a smaller 
size. Rerolling is practised widely in parts of Asia, but)ess else- ~' 
\vhere .. · 

·? 

, Re-u:j~ng scrrlJJ. Steel n1a.y be used as a rav~/ material and cut, 
formed, forged or treated in any other \v:ay to fabrica·t~ new 

t' · objects. ' 

Raolli!lg and re-.use yield far more vafue from a given 
weight of scrap and should be tried wherever possible. 

H here and how to locate ferrous scrap 
Before collecting any scrap make sure that it does not belong to 
anyone. In some countri~s. traders in scrap have to register 
'' ith the police and it might be a good idea to write~o the local~" 
pl)lict? station stating your name, address and intention of 

·setting up a metal scrap business. T_his helps if you are later :if. 
in\ ited to accompany a policeman who finds you with a bundle 
of reinforcing steel on a building site o.ne dark evening! It is 
.cheaper to buy material than to steal it and pay a fine or go to 
prison. The O\vners of scrap metal rarely know its value, so it 
will not be difficult to agree on a lov.,r price. If you' buy material 
be sure to get a receipt. Ferro'us scrap can be found at the· 
following locations: 

·' 

Construction sites. Off-cuts of reinforcing steel rods·<and 
mesh, wire and nails. -· ,, i 

Demolition sites. Poles, . .girders, joists, steel doors. ·and 
windov-.-s, drain covers, pipes, railings, grills etc. -:·' 
Engineering H'Orkshops. Offcuts, swarf (turnings and chips 
from lathes, drills etc.), disused p'arts and machinery. 
Garages and depots. Disuse-d motor parts, scrap cars. 
Factories, mines,· quarries, dri//{ng 'Sites, farms, technical 
colleges etc. Disused machinery, construction steel, partition
ing, drums and containers, pipes, tanks, carts, motors, in fact 
- anything~ ~ "' · 
Streets, parks and H'asfe l€1nd. Disused railings, manhole 
CO\ ~rs, pipe~ etc. 
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Housf!ltolds. Domestic appliances (cookers, refrigerators etc), 
tin can~. br1.1ken bicycles, perambulators (prams), toys, tools, 
furniture etc. 
Rf!jliSf! dumps. Any of the above. 

Unlike \\ aste paper, scrap metal does not always arise in 
regular quantities; a demolition site, for exai]1ple, may sud
denly yield a large tonnage in a district from wqich only tin 
cans h;;n e emerged for years. So, rather than goin~from house 
to house or shop to shop regularly, scout rapidly around a 
district and investigate 'For Sale' notices,' builders or shop
fitters' trucks, the presence of cranes, scaffolding, air com
pressors and similar signs of construction and deQ"lolition. 

The most profitable way of locating scrap is to write to and 
\·isit local factories and sources that are likely to produce scrap 
regularly, and to convince them that y<Ju can collect regularly, 
promptly and tidily in response to a telephone call. 

Another source of scrap, which will be looked at in detail 
later. i.., that of abandoned or crashed motor vehicles. Often, ~· 

local traffic police \viii enter int~'1'an agreement or a commer-. 
cia! contract with a scrap metal dealer, whereby they inform 
him of such a vehicle and he~. in return, removes it promptly so 
as to a\ oid danger to other traffic. How~ver, the economics of 
r'emo\ ing scrap cars, ·particularly in country areas, are not 
al\\ a:" profitable, so first of all work otit costs and profits. 

Frequently, the money from the sale of scrap goes direct_ly to 
the owner. rhe manager or the foreman of the fabrication shop 
and does not pass through the firm's books. Collectors should 
ask themselves whether they are partners in fraud, and can be 
prosecuted if they agree to such an arrangement. Failure .to 
agree to it may .well mean that another dealer gets the scrap! It 
is difficult to be a virtuous and a succ~ssful scrap dealer but it 
has been done! 

Collecting scrap metal· 
A strong cart or vehicle is essential. It will need .to be a little 

......... ~~ J 

larger than tha( used for collecting paper and should, if possi-
ble, have fOlding, low sides and, if desired, extra-high lattice 
sides above them. 

As cuts from rusty steel can cause septic wounds, leather 
gloves sh01Jld always b~ worn (cheap, serviceable gloyes are 
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made fr(Hl1 trimmings of leather). Boo.ts with steel-reinforced 
toe-cap" are an added protection. Never handle scrap metal in 
bare feet or "tripped to the waist,~_)! . 

ltern-, nf scrar metal may be~·~ hea~·y and serious injury 
~.·an re,ult fr'om li(ting them. ·Always keep your 'back vertical 
when lifting, bending at the knees. If it is 'not. economic to 
tra\el \{ith an assistant, then either persuade a friend to come 
and help\\ ith heavy items at short notice or learn how to s~t up 
a tripod and borrow or buy a block and tackle. Check the 
blcxk and tackle and any ropes or chains you use. If they are 

.\ worn or darnag•d do not use them. If you,use them, stay out 
fron~,under and keep your friend, your donkey and your chil
dren out from under too! 

Often. scrap i,tems c~n ~e handled more easily if ~sharp or 
outstanding or awkward parts are removed. Carr:y on your cart 
a hac k'sa w. spare blades, a pair of pliers or wire cutters. or, even 
better, a pair of 'bolt croppers', as well as an axe. Make sure 
the police agree vou need theni for your work and r1ot for 
CfllllC. 

SORTI:\G FERROUS SCRAP .FOR SALE AND RE-USE 

·r f you ha\ e read the introduct'ion' to this chapter you will 
understand \\ h:y scrap has to be sort~d into different grades. 
You can leave this task to the person who buys from you, but 
the chance-, are ~hat you \vill be paid less. In every country the 
grades required )vill be~ little diffe.rent:-·they will often diffe-r 
between two tO\t..ns in the same country. The foll.o'Ying list .of 
ferrous scrap grades should serve anyone selling ser~p in a' 
1hird \\'orld country that ha_s one or more stee.l rolling mills, 
usualh \'·:ith electric arc furfiaces, and a numb~r .of small or 
large i.ron foundries, plus \vorRshops of different kinds: ''.-:..·_' 
1 ~ Cast iron. .. . 111~ , 

2. Heavy melting scrap, also known as HMS or No. 1: · , 
~\v t1" 

3. ~1edium scrap or No. 2. .. , ~- r -

4. Light scrap or No. 2 bundles or Nb. 3. ~~-

·' 

5. Swarf. . . 
6. Rerollable pieces (only if rerolling' .. mills exist) . .-· -~ · 
7. Re-usable pieces. 

1. Cast iron (itig. 13) .. ' 

Cast iron can be identified by its dull'grey colour, compara-
ti\·e weakness (it can often be broken by a hammer blow), and 

( ~ 
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Ftg. 13 Cusr trun scrup. kenya. 

complicated cast shapes, sometimes with numbers or words 
cast 'proud of' (higher than) the surface. It is one of the most 

.,. \ aluable-'"J1ighly-priced forms of scrap and can be s.old to a 
local iron foundry at much lower cost of fransport than to a 

~··sleel mill which l1)ay be hundreds of miles away. Cast iron 
borings (chips frorh a factory that machines cast iron) can be 
sold aiQngside it, but probably at a lower price. If possible mix 
them in \\.ith.,the heavy material. 

Depending on the size of::,.our customer's furnace, very large 
rieces may need to be broken with a sledge-hamm•r c~t with 
an O\y-acetylene or O\)'·-propane- cutting torch, describeq 
he' low. It_ might be~\\ orthwhilebrea~ing all pieces do~vn to the 
o..,Ize required by th~ L·ustoi11er. possibly as small as 1)-20 ems 
maximum dimension, but onl\ if vou are sure· that the 
l.:u-.,tumn \\ill pay Tor thio.., e\tra ~ervic~. 
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lit:. J.J llcu1T melung scrap. also known as Nu. 1 orHN1S, The 
drum tn r Ju .. · foreground should not hm•e heen included.' 

2. /le{[\y \felting Scrap (Hlv!S) (fig. 14) , 
\\"hen ever po:-,sible, steel scrap should be sold direct to a steel 

m i II . I Jl r ll i r d \\·or I d co u n t r i e s t f1 c s e are Jill o s t I y· ' mini m i!! s ' 
Lhi 11~ L'k\..·t r i\..· ar\..· furnaces. A first ch'arge of scrap is melted, the 
glu\\ tr1g ckYtrodes ''i~hdrawn, the top cover swivelled a\vay 
and a :-,cc~..md load of \crap discharged into the furnace from 
·the charge ba-:,ket. Flame\ and.smoke arise when the new scrap 
ttJUL'hes the molten metal within. It is-the necessity for a second 

.. and -:,omctimes a third or fourth charge of scrap to produce a 
,)!:·\ull !u rnaL-l' load of molt en metal that determines the 

r • 

l'\..·orwmic" of furnace.operation. Valuable' ~ime and ~nergy are 
"~l\ eci by re9ucing the number of times the furnace h_as to be , 
re~.:harged. For this reason, steelmakers will pay far highe:r 
prices r~..n <.,mall ish pieces of solid, heavy scrap more than 6 mm 
thi-:1-.. \\ hich '.\·ill form a heavy; dense charge. Scrap that' fills 
this requirement is HMS and fetches the best price of aU .. 

Ob' iousJy, large furnaces .. can accept rriuch longer pieces 
than can mini mills. In Britain,. the maximum length of HMS is 
1. 5 m. Elsewhere, mini m.ill furnace diameters are often not· 
m()re than. 2 m and charge' baskets 1 Y2 m, in which case 
mat erial of about two-thirds of a metre in length 'is prefer~ble. · 
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l;l Other dimensions should not exceed half thrs or less: and ,, 
piece-, ::,hould be free of awkward 'projections' that will pre-
\ ent close packing inthe charge. If you have substantial piec-es·_ . 
that are longer than this or have projections you shq,uld eitfier" 
cut them with a hand shear or an oxy-acetylen'e cutter, or k~ep 
them separate to be cut at the steel mill. The important thing is 
to concentrate in one load all the HMS that the mill operator 
can Lise without his having to process it Jirst. 

l ·se of cutting totch _ il" _ 

. Oxy-acetylene or oX~'-propane~cutters are a vital tool .for the 
- _-,crap metal operator. A_c'bmplete kit QPnsists of: 

-:- 1 pair of cut tin~ goggles and I pair leather' gloves. 
Leather apron and gaiters. 
] cutting tOJiCh(n.ot tO be confused with a Welding· torch). 
2 long rubber pipes, one red' and one black. 
2 gauge'\ to control anq measure gas pressures:_ The oxygen 
gauge js btack, and that for propane of acetylene is red. 
:\ ~:ylinder of oxygen (biack) and on~ of propane or acety~ 
knt: tred). . 
. ·\ special trolley on which it can all be mounted. ~·. · 

The con1panies which sell the gases (known as industrial .,, 
gases) usually sell1he' rest of the gear anc~ should supply you 
with full details of the opera-tion. Never try to make your own, 
a's thc.re c.ould e·asily be a fatal explosion, nor should you try to 
rcpai r it yourself unless you are' very skilled. Make sure that 
you understandju/(v how the torch works before putting it to 

,,-;, 

l.JSe. .. . 
Opera£ ion is as folfo\vs. The gauges are mounted on .,_their 
respective cylinders, taking care to match the r,eq components 
and the black. The pipes and to'rch are connected and both taps 
on rbe torch closed·. The cylinder gauges are adjusted to the 

,pressures recommended by the torch manufacturer. Often the 
c)·linder gauges have two dials_- the second· tells you how fnuch 
gas is left in the cylinder. The ·red gas tap on the torch is opened 
and a match rapplied to the nozzle to produce a bright, vsmoJy 
yellow tlarne. Then the black oxygen tap .is opened slowly; tile 
yellow colour gives wa-.y to a blue -h~ating flame with a slight .. 
roar ,•,;The heating oxygen cQmes out.jn six-~ small blue c9nes, 
about 8 mrn long. Open the tap until all the yeltow has disap-

. peared but no further. Squeeze the trigger: A fin~ line of blUe 
dO\.\..n the centre of the (lame is the,cutting oxygen. I,t makes a 

',. 
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roar. If the tlame goes out you have too much oxygen in the 
heating tlame; turn the tap back a little. Always turn off the 
.oxygen before relighting. ""', 
To cur a sreel plare. Mark the cutting line in chalk. Lower the 
goggles over your eyes, hold the torch in your right hand and 
support the metal tubes of the torch on t~e back of the left 
gllwe. so the torch can be m,oved smoothly along the line · 
without altering its height aoove the steel. Start at the very:edge 
oLthe plat-e, keeping the blue heating flame vertical and the 
height such that the tips of the oxygen cones touch the surfq.ce ., ~ 
After about t\\enty seconds the steel will start to melt; squ:~eze 
the cutting trigg~r and the jet of oxygen will blow the molten 
metal out of its path. Slowly and steadily. advance the nozzle 
along the line, keeping it perpendicular to the surface and the_' 
cut will ad\·ance with it. If you go too fast, the metal will not be 
molten under the nozzle and~cutting will €ease: too slowly and
molten metal will drip off leaving a messy edge, besjdes w-ast.
ing cxpcnsi\L' industrial gases. " ·· 

Plan whl're the piece will fail arth~~nd of the cut, so as to 
a\Oid injury. Beware of hor.edges. Shut off the. torch at rhe 
<Ketylene tap, thendDse the oxygen tap. To avoid leaks, ~lose 
g;_tuge \ ah es \\ h~n \~Ork is finished, even fo( a short period. 

If you ha\ e no edge at which to start cutting .(e.g. when 
1..'Utting pipe into lengtDs) you have to blow a starting hole. 
Prbceed as before, heat until the steel melts but, as you press ' 
the cutting oxygen trigger, withdraw the torch a few inches to 
pre\ ent molten metal from splashing on the nozzle and stop
ping the jet of cutting oxygen. 

DA 'GER ~ Flame cutting can be dangerous if not ·correctly 
done. . . 

N e" er - cur without wearing protective ·clothing, especially 
goggles. " 

- cuf nea-r intlammable materials ,__ wood, paper, · 
petrol, Qil, grease etc. 

- open Q.X);gen cY,linders. near lighted' fires, cigarettes 
etc.,' oi- near oil or grease' as an explosion can resul·t. 
cut cylinders or tank~~ that ~ay' have contained 
petrol, gases, chemicals, explosives etc. 

- arlow molten metal to fall on clothing, gas pipes etc. 
aliO\\ gas cylinders to be heated. · ,, 

Ahni)s- l'he<;k" that gas has not leakedDinto or under pits, 
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drums, contdiners, etc. before lighti~g th~ torch. 
The explosion from,a ~eak can .kill. 

- ensure that all taps and valves are off at the end of 
the day.· 

- ticgas bottles i,f they are ~tanding vertically. 

J:vpical costs of/<as cuuing gear in a developing country 
Tor~..- h. pipes, gauges and safety clothing . $330 
Bot t k t rb ttc.y (.opt~onal) ·"$15.0 
Deposit on one pair of cylinders $120 
Recharge - oxy·gen' ·$ 14 

- a.c~ylene $, 45 

3 .. \lediun_1 Scrap (No. 2) (Fig. 15) 
This includes material which is thinner than 6 mm but is' 

rea-,onal,ly free from rust, dirt and any metals that cause diffi
culties in steel-making, especially tin and copper. Medium 

' 

. ~ 

Fig. 15 AJedium steel scrap. Note that the workman is wearing 
leather gloves ro handle this material. Mexico . 
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:-.crap ma.y be "old to a foundry or steel mill, or to a merchant 
(\'hu \\Ill pa,y ks:-.). 

fhc piece~ -.,hould be cut to lengths which will m.ake a dense ,, "--

fuFI1~h .. '0 l·har~c c:.ls\' to obtain. Ask \'Our customer what size he 
l1Ccd-., <.ll1d \'·:fll.J2ay. for. Remove pr~)jections and any material 
rhar j._, Ih)[ iHi!l or :-.reel. It is not el·onon1ical to cut No.2 scrap 
\\I!h C\PL'll..,:\l' Industrial gases; a hand shear should be suffi
~..·i'-'rll. Ot ...:LHII'>l'. once money starts to come in from your 
bu..,Ine""· y,Hr , . .-~1!1 buy an industrial sheaE that will cut through 
tlt;~..kcr rnareri~ll. (lt i-., po-.,sible to buy Alligator shears that will 
dll H\!S l)t 2tJ ...:m thickness, butr.they are n~ry· e.\pensive.) 

l t: ~..Hr ha\ '-' Ihl "hear and cannot make one, you can cut No. 
, 2 "~..T ~l!) \' l! h , t h a.._· ks a\' . hut t h is t a k c s a Ion g t i me . 0 f ten , you 
,:Jn ll'dtk,: !~..H1S pieces 1..>f ~n. 2 to length by bending them 
,l,llihk ,11 tr'-·hk. \Ltk'-; -.,urL' \LHI \\ear glo'e"' or ·vou ''ill' 

• "- l -

,Ltl1LL.:,· ''"'il. h.trid" ami~~ \IL'Cl .'>~..Tap, man\\ lw can110t usc his 
~ • > 

ILtllll" i" \llll ,ll htl'>II1L'""~ ' " ,_ 

-+. fighr So_·arJ r \o.] hun 1/.es or .\'o. 3) 
I lw .. "' thl· \,)\\'-'"! ac~..·c abk qua"lity and ft.:tches the IO\\est 

I' ri~..·l' _ l t ,:l HH a 1 Ih -., heet -11 at erial \\ h ic 11 is not able to be included 
' 

Ill "'ll. 2 bL'(~lll"L': 
lt ~"> ll.h) thm- inn ost cases arivthing less than· 3 mm is"'not 

t .. ......._ ~ 

~1\..',:cptl·d i'~H- i',Jo. 2: ·heck this either by asking the user or by 
In~..·ludJng it and \\ai ·i~~g to see if it is rej~ed. , 
It is too ru-.ry. A surface coating of rust is acceptable in No. 
2 bur nut if It is \ery deep; 
It i:-. ~..·oated or contaminated with tin, i.e. tin cans {see 
Chapt'-'r 3): -~' 
It i'> hL<t\ily l'Uated with paint or oil or rs mi.\ed up with 
other material such as rubber or plastic. 

L1ght -,crap may be sold to . .-a foundr;· or steel mill or, again, 
to a mer~..·hant \\ ho will pay less. 

Baling o} ligh r scrap. Light scrap such as large, rusty sheets of, 
gahani;ed (zinc coated) steel are the worst forms of furnace 
feed·. but e\ en they can be ma-,2ie more acceptable (and that
llll'a!l.\ a hc>t rer price~) b~· baling them. Baling steel is not in 
princi pic eli ffercnt from baling paper, except that more power 
is neeckd to attain a really tight bale. However, this does not 
mean thi.lt -,tee! cannot be baled \Vithout a motor-driven "' 
machine. The baling operation used in Colombia produces 
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Fig. 16 Hand baling of 
light steel scrap: tamping 
down with half-shaft of a 
lorry to get a compact-bale. 
Colombia. 

. 
• "u rpri" i ngl~ good bales (Fig. 16). The sequence of operations 

1 ) P t.i" it i u n w i r e (or even bet t e r , i t' you have a s t rapper, 11 at 
"tee! -,trappin-g strip) in a cross at the bottom of the 
baling box. Line the bale with a square of sheet metal or 
e\ei1 thick cardboard. 

ti) Charge the box with light scrap and 'tamp' down, using ..• 
the 'half sha"ft' of a lorry or similartool, and treading on 
tt at the sarne time. 

Iii) Co\ er the coiupl~t_ed bale with sheet met:r,f or card
board,, 

i\) \\'ire or strap in a cross, taking care not to overtighten 
the \\ire and break it. " 

. \') Open the baling pox a_nd unload the bale. 
Any of tf.'te baling presses described in the section on baling ~ 

paper (p. 19-24) can be adapted for baling light scrap by tamp
ing down as you load. Any type or size of more expensive press 
can be purchased as· your business develops and this should.be 

·one of the firs.t items to consider as an investment of profits. 
(See Equipment suppliers).. · 

The advantages of baling are again: 
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\lore weight can be loaded on a lorry so transport cost is 
l.' u {: 
\lor-: m<ltert~.ll can be stored in your yard--so you can nego
tiJtc <1 better price for tlie larger quantity; 
I hl· bu~ l'I finds storage easier so \\ill pay a little more; 
l---Lm.Jiin~ anJ loading are easier, quicker and cheaper; 'and 
.·\ Jeiher fur11ace charge is ,obtained. 

Sc'~rnc -,~_-r~lp dealers think it an ad\ antqge that they· can hide 
p U'\.H m ~ll e r 1 a I ( u r e \ en s t ones ) i n the c en t r e 6 f a bale . H owe v e r , 
the bu~er \\ill Lhually.find out before he has paid for the. load, 
r.m~.L li Ih)l, he \\ill p.robabLy do so before he has paict for the 
ne\t load, ar1d \,ill 'either reduce the paym~nt or ne\er buy 

~ . . )H·ar/ '" 
')\\~if! h thl' 11i.l!1le gi\e!ltO 1..'Uttir4J?,S and chippir,gs produced 

'' hl'Il Ilh.'l~lh arL' rna~..'hiiled, for C\ample on ~l lathe. Thq· a'rc 
~htn, lt,t:h't ~tnd ~tri'>L' i11 \r)tral-, and other awkw<.n~ shapes,' and 
mu"t hL' i..·,HnpiL'""cJ if thn arc to form an economic,al (urnacc - ... 
lll'd. It Ill! balll1g (.)r 'brtl{uetting' press is a\ailable this may be 
~_h1I1L' b~ lct111pll1g them down inside a can cir drum. A can of 
ttnpbtu ''111. c1f c~.HJr-.,c, -.,lightly reduce the \alu€ of cuttings of 
[1ll f'L' rllL'[ a [". .. . ..,.,_. 

\'.' ~trt h ·~'lll'll ~,.'O\'t.?red with cutting oil from the mach.ining 
pr~h . .'l'""· ~cH ur1ly i-., thi-, a ccmtaminant in the metal, it is also 
cl \ aluable ltquid which can be resold t{) the machine shop. 
~..n ta~_'tory from whicb. it ··came. It can best .be recovered by 
-.,que e 1 i n g lH bali n g ·.abo\ e a pan . ~ 

ot· 

1>-\'\(JFH Swarf l'Lih horribly·~ Har1dle with leather gloves or · · 
a piel'e.l)f bent reinforcing rod.· 

6·. Rerolling ofsteel scrap ... 
In -.ome c.ountries there exists a small branch of the steel 

~crap industry t.hat rerolls scr~p into sections. Heavy ga'uge 
matc~ial is tlame cut imo''paralld-sided slabs which are heated 
in an oil-fired reheating furnace (but not melted, so thefurnace 
i~ simpler and cheaper tbah that used in a steel mill and less 
energy is us~d). I't is .then rolled"in a four or five stand mill 
(a stand is one £air of roller~) _of 20-~0 ~m diam~ter.. Indian 
terollcrs are notable f9r thetr mgenUtty m adapttng second
hand (often belt-dr~ven) macllinery and for the skill with which 
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this labour-intensive operation is carried out. Capital costs of 
the plant may be as little as$ US 180~000 (or even less for used 
rlant). 

!\.1arcrial needs to be at least 60 em long and a maximum 
rhicl--ness of 100 em and 1 m wide is common. A favourite 
material is 'ladle skulls' from the integrated steel mills, (mills 
\> hich make and roll steel). 
· Rercdling is very suitable for thick plates cut· from ship

breaking ( ~..u_t ring up of old ships) an inqustry being adopted by 
man~ Third \\'orld countries short of heavy scrap. It requires a 
\ t:r) high degree of technical and manual skill and i~ not 
recommended as an activity to anyone without previous rolling 
q1ill e.\perience. 

-. He-use of steel scrap 
One u t 1 hl' most ob\·ious wavs to recvcle steel is to use it to - . ~ .-:: . . . 

prlldu~..·l· ~llllHhn object (Fig. 17). In general, thjs·can be done 
\\ ttl! k Ill) \\ k d g e u r 1 tll' b a') i L' rn e t h 0 d ') 0 r met a I\\' l )[ k ' as tau g h l 
Ill 1l'~_·lllli~.:dl c,~_·ho<JI'> tilL' world O\er and fully described elsc
\\hl'!l'. Hll\\C\c'r, two waste materials ju~titt special mention 
hl·~._·;1 u "c r h~:·y are '>l) commonly used -oil drums and rein forcing 
"t~".'Cl .. -\ 1h~rd materia-l, tinplate, will be CO\-ered separately in 
Cll a n1-cr J. ,d 
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Oil drums 11;~ 
The standard 45 gallon (200 litre) oil druni is a most valuable 

object in any country: it. can be used as a container for liquids 
~.~r solids; as a waste bin; converted into a small (but short-: 
li\ cJ l furnace; mounted on a cart or lorry or cut open to make 
.111 a:1imal fcedf.·ng trough. Howen~r, as a source of raw mate
rlcil it i" -t'\ en more widely U)ed. 
Re-n'e (~/ o!l drums. Drums sell for a higher price if they are 
~..·lean. pai ni eJ and free from dents and damage. Dents can be 
remu\ ed b: hammering. A piece of railway line makes an 
all\ !1. En..,ure that caps, tops·-or taps are not lost or damaged, 
and tr: tu di-.play your wares. 

SlHne drum> might prn iously ha,·e contained to.xic (poison
~ lll') .._·hem J,:ah :-.o try finding out where the~· ha\·e come from 
,tr1 .. L i(!rl ~m: duubt at all, clean thorough!~·, in case they may 
ne\t t•e u-.,~;,'U to hold drinking ·water. 
L sen! rul drumnzau:rial. A 45 gall. drum makes a rectangular . ~ ' .__ 

-,th:et ''l '-ll'~;,'\ I ~0 "· YO cm, plus two circ~llar pieces 57 em in 
lktrllL'll'l.· IhL' \arf.!e sheet is often flattened bv thrlnving it 

..... - L 

U Ih.kr l he \\heel\ Uf passing hCa\·y lorries Un a flat Stretch Of 

r\Jad ( h~. I~). fhese tlat sheets are widely used for claddin_g 
-.,hanry hou .... e ..... LH the sides of carts. \Vhen cut down they are 
Lht.'d ll) make buckets, dust bins, stoves etc . 

• 

,_ 

I 1:.:. IS fiuue!llng u/1 drwns unda passing lorries- a potentially 
dUll!;! Crt !I() UC{ I\'/[\'. '· 
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At'lliU. 

.\lunu/(Jc!Llft' of cooking howls {rom oil-drums ends. 
~ :fl (. 

'· -f ' • 

The ~.:ir(ular ends are a _convenient material frq.m ·which to 
!Tll.ll1 u faLture large' general purpose washing/ cooking bowls ' 
(l ig. !Y). The centre of the circle is ~ammered to spread ·and· 
bulge the mctal,~usually against a sandbag or.sandy floor. The' 
amount (Jf sprca~ding is reduced further out towards the rim of 
the circle and ther.e is none at the rim. The resulting bUrJ7.PY 
DO\\ I shape is then hammered against a smoothly hollowed cast 
iron mould, specially· m)ichined on a ·lathe, to pr'oduce a . 
srpooth bowl but with a wrinkled rim. The riiTI is marked with ·· 
di\ idcrs and trimmed off. " 

L'se of reinforcing steel 
Concrete is usually combined with steel ro j_ncrease its 

strength and steel rods, known as reinforcingbars, ·are widely 
produced and ll:Sed. They are·. often Ijl'ade ·in standard lerigths 
and cut to the required size on the construction site. The off
cuts are a useful materiaP·which can be c.ut with an ordinary 

' . . I 

-: hacksaw, bent across the knee or heated in_ a simple tharcoal 
forge. to tlatten or shape an end~ Note the· earlier commel'its 
about suspicions of theft if you remove· such ·material-from a 
site without having written permission or a receipt. 

5~ 
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In KenyJ.. J. number of \vorkers have developed an industry 
usin~ rt'infl)r:..:ing bars and similar materials, which justifies 
further dc'lcription. The hand shear has already been 
mentioned in the section on No. 2 scrap. In addition, these 
t.'!1lt.'rpri-;tng men ha\e made hand-operated punches, folders 
and c:t her metal-working machinery (Fig. 20) all from scrap 
mel a I. Fr~...1m t he'lc they. manufacture such products as heavy 
duty bi~..·yck ~..·arriers. stands and foreguards (strengthener 
bcr \\ten front forks and handlebars), small agricultural tqols 
and metal working tools. 

Fig. JO Hand-made tneral forming machtnes: · rhis workshop 
Included a sheur, a punch, a bending machine and a machine for 
cmr>pinl!, rl!inji>rcmg bars, all made wirh a hacksmv, hand drill, etc. 
\urt' huH· rhe mut'1Hi1es have heen mozmred oi1 woodfn trunks, ham
mered Into the l!.rclund in the absenct> of a concrt>re floor. 

\. 

RECLAMATIO~ OF MOTOR CARS AND SIMILAR 
VEHICLES 

This i-; included in this thaP\_er because most of the mater~al 
recn\ ereJ i'> iron and steel. HO'wever, other ··metals may also be 

;"j 
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-
rcco\ ercJ. Thc reclamation of motor vehicles can be con
..;iJcred in three parts: 

J. Re<..'o 1·ery and resale of components 
Th ... · ill1f'\lrtant r'rirh.·ipk here is that parts are worth much 

ri',Hi..' \\h•:11 rc-u..;cd rather than -,crapped. E\·ery.\ .. ·ity· in the 
\\1vld ll,t, lk:tkr-., in se~..·urHJ-l1tlnd'~.:ar part . ..; and in some towns 
cl "'l.l!li['kl'-' \.'Ull1!1h.'fl'ii.'ll di-,trid j-, dC\OtCd tO nothing else 
(f I~' 2 I). 

I i':.!. ll Resale o! used cur pans . .Vote the car \·hell' iff the.frun.r.o.f 
rht' f.ltdurt'. und the neur rch·kmg oj parrs. t'gypr. 

Here. 'are a few principles on dismantling a car for spares 
(tl!ten known as "breaking'): 
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I) It is often easier ro cut orbreak the bodywork on which 
a part is mounted and then unbolt the part at a bench, 
in:-,tcad of unbo1ting the part from an a\vkward position 
on the \ehicle. Never use a tlame-cutting torch near the 
pe~rol tank, feed pipes, carburettor etc. The explosion 
could kill you. · 



ii l Pan-, -;ell more quickly and for higher prices if they are 
kept in sets; 
labelled by make and model of car; 
cleaned (use paraffin); 
made as good as new by fitting new bushes (small 
brunze bearing~) linings (e.g., brakes and clutches,) 
"'-'~lh. electrical contacts or by repairing (e.g., raqia
l ~ 1r-... mutors and generators, gearboxes etc.) 

i i 1) \\.hen -,elli ng used car parts it is a good idea to:· 
di-,play them on the counter or at a stall so that 
buyers can easil~~-f~1d the part they want; 
group all the parts oCa similar type (e.g. all the brake 
-,h~..•e:--) or all the pads for a gi\·en model of car (this is 
rnor'-' difficult as sizes vary); ~ 
~11..h en i-.e in the local paper; 
h~n e a handbill printed describing the range of parts 
ypu -..tl)~_·k and the models of car for which you can 
'u rlJlh part-.. Placing these u nc.kr the windscreen 
"lJIL'I" ~)r elderly ~..·ar-. of this modcl~..·otlld bring you 
!lUll\ dl'>lUll1t:r..,. 

") He<.·ot·ery of unsaleable parts for scrap 
It part.., art.' un-.akJ.blc, some \·alue can. be recovered by 

,L·ll1n_:: thL'I1l tur -,crap. It is worth sorting them into different 
mater~~d;,.,, J.nd the following list is a guide to this. However, 
-,omt.' pan-.. may be made of different materials from those 
Ji-.,red ar1ti it h Lheful tcJ learn how to distinguish them. 

Casr 1ron. ~ore. howe\ er, that any of these may be made of 
~.·~hi -.,r'-·el. TLl tell the difference, note that steel is shinier and 
\\ill n~H -.,hat tn under a hammer blow, \vhereas iron is grey, 
ar1d thin 'lt.'...:tiUil.., will shatter. If in doubt, put it on the iron 
pile: stL'Cl ca;,.,tings will not spoil cast iron scrap but 1ron will 
-.,ppil H\IS. 

Casr iron 
Cylinder block (crank case) Clutch housing 
Cylinder head Steering gearbox casing 
Sump Brake drums 
Gearbo\ ~_·a-.ing Fly\vheel 
Eh-fferen t ial casing \Vheeis 

Starter and generator casings (after removal of copper) 
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Pistons and rings 
Con rods 
Crank shaft 
Cam sha~t 
Gears 
Clutch parts 
Half part~ 
Timing chain 
Diesel inJectors 

BoJ\ 
Door" 
L~ids 

\'al\ e CO\Cf 

t· an 

.4/tl!J/lf//ll!l/ 

l· ~lll 
Cylmder head (a few 

models) 
Crank ~.:~Ec 
Phtuf1S ) 

1\' 

Heavy stet:/ 
Brake shoes 
Steering linkag~ parts 
Shock absorber cylinders 

and pistons 
Transmission shaft 
Brake discs 
Leaf or coil .springs, 
Lorry chassis 
Generator and motor shafts 

(after removal of copper) 

Light steel 
Bumpers 
Hub caps 
Headlamps 
·Air filtef 

Zinc 
Carburet tor 
Hydraulic cylinders 
Door handles 
Lamp sockets 

.... Stancf motor add generator 
casing (after removal of 
copper) 

Small g·ear boxe5 (e".g. · 
windscreen wipers) 

Steering wheel 

CJenerat or armature 
stator 

\ 1Dtor armature 
stator 

Radiator 
Electric (abies 

Bearings from: 
- crankshaft 
-gearbox 
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Copp'er 
Sma·ll electric mo'tors (e.g. 

windscreens wipers) 
Distributor points-. 

.Electrical switches 
High tension coil 

Bronze 

- differential 
- steering gearbox 

'·lJ;_, 

~. 
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-\\heel hubs 
(but any of these may 

be steel '(ball or roller) 
. bearings) 

:\on-metallic parts such as glass, rubber and plastic are 
Ji fficult ro reclaim, although Fig. 22 def110nstrates an unusu-al 
usc (~ce also under appropriate chapters). 

3. Rer:orery of the shell 

• 

• 

Fig. 22 Unusual tise · 
for head/amps: deco
rating a religious 
statue by. the road
side. Colombia. 

The shell is,all that ·remains of the car when the above parts 
ha \ e been remo\·ed. Shells abound in many parts of the Third 
\\.'or!d. not only· in cities and suburbs but also in rural areas. 
They are a hazard t,o traffic and to children and serve as breed
ing areas for mosquitoes and other pests. However, their large 
size and low weight of metal makes them uneconomic to trans
port to a distant steel mill or foundry. Neither are there suffi
cient numbers to justify investment in huge car-crushers such 
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as those used in the industrialized countries (the apparent large 
numbers are usually accumulated over many years). Because 
people in some Third World countries are so resourceful in 
repairing and obtaining used spares, their cars often run for 
thirty or forty years, also diminishing the scrap supply. 

\\.here large numbers of shells are accumulating, a simple, 
labour-intensive cheap method is needed to reduce them to 
pieces small enough for ecOnomic transport to the scrap 

· hu yers. The follo\ving system has been developed: 
Equipmenr: 10 em (4'') brick bolster chisel 

1 kg (2-2 ~/.~ lb) hammer 
Pair of leather gloves 
Hand-cart 
\\'ire cutters 
Boots 

.4/so usejid: Axe 
Hacksaw 
Bolt croppers 
Rore 

·\ tL\tl11 ll! about six strong youths can wheel the hand-cart 
~tr/JU11U t hL' d1"t rict and cut car shells into mahageable pieces by 
r/md. Thi-.:k pieces may need cutting with a saw or bolt 

ATLlpper'>. The size of the piece depends on tile size of the hand
/ '-·~ut ~md thL' f1L'Cds of the buyer. \Vhen the cart is full it can be 

tahL'l1 tL) a --,e\ . .-ure place and the contents collected regularly by 
llHl \ un d round. 

LkltHL' ... ·uttmg up a car shell, make sure that it doesn't 
l't.'k1ng lt) anyhody; it may form 'part of a house or wall of a. 
(LHnpound. Find out if this is the cas·e before you touch a shell 

1 or you rna~. he asked to pay for it. If ypu are consideriJ!g paying 
for car -,hL·Il-., remember that the average car contains about 
[\\Ll-th!!d'> Uf (l tOflllC Of ferr.OUS metal and (V/0-thirdS Of this 
may hd\c' heen stripped out so the shell will probably not 
contain rnurL· than 150 to 200 kg of saleable scrap. The value of 
~cnrr work. i11 breaking it down and the cost of the transport 
mu\t he deducted from the sale value o.fthe material, so do not 
ray tUl) much. Ifyou do not buy it is most unlikely that anyone 
L'hl' \\ ilJ ~ •,c, " 

Car -,hc.'lh are dirty and painted, and the material is thin. If 
11\)t bakd, the price per tonne will be low. Against this, l~uge 
quantitie-, may be a\ailable and there are good prospects for 
fCl'O\ ning components that have been missed by strippers., so 



the operation may well be profitable. The author plans to write 
a book on this in the near future . 

. .-? 

B. The Forge and the Foundry 
The forge and the foundry are t\VO processes that use ferrous 
"~..'r~ip t~J prL1dul..'c finished goods for re-sale. If no such industry 
e\I'-l" IL)~..~~tlly it maybe possible to set one up on a small scale to 
r'rL)du~..·~.., good-., that are not cheaply available locally. Both 
rr~._)~..·~..'.-,-.,e-., \ . .'~ln be fed, ma-inly or completely, on scrap metal, 
''- h1~.·ll creates not only s"killed wor'kshop jobs, but al-so work 
tln u 11" killed reople, collecting and processing scrap·. The 
forge i" mu~..h :-.impler and will be desc_fibed first. 

f-Ig. l3u .\imple furge. Note the hand-turned fan fO provide the 
druughr, rhe ~rnrkp1ece placed across rhe hoffesl part of the fire, and 
rhe~(/ar rray offuel and roofs. Egypt. 
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THE FORGE 

III order to flatten or shape a piece of solid steel, heat it to red 
(or )'t:llow_}. heat, at which poiRt it bec_:omes softer and more 
\\ orka blc. The finished product will be far stronger than steel' 
that has been 'cold \VOrk\d': this becomes hard and brittle and 
may crach or break in use. The furnace in which pieces of steel 

-may Qe heated is called a forge and the word is also used to des
.(~ihc the complet.e workshop in which forging is done. For 
working \\ith reinforcing steel and similar sizes of mild steel, 
rhis may be very small with simpl~ requirements, PJ.amely: 

a bed or coal, coke or charcoal 
-- a source of draught (wind) through the bed 

an arn il 
tools for handling and hammering the hot workpiece 

-. 
Tht! hed can be constructed of bricks or concrete blocks, but a 
mild steel or cast iron bed, lined with bricks will last longer. A 
pire embedded in the bottom, with a grill placed across it to 
rre\·ent entry of fuel, will carry the draught. The bed should be " 
at a convenient height for working (Fig. 23). If indoors, a hood 
and chimney will also be needed to remove the fum,es which are 
(10ISOnOUS. . 
Thf! draughr is best produced by a fan driven by a small electric 

.raotor. If no electric power is available the fan can be driven by 
a bi(yclc wheel and a rubber belt made from the inner tube of a 
car tyre (Fig. 24). 
The an vii is ~ften made of railway line, cut and strapped to a 
heavy trunk of timber. The anvil has to absorb heavy-'blows 
and should not be made of cast iron which willshatter. 
Tools. The most important tools are the hammer and t.he • 
tongs. These should be of various sizes so that work of differ
ent sizes and shapes can be comfortably held. Long tongs are 
needed when two men are working· together, one holding and 
one hammering. For heavy work such as flattening a bar or 
driving a wedge to pierce an eye hole, a sledge-hammer is used, 
with a head weighing 6 kg or more. For lighter,work a hand
hammer of 2 kg is sufficient. For a single man operation short 
tongs are n~eded. Special chisels have a thick wire handl.e so 
they can he safely held when struck with a sledge-hammer, and 
also a short stout shaft that will not bend or flatten under 
heavy b·Iows. Different chisel shapes are used for cutting, 
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Fig. ]..f. Bicrcle whet'l_{orge draught. The }Vheel )ws been mounted 
(}1/ {he pedal axle of a hroken bicycle and an old inner tube is the bell 
ro dn\·e rlw_la/;. The driwght goes under the grourtiiJI!Io rhe jorge bed 
in rhe1 honom righr of rhe picture.·· The v.:or/(, pieces of bicycle 
('·arners made (rom n:inlorcinf!, bar, can be seen at the leji of the 

!;- ~ "" ~ ' ' 
1 fJIC!~tre. kenya. · 

b~nding, notching or piercing, ancf chisels .must ·be kept cool 
\Vith water \\1-len in use or they will lose their cutting €dge. 

') ' 

Op~J;ption of the forge ·· · 
Th.e'cycoal or charco~! is lit with kindling close to the airpipe. \ 

The draught will .. help it to light. A·bout I 0-15 em depth of coke 
is needed for the smallest ;workpieces, more for larger ones. 
The draught is maintained u_ntil there is a region of intense, 

""""' . ~ .. :": 

glowing fuel and.Jhe workpiec"e is, t~r'ust into this and· with- · 
drawn, using the tongs, when it i.s·bright yellow. The draught is 
stopped to conserve fuel. : 

The workpiece can be worked a·nl)l··when it is hotenough. 
The- vellow co lou• will ttlrn to red 'but c·antinue to work until 
the r~d colour dies, indicating a temperat~r€ .. too low for hot 
\\:or king. The p1ece is then returned to th{t·f~rge·: and the 
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draught restarted. Do not 0\'erheat the \vorkpiece or you will 
\' cake n i r. -" 

~ ktals can be succes)fully welded by hammering together 
t\\ n rieces both of which ·are at brilliant white heat ,(emitting 
·" r~a r k"). The metals must be perfectly clean ·at the start - grind 
lh fik uti .,,_:ak and rust. Forged items may be placed in water 
tl) l.l)l~l thcrnlHliy if they arc then tempered by reheating to just· 
h1.:lu\\ It'd ht'at and cooling in air~ There are \'<.uious other ways 
l)t 'ht·ar Lrc'<.Hing' .... tech to make them tougher, harde.r or more 
Cd'>ll~ \\urkabk, but they arc beyond the scope of this ~ook. 

-t small haml-operated forge 
-\lter!lati\'l'ly·, a beHtn\S forge, as illustrated in Figs 25a & b 

mJ\ h.' cun-,tructed. The air blo\vs both on the downstroke and 
l he u p:-.t rd k-.;. t h U'-> he! ping to keep the forge heat constant. 

1 h\,.· ht'lld\\-, top. bottom and centre arc all made of wood 
~t 11d tIll' \\~til:-. oJ so.ft !cat her. The fuel tray is specially made 
:' \ lill -,tour :-.tl·el "hcrt, although an old steel or stainless steel 
'>!Ilk h.hin ~.:uuld bc~1clapted. It is lined inside with fire clay or 
hril'k>. fht' ~rill is made from a standard sink \vaste and the 
piping I) standard plumber's pipe, tee and elbo¥v. The handle is 
nwdc ut' reinforcing bar and the joints in the linkages are nuts, 
<_ll1d" bol rs with washers. 

Opt?rarion 
.The ~entre of the bellow.s is fixed to the steel legs. Starting 

with the handle up. the lov,:er bellows is full of air. As the 
handle is pressed downwards the linkage pulls the bottom of 
the lower bellows up, forcing air through the open upper valve 
into the upper bellows and along the pipe to the fuel tray. Some 
of the air fills the upper bellows. The pressure of the air in the 
!own bellO\\S keeps the lower valve closed so that no air can 

,,e-.,cape. · ·c::._ 
\\'hc11 the haridle is pumped upwards, the upper bellowg 

..:u!bp-.,e-., under its own weight (or an extra weight may be 
pl<.').l'Cd on top), the air pressure closes the.upper valve and the 
air i~ furccd along the pipe to the fuel tray. The lower bellows 
C\pancb, the lower \a! ve being forced open by air pressure to 
allO\\ air tc:l enter and fill it ready for the next ctownstroke. 

An ·even simpler forge can be made from. a standard oil ,, 
drum 1

• 
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F1g. 25u Small, hand~operared bellotvs forge. Note the operating 
handle made cdreinfor.cing bar, rhe link connecting the fixed bellows 
cenrre ro rhefrunlleg and the shallmv tray with coal or charcoal. The 
handle ts JliSf rerurning from the down position and -the upper 
bellows has )LiSt started to c811apse.. Peru. '-; 
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~-_)pcratlng hanlik in up position 
r ray for fuel · ol 

• 

pt\ ot 

l 
v =- ,.,. 

, - ' sink waste air grid 

, pivotl · fireclay linin'g '" 
~ · ; ; ---7Htm.-+- ::r ~~* .. _ I ---+ ~ ; z r JI"'""IIIJ u , 

- I '): J • - \_., ~l t 

-::':: ) 

bell~)\\~ 
, -" ,)per a! 1 n~ 

ltnh.agc 

';.. 

legs 
_j_ __ + 

air 
~. 

pipe 

I 1'.!. l5h Dwt:ram ofhand-operatedforl!,e. Frol/l view -..~;irh bellows·- ·· 
/!/ tfo·>n·n fiO\/[/(Jt/ (lzand/t> li[J) .. ).f!CliOII side \'iew with be/lOWS in U{J 

f 1u,:unn rliundlt• down). Peru. · 

( -\l TIO'\ Due tQ the presence of hot metal, people engaged in " 
:f~.nging l)rerations sho~tf!)e)Jrovided with the following 
pr()te~.·ti \ l' · dot hing: leinher glo\·es, leather aprons, boots 
( prL'krahly \\ Ith steel toe caps). A medical Rit for the treqtment 
l) I h u r n " "h o ul d be kept avail a b I e, and in t r o pic a I climate? a 
l<m prO\ idcd for each workman. 

I 

Products that can ·be made by forging include 

Agricu/rurul tools of all types such as hoes, rakes, mattocks, 
a:\es and plough b~ades. 
Axles for carts, trolleys and trailers. 
Carpenter's tools such as hammers, pmcer.s, screwdrivers, 
chisels, adLes and drill bits . 
. \1ason 's roofs such as stone chisels, trowels, hammers and 
(Tow bars. . . 

Garage equiprnenr such as ramps, brackets and tow hooks. 
Row/ocks and clears for boats. · 
Horseshoes 
Jtachine pans of all sons, especially for the many items des
~.:ribed in this boo~, su~h as baling presses, shears, furnaces, 
fans etc. 
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A Sl\1:\LL IRON Fot:NURY . 
\ian~ rh1rd \\'enid towns do not have a local foundry or steel 
mili :.uHJ the nearest is oft'en r?Iany mil~s away. Not only is there 
rh1 market fc1r -.;crap metal, b1ut all types of iron anp steel 
L1bjcd" ha' c to be brought in ar)d are \ery expensi\:e. This 
"ltLJ<lliLm m~iY ju-.tify -,cuing up a small foundry ·locally which~ 
''iII "Tc~l r c e;m piL)ymcn t, pro\ idea market for scr~p metal (and 
crnpk)\ mcnt tur -,crap coliec.l.or::; and sorters)~ and provide 
(hearer irun ~md steel goods\\ ith less delay and difficulty .. 

Ht.)\\C\ tr. it i-, necessary to be realistic about such a project, 
J." the LJ uaii t y of locally-produced goods, may be much lo\ver, 
until "Kill and experience are obtained. Even then mass pro
dL!L'cd g\Kh.h m·ay still turn out cheaper despite the distance 
f~h.'fLH. Such an activity can only be done by people with 
organi;ing ability,.practical skill and determination. 

The folio'' ing nore-s"are not intended to._I?g~yide~omplete 
___ ---- - ~~~-+t:r..,-ffi t~Ltfi-afmmdTy (ttl at ri e"ed s·a-bo C?, k 0 I1 itS 0 \V n) bUt 

t~) ~)utl1ne· th~.· prlh-''-'""'-'" and equrpmerrt I1eeded·so that the idea 
\_·,u1 he· "e'lllHhlv ~.:un-,idcrec.kand 1-ituJ.icd, the requirements c.Jis
".\.h'-C'd \\it h "uppliers nf equipnient ~md the size and nature of 
the· rllclr 1-.L'I tl )f 1.:a'-t i ngs researched. The need to obt.ain expeti
crh:e·,.J J<;"i"tan,_:e and ac.hice, especially for melting operations, 
rnLhl be' e'mpha . ..,i;ed. Standard equipment exists for the pur
l2n"e'" ," h \1\\ fl d f1 d acl\ i~. . .'t,? c\ en on small-scale operations IS 
llh!~tlrul.)k !'r(1fl1 manufacturer':>. 

Fquipmenr needed for a small foundry · · 
'>ll1ragc "P'-kl' Jpr "crap metal and mians of carrying and· 
luaJ\ng 
f'\.1rnace l\Jr melting the metal 
pall e'flh ur a \\Or k.~hop for making pat terps . 
moulding equipme.nt ir1clu.ding sand preparation 
~.:a-.,ring equipment . 
finishing cqLiipment, 
-,aft:Hy equipment 

· Stijffp metal sf(orage 'II 

Scrap can be stored in the open as long a.s it is reasonabl'y 
. . 

close to the furnace. Enough space is needed to keep thr.ee or 
four grades separate. A s'rrong wheelbarrow will he usef'ul for 
carrying and a shear \\;ill be necessary to reduce the size of la~ge 
pieCe':>. 
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FURNACES FOR MELTING FERROUS SCRAP 

Table 3 Fur,naces for melting ferrous scrap 

1 \ pe ,1! 
F11 r11a~·e 

ru f il;lL'l' 

' . ( flkihk 

t u rna~-.'t.' 

Or hcr\.:har-ge 
·· Fuel material Product 

Coke or 
hard 
L. har,.:o;:ll 
Oil 

(ia-... oil 
or coke 

Solid pjg. 

Solid pig 
IrlHl 

None 

Uedri~:H~ Nolle· 

1 r' 111 

1 

Cast iron 

Cast iron 

Steel and 
cast iron .. 
Steel and 
ca~t iron 

Sted and 
ca~t iron 

' Ca'ol IrOn 

Size 

Medium 

Medium 

' 
Small 

Small 
medium 
or large. 
SmaiL• 

\tedium 
nr large 

Capital ' 
cost 

Low 

Medium 
·~ 

Low . -
Medium 
or high 

MeClium 
or hfgh 
Medium 
or high 

Tlw furnace size given in Table 3 will also indicate the size of .._ . ,· 

-,~...'i ap that the furnace can accept. A good combination for 
-,tarting a "mall foundry would'be a cupola for cheap., l4rge 
\ ulume casting plus a small electric arc or induction.furnac~ 
lor -,mall quc.mtity work req_uiredquickly. Only the.smaller size' -. 
furna~...·e~ \\ill be described here: 

• 

I~' \, ~ 

1. The cupula furnace (Figs 26a '& b) I· 

The cupola is cheap to build and operat~ but too laborious 
to u"e for snjall quantities of material.' A unit of the size sliqwn ,· ~ · 
me1ts about .. fi/.: Ions of metal in half a working day. lt'may be 
operated daily if requiredJ or less o(te;1, ca~,ting moulds being 
stockpiled in preparation. Larger or rhore efficiently run 
l..'llpO[as Il1~i\' achieve production Of Up tO 20 tOh$ l*r }1oUr Or 
more. The ~upola is not unlike a small blast-furnace. It is a 
\ ertical c~~linder of steel plates, lined \Vith bricks or. other 
rc fract ory (heat-resistant) material to protect the s'teel from the. 
in tense heat generated. . ~ 

Tr"1e 1.:upola illustrated has a steel shdl diameter of 1 m an9, 
the diameter of the inside of the lining is -about half this. The 
air holes are just over 1 m above the bottom door. l,t ·can 
produce j u.s t over 1 tor;ne of iron per h-our and the charge is 140 · 
kilos of irqn and 20 kilos of coke in each l?yer, although other 
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Ft,i:..'. 26h View sholving rhe pourihg spout of a cupola. The mica
on:ered (Jbservation windo\vs are -clearly seen, one open and one 
,clowd. The dark rinted goggles a1e-necessary for looking through the 
windows ciz<ring a heat. Note the rack below the spout to hold the 

.. ladle whifir rapping molten metal. Per-u:: -·- ----~ " 
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u-.,._,rs of cupolas have reported more economi'cal ratios of up to 
10 c)t 1ron to 1 of coke. Ch'arcoal can be used if cok~ is not 
;na!lable but d1fficultie_s have been' reported. One kilo ~o·f lime 
\.H' '>t'~t--.hclb i-. ddded to ·nux' the iron-:- prevent oxidation and 
J.llcw, "lag to drain awp.y more ~asily through th~ slag hole at 
the L'<h..·k. \\hich is opened frern time to time. N1ore lime IS 

needL'd 1f the -.crap is rusty or diny. 

Upr.Jraunn of r hr.J cupola _, 
Before "tart in~. it is necessarv to clean.-out the sla·g from the 

~ -· > "'-' ~ 

pre\ ~Ln.:s heaL. particularly around the air holes. Broken lining 
-.·an t-:c repaired \\ith a mixture 9f fire clay and sand. The spout 
,)pcning 1Jf J.bl~ur 2 em diameter ~s made either }.\'irh a specially 
,Jrllkd br1.:::k, ur moulded with sand and fire-day. The semi
~·irl...'ular bortum doors are propped closed and a layer of " 
nh HJid mg -.;_i!1d not tess rhan 10 em~ Jeep placed on them, 
r.trnrrlL'Li dL)\\ nand "loped towards the spout. I. 

!mil!! hL·g.'trh tlneL' lwurs before molten metal is requirJ~L 
I IlL· dl p (. 1 !a 1 -., ~- h a r g e d w 1 t h a I i t t k 1...' o k e which is ignited wit h 
l-.1I1dl1ng \\(.)ud. \\'hen it is burning well more coke is added to 
r 1 " L' ~ l) , H 100 1.: 111 ~1 b o \ e t h e a i r h o le s . \V he n t h i s i s at red heat , 
.lltnnatc Ltyl'r-. uf iron and L'Oke are charged on top. The iron 
m;t~ bl· -.(-r.tp lliJly ur a mixture of scrap· and pig iron. ... 

( lur!llll!l l· \.1,111e either through the top of the cupola or, if.a 
"1'~trk ~!fTL'-.ll'r i-. !It ted (a prudenfmea-.,ure i(lither ~uildings arc 
!h:.tr. rhl· (~.Hrrldr\ ). tlHLHH?.h a Ju\n in the ~..:hirnnev. \Vhcn 

,J, - ....... -

-.lur_:-2.111.::! 1' up r,) thL' duur ur top the iron '.Oaks in the heat fur· 
Ill'.trh .u1 thrur .-\ bLht uf air i::-, blU\\ n into the cupL!la, entering. 
rllr'-)u~ll th)k--ar~.HIIH.i the -.,hell abo\C the base \\hj.(h arc fed by 
~~ ~·lrdllar a1r -.·hamber, 'lUpplied in turn by a pipe running from 
an ~'k~,_·trk·~tlh J·-i\cn fan. After a k\\ minutes-molten metal 

~ -
h u'ild" up ur1 the hearth. The' tap hole is then clos.cd with a cone-
-.,h:ipeJ ~·Lty plug until enough molten met.al ha~ accumulated 
tur puurmg. tn beg.in. During operation, the cupola is refilled to 
the charging. dour or top as the material inside settles lower. 

Tapping requires the removal of th.e plug and the moltel} . . ~ 

mcLil'p(.)tir-., intli a fire clay ladle held by two men using the 
~..:arryi ng handle. The man at the' split end can tilt the ladle to 
pour -.,rnoothly and accurately into the prepared sand moulds.' 
The ladle i-., made from a steel bucket with a wide pouring lip 
lined \\ ith fire clav or with--a heat-resistant material made of 
ground fire brick mixed with 'marl'. At the end of the heat the 
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bla:-,t is stopped and, whilst the coke is still hot, the prop is 
knol·ked from under the bottom doors to allow them to swing 

~ open and the remains to fall to the tloor. These are quenched 
\\i~\\ater and removed to avoid damage. 

Cfr1e problem with cupolas Is that· they emit smoke and 
carb1J11 monoxide fumes. It is possible to fit equipment to · 
reJn'-'e the air pollution but expensive not to reduce melting 
cfti\.:ierh.·~. Check the le\cl ·of smoke permitted with your 
\ lunt c q"~ :.1! A u t h o r i t y . 

2. Rotary oil fired furnace (Fig. 27) 
The rotary furnace is the logical next step for the foundry 

that ha:-. ... uccessfully operated a cupola. Because it reaches 
hi~h~..·r icmperatures it can be used to cast steel but requires a 
htgher -..randard of refractory lining, using better quality bricks 
~u1d "pect al \:em en ts. It is more tlexi ble than the cupola and can 
b'-· (\)rt\ '-'t\ict1tl\ used for small quantities. 

/ 

F1g. 2,- Rorary oil-fired furnace. The furnace rotates on rollers to 
cunswnth move and speed up melting. The oil burner at the right
lzund end IS jed wirh pre-heared air by the large fan and pipe above. 
\!often meral IS tapped through the SpOU{ in the front centre of the 

turnuce drum. L(lnng lugs allow the furnace drum to be lifted by 
('Tcl!le and replaced wuh another for melting a different metal. 
Clzurguz'.!, 1s through the lej! end of rhe drum (hidden). 
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l t CLm~isr.s uf a steel c~·linder with conical ends and the point 
~1ft he CL1ne L'U t off to leay·e a hole about half the diameter of the 
C\ linJer. The c\·linder is mounted inside circular·· turning 

r r '" I "'-

\\ hccb that run on slow electricallv driven rollers. The turning 
- ·1 ......... 

agitates the ~crap and sp~eds melting. Scrap and pig iron gre 
~.:lur~eJ in through one circular end hole. At the otl!er end is 
til\.' \)il-burner \\hich uses No.5 residual bunker oil blown 
r IH~HJ~ h a l1L);;lc with air from a powerful fan. Pouring is done 
rlHl1Ugh rh~_' "rlnit in the middle of the cylinder wall. Slag is 
remCl\c'd t h nn1gh a srout in one end. A separate cylinder is 
u.-..eJ fur each different type of metal to prevent confami
n~ui~e furnace shown, operating in Peru, casts about 50 

..,r 

In; . .:s C rut thle furnace - wrning wheel and gearbox for tilting 
frl fJ.JIIr merul . .\ore rhe srronf!. ruhulur srools on which it sits. Peru. 

I ( . ' 
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i()ll!1l'~ IJI iron a month bur much higher production than this is r~-

rH.'""ibk. \ 

J. The crucih!e jz~rnace (Fig. 28) 
fih.' ,:ru'-·ibk furnace is used for small-scale operations, 

rn1JIL' ~_,ftcn '' ith non-ferrous metals but also for cast iron and 
"t'-"·-'1. It d1lkr-. from the two furnaces just described in that the 
: u~..·! ~til d t hL' rn L't al are kept totally separate, giving much better 
'-·urH rol l'' L'r purity and composition. This is achieved by 
hnld mg the metal in a fire clay crucible which is seated inside 
d1L' l~L~~._·kct-'lhaped furnace. Although the furnace can be coke
fired. uilcn ga;;; are more con\ enient as they heat more quickly 
rhan c~.,kc. arc more ''idely a\·ailable and are simpler to use in a 

fhL' turn~h.'L' and its lid are lined with fire br-ick and mounted 
,,n '>lrl)l1tr bearings at the centre of gravitv. The oil burner 

'- .__ ....._ .. 
!'Lll1ll' l'IllLT'> thnn1gh ~l hole in the bottom while rhe burner 
p u!llp 1" bl·h in d a 'lLTel'l1 t u fHT\ en t damage from slag or hot 
rlll' t , tl d u r 1 n 22 '' u r k . T h l' LT u c i b lc i s s u s p e n de d in t h c c c 11 t r e so 
i h , 1 t 1 t i " " ur r o u nLk d u 11 all sides by a j a c k c L o f h cat e d a i r . T i It -
ir1~ '"by ~thand wheel a'-·ting through a reduction gearbox; the 
"rL"-.'Il'k' "l'l'lllt j..., blended into the furnace spout with fire clay. 
h)r ht!:?-hL'T temperature \\Ork, crucibles are made from 
'-' , 1 pi llll' m i \ l' d '" i t h t h l' f i r e cIa y. They are ·fragile when co I d 
h1t .,lll ll1!:7 '' hl'I1 heated. Each crucible should be used only for 
, 1 r ll t \ l'L' , 1 I rlll' t a l. 

-1-. Flt!L'fric an_· jz~rtwce , 
fh1" ~~Ill)! the huge dectriL· arL· furnaces used in mini-steel 

n1111" hut a tiny furnace, such 4s that sho\vn in Fig. 29. It 
'-'~)mprl'll''l a L'ylindrical pot of alumina brick and magnesite, il' 

11~.:lcl \\it hin a 'lteel hoop mounted on a shaft that rotates in 
"1mpk 'ee-bkKks. The lid, also of fireclay held by a steel band, 
I'l penetrated by two graphite electrodes which in turn are held 
in copper clamps mounted on a tilting and lifting mechanism. 
,\.pair 'of parallel connected D.C. (direct current) arc welding 
gene;-ators (such as manufactured by Lincoln Electric Co.) 
pro\ ide current of up to 1000 amps each at low ( 40) voltage, by 
thick tlexible copper cables to the electrode clamps. The gene
rators can be powered by a small diesel engine or can safely be 
run off 3 phase mains electric supply. This furnace is rather 
L'0111piicated tO mak~ and operate and .for this reason will not 
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I 1:..:, . .}9 \ore rhe sret'l band, rnounted on a turr.zing axle, which 
hold~ rhe/urnun.' hody of rhis tiny electric arc furnace. Colombia. 

be JcsL·ribeJ in great detail here. It is charged with small pieces 
of scrap anJ the lid is towered. The arc strikes from one 
electrode to the scrap and back to the other electrode. As the 
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charge melts the electrodes are L-owered by handwh_eels. It takes 
about one hour to melt a charge. :The electrodes are used up in 
the course of operations and have to be renewed. For this 
rea.;;on and hccause·of the consumption of electric power (or 
~ii~:?sel fuel) the unit is not cheap to run, compared with other 
type::- of small furnaee described. On the other hand, it is 
tle~t bk. handy to use for small batch work and of- compar
at I\ ely lO\\ capital cost (especially if second-hand welding 
gencr~tor-, can be bought, for example at the conclusion of a. 
lar~e \\ elding construction project such as~ pipeline). 

1 
~. lnduciioil furnace 

fhi-, is ->imilar to the crucible furnace except that the crucible 
~-, SL't permzmcntly in, the furnace, surrounded by a water-· -
Cl)l)kd ekdric coil. A high frequency ( 1000 cycles per second) -
al!ernatin~ current ~s applied by a spec!al generator. The coil 
'-Tl'dtl'" ~~ ma~netiL· lield which 'lrlduces' electric currents in the 
,_ l u r.l2 l' t \ 1 )2 L' n L' r a t e h e a t a n d m el ,t t h e 's c r a p·. A l~u g e un i t can 
'--\'IlLtrrr up tll 4 t\H1" o!" -;crap an~.~I' take.'-' a little over an hour to 
lr c', t I . b111 r nu \: h "mal k r u n i t -, are ~-om m on l y u "e d , e \ en down t o 
l.th-,r,tt\lr~ I1hh_kh holding Lmly a fe\\ pounds. However, t]1cy 
,!!'-.' l'\PL'lhl\L' llH their "iLl'. 

lr!du~..·tiLlll furna~..·e-, are \Cry clean and there i..., no possibility 
~~: ,_!Jl·rni~..~tl --·h<.ll1ge-, due to contact with fuel or the·high 
ic'tlll'l'l,ttur'-'' ~1f tilL' L'kctric arL· furnaL'l', so thev are verv 
,u.u:d•k· I\H rJUn-krrou-, metal's ~(nd alloy steel,:. Anothe-r 
clLh .trll,t)2~._' 1" that L'<.ht iron can be made, from steel scrap 
\\ Jtfl\Htt tilL' IlL'L'd fLH imported pig-iron. The process is called 
r'-·~..·~~rhltri;lllg ~md requires graphite charcoal and ferro-silicon 

.. : JdditrOn\. .. 

FOl ~1>1-ft MOL.'l.DS 
, 

!he ma k 1 ng of complicated moulds for casting metals 
lkm.trld..., great .... kill, although many products can be cast using 
"impk method ..... It is not intended to do more here than outline 
J'l),..,ibk n,ethod'>.so that the reader can judge whether it is 
\\ ilc[lin hi" ~..·apahilities, in which case he will wish to obtain on·e 
()I thl' nuny book" \\h-ich describe the operation of sand
L'~htlll)2 Ill Lktdil. 

rhl· IH"t reljuircrnent is a spacio4s floor area, which need 
nut bl~ c',llli..TL'ted but is usualiv of sand. Also: 

il. A LJrgL' number· of mould boxes~'~tm··ro suit the: 
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products to be cast .~and in numbers, depending on 
,whether metal can be'melted in small quantities, such as 
in an induction or electric arc furnace or in large quart
tities. as .jn the ~.upola. The boxes are usually made of 
thin.~tcel plate. Tfiey hav~ no bottoms but are made with 
ilh:ating pins so that they will stack accurately one on 
tl'~P L)f an·dther, with each pin fitting into the hole in a 
bracket u·n the box below. Each box has carrying 
handles on cJ.ch side . 

. Frequently, castings only require two mould boxes 
but J. Jeep casting, such as the body of a large valve, inay 
need -.,c, era!. 

i1l The purreriz of the product to;be cast. This is made in 
\\(l('IU if It i-.; to be used many times. or in clay or wax if 
L'nl~ ur11.:c. It is the same size and shape as the outer 
"urLh:L" ut the product to be cast except that it has 
,_.h~ilh!l''> In ..,ize to allow for shrinkage in the metal as it - ~- . 
~,·,h'h ~tfter \.:a-.,ting. :\ pattern-maker needs to unJer-
-..r.~n~..l --karl\ the-.,e allowan~.:cs. 

()ltl'Il, tilL' pattern i-., made in several pieces, for 
•.._'\~llll!lk, l'~lll' for the top half or the product and a 
''-'l'clT~lll' Ulll' fur th~,_· botwm. The joint surface betvveen 
th~,_·rn h !Xrf~,_'~._·tly tlat. If the shape is such that it will be 
-l1tli'-'Lll; IL' \\ithdraw it from the rinished mould, other 
!l i·l..·c~,_·.., 1.'1! t h ~,_· pattern arc m·aue scparat ely. 

111l Core\ are a form of l'\pcndable (able to be used up) 
r'l~ttt~,_·rr1ll1~tLk in sand to create hulc-., in the fi-nal casting. 
I l \\ th'~~.kr1 (Orl~ \\ere Lhed they could not be withdrawn 
lrL'il11 rh~,_· \.:a...,ting after it ...,~,_·t; the core-., uf sand can be 
~·rumhkd Llllt. CL'lre-., arc often made u-.,ing sand mixed' 
\\it h \\ ctt er gl<:l'l'> ('>odium silicJ.te) which ~._·an be moulded 
in~~ \\Lh'Lk!l pattern and then.hardcned hy gassing with 
1 . .'cll hL)ll d il.'l \ide. 

i\) Sund. Ordinary silica 'land i . ..., '\Uitablc for making 
IL'U ndr~ mou kb; it is cheap,· readily-obtained and can 
\\it ll'ltand high temperatures. Fine grain sizes make 
sm<Joth. accurate castings. Hovvever, it needs a 'binder' 
tu n1aintain ih shape during manufacture of the mould 
and ~.:~hting of the metal. Clay, added in between 807o 
and I:' 1ro, i-., suitable and cheap. i'vlany sm-all foundries 
u_-.,~,_· naturally ~._·lay- bonded sand, too. It is important that 
moulding -.,and b~ e\ en, of uniform moisture and free 
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!rurn h~ud lull!P'- or impurities. Usually, a power-driven 
·;: 1\111; rni II j, u,cd: hand -rni\ing is possible but labor-

\faking rlze mould 
111,: rn>..''llld bo\ i..; placed on the le\el tloor, or on a stout 

lll\l\ ~1t1k· rnuulding board. The lower pattern half is placed 
lil--1<-k \\Ith ih flat joint face down. Ready-mixed sand is 
p~h_'f...cd ...:a:dully around it and pressed into any· hollow 
,_l)f Ill' f..,. fhe rnou ld bo\ i'l fi lied, with the sand well rammed up 
dl!rmg tilling. then le\ellcd off accurately to the top edge of the 
llll HJ! d h l) \. 

I he t1r--r mould half j, then turned O\er and the moulding 
t>,),u-'-i 'l'flh)\ eel. displaying the flat bottom of the lower pattern 
~~~tl!. I ill' i\'!l i, '-Prll1kkd \\ith fine dry parting sand to ensure 
fiLti rile.:[\\\) hal\l''- l)f tlll' mould '-L'p<.trdit' eao.;ily after they are 
rJJ,tdl'. llh: upper pattern h~tl! i-., positioned on top of it, with 
\lh)rl '-L)\\l'l f"l)d-., in ur1L' h~ilf and fitting holes in t_hc other to 
'-'rJ--ur ... · ·,111 ~~-..·curatL' pu'.ition . .-\second mould bo\ is· placed 
!t'llll'-i 1t. j"h)-.,JtiL1llcd tu pin-, on the fir,.;t mould bo\ and the 
"'-'C\.'Ihi lLtl t h rammed up\\ ith -.,and in a ..;imilar fashion. A pin 
~ " 1 • u t 1 r 1 r l ) 1 l ) r rn t h L' ' .., p r l!L' · t h r u u g h w h i c h met a I \A. i II be p o u red 
( l I c.'. _~()~l). l tll' t \\ l) hah L''- arc -,epa rated again and a channel or 
· :-' , t_: '-. · r 11 ~ H.i:.: 1 r 1 t h L' I ~) \' c r h ~ tl ! . -., l) p u-., i t i u ned t· u m a t ( h t h e ,.; p r u c , 
J: tlll'il' 1" r~hlll' than one part to the L'i.l'>ting, then they can be 
~~,'I\Ill'.. . ."tl·d h~ tunhn ~'-ue-.,_ .-l? ri,er \\ill al"o be made; a long 
h\_,k 111 ilk t~)P hall that ... :an be tilled wit.h molten metal which 
\\!ll t"ll)\\ h~t(k ti1!L) .thL' main mould Gl\it\" a-., the metal~.:ools 
~tiid tL)l' ll!l --hrir1kag_L'. Sm'-tll \elll-"' are made to within a ..... hart 
dht~trlce \)1 thL' pattern tu ~tllo\\ the e-.,capc of ga-,_es after pour
tr1~ Ill\1ltl'llrnetal. 

I he ~'-LttL'llh are finally \\ithdrawn from the ,.;and by vibrat
m~ l hL'll1 'l'r~ "I igh tl y .., ide\; ay" and f'l-U lling them out with a 
.... pihl', LJking c:..ne_,not to di-,turb the ~ai1d. Cores are inserted, 
~h.: hahe~ repositioned, and with a weight placed on top to 
lh)ld them together against the pressure of the molten metal, 
the mould i, ready to pour. 

Puunng i-., done from a ladle which is helq by two men using a 
ll)r ked ... :arrter {Fig. 30b). The ladle is filled from the furnace, 
l'ctrried tu each mould in turn and tilted by the man holding 
the forked end of the carrier. Pouring should be steady and 
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I tl!. 3 Oa \I a kIll!!. r he mould. The mould on the hJt is complete and 
rt'(]( h : o flOur \or t' r he pou rt !If!. spru t! u n d riwr a r t ht! corilers oft he 
:( >f> h ,II r r' r u ntft nf!. Uf) J u nd r he L'orrt!.sponding gu re u r r he rorner of r he 
h()rrrnn hull. runmnf!. Into rhe actual mould. Peru. 

1-tf!.. 30/J Pourt n!!, molren metal in w r he mould. Note the weigl1ts on 
tuf> u) cudz mould so rhar rhe lOp :.Jwlve_s are nor forced off by the 
;>rt'Ssure nf rhe ltqutd metal. The flumes are caused by inflammable 
!!.Uses '-:,:ren ujf. Peru. · 
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~..·ontinuou~. Often, gases given off in the mould .explode 
during pouring, but this is normal and u~e-dnm-£ause alar-rri~ 

Fini!>fling r~l castings 
·\fter pouring the metal and allowing a suitable time for it to 

-;oiiLfify. the mould is broken open and the casting withdrawn. 
·\ttJ.chcJ to the casting will be solidified metal from the 
\ c11 Jl)Ll"- tunnels referred to abo\·e, and these must be removed. 
Hand file-.,. hammers and chisels may be sufficieflt for small 
ca~t ing>: if not then an oxy-acetylene torch or a grinding 
m<.h.:hllle \\dl be necessary. ~Next, the cast·ing is 'fettled' to 
-.,r11uuth any -,mall knobs ar1d edges of metal. ~'hen using 
~rl!ldll1~ nL .. h:hines. goggles or a visor must be worn to protect 
the C\e-.,. 111 case the wheel shatters. 

Fir .. 1JII~, #~1!1\ embedded sand is smoothed away from the 
"u r t <h.' L' 

1- 1' rr her r le \ ·e /( JfJtlH'!l rs 
\ lc1u ld 1 11~ rna~..· hi ne:--. exist !'or high product ion. There is-also 

,t ~...L)Jlt!flli!I1¥ mixer filler proceSS for chemically-bonded sand 
nwu fd i ng. AI though the cost of chemical binders is high, this 
pr~.)~._·l'"" 1" "l1 flexible and so suitable for \·aried production 
t h,tl It h<h ptl)\ ed to be \ iable for small foundries m many 
,_.-n tint r IL'". 

SL~ji:ry e(..juipmenr 
SLTd!' hlndlcr..; rnu-.,r always wear safety boots (with steel toe. 

~..·~lP"-l and kat her glo\C>. Anyone handling hot metal should, in 
-1dd It ion. \\ L'~if kat her gaiters or leggings, gloves and goggles or 
~~h.'L' \ ]>llf'. 

-\ 111L'UI~..·~tl ~it. \\ell -.tucked, for the treatment of burns;_ 
..,~,:aid". dll"- af1(.l e\e injuries is essential. A stretcher should als<it · 

'·'': ., . ~ ) \). . 
bL· ~cpt L·lo-.,e 't)y. \\.hen clc~trical equipment is being used, :~jJy' 
nut i(e -.,huuld desGibe t rlatment for electric shock (see . 
Chapter I 7 ) . 

1 

' • '· ·~ 
J) 

, r, .,. ~.;:~' 

I ~ 

Products thar can be made/in a sma/Jfoundry 
fhis is a list of produds that can be made in a' ferrous 

foundry. It is taken from~ report on 'ihe foundry industry 
urH.krtaken by a developi g country in the South American 
Andes and may be regard. as typical. No other proces-s can .. , 
pr('1duce complicated shap~s so readily,.. (Fig. 31 ) . 
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I 1:.:. 3 I fit'lll II t'!ld\ made 111 u mi~II j(mndry. The.~e''~Ire rypicul cd 
;/;t' t'(itJ/f!/il·url'd 'liufJl's rhar t·un casilr ht' mude 111 afowldry. Per.u." 

"lpLu·l· part-.. for indu-;trial 
Llnj i.i~ri'-·tlltur~ll machine-,~ 

\dn'd rni\L'r-.. 
\kn!lding prL'>"L'" 
c~)l Icc grinder-.. 
c~)tfcc dc-pulpcr-.. 
(irinJL·r,, \ ibratLHS, mortar 

'! 
rn 1.\ n " .;;_ 

Shears 
\\ OL1d\\Orking maL·hines 
Suction pumps 
Ek' a tor-., 
\\ eigh -..calc-... 
Dcfibri)atl)rs 
Forging die-, 
\tillers 
\' crlt ilators 
Spare~ for tc\tik 

mach inc ry 
Burner-.. 

Sugar' and other food proces-
. . . 

smg equrpment 
Ston:-; and heaters 
Shoe lasts 
\lanhole and drain CO\Trs 
Vahe bodies 
Fans and turbines 
Pipes 
[Vlotor casings 
\Veigh ts and counterweights 
Couplings 
Bt:;nch ends 
Car and lorry parts 
Sflelving brackets 
\Yell tops and covers 
Bells, discs and shoes · 
Wheels 
Bearings and pedestals 

and many more. 
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Rrferrnces 

'·· 

F4uipmrnt ~upplirrs 

foundn tcjlllfll/lt'tlf 

PI<111L'l'I h . .Juq~LJll'llt Cu. ltd .. Uld·~Padra Ruad, Akota, Baroda, 

(~ u _1a rat . In d 1 ,t. 

Cia.\ t·umn~ rorch 
Brtti'-h 0\ygl·n C ,1, Ltd .. w!. Pirnho, Skclmehdak, U.h. 

General suppl1en of meral scrap nwclunery , 
J \!,:Intyre (\lachtncry) Ltd., .-\corn Park Indu'>trial btate, Harrimam 
!.JilL', Dunkirk, :\LlttmghJlll, L.h. 
\ane-.,,:,1 ltJ .. 165 C!arth Road, \lurdL·n, Surrey, S\1-l-ll H, U.h. 
H'draul11 . .' S: l.ng!fleering \\ urb. 10066:· Jqt Fluor. D. B. (iupta Road, 

Pahar CiailJ. :\c'' Delhi 1100:'5. India. 

/'ndulfi<J/1 und Llecrnc furnau .. '\ 
fliiidu,r,trl Htll\\II Bu\L'rr, Barl1d,t ltd .. 2h-l Dr .·\IllliL' lk~an! Ruad, 

Hlliiih,t' -l\rHl2'i. IIIdi:t 
(, 1 l- lll lr!dLtltd. Chrt,lld[dll ·\\l'.lllll:, c~d ... :ulla, IIldia. 

f.!.t•rolluz>.: \fill' 
\luk,tnd Ir,lll ,tlld StcL'l\\lliK'-, BcLq~LH Ruad. hahc, Thana, \lahn-

r ,1" h t r .1 . lr1 J 1 ,t . f' 
l\1'' \~)1!111 lJl' lthita I tJ .. !-.:hMaf!ru r ( i-1 Y. \ IIddktun Sti.l'L'l, t'akutta. 

... r-.. -
111 d l.l 

H.orun lunzut t'' 
' 

\ c \ \ kl--L·r, !Lth,_\1'-k l)urg~tTlllr lrd .. l 'f~JL'"' hl\\l'r 10th Shahabad 
I l, 1,1 r . "-. .t r 1 rn ,111 P, 1 III! . H \ llll h a' -l I()() 2 I . III d 1.a . 
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Chapter 3. Recyc,ing of Tin Cans 

DETI:\:'\I'G OF CANS 

Tin l:an..; are actual!~ made of steel coated with a very thin layer 
1Jf tin, and often \\ ith lacquer.as \\elL They are a problem ·to 
-.,tec·lrnJ).,.Jrs <l'> the tin, which has a lower mrel-ting point, causes "'· 
;one's .of \\eal-,.'hc"s in the hot steel, leading to. 'hot shortness' 
~md other problem,( For this reason, cans aretnot used. by steel
makcT'> 111 the indu:--triali;ed countries unless the tin has been 
rc'll1lh ed .I 1Jr at kd:-- t reduced) bv 'det in nin12.'. Alternat ivel v·, 

~ '-- -·~ -· ~ 

their L!'.e h re-.tri~.:tl'U to the production oflow-quality products 
-,u,:h ~1:-- reinforun12, -.tee!. ·· 

~ 0 

In many den:lop!flg co,untries \\here there is a~shortage of 
·-,tee! -.dar. ~.·arb are accepted, provided they form less :than 

10°·o ol the tutcll scrap charge and are evenl-y dispersed 
thruughout: one -.,teelrnaker claims to use up to soalo cans to 
make rein turcing bars~ Some steelmakers prefer cans rusted in 
the weather fpr some weeks before t(k~e. ~ 

In the original n3anufacture tin is~ilpplied to the steel sheet 
by either of t \\ o.oindustrial processes. The more modern is 
'elect roiyt ic deposition' which results in an _extremely thin 
:a;er of tin {thick;-}ess 0.0015 rnm) and weight O.S.OJo to l.OOJo. 
l·n the older process, the steel was Cl.ipped in a bath of molten tin 
resulr-ing in .a much thicker layer of tin by weight 1:50Jo to 
7 .. ocr·o. Ncn only is the percentage contaminati-on of ~OS· dipped 
steel higher, creating the need to r:elnove it, but the amount of 
pure tin recovered by de.tinning is larger, which" benefits 
profitability. , 

As a guid~, the sale of pure tin, one of the world's most 
\ aluable metals, pays for the cost of a detinning operation so 
that the increase in value of the steel is free. Detinned steel 
with less than 0.050Jo tin fetches a price double that of scrap 
tinplate. 

Three types of detinning process have been observed in 
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Third \Vorld countries: the alkali process, the alkaline elec
trolysis process and the acid process. All three will be described 
here. The choice of process w,ill depend on raw materials and 
energy costs in the proposed location. 

THE AlJKALI DETINNINt PROCESS'' 

The tinplate material must be clean and open. Used cans need 
treatment befor:e detinning (seep. 88) . 

. Description of an alkalidetinning operation (Mexico) 
Planr capaciry: 24 tons per three-shift day is claimed. 
Equipmenr:- 3 steel tanks of 3000 litres6(apacityeach, coated 

with 4 mm plastic and fitted with filling and · 
·draining pipes. ' ;; 
7 steel baskets to fit snugly inside tanks· each 
fitted with 'lifting e~es' and able to safely hold 
2 tOilS 0 f mat erial. 
I overhead crane ·of 3 ton capacity. 
Heating system to maintain tanks full of liquid. 
at 95 o C - inay be electric immersion heaters or 
gas, oil or solid fuel-fired but should be 
designed to avojd naked tlames ptaying .on,_ 
p~ast ic-coated tanks .. 
I baling press for thin gauge steel (seep. 47). 

Oper'arwn , ;, ~- ... 
At any time that t\VO baskets are being loaded, two more are 

dctirining in hot solution,· one is full of cold rinse water for 
rin-.,ing ari;d two are beif1g unloaded. Baskets are loaded fully 
hut material is not compressed (Fig. 32). _ 

The det inn mg solution consists~ of 15 °7o caustic soda and"5 OJo 
~ I 

-,odium nitrite (an oxidizing agent). Sodium nitrate co~ld also 
be u-,ed. lach charge ~oT fresh tinplate is c}etinned for two 

. huur-,, during which time the detinning liquid should be con.:. 
qantly \tirred or agitated to speed up the process. the number 
ut ~.:harges that can be treated with a given batch of solution 
will \ary \\ith the nature of the material being detinned. Elec
trolytic tinnlate, for example, will exhau5t the detinning solu
tion more .. slowly than hot dipped. The solution should be 
tL''>ted for ,;likali concentration from time to time· and further 
~..·aust ic soda and sodi urn nitrite added as necessary. 

'-' l 
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f-n:. 3l Alkult deunning. Heated alkali.barhs 'rvi(h chprge baskets 
it! J;~'./t'lt'l!.T!IUml. .\h:xicu. · · 

-\ t t!H .. '.l'IH.i u t ca(h"' day, the tin is recovererJ from the solution 
hy adding -,i, kilo:'l of'cakium carbonate (chalk, limestone dr 
"-.\..'a-, helL.) tor cA en tonne of steel that has been detinhed-. 
.-\gain thi'l qu~l·l·1·tj·ty will vary with the material and should be 
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aJjusted in practice. The tin forms a solid 'precipitate' of 
calcium stannate which is allowed to settle at the bottom ofthe 
tank before the liquid is drained off or filtered. The solid is 
dried and put into bags reapy for transport to a tin smelt~~ 

- \\here tin i< cxtra~Jed chemically or ~lectrolytically. The tin
frt>c ::;tc_cl i'), rir¥ed ·and baJed prior t6sale to a local fou.nd2 ... or 
::;tccl·rm!l. - "· . · 

The ·l:J.ttcr part" ;f ~he process might be modified t _ use 
· q UJck lime' instead of calcium carb,onate. The q11jcRlime 
would 'regenerate the solution of caustic soda with substantial . ~ . 
economies; as its cost is only one-third that of causttc soda. 

-· 
D-\'\(,FH All pro~esses using caustic materials, especially hot 
ones. are hazardous and this is no exception.· Employees 
should be trained in the'' correct use of protec;tive glove~., 
aprons. face \isors and gaiters, and should \vear safety boots 
\\ 1th ::;reel-reinforced t.oe-caps. A clean wash-basin should be 

'~~a\ ailabk by the lavatory and the manager should keep, ready
lt)-hand. a medical kit containing an eye-bath, eye:.rir1se liquid 
and Jelly for trea-ting scalds. Should any caustic solution fall'oA 
thL' skin it must be washed off in cold water immediately. 

. 1 

THE ALKALINE ELECTROLYSIS PROCESS 
This is chemically similar to the alkali process but is more COD1-

pktc in that the end-produat is metallic (if impure) tin. 
The prcK-css descriQed is in use in Bombay, India and 

lf~idles 50 tOib p~r mc.:nth, althoug~ its full ca~acity could be 
i1-f'h1ghcr than th1s. D1rty or rusty· tmplate cannot be treated. ~ 
Equipmt:nr:- 2 brick built natural'draught furnaces, each 

equipped.\vith a 10 m high chimney, a coke
burning hearth and tws1 .lines often cells, each 
designed to hold a steel tank at .the tt;mpe'rat ure 
of 70°C to 80°C (Fig. 33). , 

- -tO unlined steel tanks, e~ch."I.2 m dian1eter and 
1.2 m deep, connected electrically in series by 
copper 'bus-bars' to the negative terminai of a 
50 or 60 volt de transformer /r~cti fier. This is 
p'owered by the 400 volt mains to giv~·a voltage,, a 

drop of about 2 112 volts per ceil. <The t<;inks 
,,~ should be removable (but only for mainte.na11c'e 
~~b ~ 

. ··poses). 
J:. .. N1' bile pump and hose . . ' 

,. 

; 

" 

,• 



Itt: ~ i -1 lkuli!lt' t'l~'crrulnts deunmng: rhejianuce with cells. Nore 
hoI\ r lit' t'hur~.;e /Jwker resrs on wooden hlocks to prevent electrical 
l un!cJd \1·/rh rhe rank. rht: ltj!tng lugs on hoth huskers and cells. tht: 
t~nude' and hu,-han wui Ehe rt!edfurnuce rop. India. 

Ofh'rauon 

- -4-U -.,reel anuJes. ·hinged so that they can be 
retracted\\ hl'll a ~..:harge basket i-. lowered into or 
Ul'L'd rrum the tan!-., connected to the electrical 
-..upply and in ~..·LH1t~h:t \\ ith the s'~..·rap charge. 
'~tl -,tL'L'I ~·hdrt:L' ba\1-.Ch, t'itteJ, with lifting-lugs, 
~k,-Jgi1L'd tL1 hold J(){) kg of iooscly-[X\cked -;tee! 
'fll'L't -,L'fap. and tL1 fit "nugly intu the tank-; 
''lt'huut ek~..·trlc;.d ~..·oiltact with the (cathode) 
t d 11 k ". 
l ,1\ erhL·ad· ~..·rane l)r 2 t_LHh ~..·dpa~..·ity 
I \lL'l'l baling prl·...,.., 
I r~..·dLTL'ing· !'urn<.ll..'e·. ingut ~..·~ht ing nwulcb, roots 

l'fi...'. -

Ihc pru~..·e-,-., i-., -.,rower than. 'tlJc previous on$? bLit is very 
c"~..·l{Ih)mi~..·al. Thl· ti·nplate i\.~ubmerged in p~ure 9q;o caustic soda 
'>l1llltil.1fl at ,() tl'l so·c while an eiel . .'tric current i~passed 
tlHLlLigh th~..· "L)IutiL)I1. The tip is deposited at the cathode. The 
l'dLhti~..· "dda need-, only occasjonal replacement, but ~hould be 
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topped up \\ 1t11 \Vater to replace 507o evaporation every 24 
hlHlr'o. The baskets are replaced every four to eighr:hours, the 
Ll-:tUJI time dep~nding on individual experien1.2e. 

L) dl'-i._'~)\ ~,_'r \\hen cktinning is complete, observe the voltage 
dt\JP dCll):--..., thL' cell}~ \\t1ich. kicks. u.pwards .at this_:lstage. 
·.·\·nut h~,_'r '' Li~ i" ro \\ ar~..·h· for changes in the colour of the scrap 
I~) \~Jri,Hh ... haLks L1f htue, black and red brown. The steel is 
r irh:..'d and haled a" \L)On as detinning is completed. · 

L\LT~ l"i\L' day..., the tanks are drained and the 'spol)ge tin' 
,,_:rapc~..!trprn ·rhe 'lidcs and bottom. It is kept moist to prevent 
l)\!Llcll iLm. l he·n \\ a-,hcd and pas~-;ed o\:er an dectromagnet to
r-.·nh)\ '-'-Ill\ qcel parri(Jes. It !s· then dried and smelted with 

• , Cl 

hi~ ll pu l W~ p l !1C\\l1Ud charcoal; 6QIJ'o 0 f the t i I1 is lied UCed tO the 
'n~...·rLilltl..' -.,t~ltc ::md i-, cast into ingots·. The remaining A007o· is ~. ~ 

'-·mbcd~..kd in rlw 'JrL)s-,· \\hich is ground, and agair'l reduced 
\\ttil ~..·IJ,trl'~)~tl. fhc· ir1guts may be_purifi~d by n1elting in a 
r'-·,nhl·r.tt,,r, turnace and skimming the dross from the 
) ll r I ;1~,·~,·. 

l11 c~~..Uilt\)ll, tl~\·rc \'i<·ill ~ds~) remain tin-be~u:ing slimes at t-he 
hHt\)111 ~)t the' bath-,, slimes from th~. vario~s \vashing pro
..:c""'-'"· and 1,)\idcs of tin from the regeneration of the elec
trolyr~...· .. \ll rhe-,c L·an be collected togeth~r. dried by.centrituge 
l)r ~)thl·r m'-·ans, and.smelted to recover the tin. 

TilE :\CID DETI:\"iiNG PROCESS 
Thi" prL'Ce"" has been developed by the National Research 
De\ ciUJ'Il1Cllt Corporation. (N ROC) of India, who claim that it 
_h three to four times as .fa_st as the conventional alkaline 
pruce-,..,, ~o that tin can be.released from a batch of scrap in 
C\nlv 30 minutes to an hour. Also, because the scrap can besix 

. '• 

tl!11L'" a .... l.kns.ely packed in the charge basket, a production rate 
1\\ L'lll y times faster' is achieved. Rusted metal and shredded 

· Lbe.d c~uh cZ1n be treated. Full detaits of the process were not 
·d_i~'-·lo-')cd: to the autho;tr.l alt.hough the_ following i~formation · 
''a-;; prl)\ 1ded on ra\\ r#dt-epal and eqUipment reqUirements to 

·· "rroJucCJ '-,[eel wit_h·0.05o-7o residual tin con:tent and tin of99.50Jo 
' . 

~ fHfri t y. Th use irnerested iri. the prpcess should contact NRDC. 
';.. ; [ n general' a~id· processes are in ore qifficult to controf than 

alkali and·· there >are·· o.b\;ious· ·hazards from .the' emission of 
.. + ~ .... 

l·hlorine gas. 
~ . 

Size of tlie plan r The· plant,· -for processing approximately 
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4000 tonnes of tin scrap per annurn (12 to 15 tonnes-per day) is 
~- of bat-:h type with two sets of processing tanks Jor 'leaching' 

the tin coating from the parent mate-rial and a set of dilution 

Rm~· !liaferwls - Tin scrap (both hot dip tin scrap containing. 
l.§-7G:'o tin and electro4yticall;,·-coated lin·, 
scrap with a tin content of 0.5-1 07o tin'). Tin 

Planr und · 
nuJc)u nery 

reco\ e~~ ~ter~f ho~Uu!W~ligl i~-~-· ___ , __ 
used. 

- Hydrochloric acid - approximately 40 litre::; 
per kg of t1n metal leached. If electrolytic tin 
-,crap is used the ci'cid consumption mav 
increase by 20 ()o. 

- ":\luminium scraps. 

2 fibre-reinforced plasti,c (frp). tanks of 
.+.) 111' \Olume, with PVC lining. 
2 '-.L'h Uf fllJ11e l'XhaUSt equipment, each Of 

6-S k \\'leading-to the atmosphere with pipe
\\ 'Jrk fabricated fro_rn frp. 

- -+ frp process tanks of volum~ 4. 5 m \ PVC 
lined, for reco\ ery o.f residual liquor from 
the det inned scrap bundles after remo\·al 
from the process tanks. 

- ~ \yooden tanks of volume 4. 5 m' used as 
dilution tanks for recovery of sponge tin, 
reinforced with angles, protected with frp 
lining and coated with acid-res.is~ing paint 
inside and outside. 
2 sets of travelling lifting equipment (cross
bar type) with pulley blocks of 2 tonnes 
capacity and 5 metre chains for hand opera
tion. 

- l 'hydraulic power-operated press with 4 kW 
motor for dewatering the sponge. 
l plat form weighing scale of J tonne 
capacity. 

- l tilting furnace of 100 kilos capacity with 
necessary motor, blower and burner (1.5 kW 
capacity). . 

- 1 a~id tank qf 5000 litres capacity with all 
fittirfgs and pumping facility. , 
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Other eq ui pmen t such as electrical wiring, 
temperature recorders, pipe with fittings, 
nylon rope. foundry tools and mould:ngs, 
etc. 

i_und and !wilding. The total area required \\ill be about 2500 
'"ll. rn. l'lll l)f \\hid1 1000 sq. m is required for the process hall 
drlJ l'OO "ll· m for the laboratory. office, storage etc. The 
hL'l~h-t. ~-'! tll"-' prl)I..'L'"" hall i-. about 7 m. 
\fti.Ilf.lOHer TI:'(/U/remenf. The total manpower requirement is· 
l~. \\lth ,rrh .. ' ..;upeni .... or·. fuu.r '>~illed \\Or~ers, si\ semi-s~illed 
lcibc'UILT' .md four Uib~ilkd 1abourcr.'->. Office personnel will 
h;.._· Ili .. ';.._'J ... 'l..i ~h \\ e II. 
frJ[U/ !!i\!tl!/ed lzp. rhe [L.Ital irhtal!t:d power for this project 

\\ I i I h L' c d~ \' \ 1 [ -~ 3 h \\ . 

l'nplirLJriun u/used cans for detinning 
l !\1.. l'r ,,,.,· ... ,~..·-.. Lk, ... :rd1L'd ~tb\)\ \..' kt\L' rarely been L'mployed for 
.k::lll\',i • lh\..'d ~..·~trh ll\lllllllHhchuld rL'fN..,L'. Norm~llly, new, 
i 1 ! I~' hi !111i'l,ttL' ,~_.-r,tp II\llll ~_·arl ami ho\-making Lt~.:tories i" 
t!._,\.·,1 tJ,)\\\_'\\..'1, ll'L'd ~..·an" ha\c hL'L'Il '-~liL.l..'L's\lully dctinncd in 
H 11 til: l·,)i rn,ill\ \car-... All that h required i.., that thcvareclean 

• • "l • 

. lrll: -..l'r'-'Lkkd. ur at lca-.t unfolded. Cleanliness is vital as food 
:- ·~· r ~ 1 , 11 n " ,I r 1 d d r n c k . '' Ill ...: o n t a rn i n a 1 e t he d e t in n i n g " o I u t i o n , 
''!,,, k P~1~L'' .u1d pre\ c·nt thc "ulution from corning into contact 
\\ 1tll :tw !Jil-hL'~lrlllg -.tL'L'I. R.in1ing well in ..:old water is usually 
'-llll!L'ICI1l. 

c~u1-.. '-k"t~ned tu be liquid.-tight haH? tightly folded and 
,,n1k'tirnc' ..,,)ldered "eam1: uften two cirnrlar and one straight 
'-L',trll pcr \ . ."afl. Lr to a L!Llarter or the tin is C

1

0ntained \vithin the 
"L'am ~and the det inning :-.ol u t ion can only reach this if theteam 
1' lll'L'IlL'd ur ~..·ut. In industriali1ed countries thi" is usually done 
h~ leL·dtrl~ the l..'i:lll'-1 through a shredder which chops them up 
h~ -.h\..'L'I dL'\lftl...:ti\e cnergy. Thi.., proce\\ is expensive, the 
rn,tLhincr~ urlrL·liabk, and only huge plant\ have proved to be 
\...'L'LHlUlll!l..'. 

l"n ~..·cnain Third \\'orld countries (notably Egypt) cans are 
ntt by hJ.nd shears, like a larger version of tho.se used for 
~..·utting gras.., and hedges (Fig. 34). The can is reduced to flat 
~..·Ih.:k.'l and rectangles which can be densely bundled to reduce 
t ranspun co..,ts and are ideal feedstock for detinnihg. The 
pro~..·ess is tedious and rewards depend on the price that can be 
ubtained. • . 



/1 i.; ,'.; \ht'uruzg up en used cans. The r hin sr rip con rains solder. If 
r ht· ntll!t'rtul 11 ere sent for detinning, this H-'Otdd be removed. Egypt. 

The thll1 scams are sepaf,ated from the tlc;tt sheets. So far no 
pro~_·es~ ha-, been developed to recover the tin, lead and steel 
!"rum the seams as pure metals.: It might be worth detinning 
these but only if the vat could be kept separate and not used for: 
other detinning (as the resulting tin will certainly be contami-· · 
nated with lead and only, able Jo be sold for solder manufac
ture). The steel will also be contaminated. The total quantity of 
material is small unless done on a large scale so it may be best to 
ignore the seams altogether. 

Aluminium cans. The other metal us~d in cans is aluminium, 
'us:·ually"in 'rip-top' beer and beverage cans. Although this 
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wasteful and expensive form of container is·mainly used in rich 
' .r 

countries, it may be found in tourist and wealthy districts.of 
poor countries (wher;e for some people clean drinking water ~ 
is an unobtainable luxury, let alone beer in expensive con- ~

tainers!). Aluminium tops. and _ring-pulls can be removed by· 
hand during the shearing operation described above, and the 

"" aluminium, which. is of high quality, sold. 
- As an alternative to hand-shearing, cans may be shredded. or 
'granulated' in a suitable machine (caUed a shredder, granu
lator or pulverizer). At Oxfam Wastesaver, * a 50 hp granu
lator designed for shredding plastics was successfufly used .. 
The only problem was a rather high rate of wear on the cutting 
'bl~des, but this could be overco111e by using a larger 'and more , 
powerful machine. ··~ 

OTHER MARKETS FOR TINPLATE CANS AND 
- CA!\-MAKING,SCRAP .r 

(se of skeletOrfJ • 
In the process of manufacturing _cans and crown corks 

,,J (m~tal tops for fizzy drinks), circular pieces are stamped out of 
•11 • • large rectan·gular sheets of tinplate. The remainder, known as a 

s·keleton (Flg. ~5) may be sold for the: 
- manufacture of air conditioners and filters. The skeletons 

• • I 

are used a~ the frame to support wire wool stuffing; and 
must be packed flat for transport. 
n1anufacrure of a~imal pens and cages. 

L 'se in the copper indus.try 
'Precipitation iron' is useq for the extraction of copper from 

low grade ores. Some ~ompanies use detinned cans for this, 
others Lise c:in manufacturer~· process scrap or even used food 
cans. The copper is leached. f-rom the ore in an acid solution 
into which the cans are loadecl, so that the copper precipitates 

· out as.a solid at the bottom of the container. 
· For this markeT, consult .any. local copper mine' or smelter. 

TheY will pr'obably requir€ the matt.'rial loose- (i.e. unbaled) 
and free fromo6dlrt, or the~ may require it shredded 6r'opened 
as describe9 above (9T detinning. 

* .-1 recvcltng _lac tory developed by the author far Q).jam' in 1975 . 

•• 
90 

·y 

• 



;;.·. 

l se h_1· iron founders 

Fig. 35 Tinplare skelewn 
used for air conditioner 
manulacwre. The mar erial . . . 
is scrap from aj(Ictory pro
ducing crown cork·' 
boule rops.~.\w\:i(:(J.·-

rhc quality required of iron castings such as manhole cov-ers 
j, l--,ften muL·h lower than that required by the steel indtistry, 
and foundries may be willing to accept a. percentage of 
tinplate, depending on the type of product they are producing. 
It shL)Uld be baled to the highest density possible. 

l ·se for production of refined pig iron 
·rhi-., i-., the ra\v material for steelmaking and iron-founding 

and in most cotJntr:ies is the largest market for used tinplate 
1 • .-~llb. They should be baled to as high a density as possible to 
reduCL' transport arid melting costs. Cans which have been 
hur:H (e.g. in a refuse incinerator) are acceptable. 

f> 

l se for control of chromium plating wastes 
Small-:-,cak chromium. plating workshops in Third World 

countries rarely· treat their waste. chromium acid solutions 
bL''-'aLhe to do -.,o is complicated ~nd exp~nsive. These solutions 
are highly poisonous and dangerous. It is reported that rusting 
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ill!. ;n /cJcJ/\ lur ornamental tlllfJiate workl!lg: all the punches 
_ 11 t''t' hcunL·-muJc )rum rt'ln/nrclll,l!, har, and llt!Fdt:tie-tl ttt tfwjttr-Ke 

,)It!ll!l 111 ill!. ~5u. !he Circular eud 1s made of lead and 1s placed 
undt'r rile t!/Jjt.'d he1ng emhussed . .\'ute the completed pieces in the 
/cJTt'l!,ruund. Peru. 

Ill!.. i- . Lm huswd casf:.:et made from lin cans. Peru. 



', . . 1' 

- tin cans may he used to redoce-th-e-cluorniqm prior to precipi
iation. 

The. chromi~..· Jcid waste solution is held for 24 hours in a 
TJnk -.:~'ntaining hea\ily-rusted tinplate cans. Reduction is 
l--rh.l\\ n to hen c heen completed when the charac_teristic orange 
C<JlL)LJr (.lf the \\ a'ltc di-sappears. Calcium carbonate is then 
cldded in e\ce-,-, LJUantity to precipitate the chromium, which 
can be chemically processed for re-use. 

TL1 treat 100m' per day of waste liquid (containing 5.parts 
per miltion e\ccss sulphur di·oxide and with a pH value of 3.0), 
2~ l\.g of cJrb and 330 kg limestone (or similar) per day are 
required. After six or se\·en fillings the cans are used up and 
ha\ e rube ruppeu up. The cost of this method of treatment in 
the Philippines was reported to be about half the cost of the 
~.·on\ cnt ional mer hod of treatment, and savthgs in raw material 
CL1-..t:-, ''ere significant. 

RE-l SE OF Tl\ CA:\S 

.\:-- '' l' ll a" rL·cy~.: I i ng. ~..·an-.. L·an be used as raw material to manu
tad u rc 1t L'l11" rur resale. They ~Jn be cut with household 
-.,~_·i-,,L)r-, (althuugh s~eetrnetal workers' 'tinsnips' -are better), 
thL')' ~..·'-m be bent. folded, ri\·etted, joined by a folded. seam, 
-,ulderL·J. nailed. punched and embossed. In Fig. 36, the tools 

I tl'.. 38 f amp. funnel, ;ug, jlyspray and brush rna de from tin cans. 
Oh;ecr\: cuurresr .\lr Tuny Tigwel(, India Alive Project. 
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Ll"L'U by a metal worker in Cuzco, Peru, to produce, at home, 
cih.:h;_trHing jc\\el caskets (Fig. 37) from tin cans, are shown. 
\ br11. c)thcr items can be made b~· the less ski11ed (Fig. 3~}. 

i qulpllH'IJI -.,upplier" 

1, ,;' /l, i.'l!liii:_: J>lunr 
'\.1)1-\(. nl k1fl~ kl1,JLl. L_<~Ji'-l!. :\~i~ar Ill. \l.'\\ DL'illl 110024, India. 
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{_'hapter 4. Non-ferrous Metals-· 

\leta Is or her than iron and steel are described as non-ferrous. 
The most interesting as regards scrap are aluminium, copper, 
brasses and bronzes. zinc, lead, silver and other precious 
met a!~. 

HO\\ TO TELL THE DIFFERENCE 
Crrre-prrrhtrm +*~ the collector is how ·t oidentifv all these 

~~~~---------
d 1 ffcren t met ttls. This is important because they are used· by 
quite di fkrent markets and the best prices are paid by the.final 
q'iers. rwrrnally foundries or refiners who will not buy mixed 
or unidentified ;metals. If you cannot separate them, you will 
ha\ e to -:;ell to a middle man who can, and he will pay less than 
the final u-.er. Here are simple tests to identify a m'etal: 

i) Find uut 'r'r'here if carruffrorn. Manufacturers use only 
certain ra\v materials, therefore others can be ruled out. 

ii) Consider !he_ size, shape and former use of !he item. 
This chapter will give you a·n idea of the products made 
from \·ari.ous metals. 

iii) Tesl it ~vilh a magnet. Ferrous metals are attracted 
(pulled) by or to it; non-ferrous metals (with the excep
tion of chromium and nickel and their 'alloys') are I)Ot. 

iv) Louk al !he basic colour 
\) Drill or lake filings. Examine the clean cut surface in a 

good light (but not direct sunlight) immediately, before 
an oxidation film forms and makes. identification diffi-

-- -~:ult..~-;[he fqllowin~ effe.cts should be seen: 
- Aluminium - si~r grey -.:---------- · · 

Copper - reddish-bro\vn 
Brasses - golden yellow 
Bronzes - golden yellow to reddish-t;>rown 
Lead - dull grey 
Zinc - yellowish 
Nickel silver 
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rable -t (_ hemicatsp,ot tes"'ts 

\Jurcmt! 
Copper 
ReJ bra~< 
Ye!ll)\\ bu .... , 
HIgh ~rade 

brlHl/C 

\ Lm,:: ~~IlL'"'-' 
h!l)ll/C 

Chemical spar re-sr 
No rea(tion. 
Siher nitrate will turn a black cofour in solution. 
No rea(tion. 
Siher nitrate will produ(e grey l·olour in solution. 

~o reaction. 

( upr \.1-rL..:L'i Nitnc acid will produce an immediate green 
. colour. , 

', ~'" ~c:· i ~ 1 h,yr 0i t ric Jcid produce; an immediate green colour, 
piLL', a \ igorou-. reaction and a puff of brcm n 
-.,moke. Specimen will de\elo.r a pink colour after 
acid i) \\ il)hed orr\\ ith \\iller.· . 

., 

"-;h'-'r ;l!-tr,_·ci .'\itri,: ;.h:id and hydrochloric,Jcid will produce a £P' 

'11-·r~:l, 'rmlk~ -\\ hlle prc~.:ipitate in the -.,olution on the 
platL'd .... urfa.-.·c .. ·\frn rL'mming plating, ifbas~ 
rnct~l 1..., a ,;upper ba.4.' ~Uoy~·nrlr~~..: t:h:iJ wiHturn· 
~fl'L'IL if alL1mir1iun1 the 'dlCCirl1L'll will be light in 
\\l'Ight. lt the ba .... e lllL'tali" '>teclttfe specimen will 
hL' magnL'l Il'. 

\hilllilllUIP S1her nitrate will remain clear in solution. 
\Ll,_orh>i;Jf11 Sihcr nitrate \\ill produce a dark grey to black 

~.."L)Iour in solution. Filing..; will flare with a white 
t"\ame. 

/_tl.l ... 

[) i C ..::h t I I Ill..' 

lin 
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'.;one. Weight and softness are a useful guide. 
~ ' 

Nitric acid applied to filings will produce fizzing 
and irnmeciiate brown smoke. Solution \Viii .. ' 

remain clear with no precipitation. . 
Nitric acid apeylied to filings will produce an 
immediate light brov, n smoke similar _to, but 
lighter than, zinc. Solution \\il1 appear greenish 
\\ ith no precipitiltion. · 
Nitric acid applied to filings will produce yellow: 
-,mob~ and yellow colour on surface of solution; 
white precipitation will remain in solution. 
Place a drop of nitric acid on, the sample and. 
allow it to reac"'t for one minute. Then place a 
dr9p.of water on the acid spot. A dr'op 6f hydro-

~ chtoric acid or a couple of crystals of common 
"air placed in this liquid will produce a curdy 
white appearance if the metal is silver: . 
One or two pieces of the plated metal areplaced 
in a small beaker with nitric acid, then heated. If 
t ne samples remain gold in colour th<ey actl,.lally 
contain gold. 

( 
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'i l Ho H hurd and hea~T is it? Lead is very heavv; so is 
~..·upper but not as he a\ y as lead. rv1ost brasses and 
br(H1le'- arc hea\ ier than steel. Cast iron is a little lighter 
rha11 \lt:cl. Zinc is light but aluminium is even lighter. 

~ ~ 

l L':.:td 1" t:\ t rem ely soft; al umi ni um is soft and can readily 
l''-' :-,~.-Tdtched \\ith a knife, as can zinc and copper. Some 
hr~t"'-'-'" and brLmlt:'> can bt: softer ai1d some harder than 
n11ld -dee!. Ye !low brass is sq ft corn pared with nianga
ne"'-' brnn!t: which is hard, brittle and coarse. Cast iro_n 
!" \ er) hard and some alloy ~teels can be even harder and 
c:.:tllflLH be cut with a hacksaw. 

\ 11) L ·'le chemical spu£ tesEs. Thoroughly cleari the surface 
""~" 1 t h a clean file or grinding \\ ht:el and apply a drop of 
t hL' chemical. The metal temnerature should be 15° -
2.:' C ( i _ e _ not e:x~.:eeding normal temperatures) for the 
[(..'\[. rhe following chemicals are required: 

IJilrk ~h:td concentrated (t-IN0 1 ) 

h\-dTt~'frh}{K-~'ic!('Qnrcntrat-eti { HCf} 
-.,Jl,L'I Illtrate 0 . .:' 0 'o solution (AgN0

1
) dissoh·ed 111 

\\~ilL'! . 

I h 1.' I '-' " r " , 1 r L' g 1 \ e n i n Tab l e 4 _ 

COPPEH 

( l)P!'L'r I'- rlh_' r>nfed material for re~.:ycling. It is valuable, easy 
rl) Ilknut"y, L'a-.;y ruckan, heavy andean be readily sold to small 
ll)undrtL'" Ln IJ.rger companies which refine and produce 
~-uppn "hect, \\ 1rc or bars. it has many important alloys, parti
~.:ularl~ hror11e (which co'rHains copper, tin and zinc) and brass 
(\\ hich ~.:unrain~ copper and zinc only): scrap from either is 
ea"y tL) ~t:~I. To discourage theft, pack the scrap in oil drums 
and hammL'r the ends over. Copper cari be graded as follows, 
althuug.h a merchant may pay the ~arne price for ungraded 
~..-opper provided the brass and bronze are kept separate. Make 
"u.re the pnces for each grade are better than those for 
u ng.raded. 

i) Pure l·upper may include scrap from factories that make 
copper products, although they usually reclaim it them
seh es; ends of copper tubes used in water systems in 
houses and other buildings; pieces of electrical 
machinery; wire and heavy cables. 

i i) . Copper cables "'-'if h p/asric covering can be found in elec
trical installations; house \viring; electrical machinery; 
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car electrics and overhead cables. When c·ollecting 
copper wire, be careful that it is not carrying live electric 
current; a fatal shq-ck could result. Also, make sure that 
the material doesn't belong to someone else (see Iron 
and Steel, Chapter 2). The plastic or-rubber covering has 
to be removed and this can be done in one of three JVays: 
a) By hand \Vith a sharp knife or wire strippers (which 

can be bought from any tooJ store). 
b) Bv burning, although this c'reates black smoke and - ._., ...... \ 

poisonous fumes. It may also be against the law 
because it makes the"iltt foul and should never be 
done near other people or animals, nor where the 
du-;r from the smoke can fall on"land used for growrr 
i ng crops. It burns the copper,' low·ers it-s value and 
faib to recover the plastic. 

~_) L'<ing a cable stripper. This is a machine that'chews 
~)fl plJ....,tic, icll\ing the copper wire unharmed. The 
rn~~~-·hinL' ha-, two toothed roller'-., dri\;en in opposite 

~--~=--~===crrr{;:;cfl"Lfrr5[·trc:-;o··m , ...,.. · · rnotor~'·"hiL · 
pLhtic \\ithout cutting the slightly harc~er _ _SEppcr ... A • 
\ ariation of the desiQ.n uses a single tooth~d-ro.Her of_
dcL~p \CC profile and._ a slitting r~"tler iwline -,~ittfthe/~·-··. 
thrl13t uf Ehe \cc. The \.'able covering is slit along its 
kr1 ~~ h at the '>a met imc as it is chewed froni the other 
"l,lk. Like all machinery, it is e\pcnsive to buy and 
rurl, and i" raster than the other methods but creates 
IC\\Cr job..., for unskilled workers. 

The ad,antage of using a knife or a cable stripper. 
i-. that the plasti~.: as well as the copper can be 
rcc\cled. · 

1ii) ( 'uppt'r cunrumitwfNi wirh lin may be found in elec
t r!l..·al ~.·abies, tools, and food and drink machinery. The 
t m 1..., 'cry' a! uable sot his scrap can be sold, and used for 
H1L' production of bronze. It must, however, be free 
frl)!l1 lead (e.g. -.older) or zinc. 

i\ l Cuppt'r cunraminaft'd wirh solder is very comuf10n in 
plumbing scrar: ripes and pipe joints; ball valve~,"' 
~..·uppL'r cylinder-.; boiler .... and water heaters. These may 
hdvl' bra-,..., or gun-metal (a kin,d of brGnze) fittings 
,tll~k'hL'd to them, whid1 :,hould be removed and graded 
"LTU!dtely _ 11 d1L' "older i" melted down with the copper 
the l1lL'lt ''illncccl purifying or refining. To avoid this, it .,. 
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is best to ~ut off the soldered joints (elbows, tee pieces, 
connectors etc.) and add the pure copper to grade (i). 
The solder contaminated material may be sold to a 
refinery or to a factory that makes objects from gun
metal. 

"The solder will normally be silver in ~olour and easy to 
distinguish from the copper, but dirty· scrap may need 
cleaning, scratching or filing before s.older is revealed. 

Certain scrapped car radiators are examples of solder
contaminated copper scrap, but they should be kept _, 
separate from plumbing scrap as they may· be made 
from a different alloy· of copper. • 

\) Elecrrical machinery may contain a mixture of all the 
abo\ e types of copper scrap. It is probably worth break
ing it dov. n into the separate grades. 

\ i) Chromium pla!ed copper has a bright,· shiny silver 
finish. Test it with a file and keep separate from other 

, copper ~crap. It can be sold to a refiner. 

Ht.iining of copper 
Il11' Ill'l'd~ "Pl'L'ia]i,t '"dis ~u1d \\ill only he clcsL-ribecl hrierly. 

llw ~..-L)PP'-'r l'- ru rnacc- Tlll' It ed and mo It en sand added to form a 
,Jag .. -\ir l'- blown imu the molten mixture and iron, tin and 
k~H.i are all O\id i1ed and float on top in the slag. 'Cadmium', 
-.,u]phur and L)lhc..·r impuritie-. are t-hen gi\en off as gases. Some 
l)l thl' l..'l)[1PlT ahu Ol'COmes 0.\idizecl and has to be reduced by . 
·r•,)llllg· \\ith grl'L'Il trectrunk~ in rhc,rnoltcn copper (as i.n the·; 
-.,meltrng u! ~.·upper ore). 

(·as ring of copper inro ingors 
Pu.r'-' c~)pper L·an Ge melted in any of the small furnaces dcs

~..-r1beJ 111 Chapter 2, and can be cast into ingots. A founcJry is 
nc..·' sary !or thi~. l'ljUippcd as r~..)r iron and '-,[CCI. If the copper 

·~t't .rrno ingot'> for resale it is \\Orth investing in cast 
rrot Hilds (l·ig. 31J). SpeL'iJI ~quipment to measure ·the 
((J'riltl·c "rernpt:J;at urc is rlet.·c ..... sary arJU specialist advice .~hould 
bl' 1..1bL.r/r1eU if pUS'lihlc. 

,, 

.\ource.~ of aluminium scrap ·• 
_\luminium:;.., one olthc mu..,t \\ideh used metals·because it· 
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I it: 3Y C ·a,r tn!J/ mouldjor ln!lers (~lulununium, copp;r, ere. 'The -J 

rurnLlt t' '' u/ rhe npt:? shoH'tl Ill Ftg. "40. Phoro: courresy of Chin.e 
lurnatt''. [.f... 

I'- chear tP rroduce, lightweight, and very easy to work. The 
n1ain -.,ource" of scrap are: 

~...·ooking pots, saucepans, k~ttles 
car parts (see Chapter 2) 
aeroplane parts: aeroplanes are =rnade almost entirely of 
aluminium alloys 

- ,.domestic appliances including vacuum cleaners, washiqg 
·. rnat.:hines, drvers 

4

't u b~s, boxes: containers for med{cines, bottle ~ops and 
other packaging 
~...·amping equipment 
door and wi.ndov.,· frames 

-1 scrap from factories manufacturing aluminium products 
electric cable is often made from aluminium as,h is cheaper 
than copper - it i~ normally heavy gauge only 
some drink cans, mainly those imported from the U.S.A. 
cooking foil, mainly ~btainable from hotels . 

. ·\luminium and i-t~s alloys can be identified by their light 
.. , .... 

·I(){) ' 
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\\ c1ght and the sur( ace which is shiny when new but turns dull 
when L•xidized in the air (unless coated or anodized when it will 
remain permanently shiny). Aluminium-based. metals can 
u~ually he di'ltinguished from zinc because zinc is mainly used 
111 c.a'\t ing:-- \\ hi~.·h shatter easily under a hammer blow, whereas 
aluminium Jocs not, (although there are"'some exceptions: 
aluminium alioy castings which shatter and some zinc alloys 
\\ hich Jo nut at room temperature) . 
. .-\lummnm1_ usually occurs in much smaller quantities thaq 

.. rcrrou-; "crap but is \vonh about ten times as much. It is not 
u:--uall~· baled except for foil and drihk cans made of very thin 
matLrial that is uneconomic to transport unless baled and 
burrb \\hen charged uncompresseq into a furnace. These 
matc:riah ~..·an be haled in the same way as paper, but cardboard 
cnd"' lllLht bc added to the bales and plenty of string or wire 
u -.;c J t l) a \ o i d lu s i n g rna t e r i a l. 

?' 

\farJ.:.ers for aluminium scrap 
In lk\c'll1p111g countries the largest market will ·be· small 

flH!l1drlL':--, but there may also he mills that melt the scrap to 
prL")du~._-l' ingl)t, fl)r cun\ersion into sheets, extrusions, castings 
ctL·. \lo"'t l)r thc-.,e will buy aluminium scrap if its composition 
i" knU\\ n, but may refuse to buy foil unless baled. Foil may 
~!1-.,l) h'-' 't)ld tl) .steclrnakers, who use it as a deoxidant: it is 
~round and thrown inr,o the nucible to reduce slag. If no 
foundry c\isrs nearby, you may be able to sell to a merchant 
'' ho tran-.porb regularly to another town, but his prices will be 
]~,.) \\ l'r. 

Grading of aluminium P 

_\\.hen colle.cting, keep kno\vn alloys separate (rom commer
L·ially pure aluminium. Thereafter, the main task is to remove. 
all non-alurniniU[ll materials such as plast·ics, oil, iron or steel, 
copper, dirt or the contents of containers. Cooking pots or 
:<lLIL't:pJ.rh often have handles of pJ.asric or steel and these may 
he held on with steel rivets. It is easier to cut off the aluminium 
than r he qeel bur essen rial that all steel is removed to get the 
be-.,t price~ Small amounts of paint or paper. labels etc. are 
harmlc'>:-- and will burn off in the furnac~, but aluminium 
bl1nded tu \in:-.1 or other plastic is unsuitable. ' 

fhl' :.tlum in iLl rn is then graded to: clean heavy' dirty, foil and 
othn thin material such as cans and containers. Smal.l quan-
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titleS of the latter can be mixed m among' the clean heavy 
without the price dropping. 

\lanufacture of ingots "" ... \.' 
Your market for alumini~m scrap can be i_mprov~d by 

.._·a,! in~ yuur own ingots. A furnace is needed with a slopi-ng 
9 hearth (f-ig. 40) capable of reaching temperatures 200- 300~C 

Jb<J\e that at which aluminium melts, 660°C. The aluminium 
will melt before anv ferrous metafs and will run down the 
furnace hearth into~ holding well f~om which it may be poured 
I!llO L)pcn ~and moulds. The ferrouc metals remain on the 
ht"~uth. a\L1iding the need to remove them from the scrap 
beforehand, but low melting point contraries such as plastics 
m usr be rerno\ ed. 

--:.-'1 
.·," -·-~"' ~--•·"-'. ~-·· .. ··- ... ·-·._ ·., .a. ,._ ... "''rdi. ~),;...!' ;._· --.- - • • .•• , .. 

' ........... ~... ,,, :::-~ 
~-- ...... -. ~ c:f, ·--..._·. .............. .......... . 

IIIII 

i ·: 

-Ill!.. 40 f-urnace wilh a sloping hearrh, suiwble for alumin.iu!n and 
urher non-fertous metals. Nole !he oil burner on the rif!,hl, the fire
hrtcf..: limng ro rhe furnace and door and tlte sloping well for the , 
molren nzerul underm!ath. Pho!O: courtes'l: Chine Furnaces, U.K.' 

'1i· " . • ' 
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~n aluminium foundry 
On.:c you have successfully cast"aluminium ingots, yqu may 

con~ider casting finished products. Their value will. be far 
great crt han that. of the raw scrap. This is not, however, an easy 
process and some knowledge of foundry operations is vital. 
You '' i 11 also need to establish that: 

i) \ larkets c\ist for the product you are able to make with 
your -;,kills and equipment. 

i 1) !\ L) other aluminium foundry in th-€ same .. district is 
making these p'roducts or, if so, the market wiH support 
t\\O manufacturers. 

i 11) Y uu ha vc access to equipment; ,fuel or power; skill in 
mc~..·hani~..·al matters; some knowledge or advice on cast
in~ :..lluminium; and suJficient scrap mater.ial. . ,, 

1\ ) Y lHl ha \ C the time' and deLerminatiOrl tO work On a 
r l' \\ elf d I !l ~ b ll t d j f f i C U Jt \ e f1 t U r e . 

') I hl· prlhlth.:t j.., not available locally, mack froth another 
rnatLTJ;\l '>l!l..'h a.-., steel. stainless steel, aluminium sheet, 
l'Il~unch\arc. pottery, plasticetc.lfso, will your product 
hL' -:heel per, :-:.tronger 1 better or more beautiful, so that 
\(J\.1 ~..·Jn "fill achie\·e-suffi(ient sales? 

J>rodul'!s it.i L"asr alumin·ium 
JkrL' 1.., ~~ lt"l ,11 products that can be cast in aluminium: 

Lids· 
Burners for stoves 
Car parts 

SaLk·crarb 
hettie ..,rl)llh 

Coo'kin~ rl1h 

Ladles Door and window handles .• 
Spoons and scoop-, 
\loulding boxes 
Filters 
Furniture fitting~ and 
handles 

and fittings 
Ventilators 
Knife scabbards 

Equipment for an aluminium foundry 
Of the furnaces described in Chapter 2, the rotary, reverber

,. arory or crucible may be used for aluminium. The Jamaican 
foundry showp in Fig. 41 uses a tiny oil-fired crucible furnace 
and, because the aluminium can be ladled out with a steel ladle, 

·it doe-., not need to tilt. The linings of'furnaces used for melting 
aluminium should be made of bricks containing not less than 
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Fig. 4/ .·iluminium foundry. Note rhe oil-fired cruciblf! furnace 
und rhf sreel die (on rhe srool, right cemre). The electric cables run
ntng across the floor are dangerous. 

40°'o alumiilj .. l. This is because it is preferable to melt the 
..,.. a I u m1 ni u m undena tl ux to prevent it oxidizing, and the 11uxes 

U'lt?d mu'lt·.\.e. sodium chloride (common salt) with potassium 
~...· h Iori de. at1ac k brick work \vi t hout a! umina. 

The procedure for melting 
i) Sufficient metal is mel ted and tl uxed in the furnace to 

··~._·en er the scrap'.as it is charged in. 
ii) Only~\ hen a su'fficient- pool of molten metal has formed 

under the tlux can scrap be added more quickly! Do not 
cool the contents so much that they solidify again. 

iii) The aluminium may be blended at this stage, which 
involves adding various solid chemicals and gases: this is 
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a complicated pro~ess and will not be discussed· here. 
Refinin'g should not be necessary before manufacturing 
the objects listed above, provided clean scrap· is used. If ·. 
products crack or develop other faults on casting or 
cooling, first check the purity of the scrap and only then 
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-..c~..·~ '-PL'~_'talisr ad\ icc on refining. 
'') It 1' u(tcn Ih.?Ce«,s~ny {() "tir or agitate the molten metal to 

"i'Ccd ur the n1elting of nc\\ ly-added scrap and reduce 
1u~..·l u "'-'. 

li~" i'L)'-"lhk I~l ...,and-~..·a .... r aluminium in a· manner~ similar 
t ~ ' ~.. n" r u , 1 ·n . i' u I • :..h ~llu m i n i urn i" o ft c n w~ e d t o make s m a II e r 
'-llii1l''li1:...'Ili'- 111 !~ir ~argcr nurnhe~s, !t may he cc6n~mic to ttse 
· ~1 Il' -~..·<ht 1 r1g ·. I h h rcpi<.h.:c-. the "and mould with one of steel~ 
~t~..-.:ur~u~..·ly mad11ncd and e\pertly finished- the die. It opens to 
r:...·lca .... ~..· the solidifrl'd c;.bting and car1 be used thousands of 
Lnii...'< '>Orne·r~nh may \\Car. but they c~n be replaced. Lik~ a 
ltlU nll r~ par t~..Tn. the die has to he e\pen ly designed, so that 
tfll' rnct<il \\til tlO\\. :-,olidify and shri~nk correctly. Ther~fore 
~..lie-.. ~..·an -.:c1-..t thousand" of pounds. The Jamaican foundry 
~) t•u i TIL'd -..~_·~..·l lfh.i- hand die-., of corn rnon objects like saucepans 

I 

,u11..llh.l" 1,1 "~i\ ~..· llhllle\. Frie.nch or contacts in'an industrialized 
~,.\'l!Iltr\ \\ill b:...· ~tbk to obtain -.,~_·cond-hand dies-(or other 
r11,tl!Iifll'I') rJI~lrL· :...\hily ~lfld ~_·hc..·aply than rhey.~_·;.in be found in 
r~;l· l h1r(l \\ ,n ill. ~tnd <.tid ag~..·rlL"i~..·-. may help. too. 

t \t 1 I<>'\ '-,~Hnl· d~..·\c·luping countnc;, ban ·the -import of 
'l'(~lrhl- h.ui'll fll~h. h 111en ~ 

\lei.:! J1:...·.., ;'-'lJLIIfL' a -.,pt.'l'I~ilcoaiing before use to preYcnt the 
~.hiJrl:-' ,l:~~~r~g Ill th~..· Jr~..· . ..\ fairly -.,imrle bone-meal type 
dr:.>~1Ii,:..' l1l,i\ r'tll'-t.'d. Dit.'" a!-.,u ne~..·d dega\Sing- a tablet can 
r h) r r 11 L til \ lll' \ 1 b u lf1 e J I r ~ )[ 11 (()at i f1 ~ ..., u p p l i e r s ' The s u p pI i er 0 r 
1 hl· d1c ,lwuld he ~1bk ll) ad\ j...,e on bmh th~sc matters. 

I he -.,Imple"t proce.-.,s i-. 'gravity die-casting': the metal is 
LtdkJ Jlllll thl' h~_'atcd die and the only pressure·is from its own 
\\t.'Ight . .-\more..· ~:L)IllpliL"ated but faster process uses a 'pres~ure 
drc..·-~..~l'ol:...T~ that !urct;.> the molten metal into the die, ejects the 
fmhhed ca,ting. and closes the die ready for the ne\t cycle. Use 
~1ra rn~H:hine l)t rhi-., type will enable high rates ofproductioln to 
be a~_' hie\ cd bLll \\ill cost a large sum of_money and create l~ttle 
l'mpl\)yrnent. It has more complicated machinery to go wrOng, 
require" a wtc..k range of-spare,partsand may be out ofusefor 
llmg period:-, if rarts cannot be obtained. Complex and costly 
d it.'" arc ncc..'ded for each component. As \vi th all c;omplicated 
mach Hh:ry, \\ hd1 considering its use, look carefully at y0ur 
,ib!lity t\.) maintain and repair before investing large sums) of 
mur11..'\. It i:-. abo important to examine the market for fhe 
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product you plan .to make. Will y-ou be able to sell' enough to 
·amortize' the capita) costs of the machine, or could you 
satisfy a limited local.market by doubling your equipment for 
gra\·ity die-casting, or runnmg a night-shift using the same 
equipment? 

ZI:\C 
Zinc is a cheap, easily-cast material used for castings where 
strength is not important. It melts at 420°C so can be melted in,· 
the same type of furnace as that used for aluminium. It is 
\\ ide'iy used for galvanizing (protecting steel from rusting) and 
to make brasses (alloys of copper and zinc). Zinc casts fairly 
\\ell and .is widely used for 'die castings' but not all factories 
with die-casting machinery can use zinc scrap. Metal of high 
punty i-, required and is allo~·,red \vith carefullycontrofled addi7 
ri()fh Lll aluminium (and sometimes copper). 

l'roducrs made frhm ~inc include 
Pan" for cars (especially door handles, brackets, casings . 
1 tH "mall gear boxes, carburettorsletc); washing machines; 
rc..'tri2!L'r3t ors; slot machines and meters; radios and tele-
\ i"iLH1:·< uil burners, and some printers' plates and type. 

Bl'~_:au"L' ;in~..· i" a weak metal, zinc castings often contain 
11 hc'rf.., .u (.., t L'e I, to recei \ c screws o~. bolts. These Inserts rn ust be 
rc'f11l)\ cU before u"c ·and this can be done by the collector 
hJTn"clfi'J:· shattering pieces with a hammer. 

Dry ceH ... turch battqies have a casing made from zinc, but it 
i.., r;_ue flH these to be recovered. It does happen in Cairo, 
hu\\ e\ er, both for the carbon elect rode rod and the zinc casing 
\\ h11:h i" ~.:leaned of the acid paste with a su,itable tool._ Take 
~..:~u·e th~u the acid does not touch the skin, eyes or mouth! 

(iah~niLing is a process during \vhich iron or steel objects 
arc (L)\ cr.ed with a thin layer of zinc to protect them from rust. 
ThL' rrL)~._·e..,.., may result in dross, ash and other wastes that may 
be' trt?atcd to recover the zinc. 

Line t.·an easily be melted in a furnace at 400°-500°C with a 
d1lori~e flux, but tbe metal obtained may not be pure. Almost 
rurc· metal can be obtained by evaporating the metal in a con
'tr·olkd ~ltm_~._,spherc and collecting the vapour in a condenser (a 
-.,[CCI drum, 1...'()0\ed by.water wi.ll do) from \Vhich it may oe 
fl'llleltc·d anJ cast into ingot\. 
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LEAD 

~-~. Lea~!, like l;:Opper, is an easy material to recycle if only you can 
obtain enough of it. It~ grey colour when oxidized, great 
dehsity, softness and flexibility !Dake it easyto identify. These 
same properties make it valuable, easy to store, transport and 
work into its final shape. Because it melts at a·low temperature 
(J25°C) no special furnace is needed and it is cast by any 
industry that uses it. Thus, the sources of lead scrap are also 
the markets into which you can sell if: 

Car battery plates 
Pipes for plumbing 
Gutters and spouts for 
rain water 
\\'eights and counter-weights 
Bearings of ·'white metal' 
(lead and tin}· 

... J'} 

Lead (0\ ercd (able 

.\felting lead 

Solder 
'Flashings' f orJoofs to 
make a watertight joint at a 
junction in the roof 
·\Vine bottle tops and 'seals' 
Printing metals 
Furnace flue ducts 

:\.ll hough it is easy· to melt, care is needed to ensure that as 
littk lcaq "crap as possible is lost as fumes and dross. This can 
be aLhie' ed by using a tlux and a reducing agent. 

Ihc "crap i" first washed in a concentrateo solution of 
"udium ~.:arbonate to remo\e sulphur and then smelted in a 
re' erber;.lton· furnace at 8CX)-900cC, using coke as the reduc-- . '--

Illg. agent and <1 tlux of soda a.-;h, borax and fluorspar. 
'Although at these temperatures metallO:iSCS are higher, a S<J'!o 
Jo..;s i:-. acce.ptable and recovery is made by: 
(a) putting the fumes through a wet washer and recovering the 
..;Judge; 
(b) addl r1g this r o the dross for recovery as above. 

DrLh'l can be "kimmed off and saved for future treatment to 
ll'L'O\lT the lead. This (an be done in a reverberatory furnace 
by hearing with caustic soda.' " 

D.-\ '\(,1-H Lead is a poison and can cause fatal illnesses if you 
eat after handlir1g it or breathe the fumes given off when 
melting lead . .-\ny workshop handling molten lead should have 
huuc_h and extractor fans fitted and employees should wear 
l' I fl'~._·t i' e fa~..·e masks and have re!lular medical examinations. 

~ . . 
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l r s}H1U lJ Mt?rer be taken home \\'here, for exampk, small 
"-·hilJrcn m3y suck it. 

)RE( 0\ER\ OF SIL \ ER FROM PHOTO<:;RA.PHIC 
\1 ATFRI-\ I .S ' 
llll' lngh 'al ue of -,il\ er, e\ en in small amounts, makes this 
cl.__'[l\ it\ (._)Ill' ~Jf the most profitable CO\ered in this book. A 
-..mall }h)spital taking lOO :\.-mys a day could recover silver 
\\~_nth S L S 6. 000 a year. However, a certain understanding 
(li ..... htmistry is ne....:ess3ry for this acti\'ity, so non-chemical 
rcJ.c.ier..., \\ill e\I..'Use a brief e\planation of the chemistry of 
phorugruplzy: .. 
_ BL11...·k and w~ negati\ e film is a thin sheet of transparent 
pi3"lic CU\ ered.~ one or both sides, with emulsion, a layer of 
..., 1 h cr hr(Hnide grains in gel at inc. \Vhen acted upon by light, 
l'~h:h ~rain decomposes to siln~r sulphide. The film is 'devel
')P'-'d. b\ treatment with an alkaline solution of an organic 
Il'lltli.:I r1~ a~L'lll. (usually hydroq uinone), called the developer. 

. I he \.k\L·l~..)pcr Clm\crts the siher sulphide grains to meta!l.ic 
-..IhL'r. \\flik ka\ing LIIh.:hangcd those grains unaffected by 
tl~ht. 

I·I\tng is the rcmo\ al of the unde\·eloped grains of silver 
brcmlJdc b~ making them o.;oluble in \Vater and then washing 
llhn,Jug_hl~. The fixer is usually sodium thiosulphate (hypo) 
~in J t h L' ~.:IlL' mica I react ion i .'i : 

The ...,L1luble ~alt (that is washed away) is silver thiosulphate. 
ThL' remaining photographic negative is thus darkest (i.e. it has 
the mo<..,t ~ther) where the most light has fallen. 

:\ p~..).-.,iti\c' print can be made by exposing prjnt paper, like
\\t:-.c (l)<.ltcd with silver bromide emulsion, to light that has 
pa:-..-.,ed through the negaJi'Le and..d~yel<).[Jif!g and fixing in the 
-..a me'' ay ._j1t-e--~opment of colour film~ is a far mort::rr',.,._"
rlil..'l.lted process but' in the t:nd, a similar operation occurs; 
rnL'tall11.: :-.iher. deposited in the developing process, is washed 
<.1\\ ay, t h1s "time in a bleaching solution. 

It \"\ill bee\ ident that much (up to 8007o) of the silver that was 
ll_rigmally \_·ontatned in the emulsion of t-he new, unexposed 
tidrn i~ ''~1:-.ted in the process of developing, fixing and printing 
~l rllut ugrapll or an X -ray. Prices for silver move rapidly up 
:tnd dl)\\ n but it i-, almost always worth recovering this materi-al 
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and it is also possible to recover the silver from unwanted 
photographs ~nd X-tays. 

First, rne'rhods will be described for reclaiming the silver 
from spent fi"ing solution and then the recovery from old film , 
wiJl be described. It is irppossible to avoid the explanation 
be~ng a little technical but the rewards, in terms of valuable 
.'-ih er recon~red, should make it worthwhile! 

RECOYER\ OF SILVER FROM USED FIXER 
SOLLTIO:\ ~ 

Three methods wiJ-1 be de~cribed but there are many others. 

1. Electrolysis .. 
In this rrocess, silver is removed by passage of an electric 

current. Ready-made equipment can be bought. 

Home-made zuut 
.-\llL'rrlatin?ly, a home-made unit can be simply constructed 

( hg. -+2). The container should be a large, good quality plastic 
bucket with a \\Til-fitting lid. Holes are cut in the bucket for 
plastic inkt and outlet connectors to plastic hose, and in the lid 
fur mounting a few simple ele!!trical parts as follows: 

Elecrrical circuir 
-~ d.ZheL)Stat (' ariable resistance) 0-10 ohms 

) amr fuse 
5 amp ~n~ otl switch . 

~ . 
Ammet'~r, 0-3 amps. d.c. (direct current) 
Tr?nsfdnner /rectifier to reduce the ri1ains e,lectrical 
'oltage (usually 120 volts or 230/240 volts a.c.) to 5 volts 
d.c. 

Elecrrodes. The anodes are carbon or graphite rods mounted 
on an inner plastic lid so that they dip into the solution. The.··· 
cathode is a pair of stainless steel sheets, curved into two 
cyllnc.krs and mounted. A strip of stainless steel connects tl)em 
together and also to a single bolt through the bucket side w1,ich 
acts as th-: electric terminal. To remove the cathodes for ;;crap-

~-.~. ing off silver, it is thus only necessary to remove bne nuL 

-~~ 

Operarion 
The bucket is filled with spent fixer solution until the 

car hude i) completely covered. Th.e lids are replaced ,(making 
surL' the anodes and cathodes do HOt touch) and the current 
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·,Fig. 42 Diagram of simple equipment for electrolytic recovery of 
siher: from photographic wastes 

:\'tiff': parts hidden by or her parts are shown dolled 
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S\\it~..·hcJ un. Siher metal is deposited on the cathode. This 
-.:~...mtinue-, un·ril all sih·er has been plated out of the solution. 
This pC'~lnl ~..·an be ascertained by either: . 

1 l D1pping a bright -.:opper coin or other ob}ect in the 
... olutio·n tor a few moments. If it comes out silvered, the 
-.,~.,)luri~..m -.;rill contains sih·er. If not, the solution is 
c\hau-,tcd, or 

II) D1pp111g 111 a- spec.ial test) paper strip which can ~be 
''bt~lll1L'J frnm the companies listed at the end of the 
~..·hapl er. 

s~..)luti~..m t'r~..Hn which the silver has been removed can be re
\.hed lor fi\lng. 

-\t'ter "'-'\era! fillings of fi\er solution the c~e 
... ·,)att.'d \\Ith siher metal to a thickness of O\er l em at whi-ch 
'-lagc 1t 'lhn!IJ be remc)\ed. The siher can be recovered by 
bnhh!llg (H -..,:raping or by gently bending the cathode. The 
"Ih~..·r "'lJ6lfu l("' 99°'o pur~..· and can be "old \\ithout further 
l'l\''-·~..·-.,-..In:! l\' ,ttl ~..·lc~..:trl)ilLllcr, a je\\ellcr, a 1111.ll1Ufacturn of 
r 11 ! r r , lf ... , ' r l' lJ \ ' [ \ . 1.2 r ~ 1p !11 -.· rn a t ~..·ria j.., u r t u a rn e r d w n t. 

" \feral e . .rL'hange merhod ,9 

J t , m .k t 1 i. ~..· m~..>r ~t1 s u ~..,· h as i ron , z i n c or a 1 u m i n i u m comes i n to 
'-.,llll~l.'-·t \\Ith Ll•,~.,)lutiOll c'ontaining a !t:ss acti\e metal such as 
-.,J!\ ~..·r. ;t \\ill r~..·pl~kc' It in the '>Olution and precipitate th~ silver. 
l l' r 11 r 111 lf II ~ L h \.' d are 1 i n ~._· d us t , 3 50 gram rn e s o r ~vv h i c h w i II 
rH~..·,__·Ipit~u~..· ~ill th\.' -.,il\er from a 60 litre fi\er wnk in 24 hours. 
HO\h'\L'r. ilr1-.· Jtht can harm photographic materials, so it 
rnLht ur1h he u-.,ed \Vcll a\\<1\ from the dark-room area. Other . -
!11'-~t\.'ri;_d-., the~,1 ;_<rL' steel wool (as used for cleaning pots and 
"aUI..'L'P'-l1b) and aluminium chips. obtainable from a factory 
th;_u ma~..·hlllc'> aluminium. 

()fJerarwn 

rhe pr~xe"" 1..''-111 be done\ cry simple as a batch Operation by 
pLkiP~ -;t,'cl \\OOI in a bucket, covering it with.the spent fixer 
-,ulutic r:. Jnd .... rirring for ten minutes. The mixture is left for 24 
rhlur" 1\.lf the reaction to k!i\.e place, then the solution is tested 
11..1 see 1! any -,ihcr ren in.., using the tests described above. If 
the '>Ulutiun i'> ~..,·lear 0 silver, the liquid is carefully poured oJf 
t ~~ ka \ e a "I uJg,e l) f si \ er which can be put in shallow pans and 
dric'd in thL' -,un ur i 1 an O\en. It is then packed in plastic 
~..·lmtaJilL'r" and .... ent to a refinery for the pure silver to be 
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'\ l !'" '! ' j L . d' .... ll.l . rhc solution cannot be re-used for photographic 
\\ lH\-_ a' it 110\\ contains metal impurities. 

-~ . -t con r inu o us 17 o w u n i r .. '"(- ~ 

\ -.,impk unit can be made''\\·irh two buckets, one larger than 
thl' lither. and -,cr up as shO\\·n in .E'ig. 43. The inner bucket is 
i~l~h;..:·ly p~h_'kl·d with steel\\ ool pard· and stands on blocks about 
-+ ~..·m h 1~h in -,1de the outer~ h ich l sa dt·ain pipe fitted near the 
[ll['. 

. " ., ) 

'Il'l'i \\lhJl r1ad,, 11!1( dust and or 
Jluminium turning..; 

outer bud:.cr 
1 rtr1l··r bu._ "-l't 
.~; !'! 

limestone 

f-n: -13 U1ugrum oj f'(jlllpmenr for sil\'er recoverv by meral 
· t'.\ chun:.:e mer hod. 

Operation 
hrst, thl' unit is half-fiHed with spent fixer and pads are 

placed in the inner bucket so that the top pad is fully covered 
\\ith solution. Aft-er a time, the pads become flatten~d and 
their k\:?1 sinks: new ones should then .be added with spent 
fi.\er keeping the pads covered all the time. Spent fixer can be 
added continuously and each ne\v quantity will displace some 
clear solution through the drain. The liquid coming from the 
drain ::,hould be checked from time to time and, if it contains 
silver (usually after 1000 litres or more solution have been 
treated) the inner bu.cket should be removed, drainedttarefully 
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:1nd the mi\turc of silver sludge and squashed pads re_moved, 
dricJ and packed for sending to the refiner. New pads are put 
intl"' the bucket and the process continues as before . 

. -\. -;ligr1tly impro\ed set-up can also be made using two units, 
idem ical to t hzu described abo\·e, connected 'in series' so that 
the drain frl1m the first is the input to the second. The drain to 
1 he "L'1.:unJ tl~)\\" into a ·third which is filled with lirriestone 
(,_.hall-.. Llr >L'3 -.,hells\\ iII do as well) and the drain from this tlO\\S 
dJrL'Ct ly irHu t llc municipal drains or into the soil. The object of' 
th'-' -..ecunJ ur1it i-.. to recover any silver that may escape from 
thL' drain of the f1rst -when the pads are ready for replacement~ 
and t t~e object ~,_, f the third unit is to neutralize the acid ~lutiOI) 
-.o that ,r1u pulluting material is discharged into the public 
d ra!Ih lH the ll.rc)und. 

... ~ 

.-\lummiurn ~.:hips or zinc dust may be used in the above 
"Y"l em m p L1.ce u t -.,reel\\ ool but may need to be supported on a 
bL'1.J ~.\t ... tet'i \\l)\.)1 layer-... Steel wool is likely to be cheaper. 

( ol!l[)(Jri.wn o( rhe electrolytic andnu!tal replacement .\J'Sfems 

. 
·I d\ antll~l'S o( rhf'- elecfrolyti't system are: 

I) Slht'! l" l'~hily and cleanly removed. 
1:J It nct'~..h nu further processing and can be sold for cash 

llllmeciately. 
i11) I ht' ti\er -.,ulution can be re-used. 
J\) '\\) prnblerns of eftluent (waste liquid) disposal. 
\) '\~.1 r~m materials need be stocked. \ 

lJLSLUhanraues are: 
1) The -..ih er can be easily stolen, although this can be:over

~..,omc hy radlocking the unit lid. 
1il 1 hL~"-'\bi \)f the equipment is higher and. it is more ~om

pli(Jtcd !'-.) set t1p. 
ii1) tkdri~_' !..'LJrrent is required. ~ 

-~ d1·un rage5 of the meral\replacemen t system are: 
i) L~..I\\Cr capital cost. 

ii) Simpler equipment which needs no electric supply. 
iii) Sil vcr- bearing sludge is unlikel v to be stolen . ..__ '-- . -

Disadvanrages are: 
i) It needs careful watching (although this becomes .less 

tl 113 

.i 

0 



important if the t~o or three tank method is used). 
ii) Removal of the pads is a messy process. 

iii) The silver sludge has to be sent away for refinin·g. The 
transport or postage cost may be high as iron, zinc etc. 
are included in the sludge. 

i\·) The fixer solution cannot be re-used. 
\) Raw materials (pads and limestone) need to be kept in 

'Stock. .,. 
vi) The process must take place away from the developing 

area. 

l·se of sih·er borohydride 
Although the two methods des-cribed above should serve most 
purposes, a third method is worth description because it is 
cheaper than electrolysis yet still produces silver that requires 
no further refining. Silver borohydride is a Gompound that will 
reduce sih er salts according to the chemi\,;al equation: 

SAg t + BH~- + 2H,O = 8Ag + 80-'- + 8H + 
One 1-..g of ~ril'{cr borohydridc can ptoducc 22 kg of silver. 
EquiprnL·nt could be similar to, but or1 a smaller scale, than. 
that described for metallic replacement. Check whether you 
~.:an obtain the material in your locality before considering this 
process. 

\ 
ReCln·eryfrom del·e/oper solution \ 
As was e\plained earli'er, it is the fixer solutio\1 that removes 
t h~ u nd_~,·elop~d grai?s ?f silver bromid~ (?r '. ~ the case of 
coiL)Llf i Jim, of metallic silver). However, tt IS !Ike~y that some 
~iher \\ill also be present in developer solution and also in 
washing waters. It is therefore r-ecommended that th e should 
be treated in a similar manner to that described for fi 

Recut·er): of silver from unwanted film ., 
As pre\ iously explai n~d, a large part of the silv~r remain\ on 

thl' film as metallic sjlver grains in gelatine. This may also'qe 
profitJbly recovered \vhen the film is no longer required~ 
Althuugh X-ray fi~m, phot~raphic negative, photographic\, 
print-. and oti1er papers may ·1o9k different, they all have \ 
-.,irni!ar emulsion and the following should be -colletted wher-
e'\ er pO'lsihle: 
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may be \·er;.·large (often 43 x 35 em). A full troy* ounce 
of sih er is contained on only 2},.·such ne\v (undeveloped) 
plates and much of that amount may remain on the 
de\ doped plate._ Hospitals often thro\v out plates after a 
certain period of time to release storage space, so large 
numbers may be available. 

ii) Phorographic Jnegatives from chemists, photographic 
-.;hops that run a developing service, T.V. and film 
studios, government laboratories, universities, techni- · 
·..:a! colleges etc. As more and more tourists and other 
;1mateurs take up photography it will als_o_be possible to 
collect unwanted negatives from them. 

iii) Phuiugraphic prints from .. the same places and, in addi
r ion. from cutting rooms in television and motion 
pkture-.; stud~s \vhere large quantities of film are 
d h1 . .'~nded. · 

Burning , 
l'nlcss go(Jd equipment is used this process can result ·in the 

lu~~ uf a large amount of silver. The film is chopped in a 
-.,hredder. gr:.m ulator or everi by hand, and burnt in a small fur
naL'C. The p~qblcm is to prevent much of the si!ver-bearing ash 
disappearing up the chimney, so precipitatDr4need tg be fitted 
tr1 the tl ue. These L!Sually take the form of metal rods, char-ged 
with static elect ricit v, so that ash clings to them. From time 
to time the rods are discharged and the ash removed and 
collected. 

The ash from the hearth and the flue is smelted at a temper
ature of 700-ll00°C with a mixture of sodium sulphate and 
sodium carbonate (not less than 2007o "or either) with air blow- ... 
ing through. The resulting ri1etallic silver is impure and can 
either be refined hy electrolysis or dissolved in concentrated 
111triL· -~\..'.L~i to yield silver nitrate for 'silvering mirrors, or in 
hydrug.en cyanide for electroplating jewellery, silver tableware 

( -\l 110\ Iherl' i.., a danger of e:xplosion from silver nitrate in 
the prl''-L'llL'e uf ammonium hydro:xide. Such solutions should 
he tre~ned \\ith hydrochloric acid .to precipitate silver chloride 

'\i/1 ,., 11 1111/tt!ll !llt'U\ured tn fro v uunces: 1 Troy UL/IICt' c 31.1 grammes or 
,i/1< li1: I I {11/fi,'rtcd <JliflCt'\ 
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for reco\ c-ry, and .. should be supervised by a compe ent. 
chc-roist. ·Hydrogen cyanide is highly poi-sonous."' 

En ;,yme treatment 
It the cnz~ me can be obtained, then this is a much simpler 

upcration than burning, with higher rates of silver~covery. 
-\ll cnz~;me i~ a substance that will eat the gelatine that holds 
the -,ih er grains, thus releasing them from the fj~m or paper. 
Enzyme-, trom 'animal stomachs, obtained from q.slaughter-
h ouse, can be used. · 

The material is chopped, shredded or granulated and placed 
in J plastic or wooden \·at or large bucket. Enzym.e is added 
\\ith \\ater at about 25°C and the mixture stirred with a 
\\ L)Ullc'Il paddle until it is apparent that the silver has been 
rcnw' cd from the plastic film or backing paper to settle as a 
,Ji,l'r -..!udt2c at the bottom. The film and paper is removed by 
-..il'\ rr1~ ~trJd thL' -,olution filtered to recover the sludge which can 
tw d r1cd r r1 r hl' '>Ull or an O\ en and sent away for refining, or 
fl'~_·o, ered ek,,_·trolytically ifyou have an electrolytic unit as de.-;
,_. ri he'd a bL)\ e. If enzymes are not· available, hot \Vater or bleach 
-..,JiutiLH1 rna\ be used instead to free the silver from the film. • 1 . 

Quantities of sih·er that can_h~'7ecol·ered 
Ihl' fnlll)\\ ing are estimates and will depend on the effi

~..·rt.:n~...·y ,Jf the rL'CO\'t?ry operation, the extent of exposure of the 
t Ilm, the type or fi I m used etc. H O\vever, they may be used to 
,:alculatl' the profit that can be made from silver recovery. At 
r ht: time of going to press the price of secondary si1ver is about 
L S S 7 per troy ourKe; it is necessary to· check the current price 
and to allo" fur 'ariations when calculating the profits that 
\.:·~tn be made. ln general, it can be said that .silver recovery, in· 
ti11.: mannc..'r ~cribed above, will always be profitable if 
l'nuugh material can be obtained for processing: 

0 the r prec i u us met a Is 

": 

Because of i1s high\ alue, the goldsmithing industry r~co~ers 
all \\a-;te that is economic. Precious metals may be found, 
-.,urnetime-; in -;ignificant quantitiets in electronic ·scrap, but the 
pro~...·e-,:-, of identifying, separating and recovering these >are , 
~..·lmlpk\ and cannot be described here. · · 

In Bangkok, ttl~ 'Kiongs' or canals contain minute quan- · 
t 1 ties of precious inetals from lost jewellery, industrial waste 
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Table 5 Quantit) of sifver recovered per thousand x-ray films 
---------------------~-----------------------------------

Fllm Size \\'eight of Silver 

.\:-r3~ l"'lall' ~3cm 
x3~m 
><. 4cm 

Troy ounces 
..,~ 

..... ) 

Grammes 
780 
370 '\.-ra;, plafl' 25cm 

Dcntai fdr, 3cm 
12 
0.3) I I 

---------(---------------

\__ ' ~ 
Table 6 ()uantit~ of siher recovered per tonne (1000 kilos) of film 

.·· --------------------------------------------,----
Fllm f~pe \Veight of Silver 

\ k J ~-.: ,1! .\: - r ~l \ " 

Pt!~;,J~rarh11..· '\Jegatiws 
• I' h, 1 ll \ ~ r ,q' l1 k P r 111 t.., 

\1\llll'll l 1 ll.tllll' \.cgatl\c 
\ !l \ t I\ \I 1 pI\_. [ ll I l' Jl l ill[\ 

Troy Ounces 

225 to 320 ~ 
100 to 400 
22 w I nO 

225 to 400 
I 00 t o 2 5 0 

Crammes 

7 , 000 to I 0, 000 
3_,000 to 13,000 

700 to 5,000 
7,(X)0 to IJ,(X)O 
_\'(X)() t l) 8 '000 ·. 

lahle 7 ()uantil~· of siher: recovered from used fixer solution 
.. ------ -·------------------------------------

P ,tr t I' 
:\ lll m ,! I h 
I u! h 

Tru) Ounce-, per gallon 
~ 

0. Ob-0. 24 
0.5 -0.6 
U.-:'5-kU 

Clrammes per line 

'0.5-2.0 
. 4-5 

6-8 
-- ----- ---- ----- ----c-:. ,;---------------:------

, 
l't.__·. :\ ::,111311 ~rnup of Thai P,_t:()pk 'pan' the black mud from 
1hcsc filth\ \\~ltLT·., to reL:O\er them. TbchazardsJc) health·are 
grcdt ~t11J the return-, -,mall and the practice 1s not r~con1-
mendcd ~ . • 

( ·,;/>/(' i'/Fif'fit'(\ 

l> I \lllfl)tl\ I lJ , Imrnlal \\ \lr\..-,, \knqun. 1 S2Y oAt\, W, York
,]mL·. L h 
\lc'[!lfl> \L!Lllllh.'I\ l tJ .. ~llrth RuaJ lndu\tnJ.l E\latc, Bridgend, 1\1id 
l,I,!IllUit'~lll, L .h. 

Iurnut t' .fur IIIUklnf! ullilllltJ./lllll uzg(Jf.~ 

C htlll' lurllt~.c-,, Unth-+ & 5, Ne\\ Road. Nt:\\havcn, Ea'>l Sussex, U.K. 

~ 
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51/~·t>r-reco~·err equipment . 
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The X- Rl[e Company, 41 Ol R,oger B. Chaffee Drive, S.E. Grand,Rapids, 
l\li..:higan ...l9508, U.S .. ~. 
PhotL)graphi..: Silver Re12pvery Ltd:. Saxon Way, Melbourn, Royston, 
Hens SGS 6DN. U.h .. · 
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('hapter 5. Plastics 

THE Fl'TCRE OF PLASTICS RECYCLING 

In the industrialized world, vast quantities _of plastics are 
produced from scarce petroleum, but v·ery little recycling takes 
place. In the Third \\'orld~ plasfks are used much less and most 
'arc made from imported raw materials .. Their. use, however, is 
increasing rapidly and recycling is widely practised in some ' 
countric:-,. A principal reason for' this differenG,e is one of ' 
quality -:;tandard.~. It. is e:xpensi\·e and often impos~ible to 
recycle plastics in order to reproduce the qualities of· ·the 

. original material. Economic recycling- processes produce 
material\\ h ich.is usually inferior and always different from the 
LHiginal. The Rroducts made from r.ecyckd pfastic are equally 
inferior. In the industrialized countries, with complicated laws 
to protect buyers, and high quality goods to suit the rich, such 
products are unacceptable. In the Third World, short both of 
resources a.,nd of rich buyers, such products are not only 
tolerated, but ilre in greater demand than dearer products 
made from virgin (unused) materials. ·As the price of 
petroleum and its products rises, so do the prices of raw 
materials for plastics. Price increases of several hundred per 
cent have occurred over the past ·few years, reflecting the real 
future scarcities of energy sources and raw m·aterials. 

The purpose of these reflections, at the beginning of a 
practical chapter, is to draw the reader's attention to the excel- . 
lent future prospects for plastics recycling. As petroleum 
becomes more and more expensive, prices for clean, well
'iOrted plastics waste \vill rise, and the number of firms willing 
to buy it will increase. No material holds better prospects for 
creating employment; but only if it is approached with the 
\vord quality uppermost in tl)e mind. 

DIFFERENT KINDS OF PLASTICS 

There is.a difference between thermosets and thermoplastics. 
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ThcrmL)-..ch J.rc plastics that are mix~d and moulded to the 
Jc,IrcJ :-;hapc and then heat~d to fix that shape. This process 
.:~lillh)t he rc\ ersed and these materials cannot be recl"cled 
(C\Cl'pt by grinding them to powder to use as a filler, but thete 
drl' ,_:hcapcr and more su_itable materials for this purpose). 
l'lll11llll)Il thermosets are: phenol formaldehyde aQd urea 
!,)rm,lidctJydc. uscd for making clet;trical fittings, ai1d plastic 
Li.rnln~ue, "tl\_·h as 'Formica' for furniture and 'Ivlelan1ine' for , . ' .... 
-.ru~..·klT\. ' • 

fhcrl11l)p\a-,tic..,, hO\\e\er, oncc they are moulded, can. be 
u"ed !1J:- ~my length of tin1t and then heated to change their 
:-,hape. There are hundreds in cor.nmon use and new ones are 
'-·on-.,t ~l!H ly being de\·doped. However, three 'polymers' are 
f11()\\ .:~.)mmunly r~cycled and others will only be discussed so 
.L .• L ___ ·-·-- t_ __ :..J ___ ... :J." __ J ~rL _ .. L ___ -- --· ____ 1_ __ .._1_ .I____ _1_ 

'- 1 1 , il l 1 1 ~_·' '- ~ill u e 1 u e llLll 1 e u . 1 1 1 e Lll 1 t:-e a 1 e : p u 1 y e u 1 y 1 e 11 e , p u 1 y-

-""<11!l 1 ~~~ kIll' and poly\ i ny! dlloridc . ~pVC). , In a"cjdit ion, 
LJIL'liLIIll'"· huth rigid and fiL'\ibk, arc \cry easy to rec~·clc and 
tllL' l'Ild prL)duct (and tilL' cuttings) have many uses, for 
·~· \ J rn p k . a.., d 1 ~ l11L H 1 and pi I to\\ r i II i n g a 11 d i n s u l at ion . 

l. Polyerhylene . 
lh i" i.., ~..·onm1only called polyt hene and is the most widely-

'chL'd r~Lh!i~_· in the world. Iris soft, tle:\ible, waterproof, easily 
l11lHIIdcd and easily "·ulollred. Although it is not cheap, it can 
be dra\\ n imo extremely thin sheets and sections to produ~e ., 
LJ\t.. l'c)~l prc)Jucts .. A refuse sack made of jute costs abnui ten 
time-., and \\eighs awout thirty times a sack made of poly
cthyk·nc. The latter is much weaker but will be disposed of 
after one U'le -,o thi-.; should not mat'ter. Polyethylene has two 
(L)il1mun forms: high density and lo\vdensity. When prod.ticed 
a..,. tilm (\ery thin sheet used to' make sacks and bags) high 
liCI1~lt \ rQl)l\'\?tll\'·lerlt? i~, Stronger--, l1ardet a·r~d cr.ackles Jn the 

~ I - • - • '--

hand if crumpled. Low density material is almost ~l.~ht; it. is 
..,oft and stretches more when torn. The importance· o~·know
i 1:g t hi'l d i ftirence is. that the tw-o cannot be mixed in prOdUC
t il.)n and· wastes must therefore be separated if they are tb ,be 
-.,oid to a fa.:tdrv. · 

LoH· Dt:nstry Polyethylene is used to make: 
rl11n film pr,od ucts: sacks, bags, sheeting, cheap water
proof clothing. 
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Food and drink containers~ squ~eze bottles, bowl's, 
buckets. · 
I-'lexibk piping. 
Flexible moulded parts for cars, bicycles', domestic appli-

~ 

· Jcrry1.:an-., · and \Vater containers, drums for liquids. 
Childrcrh toy-.,, -.,ports goods, some ch,eap shoes. 

lfigh dr>n"JUY [70/rerhy/ene is used in' the production of: 
Film for sacks, bags and sheeting 

~· ~ 

Boule.., 
Bott k crates and many o(h~J i terns. · 

2. Polypropylene 
This is a \cry strong, tlexible plastic, a little harder and more 

\..'\P~'rhi\ c than' polyethylene. It is used to make furpiture of 
ll1~h durabilitY (lasting a long· time), string and rope,;'often.in 
br~~ht ~.:olnur..,, and moulded parts where strength is impor
t~i.Ilt. -.,u~..:h a" \.:arhat tery cases. ~laterial \\Oven from firte poly-

. pr('~pykrle tape .ha.., largely replaced jute in the manufacture of 
-.,ach.<.., bale-.,, carpet backings etc. 

~ P~C 

It 1.., c h~ap, elsil v. ,moulded, has reasonable resistance to 
\\Car and' is often b-onded to textiles or other'materials.. It ~s 
used for children's balls and other toy,s; pipes (both flexible 
and rigid); ladies handbags; suitcases and other luggage; 
plastic-covered t~xtiles and clothing; transparent bottles of 
\Cry. clear quality· (used for shampoos, soft drinks, etc. where . 

.._appearance improves sales); electric cable insulated covering; 
r ransparen t packaging: shrink \~~p (a highly stretched plastic . 
bubble over goods for sale). 

Identification of Polymers 
The following simple tests.. will distinguish most of the 

~.·ommon polymers so that they may be separated before sale. 
{;j'~, ., !. • I- b 

~Varer res!. Add a couple of drpps of detergent (washihg 
powder or liquid) to the water, then drop in a small chip of the 
plastic. Does it sink or float? .. ~. 
Burning test. Hold a small piece in tweezers, pliers, or on the 
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blade of a knife to the edge of a flame. D0es· it burn? If so, 
whJ.t colour? 

tAl IIO'\ Burning material may ·drip and give off ·poisonous 
fume~. U ~e a small sample and hold away from the body and 
feet. 

Fingernail res£. Can it be scratched wit"h a fingernail? 

Table 8 Identification of Pol) mers 
{fhts. m-:ludcs t\vo more fairly common plastics - p0lystyrene and 
ccllulL)Se acetate) 

I l'..,: f\>11 t'l h1 knc PPI\prorl\ lcnc P\'(. Polvstyrenc Cellulose 
acetate 

\\ .I it" I )\l,f(-_ l ltl~![ ' .'-'1n "' S1n"' S111b 

l\u1 :·,:t: H:tlt' :Llllll' ) 'cllt m lla111/~t Y cll\l.\\. y'elltn\ Burn., like 
\\.it h I t'litl II \IJ[iJ blue \tlU[ I \lllU"l' ~00[ \ name, wood or 
: 1['. ! 11C I [' h;t 'e [)Ot'\ fhl[ dr tr'- parer 
,ll\·-.1 ,J r 1 P' ,·ontJnue ltl 

burn II • ,, 

r ern u 1 cd 
I rurn tlan\e 

...., • ; 'l ' I ~~~l.!lidil' [ I "t' c'dllJil' ~h Jrpch lunl· Sweet l 1"-c bu~IH 
,1, ,! \ II <l \, lc\\ ac1J wood ori 

't rtlfl!'- th<.Jn raper 
f1P!Icdll knc 

"'"- r J 1 '- l'' ) ,., '\n Nu Nu No 
\1, [ ~ 1 : j fl ~t.:! 

:L.il l" 
-----··~--

\ B J,,_,ll,tlrm P\( ,ltHJchthc,;Jrnri@'IYilharedhorcorperwJreandholdt~ewire 
···' r ht· •brrJt· \ ;,"rccn rbrnt' I rom the prc,cncc ull·hlorme conl1rrri~ it IS PVC/. 

' I 
i 

Problems of recycling plastics 1 

It p!J.stics could, lik~ metals, be melted down/ and 
remoulded, recycling \\ ould be much simpler. Instead: 1 

i) Products often contain parts made from tto or 
more different polymer$, sometimes strongly bbnded 
l oget her, or to metal ·or textiles. The tempera~ure at 
\\ hich different polymers melt and flow_ in a mc?uld or 
die i.'> not th~sJ.me, so they cannot be mouleied t?gether 
and must be separated before recycling. ! 

ii) Coluu·red plastics can only be recycled into certaln other 
~._·ulour~. j 

I 
I I )..., 
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iii) Used profcts may ~e 'dirty, es~:c;all~ if they h.ave ~~en 
put among otoer refuse. Oil may> .affect the chem·lcal 
behaviour and grit may block moulding machinery .. · 

i\) The physical properties (strength, flexibility, density, 
transparency, etc.) of recycled polymers ~are often 
different from those of virgin material. Recycled plastic 
may become brittle on the surface if exposed to 'ultra
violet' light, so care must be taken when using_recy<;led 
material in agriculture, for example. Plastic irrigation 
hose frort1 recycled' material is cheap, but' should be 
~u.ried or covered with earth. 

COLLECTlON .. OF W'ASTE PLASTICS 
. Before beginning a collection of waste plastics it is important 

to study the market and find out: 
i) \.Yhich pt'astics are used by manufacturers, both lqcally 

·and elsewhere? "' 
ii) Do these manufacturers use reclaimed material and, if ·. 

not, would they use it if good qua1ity material was 

iii) ~~e;ted;rice will they .. pay and for what degrees of 
~~ nl.p, ? c ea~'-~ifiess. . . 

i v) \Vhaf\vill transport cost if the user is far away? 
I 

v) Are there any types, or quantities of material, that they 
cannot take? · 

It is a good plan to do a small survey of the plastic waste _that -
arises in the district.; especially from factories, markets ·and 
other large users. A visit to the local municipal refuse dump 
will pe very informative. Look for a plentiful supply ·ofplastics 
for }Vhich !here is a markel, then find out the main sources of " 
these materials and a suitable means of collection. Suppose, 
for example, that the best market is for PVC ·for the manufac-

. ture of drainage pipes, and that any colour is accep(able. If the 
rubbish tip corttains large numbers of broken ladies handbags, 
~md a local factory strips PVC insulation from cable ends when 
manufacturing electrical goods, you could run: a once-a
month, house-to-house collection of handbags, and a more 
regular collection from the electrical factory. . 

The following methods of collec.tion may be c9ns·idered: 
- Hou~e-to-house collection' combined with other materia1s 

(e.g. paper). 
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- House-to-house collection of plastics only, but of all types 
of polymer. 
House-t-o-house collection of certain obj.ects only, e.g. 
handbags and. luggage. 
Collection at a central point, e.g. a church or market. 

- Collection from street boys in return for payment at the 
dOL)f. 

- Regular collections from shops, factories, hotels, ~tc. 
Purchase from scavengers on the municipal refuse dump. 
Sea' enging or coli'ecting oneself. ··· 
\let hods of collection, typ~s of cart etc. are the same as for 
paper (Chapters 1 and 13). , 

PROCESSI~G OF \\'ASTE PLASTIC 
. . 

There are many processes bu(the most co.mmon is· a process 
applied to polyethylene film/in many countries: 

i) Sorring and dr_v cleaning ~e material is sorted as 
follows: ~ · 
a) Other materialls, for example, shoebuckJes, bag 

handles and fatches, canvas shoe uppers, stones·, 
metals etc. are removed. 

b) Other plastics are rejected .. -, .,,:~~ 
c)_ Polythene other than film is rejected (bottles,~ pipes 

'' '1 0 

ct c). · - } 
d) Dirt and dust is shaken out. 9& 

ii) H·ashing. This is only done if necessary. The water need 
not be pure, and the material can be dried in the sun and. 
wind, often on a ~ine. ~t 

iii) Bating. As with paper, this is only done if transport over 
a long distance j'ustifies it, or l th~ buyer is willing to pay 
more for baled material. The methods of baling plastic.. 
film are the same as for paper. ' 

i\) Granulating. The film i-s chopped into tiny pieces in a 
machine called a 'granulator', a drum with a knife at the 
bottom,. passing close over -two fixed blades. ihe 

J~ 

. bottom consists of strong mesh .of. the size of material 
rcq uired. Material which is too la~ge to fall fhroug_h the 
mesh remains abov_e it until cut into small enou'gh pieces . 
(Fig. 44). A small grqnulator of ab-uut 4 kilowatts can 
process 100 kg of material per hour, while· one of 19-k W 
can handle 500 kg per hour, large enough for most 

~~-needs. ,~· ... 
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Fig. 45 Crwnbed plasricjilm waste. India. 

Fig. · 44 Plasrics' , 
granularor: close-up· 
(d blade c~l hori::;on
ral axis machine. The 
hlades are each held 
by four bolls and can 
be adjusred , djrer 
sharpening as rhe 
boll holes are ~loued. , 
There is a lixed blade 
al the bolfom an'ti, 
below ir, a grid 
Through H•hich rnare
rial falls once ils si::;;e"' 
is small enough. 

• Note the guard over,~ 
!he pzilley and driJ'e 
heir -.- a wise sc{fet_v 
device. Indip. 
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\ J C'rumbing. This may be done at fhe same time as granu
lar i ng b~' using ·a special macl}ine called a. crumber, or 
separately·, or omitted altogether. It ef1tails granulating 
Lh;~ material rapidly so that its tempe"rature rises and 
then. \\hen it is just abo\'e melting point, i'ntroducing 
a jet of water to cool it rapidly. As a result, the small 
flakes of granulated film become a coarse, uneven · ' 
(rumb (Fig. 45). Crumbed material is denser and easier 
t o e:\ t rude . · . 

\ i) Pefleri::;ing. This requires an 'extru.der' with a special 

126 

die, a water bath and a chopper. The extruder (Fig. 46') 
consists of: ·· 

A hopper to hold the material fed in. 
- A barrel, often heated with electri.c elements, 

although this may only be necessary on starting. 
Later, friction generates heat and cooling may be 
needed. 
A screw that rotates in the barrel-, drives material (fed 
b)~--gravily from the hop-per) to the other end, and 
generates heat by friction to melt the material. 

- A slow-moving screen or sieve through which the 
plastic passes to remove grit etc. 
A die: a tlat, thick, steel- plate with shaped holes 
through \Vhich the molten plastic is forced, COming 
out of the other s.ide like toothpaste from a tube. If, 
for example,_the die is T-shaped, then the plastic will 
~merge in a long strip with a T cross-section: For 
recycling, the die has a number of small holes, abour 
3 mm dia., through' which the plastic is extruded . 
out -in a bunch of long strips (sometimes_ c·alled -?pa
ghetti). These pass through a water-bath severai"feet 
in length (where water cont'inually tlows to prevent 
the temperature rising) and are cooled to becnrne 
solid. A pair of feed rollers keeps tl1em moving 
for·wards through: 
A pelletizer w[lich is a sharp edged, multi-bladed 
rotating knife, \vhic,h _chops the spaghetti i·nto small. 
pellets. Its speed is set to match the speed of feed 
rollers (\vhich match the speed of the extruder) to 
give a pellet length .of about 4mm. An alternati_ve 
arrangement mounts a chopper on the back fact: of 
the die, so the material is choJDpe_d while still soft as it ' 
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emerges, then falls into the waterbath. Machine 
suppliers will recommend the best method. 

The pellets produced inJnis way are.now suitable for feeding 
into an extruder, an injection moulder or even a 'blown film 
line', which demands perfect raw material to feed the con
tinuous balloon of film. 

The machinery needs careful setting by a skilled man e.g. the 
screw pressure, amount of heat added, rate of extrusion, etc. 

·Usually, the company that supplies. the machine will assis't at 
the start; if no assistance is available one mus.t work from 
b6oks or trial and error. 

Variations 
A number of variations m this series. of operations lS 

possible: 
i) Scrap from plastics. production processes ('injection 

moulding' etc.) only needs granulating, before return
ing to the hopper of the machine which produced -it, in a 
proportion of less than 300Jo of the feed to the machine. 
:fhis is possible because it is clean, the right colour, pure, 
and almost the same as the virgin material. 

ii) To do the same with scrap not from the mam..Ifacturing 
process is only po'ssjble if the product is to be of low 
quality with thicK. walls, such as a plastic bucket.~ 

iii) Th~ colour of the scrlfP may· be altered by adding a dye 
kno\vn as 'master batch' to the material andhnixing it 
thoroughly before it is placed in the extruder hopP.er. 
Only cerfain colour changes can be made e.g.,· 
a existing colours can be made deeper,,; · 
b white.Pr clear can be dyed any colour;i)J. i 
c light colours can . be 'blended to forrn darker 

secoitclary colours (e.g. yello~ scrap r"could be . 
blended with blue master batch to fohn a green 
pellet); . 

d any ~Glours" can be dyed black. (This is 'fvhy refuse 
collection sacks are usually. black; they' are made 
cheaply fro;m polyethylenei'O<waste of mixed colours.) 

iv) Not all operaiiQnS need be carried ·-out by the same 
company or petson~.Dften, ~small collector ~ay do the 
collection, sorting, dry and wet <;.:l~aning and removal of 

- 4 . 

· non-plastics and sell fo a factory who, with their greater 
technical skills, will separate the differel).t po~ymers and 
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,,, 
granulate_; extrude and make pe.llets which they ~ill sell· 
to a:~~ty 9f customers. However, a collector wilt get 

. b~t~er prices if h~ can do these operations {limself. 

' - . 

Rec~ cling of material other than·fiim There are few differences 
.... except tliat: · ~ _ ._ 

o' i). Large rigid objects such as jerrycans or ca{bfltt'eFy case's 

• 

may n~ed to .be cut up before they will go __ inside. the 
·granulator drum. A band-saw is the best machine for 
~ - ~ 

this but a hatchet can also be used. 
ii) A more powerf4l granulator may be needed· . J 

OTHER PLASTICS RECYGLINC PROCESSES ~, 
The basic process described is the only one that has achieved . . 

regular commercial succes.s; even.. then it becomes uneconomic 
in industrialized countries with highJabour costs whet1ever th"e 
price of virgin polymer falls. In the Third World the process 
seems to ha\·e been economically stable, because those with no 
altemative employment have preferred to continue it for Is:>w 
re\vards than to have no livelihood at all. There are two other 
processes used in industrialized countries that may be eco
nomic: cable stripping and. moulding of mixed plastic scrap. _ 

. -~ 
Cable ~tripping · - . · ·.- · . _ . , . -

This is really part of the prcfGess of ,fecycling copper and is 
describeq on p. 98 .. PVC cable sheathing is of widely varied 
colours but is suitable (or trye productiol) of dark grey, brown 

.. ... 

or black pelle~s for Il}~nufac'ture· of drainag~ pipes etc. ' //' 
.. . . ( ' . ,../ 

Maulding of mixed plastic waste ;- a high cost te.chno/ogy . -· 
Some machines use a mixture of all types of plastic wastes in. 

the manufacture. of larg~, solid objects that do not require 
goo(:f appearance or strength. The most a~vanced·tJnit is the 
ij..everzer·Il)achine-;r.nade by Mifsubishibf Japan,.. The machine 
has .. been used fpr making cable drums, pallets for fork-lift 
Vr-u'cks, grids for pig· pen,sian~ otl1er items as sHown in Fig. i7. 

1 
The Reverzer concept auld be useful in Third World coun-

~ries that hav~ sufficient echnicians to operate -it successfully 
. pecause: . ~. .. t__ 

!~ i) It produces agricultural products at lower cost than 
timber, ang timber ·~s scarce in many countries; -
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I l!! . .:f. 7 Pn .. Hiucrs from rhe Rever::.er machine: drain . .pipe, gul!ey, 
fJusr, li:nce posr and sraf.;.e, all made from mixed plastic waste. 

·' ii) It LL'>C.'i plastic, one of the worst causes of litter, river 
pollution and blockages of irrigation canals; 

iii) It ha.., a huge appetite for material: o,ne Reverzer 
machine:::r could 'provide employment for an army of 
..,,nall waste collectors; and 

i\) It i.., '>Upposed to accept lower quality plastic waste, 
ka\ ing the higher purity material to be repellet!zed. 

In its present form it is -not recommended because of the 
huge capital cost and reportedly poor operating reliability and 
economics .. The concept, ho~ever, is suitable for development 
in a cheap~·ned, .simplified, reliable version, using manpower 
rather than1 machines wherever possible, and such a unit might 
have wide application in the Third World. , . 

Other machines have been designed to produce flat building 
panels. HG\vever, plastic suffers from very poor fire-resistance 
and is not generally regarded as a safe material for house 
l\m\truction, so these panels may be restricted to ag~icultural 
use. In .conclusion, it is important to emphasize that the 
rccyL'Iing of mixed plastics has not yet proved to be a viable 
project in Third World countries. 

RE-L.SE OF PLASTIC ITEMS 
,<'' 

T11c following examples have been seen: 
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Po/_verhylene sheeting is used widely for roofs and walls of 
shan~y houses. It is cheap, widelY obtainable, easy to fix, 
\\ aterprouf (but only if fre,e from holes) al}d windproof. Its 
disach ant age~ are that i~ is ugly, tears easily and so ceases to be 
\\ att.Tpi"l)l)f and cannot resist strong \vinds:. The very poor 
>L'~tnctimcs usc it .for clothing, for which it is totally unsuitable, 
but better than nakedness. 
Poi_Vf!fh_~:lent> borrles are cut to make drinking mugs; drums 
and con tainerS..iirc used, whole or cut, for carrying water and 
other liquids. These' are cheap and plentiful but may be 
lJ~!ltaminated v.-irh dirt or pre-vious contents (possibly poison
ous) and may melt or dissolve with heat or when used to hold 
certain chemicals. 
Polyelh_vlene bags are, in some cities, washed (often in river or 
c\·en sewer\\ ater), dried and used for food. This practice is a 
serious danger to health. 
Expanded polystyrene foam containers make useful plant 
pots, seed boxes, tool boxes etc. (Fig. 48). Chopped foam is an 
excellent sound and heat insulator but there is a danzerous fire 
risk if used in ho~1sing. , 

ill!, . .f.8 Tuul h,(t:\" llwde jl·om polystyrene packaging. Thailand. 
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Equipment suppliers 

Granulators and plastics machinery 
Pla:-plant ?\tachinery Lld., Bardon Trading Estate, Oakhanger Road, 
Borclon. Hants, GU35 9HH, U.K. 
\lahe~h\\ari Plastic Engineering \Vorks, 88/1 Dudheshwari Road, Opp. 
E.S.l.S. Hospital: i\hmedabad, India. ~ 

STD Pla~tics :\lachinery Lld., 19 W~st Walk, Yale, Bfisto.l, BSI7 4AX, 
l'. 1-.:. 

Plusttcs Extruders 
R.H. Wtnclser (India) Ltd., Plot E, 6U R~d, Thana Industrial Estate, 
Thana. \laharashtra, India. 

Reva::.er 
Rehstf S. -\,,P.O. Box 508, CH-1213, Petit-Lancv I, Switzerland.·' 

0 

'132 

.-, 



• 

(:hapter 6. Textiles 
'~ 

To study the various processes for recycling textiles, it is 
important to understand how they are made and some of the 
different fibres used to mak~ them. 

TEXTILE :FIBRES .. 
These are tlex.ible, hair-like ~objects, vety small in diameter 
(thin) compared with their length, \vhich may vary from a 
centimetre to more than sixty centimetres--. They come from 
many different sources; the m.ost important' foP us are: 

1 . .\"a rural fibres which grow or occur in nature: 
i) ~ ·egerable fibres- cotto.n, for making cotton cloth. 

ii) Animal fibres 

iii) Afineral jl.bres 

- tlax, for making linen, a very fine 
cloth. 

- jute, s~sal, hell1p, for making sack
ing, ropes, carpet ba.~ing etc. 
sheeps wool, for making wool and 
\vorsted cloth and knitting yarns 

- special wools, like alpacca and 
moha.,ir, for finest woollen cloths. 
silk, for making the finest of all 
n'atural c)oths. ~ · . 

- hair, normally shorter than wool 
and liTlainly used as stuffing. 

- asbestos, used for fire prevention 
purposes. 

2. Synthetic or man-made fibres (mmf) . 
- nylon, rayon, acetate, acrylic, polyester ahd other types 

used for making cloth. These use a variety of raw mate
rials but.part iculady petroleum and cellulose: ' 

, I . 

' 
Yarn is a continuoous bunch of fibres, usually twisted, ma·de by 
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·-,pinnirl~· fibrt?s, t?ither by hand or b~nachine. The. type and 
'-lualir~ l)t.ya'rn i~ det·ermined partly by th,e na.tgre of the fibre 
ll"L'd. JIH.l p~1nly by the way it has been spun. ... 
( "!u:h ,, IlLh.k b\ \\Ca\in\2.. Y~lrn is threaded in one dfrection in 

' . ~ 

,ln'"ll''ct:. \)1 \ ~trn running. (TO~S\\i~e to it. C!()th chara~.:ter is like-
" hl' \.k\.· l·,kd bdl h h\ the \ arn used ( '' h id1 rna\ bL' different in 

~, . . . . . 

:bl' d1! krl'lH ~.hrc(ti~Hh) ~md the method L)fwc~nirl\2.. Processes 
,1~l1l.'r ih,til ''~~l\ir1g .. :~ul he u~ed. su(h <-h knittir;g. or carpet 
''l'ct\ i11;. ll) J'rtXIU(C !L)tally different products from -.,imilar 
~ ~~ r r1. . r~ 
c;llnncnr" ~tr\.· 1nade h\ _(utting doth to pauern ·shapes and 
... ,_,,, irlg r•iL'I..'C\ (L)gether Lhihg. fine SG\\ing yarn, of L'Otton or 
'~r1th'"·ti". fibre. Other objects such as bbnkets, sacks, boat 
-.,,ul-.., ~,lr furniture L'O\ers are made in a sin1il.ar fashion. 

l1hrL', \Jrn. cloth and !:!.armer1t are together all known as - ~ ~ 

r l' \ r 1 k....; a II b c g i r 1 '' i t h fi b r e and t he basiL' pro c e ~ s e s o f r el'l a i m -
1 11 :-: r L' \ t 1 k " 1 11 \ u 1\ L' l u r n i n g~ t h e m b a~- k t o f i b r c . A _t e a c h s t a g c o f 
Ill,tillll~t\.·rurL' of lL'.\tik~. \\asll's are created th;;rL,.can be col
k\.-rl·d ~tmi rL'\_-,,:led. 

I !11.: lL'\llk 1-ndustry con.-.,ists o·r three types of orgarilz~Hion: 
1 1 I lh.' h.: nd i\.Ta ft or hand operators who may do any or all 

' 1 1 : IlL· , 1 p e r a t i o n ..., a b o \ e , fro m f i b r e. t o g a r me n t. 
'i) I fJL' 1!H.Ji,iJu~il ''orkshop or factory that either spins, 

\\ L',l\ t'> l)f mal--L·~ up garment.s. 
1111 !IlL· ·l1llegra!L'd. factory which does -.,e,eralnperatinns 

,til u11lkr LHll' ruu! L'.g. "Pill\, \\Caves and make\ 
hLulkl't-._ ·· 

\m l)t lflL'"L' may hL' a market (~r redaimed textile Illaterial, 
"l) rlU\ lHher 1--mJ-., of'fa~.:tory L)Uhide the textile industry. 

I") PFS OF TEX.Ill.E \\ ASTE ;\ND THEIR USES 

.\ulr H·asre'> du.,put L'Untain t\v.isted fibre. They include: . 

~ 

Card11zg H'tlste. Carding is one o·f the first operations on r~w 
natural fibre.< \\'ire brushes (the cards) are passed through the 
fibrL' !U JI\l'Il[angJe knots, remO\'e foreign matter SUCh as 
·burr-,·, ': uud, dust, etc., and lay the fibre in a uniform bunch. 
fhL' matcrul remo\ ed during the carding process also includes 
\lHl1L' 'n~ -,hort fibres which have a \·alue as stuffing for,. 
ptllu""· mattrL'~"es, cushions, children's tovs, and furniture. It 
ma\ hL' llL'CC'-.sar;· to remove h~d. pieces b]~ hand sorting or by 

~'-; ,, 
13~ ( ~ 

··~ 

'11 

, . 



machinery such~ as a fan and cyclone- a box in lhe shape of
1 

o~~ 
cone on top of another which allows the separqtion of material 
from more solid material (Fig. 49). 

' '~ 

light material out 

1111.\Cd material in 
0 

·~ heavy material out 
,; 

F1g. 49 A (}'clone. 

Comber H'aste or 'nails'. Worsted, the pure woollen cloth used 
to make men's suits, is spun from fi~re that has been combed 

· parallei. Only long fibres are suitable: short ones do not 
remain parallel and -are removed during combing: They ai·e· 
~alled nails and are used in spinning woollen yarn, 'wh~re the 
direction of the fibres does not matter. The buying and selling 
o'r noil~ is arr~nged within the industry. . · 
Finishing waste or 1'raisings '. Cloth mqy be s_peared to give a 

. uniform 'p~le' or other process.es may be used. These produce 
'' 
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very short pieces of fibre known as rarsmgs, which are 
uniform, soft and free fro.m the hard foreign· matter found in 
carding waste. They are suitable for stuffing the very softest 
pillows or mattresses. _ 

~ Hard ~vasres are pieces of yarn from spinning and weavilflg 
operations. Before they can ·be respun the twist must l?e 
removed by garnetting. A garnetting machine has rollers and 
cylinders covered \vith saw-like teeth which separate the fibres 
and pull them straight. The tighter the twist in the yarn the 
more rollers are needed; some machines have four main cylin
ders and sixty smaller rollers. Such complex machinery.is only 
justified for large-scale production. No further space will be 
devoted to this specialized recycling operation except to 
obsen·e that, 1,vhatever waste comes from a textile operation 
(and there are others not covered l)ere), someone, somewhere 
has de\·eloped a machine to recover and use it. 
H'oven nzaterial is only wasted when: 

i) The colour of cloth on a loom is changed but the f5attern 
remains the same. A length of cloth is produced in which 
the old colour blends into the new. This may often be 
very attractive and there is rarely any difficulty in selling 

. it to mill employees. 
ii) Salesmen's samples are discarded when the production 

of a given pattern of cloth ceases. 
iii) Cloth may be fault.Y as a result of error or machine 

breakdown. It is rare for woven material lo become 
available to an outsider, except at a strictly commercial 
price, but churches, charities or voluntary groups whose 
supporters include textile industrialists should keep an -

·· eye open for this readily usable or saleable waste. , 
Garment trimrnings, also known as tailors' cuttings 'br new 
rags are the small strips and triangles discarded when::,a tailor . 
cuts a pattern from a length of cloth. Cutting is often done 
using mechanical knives on thick stacks of cloth and !the • 
trimmings may occur in substantial quantities of the same kind 
of mat~ial, of known fibre ahd even the same colour. This can 
make fhem a most valuable material if a market exists. 

·Old rags such as used clothing, blankets, household linen. etc . 
.. are often thrown away. They are inferior to new rags because 
different types of cloth and fibre may be mixed together, or 
combined. J J~wr·?h non-textiles (e.g: rub.ber coating to ke_ep5mt 
r~in) anc;!J.Me rags may have buttons, buckles, zip ·rasteners, 
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and may be dirty. However, they occur in large volume in some 
countries and contain large pieces of cloth (Fig. 50). 

hf!.. 50 Roadside heap of tailor's trimmings, typical of countries 
11lrae no rec!anned textile indusrry exist'S. 

\1AR.KETS FOR RAGS 

Rags, new and old, can be sold to a \·ariety of markets \Vhich 
are lis.ted here in order of value in some ideal country \vhere 
they ~111 t:\ist. In practice, the trader in a developing countrs 

• ''ill find that many o( the rnarkets do not exist and he will have 
to adjust his '>elling accordingly. This is why it is important to 
under-,rand th~ industry"' not just to know the techniques of 
reclamation. The skill of trading in rags is to sell each .rag into 
the market that can pay the best price for it." 

Kniru:d garments sometimes known as 'kJiits' or 'berlins' or 
'comforters' are the most valuable type ofrag. They are solg to 
an industry that opens or pulls (tears) them back to the fibres 
from which they were originally:spun, known as shoddy or 
regenerated fibres. Shoddy can be spun into new yarn,, either 
on its own or mixed with virgin fibre. If the garment was orig
inally made of pure wool, the shoddy \Vill have the characteri~
tics of new wool and be cheaper. To spin, weave and tailor a 
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· garment from it. can be a profitable business. If it contains 
synthetic fibres, often used to strengthen pure wool or cotton, 
and if the exact nature of those fibres is unknown, there may be 
probkms in manufacture or the qualities of the finished gar
ment may be different. Thus it is pure, natural fibres that are 
most widely sought and fetch the best .price. 
n ·hire k nils are more valuable than coloured because the 
-,huddy can be dyed any colour. 
Coloured H'-oollen knifled garments are next in value. They 
niu:--t be -.,orted into different shades of each colour as they will 
be purcha~ed with the colour of the end product in mind to 
-.;a, c dyeing costs. There may be as many as twenty or thirty 
di ti"L'rcrll ..;ltades of each colour. 
~i/urt:' H'lf)CTS (H·iping c/orhs). Next in value come cloths woven 
lrL)[11 ~th.-..LlfhL·nt natural fibre (u'lually cotton, occasionally 
lttlL'Il) t kn ~..:ar1 h~ used as wipers in im.lust ry. The white ones are 
,t~~t!Il thc rnu.-.,t 'aluabk because they can be used in food pro
l.l'-..-..lll~ and other -.ituation~ where hygiene is important. 
Coloured r,_·urron) wipers can be g-old to industries such as 
en~Il1L'l'fing or motor repair where it is most important that the 
'' qx·r-., rL·~tll} do absorb oil and grease. A process to make 

1 . 

·,tb-.,LHhc!lt ,., 1pcrs !'rom '>ynthetic fibre has been developed in 
Hungar~ hut i-., still -.;eL·ret. . 

· If uddlll'<!.. Orlly 1\nittcd woollen garments rnal\e good shoddy. 
:.· \\~'' cr1 ~~nments, especially those made from worsted yarn, 

:trL' -..u tigllll~ .... pun and \\L)\Cn that the process of pulling 
d~irnagc-., tibre~ a-nd makes them too short to spin. Such 
garmciJh arl' ppllcd, but the resulting material is used to make 
\\adding!ur filling furniture or mattresses, or 'needle-felt' for 
l'<Hpet underlay and other Li'ses. 
A.·mued .'J_nllhf'lics. Some synthetics look and behave very like 
\\ oul: tur c\arnple, acrylic. When pulled, these form the basis 
o t ll.w. -cost fa..,hion fabrics of brightly coloured designs which 
are Jitlicult to dye uniformly as the various ingr,edief1ts have 
d i ffcrcnt properties of dye absorption. 
s~·nrlwric .ripf'rs. The lowes[ quality of wipers are made from 
thin \\0\Cll ~ynthetics, and atthough not absorbent they can be 
u-,cd, for c\ample, to wipe hands clean. 
R()(~/ingfdt i.s a thin, tlexible, 'bi-tuminous' felt, sold.in rolls-to 
rnal\c \\ atl'rproof root\, or as a liningto tile roofs. A low
qual it~ typl' \.·an be made from paper as described in Chapter J, 
hu [ t hl' bc·.t quality i-., made using shredded and compressed 
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rags soaked in~bitumen. The lowest grades of rags, unsuitable· 
for any of the uses already described, are used for this. 
0~,ri11ally, rL)Ofing rags fetch a v\rY low price, and in many 
~__'()UJ1l ric..''> l hn ~..·J.nnot be sold at all. 
Rc>-use olr!.artm:nrs and material. Before leaving the considera-• c ~ 

tidill)r market;-. for rags, it is important to record the fact that 
. rag" fetd1 the best price if they are sold for re-use as garments, 
and the ne\t bcq price if the material can be re-used to make 
l1C\\ garrncms. SJ.cks fetch a good price if repaired and resold, 
a" J~,.) hak" and tarpaulins. 

Compararh·e \'alues of rag markets 
To inJi,:~lic how much higher a price can be obtained for 

~..:ntain type" L)f rags than for others, here is. a li~t of prices 
,)btainc..'d 111 ·1979 by' Oxfam \\'astesaver. It must be stressed 
t h a t t h l'" l' I \g urc" a r r I y only t o t he U . K . at t hat t i me; t hey are 
~!!1 l!ldlL.dtilllll)f what the value can be zlthe markets exist, zl 
thl· quahty l)l -.,upplies exist and if the principles described 
abL)\ l' arC fL)J]uwed: 
\\ hitc \\ uulkn knits 
C ·~.J!oured \\ oulkn knits 
\\ h lll' \\ 1 rw r"' (mainly ~...· u tt on) 
( ,)jl)lJ["l'd \\ lJ'l'l"'-
~ f l' ~I \ \ \\ l) \ l' ll ~__·jl )[ h 
!-( Illlll'd "\ rlllll'tt~__·, 
--; \ 11 [ h ('[ 11..' \\ i Jll'r" 

I ncuriun of !he reclaimed textile industry 

2100$ US per tonne 
I 000$ US per tonne 
600 $ US per tonne 
I SO$ US per tonne 
I so$ US per tonne 
J 50$ US per tonne 
) 00$ US per tonne 

30$ US per tonne 

Bl·~..-~llhe prtCl''> for the best grades of material are so high, it 
1" "l )[lll't i flll'" l'1.:onomic to ship baled, sorted rags around the 
'' urld. Till' fullu\, ing is a guide to the principal locations of 
~~~..·t i\ ity for anyone considering import.or export of rags. 

The mJin sources of rags are the induslrialized countries 
\\ ith hi~h standards of .living: Europe, Australia, North 
.-\mcriL·a and Japan. Pure cotton rags for the highest quality 
'' qwr-., arc to be found in rich cotton areas such as the southern 
"t c1 t c" l) f t lw l . S. A. 

I hl· pulling of knitted goods for shoddy is widely practised 
i r1 tIll· i 11 d u "t nal i Led countries, particularly Italy (Prato) and 
Brttain (Yurk\hirc). It also r;OCCurs 'in those developing 
~..·uunt ril'" that ha\c had long contacts with the British textile 
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industry (where it all began 200 years ago) such as India and 
Egypt. 

The market for wipers exists \vherever there is industry, hut 
it may need to be awakened to manufacturers who have not 
purcha~ed them in bulk before. 

In the past, supplies of rags have not existed in developing 
~.:uunrrie:-; where the poor accept or collect every cast-off 
garment, regardless of its condition. In many countries this is 
~till the case. In others, while serious poverty may still exist, it· 
i) interspersed with pockets of wealth and a 'Western' con-

,, )umer style of life. From these areas increasing supplies of rags 
are beginning to come, but at present they lie around. as litter or 
end up on refuse dumps, because little awareness of their value 
exish. The best conditions for a trade to start in a developing 
l..'ounrn· are: 

pure ~..:LittOn goods produced locally and widely available; 
- ~l gn''' ing rn.iddle class with a Western lifestyle (i.e. throw.

~l'' ~l) habits~); 
~l large number of poor people \vho earn their living by 
l..'llllc!..'ting wastes; 
a gr''" ing industry with a demand for wiping cloths. 

COIJ.ECT!O:\ A~D SORTING OF TEXTILE WASTE 
r. 

( ol/ecriotz 
.·\t tl'I11pt..., ru collect used clothing will succeed only in I-JJos
perOLh, ""middle and u'pper class housing areas. Some form of 
persu~bion is usually necessary before householders will give 
<l\\ ay ..,uch materials instead of using them as cleaning rags or 
pas..,i ng them to servants. One system vJhicbJis qlbite effective is 
i..'harity gi' ing. If the collecting group is working to help the 
poor, ..,ick, disabled or under-privileged, then many people 
willingly gi'e away old clothing (and other used items). This 
'' orks in Third \Vorld cities as \\·ell as in richer countries. 

The following are necessary for successful collection: 
i) A leatlet or letter should be sent to householders 

e\.plaining the charitable work and how the rag collec
tion helps. This should be delivered two or three days 
before the collection so that housewives have time to 
..,orr out suitable items. 

ii) If "orne sort of sack can be obtained cheaply (e.g. com
mercial misprints) then it will be useful to include this 
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with the letter. 
iii) Collectors must look tidy and reasonably well dressed. 

If they are ragged, it might be assumed that they will 
keep the best clothing for themselves! A printed badge 
or certificate pinned to the collector's jacket lapel helps 
remove any doubts. 

iv) Collectors need a suitable cart or vehicle and the 
information included in Chapters 1 and 13 applies here. 

Before holding a house-to-house collection of this sort it 
may be prudent to inform the police of your intentions to avoid 
any misunderstandings. Of course, you run the risk that the 
poliL"e may forbid the collection! 

Sorting, storage and baling 
A dr\ area where collected materials c·an be stored is vital as 

Fig. 51 Baling 
of rags in a hes
sian wool bale. 
Note the meth
od of hanging 
to hold the bale 
open and rhe 
double hook 
used at each 
corner ro avoid 
straining the 
seams. Oxfam 
vVastesaver, 
U.K. 
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damp ra~s rot quickly. The collection is then sorted into the 
d i ffercn t t ypcs 0 r rag already' described: white and coloured 
\\ oulkns, \\·ipers etc. Clothing to belesold or given to the poor 
should he -.,ct aside. If it is to be sold direct to the public it may 
fct._·h a better price if it is first cleaned, press,ed vvith a1;1 iron'and. 
r·}'p<.ii ["L'd, if 11CCCSSary. 

l! ynu hLt\ c a press it is worthwhile baling rags to reduce 
t r~m"purt and stqragc costs. If not, it may be possible to obtain 
!Jc-.,.sian \n polypropylene bales of the type in which r'aw fibre is 
carried to the spinning mills" The~e can be hung frpm ropes 
(Fig. 5 I) and clothing sorted directly into. them. When futl, the 
bale i'-> trodden to compress the contents before it is sewn up or 
stapled. ·" · 

Depending on the market to ·which you are planning to sell 
\UU m~1y stup handling the material at this point. Alternatively 
yuu rna~ '' i" h to process, ·'partly or en t i rdy, the material 
\ULJr\L'If: if 110 pcpccssing industry exists you will not have any 
\.:hoice. <'f .. ., 

Re-use without processing 
T c\tiles \:an be re-used without processing. The following 

hand operations may be carried out by people.vvith no skill or 
~.:a pita!: 

Fig. 52 Raf? duster. Peru. 
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';~~ 
- manufacture of bags, rag dusters (Fig. 52) and s)milar 

objects; 
-- making cushions and stuffing with tiny pieces of plastic 

foam - tlc'\ible polyurethane; 
- making polls and stuffed toys: thoroughly \vash material 

beforehand to safeguard children's health; 
- .... e\\ing of clothing, patchwork etc; 

manufacture of rag rugs (Fig. 53); and 
-- making ·scarecrows'. ~: 

\ ~ ~; 

., 

\ 

Fig. 53 Rag rug, the backing is a loose weave of canvas through 
which the rag s?rips are threaded in loops and then sheared off level. 
Thailand. 

OPERATIONS INVOLVED IN RAG PROCESSING 

Identification of textile fibres 
To obtain best prices, the collector o·r sorter must know exactly 
what he is selling. A couple of acrylic sweaters in a bale of 
woollen knits will reduce the value of the woollens by hundreds 
of dollars per tonne. A number of tests to distiqguish materials 
are possible and these will be described briefly. Several 
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publication~ gi\·e a full and thorough explanation of these~~ 
t l'..;{S' :. • 
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i) .I 'isLwl t:xaminarion. Some garments carry a label stating 
thr: rnaterial, from v/hich they are made. In general, 
nat ural fibres ar@·softer to the touch th~n synthetics and 
t lleir fibres do not ha·ve as briHiant a shine, although silk 
and_ cnohair are exceptions, being· famous for their 

· .! us t r.c. fj bres longer til an 20 em are· almost certainly 
._--.ynrhetic. \Vhite .\~ool is never t)le hard, bright 'starey' 
"\~hire of some synthetic'S. ..-
- . Specia-l \vools can often be recognized by their natural'. 
c_olours: ~arne!' hair is usually fa\vn, mohair" is a light 

'.~ord,er1' yelldw 'or w'hite (but. is frequently. C:fyed), ana 
alpa~:a· may be whit~:, --grey or black,.but brown is most 
'-·ommon. Rabbjt IS sometimes spun into wool for ,. 
;rlildr-cn's kn~tted clot-hes' and is very soft, smooth ·and 
u\ualh in bright cir l~ght colours. · - ~~...~ ..._ 

Knitted garments and coarse cloths for coats, cloaks~ 
purh:l1os etc. are usuarly made from woolor its synthetic 
:-, u bst it ute, acrylic/ Blankets are usually wool or cotton. 

Thin doth for shirts;. summer or tropical dresses is . 
e i t h c r made 0 r co tt 0 n , 0 r t he s y nth e tic SD b s t i rut e s" 
n y Ion. rayo-n, polyester, acetate etc. Very fine cloth is 
thually ~ilk or nylon. 

The variety of textiles is enormous and there will be 
many ~xceptie:>ns to all the above. A useful idea is to 
keep a stock of samples of known fibres, yarns and cloth 
with which to compar~-Ul1knowns. 

ii) Burning is the simplest test. Of the natural fibres animal 
\·arns do not catch fire but shrivel with a smell like burnt - ; . ~ 

hurn. Linen and c.ot.-Jbn I) urn easily, leaving' an ash 
\\ hich turns ro dust, a'rid jute is similar. If they have been 
treated \Vi t h r.esin, celluloS'€ fibres burn more slowly. 
Pure silk burns.slowly \vith a faint smell of cigars. 

Of the synthetics, viscose burns quic,kly, smells like 
burning paper and burns away to dust. Acetates burn 
more slowly, giving off the smell of vinegar, and the 
fibres melt to small beads, which fall in drops when hot, 
and go hard \vhen cold. Polyesters do not ignite but 
burn in the flame with a smoky yellow flame. 'Caseins' 
do not ignite and smell like burnt cheese. Polypr'opylene 
is difficult to ignite but, having done so, burns faint blue 



.. 

and melts. Nylon does not ignite, gives off no smell, but 
molten blobs fall away.. 

iii),. Aficroscope. Even if you cannot hope to own a micro~ 
s~..·ope yourself it may be possible to use one in a 
uni\ crsity laboratory, and to receive help with setting it 
up: many schools have microscopes, too. One em and Y2 
cm.ubjcL·tive lenses \viii be needed to examine individual 
fibres. The following descriptions should be read in 
conjunction with the diagrams in Fig. 54. 
- Cotton is twisted as in (a). 

\\"o1Jl has scales across the fibres and the edges stick 
out like a sawtooth (b). 

a) Cotton b) Wool 

-:) \;lohair d) Cashmere e) Alpaca 

f) Camel hair g) Sjlk and synthetics 

Fig. 54 Texri/e fibres under a microscope. 
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- Mohair has scales but the edges are smooth 'J c). 
- Cashmere, alpaca and camel hair ar~ as ih (d), (e) and 

(0. . 
- Silk is free from markings and looks like a flexible 

glass rod (g). 
Synthetic fibres are like silk, free from markings. 

i\·) Staining tests. Various types are available: one used in 
Britain is callyd Shirlastain. ft can only be used effec
tively on white or bleached material )>Which is first 

, washed in water, then immersed and stirred in the sfain 
for about a minute so that the dye penetrates, and lastly 
\">ashed thoroughly in water again. 

\Vith ,.Shirlastain A, different colours will appear 
according to the material. A similar range of colours can 
be obtained with Shirlastain B'which is particularly used 
to distinguish natural vegetable fibres like cotton and 
linen from synthetic rayon. 

Processing and selling rags 
Ha\'ipg identified the different textiles, the next step is to 

look at the industry that processes rags, and how it, in turn, 
sell" it-, products. We will begin with the shoddy industry fol
lowed by wipers, wadding and roofing felt. 

" ' 

The production of shoddy involves stripping, colour sorting, 
washing, dyeing, pulling, balin,.g and textile manufa~ture. 
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i) Srripping is the removal of all objects and materials that 
are not of the fibre required. Some, like buttons and zips. 

·are obvious; othkrs include cotton thread used for 
scams, linings of· different material, stuffings and 
fillings, stiffeners and laces. These may oe removed by 
hand or with a knife. A high-speed rotary cutter, not 
unlike a bacon slicer, may also be used. The material is 

··held stretched with one hand on either side of.the blade, 
and is fed through rapidly. It 'can pe a dangerous 
operation as it is difficult to guard the blade which can 
remo\·e fingers as well as zips! The best safety pre- · 
caution is to ensure that workers are not disturbed 
Whilst Stripping and this means sifting 'one behind the I 

other in a long line" so as to be u~able to talk. T£~~re 
should ·.also be r~gular rest per}ods to brea~ ;~~ 
monotony. " 
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ii) Colour sorting A clear knowledge of the market is 
required to do this. Shades' not likely to be· in demand 
due to fashion may be mixed in ·small quq.ntities wirh ,

1 

more popular colours. 
If the material is going to be dyed then shades ·lighter 

than the dve-shade can be included but not those· darker. 
Sorting should be done ·using conveni'ently spaced 
boxes, bins or' bales into which the sorters can throw 
each garment ~after' glancing at the colour. A sample of 
the colour required cari. be fixed to the front of each bin. 

iii) D_veing It is convenient to dye before pulling ·because 
any garment whose .fibre has been wrongly identified 
rhay show up after dyeing: partic:ularly synthetics that 
do not absorb dye as strongly as the natural fibres with 
which they may be confused. Once the fibre has been 
pulled t-his will not ge apparent. Dyeing is a well-known 
craft in the textile industry and will not be described 
here. 

i\) Opening is an operation that cannot be done success
fully by hand becat:rse the force neede.d to tear textiles 
apart is too great. The pulling machine (Figs. 55a-.c) is 
essentially a large diameter cylinder fitted wit~ 'rows of 
close, strong, steel needles \\'hich rip the fibtes fiom the 
cloth, and a ~air of fluted feed rollers which hold the 
cloth against .the pull of the needles. 
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The machine illustrated, in use in India, has a 37 kW . . 
r11otor and the main cylinder turns at between 350 and 
iso revolutions per ~inute (r.p.m.). It can process 
about 400 kg of any material in a 7Y2 hour work shift. 
(Bigger machines can do twice as much.) Width is 1055 
mm and cylinder diameter 913 mm; the spikes are 50 m.m 
long of which 25 ri1m is embedded in wooden slats and 
25 mm sticks out. Feed rollers -are 80~m diameter. The 

·distance from the feed .roirers to th.linder is impor
..tant, as it varies according to the different fibres being 
pulled and can be lengthened for a. given fibre to 
increase the average length of shoddy fibre p.roduced. If 
it is too long, a large proportion of bifs are produced. 
Bits are small pieces of cloth that have not been dis
integrated and may be collected by the bit roller and ' 
dropped back on to the feed sheet to be fed again into 
the machine. Alternatively, they· may be collecte9 in the 



Fig. 55b The rag pulling rnachine is fed by loading rags on to the 
conveyor behind the man in the centre. Note that all rnoving parts 
are co~·ered by guards. India. 

Fig. 55c Vie~v of !he cylinder of the rag pulling machine, showing 
the input conveyor and upper feed roller. ,Jndia. 
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bit box from where they are emptied from time to. time. 
The reduced material is suck~d iBto a storage box by a 

fan, its quality is judged by the absence of bits, the 
length of the fibres,. uniformity f te_xture, feel, 
appearance and freedom from foreig matter. 

\) Baling is common practice for delive to the customer 
and for storage. Cleanliness is im ortant so the bale 
shouid be made with a cover of hessian or woven poly
propylene sheeting. This is laid 0n the base of the baling 
press before loading begins and a second piece placed 
under the press ~platten before final pressure is applied. 
The two may be hrought together tidily before wiring·or 
tying the bale so that they are firmiy wired in position.· 

\·i) Textile manufacture Shoddy is an alternative to raw 
wool and therefore requires carding like any natural 
fibre before it is spun. It may be used alone or bleQded 
with \·irgin fibre in any proportions. -

Production of wipers .. 
This invol\·es the operations of sorting, stripping, cutting, 

washing and drying, packing and marketing. 
i) Sorting. If the v.-·iper producer knows his customers and 

their business, he may be able to sell them a certain sort -
of wiper at a better price, or to persuade them to accept a 
grade that occurs in his supplies but for which there is no 
market elsewhere. This knowledge of customers wili 
qlso decide the way in which he sorts: whether to 
separate light colours from dark, heavy .cloth from light 
etc. 

ii) Stripping of wipers is the same as for shoddy rags. 
iii) Cutting may be done as part of the same operation as 

stripping. The stripped rag is cut into a number ,of 
rectangular pieces oT conv@flient size - an area of 1000 
square em is a normal miniml)m with a width not less 
than 25 em. For example, a shirt is stripped of buttons, 
collar and cuffs and cut into four or six pieces: each long 
sleeve is opened to make ope wiper and, depending or 
shirt size, the back. and front make one or .two wipers 
each. Short sleeves are not big enough for a good grade 
o(wiper but can form a lower grade. 

iv) Washing is important in all countries, especially those 
with serious. epidemic diseases as oid clothing can serve 
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as a disease carrier. To sterilize wipers, they should 
either be boiled, or washed in warm water containing 
ckrergcnt and drie't:i in a steam drier at a temperature not 
k s s t han 1 00 2 C . 

\) Packine, should be into bundles or bales of a size suited 
·· to the ~usromer's· business. A large ·car assembly plant 
"ill buy bales weighing 250 kilos but a small· iron 
fnundry will only want bags of, say, 25 kilos at a time. It 
i' a good idea to ha\·e the package printed with your 
.pame qild address, and a (truthful) slogan emphasizing. 

n:,.f', 

1:;fre good quality and cleanliness of the product. 
\ i) .\farkering H'ipers. Either send a letter td all factories in 

the ui~triL·L that might use wipers, or else visit them. 
Alternariveiy, sell through a company that already 
... u~~rlics some other industrial product like_soap or roller 
lO\\Cls, or ckJ.ning tluids and soh·ents. They will do the 
\L'lliT112 \\ Ork for \'Oll but rC!l1Clllber that they \Vi!J want a "' . -

, ..... h~HL' ot your profits~ 

Producrion of H'adding 
This tl1\0hes -,tripping, \\·ashing, pulling, felting, needling, 

and rolling. Thc first two processes are the same as those used 
for \\ i pers. 

i) Pulling TilL' machine for pulling must be far stronger 
than the shoddy-pulling machin,i a~ 'the 'feedstock' is 
\\ O\ en and more tightly spun than woollen knits used 
for "'hoddy. However, tf)e final producJ does not need to ' 
be as fine; bits that would ha\·e been rejec;ted for shoddy 
are quite acceptable. 

ii) Fr:lung is spreading the pulled material on a tlat bed and. 
pressing it in uniforrn.,!ayers until the desired thickness is 
obtained. \lac hines may be used. 

iii) .\'r:edling h6lds. the fel1 together without thread and 
enables felts to be stacked \vithout itnerrnixing. Each 
layer is punctured with hundreds of saw-toothed , 
Ih'edles, mounted on a board that moves up and down 
O\ cr the felt. Around 100-150 needles per ern width of 
fclt are needed. · 

i\) Rolling is necessary"to transport the felt to the user. It is 
a good idea to sprea.d th(:} felt on shee~s of cheap, clean 
paper and roll it with the paper so asto pr.~vent the layers 
of felt mixing. Pack the roll in polythene sheeting t.o 
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pre\ ''nt dampness. 
'J .\lurkers include fufniture makers, mattress makers, car 

:-,eats. etc. 

\lanufacrure of roofing felt 
RL)L)fing felt is manufa.ctured from rags in a W,f!Y very similar 

tL) that alreadY' described in Chapter 1 for manufacture from 
paper. nw lluality is superior, with a life of 20 or JO years as· 
~..·L1mrarc:d to about fi,·e for asphalted paper roof·ing. Howeve·r, 

. the. tcnde.Ih'> in the industry is''to use wood-pulp in preference 
tc~ii?-" and. in' iew of the scarcity of rags in developi"ng coun
t ric..'"· it is unlike!\· that this will alter, 

\fanujiJCrure of act ira red carbon 
·\~_'ll\ ~itc..'J \..·J.rbon is used to abs·'Orb harmful gases, and for 

1he purifica1.i~)n of drinking water and other liquids. It i~ 
tral}itt~m~tll~ manufactured from coconut shell~ but can also be 
r~r,ldLll..'l'li h\ l:arbonl1ing. (burning in a limited supply of 
l'\YSL'fl) ll''-lllc wastes at temperatures of 200-250°C. The· 
·yu~tltt~ ~'>-.,lightly inferior to that made from coconu't shells . 

• 
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(~hapter 7. Rubbers 

In thi':l chapter the reclamation and re-use of rubbers will be 
·described. Although the former can be rather complicated 
technic~·. it is worth discussing because of the large amounts · 
c · rubber wasted in developing countries, especially in the· 
form of old tyres. It is not widely practised for the· reasons 
given below and also because some of the huge multi-national 

' .~..:ornpanit-. that dominate the world tyre-making industry also 
make big profits from their natu:tial rubber plantations in West 
Africa and south east Asia. Rubber reclamation harms their 
cQ.mnwrcial interest. The organization of a rubber recl-amation 
projel·t, perhaps d.t government level, could create many jobs. 

Fhe strue.fure of rubbers ·· 
Rubber':l may be either natural or synthetic. Natural rubber is 
made rfom the 'latex' Uuice) of the rubber tree which gr9ws ip 
tropical countries. It is 'tapped' by cutting the bark through 
which the latex t1ows and is caught in a- bowl: about 2 112 kg per 
tree per year is obtained on average. The latex is dried and 
rolled: i r dried in smoke, dark brown sheet rubber is produced'; 
i r air dried crepe rubber results, which has a lighter colour. 

Rav .. · rubber does not have. the familiar elastic property of 
springing back to its original shape and size when stretched and 
released. This only happen? if the rubber is 'vulcanized', a 
term which must be understood because of its effect on the ''i!'t 

possibilities of recycling. First, a simple explanation of the 
molecular structure of rubber. · · 

A 'molecul~' of raw rubber is so small that it can only be seen 
through the most powerful electroni<: microscope and yet is 
n1ade l)P of about two thousa11d even smaller mole~ules 
connected together in a chain. These chains are very long.and · 
rlexi ble, arid there is nqthing to resist them changing their 
'->h~pe. J f, ho\vever ,·the l6.ng ·mol:ecules ofraw rubber are tied i I 
together.or linked with molec~les of another sort, in practice 
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sulphur (or occasionallY. peroxide), the links resist flexing and · 
the rubber tries to return to its original shape. This is vulcan
ization and it is done by mixing the r~w rubber with sulphur 
and cooking it under pressure at about 150°C. 

At the same time as sulphur, other substances are added, 
such as: 
- carbon black to make it tough and resist rubbing away by 

rough or gritty surfaces; 
asbestos to help keep its friction properties at high 
temperature; 

- oils to make it easier to work; 
- paraffin to make it resistant to light; 

colourings; 
- accelerators to speed up the vulcanization process; and 
- chalk, silica, anti-oxidants, activators and a wide variety of 

substances (to improve particular characteristics). 
Sponge rubber is made by foaming the .. liquid latex before 

vulcanizing it. Special hard rubbers are achieved by Increasing 
the sulphur from the normal 1 1/2-SOJo up to 15-300Jo. (The 
rubber molecules are more closely linked by adding more 
sulphur). Special shapes are moultled (such as shoe soles and 
heels, or motor tyres), or extruded (rubber pipes, hoses, 
window seali~ strip) before vulcanization. 
Synthetic-rubbers are remarkably similar to natural rubber in 
their beha,>iqur but they are made from chemicals, mostly 
obtained from petroleum. They can be mi{(ed with additives 
and vulcanized in almost exactly the same way as natural 
rubber and, 1n addition, their properties can be varied by 
changing the}Vay they are made. It is possible to_ mix natural 
and synthetiC: rubbers to combine the desirable properties of 1 

both. 

Problems of reclaiming rubber 
Once rubber is vulcanized, it is difficult to alter it chemically ·· 

or physically. To reclaim used rubber'*products it is necessary 
··£. to 'devulcanize' them and 'revulcanize' after a new product 

has been produced. The <energy and ·equipment needed to 
achieve this ane costly and this is one of the problems of rubber 
reclamation. '" ' ,. · · 

Secondly, \Ve know tha~ rubber goods are not all made from' 
one substance,_...but from either natural or synthetic with widely 
varied mixtures of 'other things, each added .to creat~ some 

·,. 
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particular property (and, in the process! spoiling some other 
propeny). If, for example, rubber is hardened to make tough 
shoe sole~ this reduces its elasticity for J.JSe {n elastic band 
manufacture. Reclamation involves using a variety of differ
ent rubbers, many of them from products that look almost 
identical, ro produce a further product that may need quite 
different properties. This causes problems. 

These are not too serious for the manufacture of low grade 
products treated gently in use; but it is characteristic of rubber 
products that r hey are harshly treated, like shoe soles and 
motor car t).Tes, and also that the consequences of their failure 
may be serious, like electric insulation or motor tyres again. 
E\en if it does not cause serious failure, it will be annoying, be 
It a rubber band or water hose pipe~ So,·to use a rubber whose 
composition cannot be guaranteed is not popular with rubber 
goods manu fact tuers. 

Reasons for reclairning rubber 
\Vhv. then, reclaim rubber at all? There are a number of verv 

.. • '1 ~ , 

good reason:.: 
i) Its cost can be half that of natural or synthetic. 

ii) It has some properties that are better than those ofvirgin 
q1bber; one tyre manufacturer uses up· to 3007o whole . 
tyre reclaim in the side \Valls Of certain mOtOT tyres 
because it is better for coating the fabric with which the 
wp.lls are reinforced. 

iii) It requires less energy in the total production process 
than does virgin material. 

iv) It is an excellent way to dispose of used rubber CYbjects 
which is often difficult. Burning rubber gives off clouds 
of black, polluting smoke and is forbidden in many 
countries. In a municipal refuse dump (or land-fill) 
rubber tyres cause problems because they do not rot, 
cannot be compressed and have a tendency to work their. 
\\ay to.the surface if buried. On the surface they catch 
rain-water which cannot drain away and become breed
ing site') for mosquitoes. In mechanical refuse disposal 
planh, tyres resist baling, shredding or any other 
prl)ce'is. Abo, tyres left lying around look ugly and spoil . ·· 
the en\ ironment. 

') Finally, of course, reclaimed rubber conserves non-
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renewable petroleum, which is used to make synthetic 
rubbers. 

\\HOLE T\RE RE-CLAI!\1 

The rec/airrzaror process - a high cost operation 
s.~-Jmc half a dozen plants operate this process in various parts 
\ )r the \\CH ld. l t differs from other processes in t hati t is entirely 
Jry anJ \1nl\ takes half an hour, compared with six hours for 
lH hc'r nh.'t h uds. The ope rat ion is as follows: 

l) Lxaminarion. E\ery incoming tyre is examined, and 
"r c'L'l- rein t~orccd. radial-ply t yres are discarded. Only 
t \ rL'" rL'inforL·ed with lC\tile are recovered. It is under
.._[,HJJ. IW\\C\er, that future de\eloprnents will allow the 
~~~..·..:LTl[,\lh.:e l)f -;tecl-reinforl·cd t)Tes. 

JJ) ('rucktng. lhL· ryrc-, arL' br~kL'll into I l'll1 piece's in a 
d~t~..·kL·r. ~~ powL-rful mill wtth thick, ribbed rolls. Any 
p!cl·t.·-., tl\Cr .'.l/C drc returned through the cracker, while· 
"!n~tll pieces fall through a I em grid. Even the wire·· 
· t1c~h.h · J.t the rim are fragmented. 

11p Separation. \'ibrating screens (trays of h1esh of d~ffer-
l'I1l -.,}fl'-.,) "eparatL' the cracked material into: 

-..rnall plcL·c-.. nf rubber which pass to the next stage. 
pil·,:c-.. nf rubber bi.)[ldcd to textile fibre whiG~h go to a 
rnlll that separates the t:iore and returns the rubber to 
rhl' nc\t stage. 
p1e~..·c" of te\tilc that ire blown into a baling machine 
r ur -.,eparatc disposal. 

The a~..-ccptcd rubber is further cleaned of textile frag
n\crH" ~l!ld passed under magnets to remove any bead 
\\ 1 rL'. 

i \ ) Grtnding 0 The rub bcr pieces pass through corrugated 
grinders many times until they are reduced to 0.8 mm 
mesh (30 wires to the inch or 12 to the em). They are then 
llL)atcd ·on blasts of air to separate any remaining 
metals, sand or stones, etc. that may have been stuck in 
the t ne treads. 

\) Reclaiming: The rubber (now described as 'crumb') is 
mixed with special oils and heated, compressed and 
·worked' for five minutes in the Reclaimator machine 
(Fig. 5q) 0 This is a ~crew ext ruder (rather like a large 

· vcr'-'ion of that described in Chapter 5) which dt;v.ulca-
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1-tg. 50 Ruhher rt:'cluunuror uml, 11/usrrut.mg rhe complexiry of the 
[irocess. Phoru: courresr Unue/:1 R.ecluim Ltd. U. 1\. 

• '• 0 .,, 
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nile-, rubber at a_ temperature ?f ~-b~_ti}J}~~.?ooc. The 
materul emerges trom the mach~.tte, IS·~O~~QY water 

·-;pray-, .and mixed in a Sf.r,e.!v\~~c~.t~eyo'f. with ~'i~erals, 
a~.·~.:ordtng to the; customer s r~1ufrements. This IS fol
lO\\ t.'d by, fur.~~J,i';fQ,~Xin'!f nr a·· hopper from which it is 
\.'.\tTL1:ded thrcrug)i a die and cut into small pieces by a 
r l) t at i n g k n i fe . 

\ i) Rejining. The pieces are passed through refining mills to 
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ensure thorough blending, then extruded in thin sheets. 
The~e are cut, chalked on both sides and sfacked for 
transport to the customer . 

. -4drantages and disadvantages , 
1 L \\iII be ob\·ious from the description and photographs that 

t hi-; i-., a highly technical and expensive process needing equip
rnerH of great power, complexity and high capital cost. N"o 
L)rganization without the necessary capital, a high degree of 
tt'l.:hnical competence, and a core of well-trained technical 
;,raft\\ ould contem,plate embarking on the process. However, 
the rubber companies themselves have these abilities and 
gu' l'rnmenr::. of Third \Vorld countries might well demand the 
LhC ut a 1.:enain proportion of whole tyre reclaim in all tyrt;s 
-.,uJJ or made in the country . 

. -\ho. tne-; used in developing countries need to be tough 
.,:tml -.,turd~ tl) withstand poor roads and heavy loading, but 
may nut undergo the long periods of high-speed motorway 
Jri,ing that makes such demands on tyres in rich countries. 
rhi-., L)pens up possibilities for a much-increased use of 
reclaimed rubbet. It is unlikely that the rubber companies will 
alkw. thi" statement to go unchallenged and Governments will 
need their own advisers to ensure that standards of safety are 
main t aincd, but not used as reason for obstruction. 

\\'hen considering the above, it should not be overlooked 
that small-scale shoemaking and repa·ir may depend on the. 
a \·ailabili ty of used tyred Rubber reclamation should not be 
allowed to absorb supplies needed for this essential purpose. 

Reclaimator 'is not the only process available for reclaiming 
rubber from tyres or other sources; at least six different 
processes are m use. 

· /\n illustration of the possibilities of whole tyre reclamation 
in Third \\'orld countries is given by India, where twelve 
reclaiming units process about 24,000 tonnes of reclaim per 
annum. The largest has an output of 8,000 tonnes per annum. 
I r1dia produces 6 1/2 million tyres per annum but, because of 
other uses for old tyres, there are not enough tp reclaim, and 
J.ttempts have been made to buy more from Europe, despite 
the very high shipping costs. · 

Cses of whole tyr~ reclaim 
The following are typical: cycle tubes and ryres, automobile 
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tube:.- and tylres, battery containers, shoe soles and heels, 
extruded artilles such as hoses. DtJstbin lids use a specially 
cheap type ot1lO\\~ quality reclaim with the tF:xtile'leffin. Up to 
3.5(]:o redai·m !may be used in some applications with the same 
percentage of \·irgin rubber and a balance of other ingredients. 

RETREADING TYRES AND USE OF TREAD CRUMB· 
This proce-,s is one of the most·widely-applied reclamation (or, 
more correct

1
1y repair) operations in the world. The procedure 

is as follows; ·· ·· 
i) · The o~d t yre is carefully examined for damage to the 

:-,ide\\(ills and the structure. In some countries more than 
half the tyres presented are rejected at this stage. 

1 i J The existing tread is removed by rasping. The tyre is 
mounted on a spindle and spun, while a rotating, rough
toothed cutter or rasp removes rubber to leave a nat (or 
~lightly rounded) even sur-face, with a rough texture to 
\\ hich the new tread will bond securely. The dust or 
crumb produced by this operation is a valuable material; 
see below. 

iii) New, uncured tread rubber, known as camelback, is 
then spirally \vound on, and the tread markings cut. 
Alternatively, it is possible to lay. a new, cut tread 
direct!~·, in one layer, with a special bond at the joint. 

i\) Finally, the completed tyre has to be revulcanized. 
A serious problem is the large numbers of tyres that are 

rejected as unfit, due to holes in the fabric-reinforced sub
structure or \~·eakness in the sidewall. Often, these are used by 
unscrupulous small retreaders, to produce tyres that appear 
sound but are a death trap to the buyer. The major retreading 
companies, anxious to preserve their reputation for quality, 
would perhaps co-operate in disposing of these damaged car
cases, particularly if the process of refuse disposal was more 
t>ffici::n t. 

Often, the rubber companies provide machinery, know-how 
. and publicity support in return for a contract to buy camelback 

from the-m. Because of the tough treatment it receives, and the 
difficulty of controlling the quality of retreading by semi
~killed small operators in widely dispersed workshops, with 
little technical supervision, camelback must have very good 
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properties. It is carefully blended, from 900?o synthetic rubber, J 

with 10°7o natural added to provicfe;tack (the good 'adhe~ion' 
which is so important). 

Tread crumb 
The crumb that is rasped off the old tyre in the retreading 

proces-., is a pure, 'homogeneous' rubber and therefore 
\ aluable. It can be used in the production of certqiq, objects 
that do not require stiff quality standards. To demonstrate its 
use. the process of moulding rubber goods must be des~ribed: ; 

i) The :formulation'. The ingredients are blended accord
ing to the formulation, which is simply a list of materials 
anJ 4uantities, but is· vitally important. Rubber 
producers supply a formulation to suit the needs of the 
rubber goods' manufacturer, devoting the high skills of 
rubber chemists and laboratory staff to get the best 
po . ..,..,ible mixture. The manufacturer must make certain 
that the rubber company does not exploit this arrange-
ll1t.'nt to increase sales of their product.., ._ 

lJ' \\'hen selecting a formulation, the most important 
considerations for manufacturers of rubber ·~.moulded 
goods in Third World countries are: • 
J) Are all the ingredients obtainable in this country or 

nearby? 
b) Can they only be obtained through one large rubb~r 

company, making lis commercially dependent? 
c) Does this formulation produce the quality of goods 

w~ require? 
d) Can the overall cost be lowered further by: 

lowering the quality? 
- using another company.:s material? 
- using non-' proprietary' material? 

ii) .\1i_\-ing The ingredients have to be thoroughly mixed 
and this may be done op a large scale in a Banbury Mixer 
or .with a smaller two roll milL The material circulates 
round the mill for several minutes, with any lumps being 
broken down under the pressure of the rollers, and the 
ingredients are thoroughly mixed and 'devulcanized. 
Finally, they are discharged as a sheet of uniform 
thickness to suit the particular manufacturing process. 

iii) lvfanujacturing. Rubber products can be made by lhe 
fo llo~ving processes: 
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Compression moulding. See below. 
Transfer moulding, which is like compression moulding

11 
but the material is heateq in a' separate chamber and 
then force.d down channels into the shaped moulds. 
!njecrion moulding, \vhich is a process similar to pres
sure die-casting, (described in Chapter 4f' 
£):rrusion, whi<;h is similar to the extrusion of plasncs, 
des.cribed in Chapter 5. The dies can be of various 
shapes to determine the cross-section of the product. As 
well as long, thin products such as hoses, sheets, sealing 
strips and mats, circular products such as_solid cycle 
tyres and trolley wheels· can be made from extruded 
material, with a single joint made with instant glue such 
as 'Loctite' and various cyano-acrylic adhesives. 
Compression moulding is perhaps the simplest and can 
be used to make shoe soles and heels and a variety of 
,alcablc products, so \viii be described in some detail. 

i\) Compression moulding. In this process the press has 
t \\ o functions: to apply pressure and· to apply heat. 
Pressure is applied 'hydraulically', with a pump forcing 
oil into L·ytinders mounted between the press frame and · 
the upper 'plat ten'. Rubber moulJflng presses usually 
ha\ c se\eral plat tens and a daylight gap between each 
(Fig. 57). Pairs of moulds, an upper and a lower, are 
inserted in each gap. The top platten is powered and the 
lower ones 'tloat' \vith each receiving pressure from the 
mould above it and passing it on to that below. 
a) The pressure exerted by a rubber" press may be as high 

as 200 tonnes, but for 'small operations on dense 
rubber, about 50 tonnes is suffici~nt. An hydraulic 
pump delivering oil pressure of about 100 kg. per sq. 
em should be used on a 25 em dia. press ram. For 
sponge rubber, much lower pressure is applied, and 

... an hydraulic rpressure of 28 kg per sq. em should 
suffice. Heat is normally applied by steam. Each 
platten has steam pipes ell! bedded in it' and- is con
nected to the single steam genera tOT. The plattens are 
heated by,the steam and the heat is conducted to the 
moulds. Electric heating is possible by an element 
buried in each platten: capital cost is less, running -
costs more. ,, 

b) The temperature required will be anything from 
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Fi,f:..'. 57 Rubber presses. 
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1 ooc C upwards and will depend on the formulation. 
\) The _mould. Each mould is in two halves, upper and 

lO\\er. Each half has a flat side that fits against the 
platten and transmits heat and pressure uniformly, and 
;1 ~hdpcd side. The two shaped sides together form a 
muuld L~l\ ity, the same shape as the object to be pro
du~..,ed, bur a little larger to allow for shrinkage as the 
rubber (OOh (about 0.016 em per em). 

The material from which the moulds are made 
depends on the life required from the mould and the cost 
t hJ.t j, ;.iL'(eptable. ~1oulds made from hardened steel 
:a~t alml)~t indefinitely; those. made· from aluminium 
alluy arc (heaper but wear more rapidly. \Vhite metal, 
(dn allo~ of S5o-'o lead, 1007o tin and 507o antimony) is sot) 
and\ l'ry easy to shape by· hand, but can only be used for 
2~0 !l1l)UJdirHI.:-,, after which it must be melted and used 
r l) Ill ~1 k c l r c" h mo u Ids. 

\ 1) rlze moulding OfN!rat ion. The blended, mixed raw mate
rl<.il i_-., ~.:ut into a slib of about the same size as the mould. 
I he r'H)ulJ is coated with a 1 ubricant, such as soap, so 
t hi.ll r he moulded rubber will not stick to the mould, and 
Ihl' matL'rlal is inserted. Pressure and heat are applied, 
r,n ~utfi~__'!Crlt time for the rubber to vulcanize (often up 
T l) hell f :.\!1 hour) and the doughy mass is converted into 
tuugh materiaL After remo\al of the pressed object, 
'urplu~ rubber (tlash) may remain at the edges and can 
hl' renw\ ed either by a hand-operated knife or in a 
pres~. 

Formulation using tread crumb 
To be u"eful for rubber moulding, crumb must be rather fine 

and it ..,hou!d be sieved in a sieve of about 0.8 mm mesh and the 
O\ ersi1e material rejected. The amount of crumb that can be 
used\\ ill depend on the quality of product to be made. Tables 9 
and 10 give a number .of formulations supplied by different 
sources hut it must be urged that formulations be adopted to 
suit locally-available materials. No attempt will be made to 
explain the tables or to change their technical data. It is suffi
cient t'h3t they illustrate th~t: 

di fkrent formulations are PC?ssible which produce similar 
produus: 
m~!f1\ additional ingredients are included besides rubber; 
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- different formulations can give different physical pro
perties; 

- incorrect curing time can result in low properties; 
- quite large proportions of tread crumb ( ove.r 500Jo in Table 

1 0) can- be used. -~-

Equiprnent needed to mould shoe soles 
- Two roll mixirig mills. The smallest industrial size is 30 x 

60 em (the rolls are 30 em dia. and 60 em long) and of 26 kW 
(35 hp): it can roll a batch weighing 7-IG kg. The mill will 
need gearbox and motor etc. 
Hydraulic press with 4 daylights, platten size 1/2-% sq. m 
Suitable moulds. With 4 daylights at least 4 pairs of moulds 
will be needed. A %sq. m platten will have room for about 
24 cavities for adult shoes (12 pairs) so with 4 daylights, 96 
cavities can operate at a time. If each sole weighs about 0.08 
kg and the press can be charged, operated and discharged 
four times per hour, then 30 kg per hour of material will'· be 
needed. A press having 8 daylights would need double the 
supply. 
A boiler to generate the press heating steam; its size will be 
ad\'ised by the press supplier. 
\\'eighing scales -preferably one large machine for weigh-· 
ing out the rubber and a small one for the additives .. -
Various small tools for extracting moulded items, trimming 
off tlash, etc . 

.4 smaller-scale operation 
. ll 

"' It should be possible to operate on a smaller scale using a 
single gap press of about a tonne acting on a plat ten of, s~y, Yz 
sq. m, electrically heated. Laboratory-size two-roll mills (15 X 
30 em) are made, but the author has not seen an operation as 
small as this anywhere. Small shoe manufacturers in most 
countries find it difficult to compete with the mass-produoed 
output of big rubber companies and the same problem may 
exist with rubber moulding. · 

Use of IOOo/o tread crumb 
Although all aUthorities on rubber technology agree that it is 

impossible, the author has been advised that certain types of 
product can be made using lOOOJo finely ground (0.8-1.2 mm 
mesh) tread crumb. Only if a hard, shiny surface finish IS 
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Table 9 Various rubber formulati-ons using tread crumb 

Parts Parts Parts 
Cari fiex S-1707 60 
Carinex S- i 606 103 
Cariflex S-1808 82 
\\'hole tyre reclaim , 60 40 40 
Rubber tread crumb 40 80 200 
Sulphur 21/4 2 2Yz 
Zinc oxide 5 5 3 
Stearic acid 1 Y2 1 Yz 1 Yz 
Coumarone resin 6 '6 

Antioxidant 'Nonox' 1 1 
HAF black 50 

~· 

Aluminium silicate 80 
Clay 

'• '30 

\\'hiting 30 80 20 
Processing oil 3 5 ~ 

Retarder 1 1 
Other ingredients 2 1/t 2 1/z 1% 

Total 350 370 424% 

Some properties 
Best curing time (minutes) 3 10 10 

@ 150°C @ 150°C @ 145°C .. 
Tensile strength (kg/cm 2

) 65- 85 85 
Hardness (on the Shore A 
scale) 82/76 78/72 78/-

Density 1.36 1. 33 1.30 

Shell Co. Ltd. Manufacture of footwear soles and heels 

Table 10 Non-commercial formulation for low grade black show 
soles 

Parts Saine properties 
Smoked sheet 25 . Curing time @ 141 oc 3 mins 6 mins 

yv:hole ~yre reclaim 100 Tensile strength 
30 mesh tread crumb 200 (kg/cm 2) 26 51 

Zinc oxide 3 Elasticity 
\\'hiring 50 (kg/cm 2

) 10007o 12 16 

\1ineral oil 2 20007o 20 30 

Stearic acid 4 Hardness 
Sulphur 2lf2 (on the B.S. o. scale) 47 56 

V ukar 1 Density 1.27 1.27 

387 1/2 
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required are very small amounts of additives induded. It is 
reported that this process has been operated successfully for 
fonl·_year" bv one British company. 

The u-umb is heated to 35°C in the hopper arrd falls into the 
barrel of a ram extruder (an extruder in wh~ch the screw is 
replaced by a ram, or pf$ton moving up and down the barrel)· 
'' hich ha~ a 'ery short stroke (4-5 em). The ram forces· the 
material into a long (40-50 em) die where it i,s heated to 150°C 
ar.H.i ~':X:truded \Cry slowly- at only 7-8 em per minute. Extru
sion:-, can be made up to about 5 em dia., so the process is 
:-uitab!c for: channels, bicycle pedal rubbers, '0' rings, solid 
t yres for carts, childr~n '? bicycles, baby carriaies etc., rubber 
'' a.sher~ (but not oil-resistant \vas hers), rubber hose, rubber 
bars tor concrete paving on steep hill paths. 

fhere i:-, reported to be no obstacle to moulding products 
under the <..,arne conditions. Although the products do not have 
a-. good eJa..,ticity as those that contain some virgin rubber, 
'' l'ar re"ist ancc is reported to be as good. Waste that has a llirge 
L'~\idizcd ;,urface is not suitable, so only fresh tread crumb, or 
solid objt:'ch ground to form crumb, should be used. 

a The proce-,s can be used for very small-scale production by 
using a steel mould held compressed by a nut and bolt, filling it 
with crumb, compressing and heating in a household oven at 
1socc. 

Any organization that \vishes to learn more about this 
process should contact the author. 

Products fron-1 rubber containing tread crumb 
Any of the following might be made: 

Cycle pedals and handle Solid wheels for trolleys, 
gnps wheelbarrows 
Tips for crutches and Car battery cases 
artificial limbs Dustbin lids 
Motor car fenders Extrusions for tubing, 
lVloulded rubber mats hoses, packings etc. 

Re-use of tyres -, 
In most countries tyres are re-used, both whole and split, as 

raw material. ,, 
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i) Fish reefs. From the U.S.A. it is reported that tyres have 
b~en sunk in the ocean, and tied down to·rocks to form 



artificial fish reefs. It is well known to underwater 
swimmers that fish are vastly more numer~us around 
rocks and coral reefs, and the tyres create the same con
ditions. In certain areas they become coated with coral 
within a few years. There is world-wide concern about 
the over-fishing of the oceans, and steps to ensur:e more 
rapid breeding are to be welcomed. 

ii) Dock and boat fenders. Tyres have been used for this 
purpose for many years. 

iii) Plant pots. The tyre is turned inside out. 
i\·) 'Children's toys and swings (Fig. 58) cannot cause injury 

tc small children. 

Fig. 58 Tyres are used by children for many kinds of games. Peru. 

v) Lining of pig and goat pens. These anill}als scratch the 
ground and erode the soil in any encfosed ~Jrea. By 
bury~~g car tyres level with the surface this cari' be pre
ver)·(ed so that the soil is fit for cultivation when the 
animals-:have been moved to another area. 

Uses of materials from tyres . 
Shoemaking. The soles, heels and straps of sandals can be 
made from tyre material. The tyre sfn~cture,consists of layers 
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of textile-reinforced rubber sheets, laid one on top of the other 
with the ·grain' running in alternate directions, and with solid 
rubber rnoulde<;l on top. These sheets can be split one from 
another a~1d are about 2 mm. thick, or even less. Thus, the·tyre 
prc1\ ides: 

a) Split material of even thickness to cut into straps. 
b) i\1aterial \Vith solid rubber adhering to it that can be 

carved, or the tread markings used, to form grips on the 
sole. 

Shoes may also be repaired using tyre rubber: shoemaking 
and repairing from tyre rubber are huge industries in the. Third 
\Vorld and the shoes that result are extremely strong and hard
\\earing (Fig. 59a-& b). 

Fig. 59a Tyre tread is used for sole grip. Note the leather insole and 
slots for sandal straps. Such sandals wi/1/tistfive or ten times as long 
as a mass produced plastic one. Photo: courtesy of Oxjam. 

Other objects nzadejrom tyre rubber include: cords for tether
ing animals; mats for cars; household doormats; pads for 
handling glass in the glass industry; kindling in the firing of 
brick kilns; hinges for gates; stool and chair seats (Fig. ·60); and 
hoops (the rubber rim of the tyre, which is in contact with the· 
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Fig. 59b The use of lyres for shoemaking and repair' is a huge 
industry employing thousands of people. Peru. 

car wheel, contains wire beading and is therefore cut off before 
the tyre is split. Children have found a use for this!) 

Uses for other materials from tyres 
Wire from tyre beads or from steel braced tyres is used for 

many things, such as the cutter on a brick making machine.' 
The nylon cord also used in tyre re.inforcement is· sold in 
market places for all kinds of applications. It has .recentiy 
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Fig. 60 ·use of ty're rub
ber for a stool seat. Peru. 
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Fig. 6/ Cross seer ion. of 'cross-ply' motor car tyre. 
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replaced the traditional cqrd of pJaited reeds in the·manufac
tun: of reed fishing boats on Lake Titicaca between Peru and 

~ ~ 

Boli\ia. £ • 

-
,f< u!,1her Rt>dauni!I.f!. \fachuzery 
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Cha.pter 8; Glass 

'• \ 

\\' aste glass can offer many forms of employment. First of all, 
the collection of cullet (broken glass) for use in glass-ma}<i:qg, 
or sale to other industries. Used bottles can be collected and 
sold for re-use or made irito saleable products. In areas where 
·no glass manufacture exi'sts, ·it may be profitable to set up a 
small glass workshop, and when experience has been gained, 
many items can be made. All these will be covered in this · 
chapter, but it will begin with a bJief description of how glass is: 
made. '' · 

!:___J 
I 

'RA \V MATERIALS USED~'IN GLASSMAKING 

Glass is basically sand (silica or silicon oxide) which has been 
melted at a nigh temperature, and allowed to solidify in a. 
certain way to givec the familiar hard, clear, ~rlttl~·, .solid 
.material. Because the temperature needed to melt sand is .so 
high (about 1700°C) a 'flux' is adde,d which. reduces the 
melting temperature to only about 800°C. The common flux is 
·sodium oxide which would need· to be about 160Jo of .. the._ . 
mixture by weight. A: cheaper ·and more ~asily-obtainable 
material is soda ash (sod.ium c'arbonate) which is redu~ed to ' 
sodium oxide in the furnace and is added by about 21 OJo by 
weight. The resulting material, however, is soluble irn 'water 
and is known as water-glass. I.t can be made insoluble by 
adding a stabilizer such as limestone (calcium ca:rbqnate) 
about 160Jo by weight, which reduces in 'the furnace to lime 
(calcium oxide) abotft 9'0Jo by weight.' · 

Th.ese three materials, mixed together in the proportion 
described, are known as the 'batch', and the resulting glass is 
called. soda-lime-silica glass. Other. batch materials may be. 
used' depending on the type of glass -require.d; for example 
potash (potassium carbonate) find lead oxide are us'ed to make 
the very clear lead crystal glass. Various other substances r 

· . added to the batch include: ·' · 
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IV2 Dlo aluminium oxide to reduce expansion of the glass 
'when heated and therefore prevent cracking; 
1/2 OJo borax to assist and speed up melting; 

- decolourizing agents: normally glass is slightly green, the 
result of iron in the sand. This may be removed by adding a 
decolourizing agent; 

- colourizing agents are added if coloured glass is required: 
the beautiful blue col,our of some ornamental glass is given 
by cobalt oxide. 

- refining agents \vhich help remove the small gas bubbles 
given off during the glass-making process, by releasing 
quantities of large gas bubbles, which rise rapidly and 
sweep the small bubbles out of the way. The most common 
refining agent is arsenious oxide with sodium nitrate. 
Pieces of potato, which give off water vapour, are com
monly used in small-scale glass-making; 

- ·cutlet, often from the workshop's own production, which 
may be added to the batch. Cullet acts as a flux, reduces 
da'mage to the glass furnace from the corrosive, high 
temperature materials and reduces the cost of raw 
materials . 

. Mdhufacture of glass • 
This is a simple process. The batch materials are mixed dry 

and charged into the fur.nace \vhich needs to be at about 
1500°C to melt them into a .treatly, amber-coloured liquid. 
This can b~ shaped in a number of ways, but as the liquid cools 
it becomes stiffer until, at a much l0wer temperature, it 
becomes too stiff t6 work. These temperatures may vary 
widely depending on.the materials used to make the glass, but · 
the principle is the same. If necessary, ~he object being made 
may be reheated to soften it for further working. Once fin~ 
ished, before it cools, it has to be 'annealed' to prevent 
crac~ as it cools. The processes ~ill be described in_,more 
detail later in the chapte~. 'ta-

CULLET 
Proportions. In good quality glass~making, 1t 1s rare to use 
more than 4007o cullet of whiCh at least a third usua1ly comes 

. . 
from the same factory. However, man)O· small workshops in 
Third World countries use 8007o or even lOOOJo cullet. The 
problem with u§~ng high -percentages is th€ small bubbles of 
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dissoh·ed gases that stay in- the glass to .produce~ '\seedinbs' 
(Fig .. 62). If batch materials are used, the "chemical reaction 
be.tween them gives off quantities of large bubb'les (and 
refining may he unnecessc:{ry) but with a- high percentage o'f.: 
~.:ulkt thi-, does not happen. Use of a refining agent can\~reate · 
:-;orne irnprO\Cment and skilful manufacturers achieve~ sur
rri-,ingly high '>tandard of glass. Besides spoiling the ap~ear
<.Hh:,., <>eeciines'l also weakens the prbduct, especially seriou'~ iri 
boule-, made to contain caroonated (fizzy) drinks under 
rrcs:-;ure . 

Fig."62 
in its manufacwre. 

j 
i 

Colour. If c~llet is used, it musU not discolour the glas~ pro-~ 
duct. To manufacture clear (flint) glass, only ckar cullet can be c 

used. For green glass, both clear and green can be used, and to 
make amber glass, clear, green ·and amber Clfllet may be used, 
th?ugh less of the greer:, strongly cglour.-~~.glass sh?uld be used 
(F1g. 63a). · ' · 
Purity and cleanness. These are most importaqt. The best-
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lit: fJ_iti \(Jrfi!:L: ,·uller tnto colours ts a much t!Uster task hefore rlze 
:.:llr\ ' 1 ' I 1 r (I A. t 'n . 

kl1,l\\ r1 u .. :t .ibl)Lit gla-.,, i-., that it i-. transp__arent and any 
1rnpur1t1L'" \\ill dt't'txt thi,. \ktab in the batch or culler may 
~.l,trn,!_::'-' rh-.· turrLii..'C in ''hid1the gla-.-. is me~d. Organic matc
ri,ll-. l1k-.~ \\ th)d ,n -.,trd\\ will burn off but mav leave ash which 

r, \\ lll ~.li-.~_·,)l,)ur tfle glas-. or· gi\ e off bubbles of gas. Inert 
rn.u~.·ruh l1h.-.· .... t,n1e or brick will also spoil the purity of the 
g Li "" . <. u I k t h e ~h y to \\ ash w it h water ; i t may be hosed down 
111 ~i h-.·ap tn ''<hhL·d in a spel·i~dly manufactured washing plant. 

I) pes of culler 
.-\r1:. gla"" ubject may be broken into culler but not all will 

pruJu~..:e material free from impurities that can be used for 
gla,,-rnaking. Suitable cullet incltides: . 

break:ages from a glass-making workshop or factory; 
breakage' from a bottling plant, pfovided they are free of 
bol tie tl)ps. Paper labels burn off in the furnace and do not 
matter; 
used bot_tles and food jars minus metal tops; 
glas.., crockery and household ware such as vases. 

The following should be included only after discussion ·witb 
the glass-maker \vho is going to use it:· · . ~ 
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- broken windo\v glass; 
- off-cut) from a glass-cutting workshop; 

kn:-;e" from motor car headlights. 
ThL' fl)llt.)\\ ing should never be included: 

\\in den\ s o.nd windscreens from motor cars, lorries etc. 
kn'le ..... from motor car tail and winker lights; 
elc~._·rri~._· li~ht bulbs; 

~ . 
,;,trongl~ coloured glass objects; 

· \\ i rc:d glass. 

· ( ·o/lecting culler . 
This is not always a \ery profitable activity as the price for 

\\ h1d1 1t I'- sold will need to be lower than lhe price of batch 
material'-. in order- for the buyer to accept the problems of dirt 
and impurities that occur with cutlet. If you decide to collect 
l..'Ulkt \lHl \\illlll'L'd: 

I run'lfJurr. It i'l L'asy to cnlkL·t paper in bundles but cutlet 
llL'L'd-.. ~it tilL' \L'r~ ka:-.t a :-.ack. A:-. it is \·cry heavy, a cart with a 
'\)lid h~t-..c ~md '><Jlid sides,- that can be tipped for emptying is 
!'lTll~f clhk·. 

Swru':!,e. \ large quantity will fetch a better price than a fe\v 
.... ad,tul-... St1.HL' the colours separately. Cutlet need not be 
-..rnred under CO\ cr a:-. long as it is safe frc)m children, but must 
bL· hL'pt cl\\~1) from motor Vehi\.:Je'->, Or else you wj[j be asked tO 
pa~ !or pu r1L'l ured tyres. 
Pru!ec!n't' c·lo!hing. C,ltn es, face masks or visors, boots and 
pu""ibly leather aprons and leggings should be worn. Try to 
pro\ ide a ''ash-basin near the workplace where people are 
..,orting gla)s so that cuts can be quickly washed. Also, keep a. 
bottle o I 'disi n fecta;H · handy and apply it to any cut, even if it 
is small or appears cleqn. Dirty cuts can go 'septic' and give 

'·' 
great pain or even lead to loss of a limb! 
H 'asre bin for all the material that is not glass and cannot be 
sold or used. 
Broom or· brush to S\veep away broken glass from time to time 
to keep the working area clean and safe. 
Containers are absolutely essential for cullet sorting ·and 
storage. If you sort into a container it will only take ten secQn.ds 
to load that container on to a lorry; if you sort on to the gr:ound 
it \viii take twenty times as long to shov~l the material on to a 
lorry. Alternatively, build bunkers (with their base at the, same 

c) 
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lc\l~l <.h the lorry back to make_loading easier) to keep the 
~..;c) lour" -.,cp~Hat c. 

The l'ollecrion of culler is best done from: 
i) Cdch~dlla~ i ng factories and \\Orkshops, a! though most 

\\Ill rc-u-.,c their O\\Il cullet. 
iil l ~h.'lt'ril·-., that bottle drink~ or food such as jams, baby 

rl)\Jd' ph.'~ ks'ct c' These ahvay·s suffer a percentage 0 f 
brL'aLtgl''- cn1 the production line and the broken glass is 
Lh uatl:. I h ro\\n a\\ ay. If::. ou pro\ ide a regular supply of 
, . .-ont~urler". qf a si1e and shape con\-enient for the 
''ln~llll'll, they ''ill usually be pleased to keep the glass 
-,q~aLltL' trurn other wastes to sa\e them the cost or trou
t-de· ~)t lfHl)\\ing it a\\ay. A 200 l_itre (-.l5 galion) oil drum 
1-.. t ~)t' hi,::. and wi II need ~.:u ttrt1g dO\\ n ro hal r siLc to make 
11 II~lltl'l ttl handle. 

111l Hr'-'''l'fll'\, dairic-., and sort-dr~n~ factories. 
! \ ) } I u ll' h . ll' '-,[ a ll r ~ ll1 t " • ~_.·a k \ ' \ ~ 10 p ..., a 11 d r act 0 r y 0 r 0 IT i L' l' 

,:~trltl·:.:n-... It rna\· be \\lHtll\vhik to supply them \\ith a 

\,.'tll1[cllll\ .. 'I. 11" 

'J H~llhl'hl'lJ...,. 
\ il R~.·tthl' Jump ..... 

'11) Buttlc' b~u1k<:> ha'e been introduceJ in richer countries 
'' h L'l c h t )[ t lc s are o ft en used on I y on c c, t he f) t h row n 

a\\ ay .. \bottle bank i'-l a steel '-lkip with a metal cover and 
opening..., through which the bottles are ptaced: these are 
-;,omet imes colour separated. They are put in public. 
p\3\.:e-.,, "uch as car parks o'f big food and drink stqres, .so 
that customers can dispose of their old bottl.es o·n the 
same Journey as they buy ne"''. At present, there is too. 
mu~.:h demand for bottles, old or new, in Third World 
~.:uuntries for such an arrangement to have any use, but 
in the rich suburbs of growing cities, in 'countries of 
rapid c\pan':>ion and a developing wealthy middle class, 
"uch an arrangement may become fruitful-in a few years 
t irne . 

. \!arkets for culler and used bottles 
These are mainly factories that make bottles and jars to 
contain food. However, there are many other products made 
from glass in which a high proportion of cullet is used, namely: 

bangles, beads, spun glass ornaments and handicrafts; 
• 
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- crockery and vases; \ 
lamps, light bulbs, car parts etc; .. 
tik~ for decorative floors and \valls; 
sd1l10l and laborator~' glassware; 
fibreglass (fine fibres of glass in thick matting, used for 
insulation and to make lightw,eight structures such as boats, 
\\ilter tanks etc); 
\\ 1 ndow glass; 
balottini (fine balls of -glass to make reflective paints for 
road signs, etc) 

Factories making any of these may be willing to buy cullet 
\Chapter 21 describes the way·s in \vhich to find out their names 
:.1nd addresses). There may be among these a cullet mercha1_1t 
\\ ho \\ill buy from yov and sell to a number of different fac-
t (lric..,, ur there may be a general waste merchant who buys .. 
rn~ln~ m~ltl'r{ds of which culler is only one. As with the othoer 
m~l!l'rJah. 1! \lUI sell to these middle men~ you will get a lower 
prt~_'l' tk1r1 1! yL)lJ .sell direct to a factory. 

R E -l S I '\ <; H 0 TTL ES 

Bot t !c-. tet~..'4,_ a better price\\ hen sold to be re-used than when 
b rl 1 k e r1 J.nd -.old a.., culler (Fig. 63 b). tv1any bot ties have a 
~..kpu-.Jt: ynu pay for the bottle when you buy the drink an_d get 
rhi' nwril'~ back when you return the bottle. Keep a special 
lllUK-llLJ! lur rhese: they are worth more than other bottles. 
l Jrge drink-bottling plants often only use their own special 
bot t !c.-. wll h a distinctive shape (such as Coca-Cola). Smaller 
plants. huu-.cwin~s or people who brew~beer or liquor may be 
wtllmg to use any bottle of the right size. Bottles cannot, 
hO\\ l'\ er. be "old for re-use if they are cracked or chipped; very 
d1rt~; badly scuffed (worn by rubbing so that the glass is no 
lLmg.l·r ,_.-kar); known tq have been on a refuse tip; or known to 
j1.l\ e (0!1taJned poisonous liquids. In any of these cases the 
hL)t t ks ~_·an be broken up and s0ld as cullet. 

Sorting and washing borrles 
'tot! ~_·an often arrange with a brew~ry or soft drinks factory 

to bLHrO\\ bottle 'crates· into\\ hiJh bottles can be sorted re'!dY 
lor c1 knry to collect them. Otherwise it may be necessary to 
obtain ,:ardboard boxes or 200 litre drums into which to sort 
the bottles for transportation. Organize the workplace so that 
you can "tack all the bottles ~f one type together. 

17~ 
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F1~. 63 h · The Iurie col/ecrion of bottles for_ re-sale probably 
pnn-tdt>s !hts wonzan 's only income. 

,•J!l -r-:_,, ~ 

I r you intend to sell bottles to factories, visit.them first and 
Ji..,cuss what t ypcs they \Viii buy, how they want them sorted 
and, of course, the price. \:York out which method of sorting 
gi \ es you the "best ret urn for your effort; will some factories 
ral-.:e a mi\turtJ or· do they all want you· to select particular 
bot r lc<? If so, how will you dispose oft he remainder? Sell them 
to market \\omen? Ser up a stall.yoursel f? 

Some factories pay more for washed bottles; others, who, 
1 I ' 1 ' 1 If r-... t" 1 1 I " na\c rne1r own wasnmg plant, ao not. urren, tJottJe wasnmg 
can be 'o.;ub-contracted' to people who work at home. If you do 
this, check that they are ·using a clean water supply. 

It i.-, \itally important that bottles to be used as drink con
tainers··shL)\.lld be \\ashed thoroughly, and also sterilized to kill 
bacteria. by soal-.:ing them in steam for a certain period of. time. · 
Usually, lhe \iinistry of Health \vill cont~ol the drii'lk bottling 

,. process to ensure this. If not, you may,be blamed if people 
bc'-·orne ill after drinking from bottles you are suppos'ed to 
ha \C washed. 
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Objects made from bottles 
Even if the main markets for cu'llet and bottles are not td be 

found in your district, it is still possible to cut bottles and jars 
to make new objects, using an electric wire or glass c'utter. 
Candlesticks, funnels, drinking tumblers and ash tra:ys (Fig. 
64a) are among the products that can be made. 

F1g. 64a Objects that can be made by cuf!ing bottles ~viih electric 
H'Lre. Peru. 

1. Cutting with an electric wire 
The item tG be cut must be perfectly clean. A nichrome wire 

may· be obtained by unwinding the broken element of an 
electric \Vater heater, kettle or iron. You will also need a small 
electric t"ransformer to reduce the 230 or 240 volts electric 
mains to about 15 volts. Do not touch any live metal parts on 
the 230 volt side or you could receive a fatal electric shoek. The 
1 5 volt side is quite safe. Connect the nichrome wire to the 15 
\"Glts transformer output and carefully wrap it around the 
bottle or jar exactly where you want the cut (Fig. 94-b). Make 
sure .the two ends of the wire do not touch where they cross or 
else you will get a 'short circuit' but if they are more than a tiny 
distance apart you will get a 'step' in the cut. Two people are 
needed, one to hold the wires in position and the other to 
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Fig. 64b Cutting with 
electric wire: Note the 
wire wrapped qround the 
boule. Peru. 

\\\ it~...·h un the electric current. Allow the current to now for one 
miiHJt-.. ': the '' 1rc-, will glow red hot so do not touch them! At 
the end of the n~!nute, dip the bottle in a·buckct of cold water, . . 
anJ.in J fc,, ;;ccond.., it ''ill crack exactly along the line of the 
\\ l rl'. 

2. Cuuing wirh a glass cuuer 
It i;; po-;..,iblc ro cut b,ottles with an ordinary glass cutter. 

(irUO\C the path of the cut with.the cutter, making sure the 
g:roLwe is noP interrupted. Heat along the tlnevf the groove 
with a "mall -,pirit lamp, tben dip the bottle rapidly in water 
and again it will crack at the groove. If it does not crack at first, 
gi' L' it a tap. ·special cutters are made for cutting bottles but 
they arl' usually less effective than the methods desHibed here. 
Rounding oj/ the sharp edge left \vhere the glass has cracked is 
the main problem with these processes. It may best be done 
'' ith a 'carborundum' stone of the type used f6r sharpening 
!01Jb. It i-, important not only to remove the sharp cutting 
edge·, but also to fully round the \vhole edge, to make glass 
more pleasant to drink from. 

1\·1AKI'\G SIMPLE GLASS OBJECTS 
If no factories e.xist nearby, the other alternative is to set up a 
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-,mall t!-la-.,, \\ orkshop. It must be clearly understood, however, 
lhat thl' 1' not a s;imple exercise; a substantial sum of money 
\\ 1il t•l· r~.'quircd.~or.thc capital costs and the skills needed may 
~-~~l m~lil\ rnon~)l;~ or c\cn years of experience to develop. 
H,),\l'' cr. it 1" puy;ibk to begin on a simple basis, perhaps 
r;l~tkJrl~ _;u-..r l1nc -.,ryk L'f glass tumbler or glass beads. From 
i th'\\.' 1! 1" rwt t ''''difficult to progress to bottle~ and jars. Let us 
--·urhickr '' llar i-, ncc·Jcd for a \cry sirnpk workshop making 
';2Li"" t•Ll\\ i-... 

Source of harch ma rerials 
I hl' pr,)purtiurh can be a-., gin?n c)n page 172 or can be varied 

r,1 '-lllt !,i·~·c!l -..upplic'-.,. Soda ash may han~ to be imported. 

1 [W! /tJrflUCe 

I hl· 1w r" r \1 ~~~ h, 1 ld the' gLt-.,s arc rnaLk -.cpa rate frorn the heat-

f>nr\ I Ill' puh ~ne made ol 1 pan 'fireclay' and 3 parts of 
·~r,,{. \Lwy naturally-occuring clays can be used. Grog is 
,:nhhcd. burnt fireclay and is used to redu~.;e the contraction of 
the pl)l, Glue to loss of water, when it is fired. The raw clay and 
grug are t hlHoughly mixed with \Vater, left to stand for sevetal 
month-, then thoroughly mixed again by treading. The pot base 
~~then made as a circle, 7-15 em thick, on a board. When this 
has dried it is removed from the board, with a wire if necessary, 
turned ()\ er (to give the pot a smooth interior bottom) and the 
-.,ides butlt up, a few inches each day, using material in rolls, 
I 0 em lung and 5 em dia. Each ]9-yer is given a chance to dry 
slightly before the next is added, and the side walls are 
smoothed to press out all the air and holes. The pots are left to 
dry fur several months before being fired in a furnace, called a 
pot ;lr(h, which is heated to red heat gradually, over about a 
\\ ec k. and then, while still red hot, transferred to the glass 
me·lring furnace· and heated to the melting temperature of 
1-H)();:, C- 1 500° C. The end result should be pots of hard mate
rial with low 'porosity', able to resist the chemicals of glass
mah. mg. How ever, a pot in daily use will only last four or five 

_ U10!1Lh-.,. ., 

\\'hen pots are made in large numbers, as for the manufac
ture of optical glass for making lenses for spectacles, binocu
lars, cameras etc., they can be made by a much faster method 
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called 'slip casting'. A mould and core are made of plaster of 
Paris, then the materials are mixed with water and an electro
lyte and poured in. The water is absorbed by Jhe plaster, and 
the Cllre ar1d mould are dismantled to remove the pot. when it is 
nearty dry. 
The j!1rnuce n.~ay be of any type or fuel with a large en9ugh 
'-'apacity to take and heat a number of pots. Fuel is fed in at the 
sides on to the fire grates and burnt with the 'primary air' to 
produce gas. This is burnt above the surface of the glass with 
the ·secondary air', which is taken into the 'combustion 
chamber' through pipes around the fire-boxes. so that it is 
heated before burning. The pots are placed on stands in 1he 
combu-.;rion chJ.mber. .: 

-'\lternati\ely, the furnace can:use oil or gas, \vith the flame 
Jirel'ted -.,traight into the combustion chamber from nozzles 
~md air JCh ..,l't I£1 the walls. An electric or diesel fan is ne:eded 
~1nd It ,~,.J;ic'-1 If tht.' air is pre-he~ted by piping it around the fur
nace bt.'fute it enters. 

rhe r'lH furnace is built of bricks and mortar of hre-day as it 
ha-., to ..;rand ur to\ ery high temperatures. The size of the pot 
furnal'l' depends on tt-Je weight of glass that will be produced 
each day. Each pot holds half a tonne of glass but is filled and 
drained on alternate days so a capacity of four pots is needed 
for each tonne of productiDn per day. Extra pots will be
nee·dl'd it different colours of glass are to be made . 

. \!elring rht: glass 
The batch and cullet are mixed dry and the pot filled to the 

hrcg.rarc 

Por furnace for melting glass. 

Chimney 

Combustion chamb'er 

Gathering 
hole 

Secondary 
rA. Ir 
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top U'-in~ a "ho\·el. \\'hen melted, th'e materials slump down 
drh.l till' put i:-. topped up again, and then again as necessary. 
\\hen the nLuerials ha\e all melted, the temperature is raised 
llJ r(finc rhc rnatcriab: the glass is made more liquid, and 
b'2\ ... llll 1 l''l [c~.,-, :-.ticky, and gas bubbles are given the chance to 
l''".:ape. Thc:-.l~ changes may be helped by plunging a \Vet stick or 
~t \\Ct potdtu to the bottom of the pot. The molten glass is 
'-lirrL'IJ tu Ill!\ it. thoroughly but slo.wly, to avoid introducing 
.. 1 1 r h u h h k" . 

' 0 

\!atcrial tube moulded must be stickier and the temperature 
i.., L_!\\l'!'Cd l1J achie\e thi'-l. \\'hen the right state has been 
re,t..:hc~. m~llcrial i:-. gathered on the end of a blowpipe. The 
e"li;'"1l' h JlJ,)ui I'~ min length with a hole ab()Ut 7 mm in diam
:..:tL'l ~hr~_Jugh it. lt'-l diameter at the nose (the end on which glass 
1' t~lkl'il) ... kpl'fH.b un the amount of glass needed for each 
llhll!lSiJl~ ''PL'f'<ltion. The pipe is heated, entered into the pot at 

.1 ..,!Jc~lll'\' .u1gk ll) the hori1ontal and rotated, just touching the 
"IJil~k·l· lll. rht.' moltL'l1 gl~h'>, and remo\ed when enough glass 
tu.:.' L•l'C!l gar hncd. Care mus+' be taken to a\·oid trapping air 
huh h L_·..,. i.i!ld to get a syrnmet rica! (same size and shape all 
:,lllild) ·g,)b. l)f glas'-l. The pipe must be rotated all the time the· 
gLh" 1-- lHl it (Fig. 66). The gob may be cooled by pausing and 
Il1i.lY hL' made into a pear shape by rolling it on the edge of a 
'llhhlfh tubk or pad . 

• 

") Houlding equipment 
For the easy operation of producing a glass .bowl, a simple 

mould and plunger are all that is required. Both can be made of 
"lL'CI and arc solid, without moving parts. The plunger can be 
mounted on a vertical stand such as that used to mount an elec
t ri~..· drill, -.,o that it can be smoothly lowered into the mould. 

\ 
The gl)D of molten glass is placed in the heated m'ould and cut 
free (rom rhe pipe with shears. The plunger is lowered to force 
gl~h~ arounu the cavity between plunger tand mould. The 

.) 

pl:mger i-, \vithdra\\ nand the shrinkage of the glass as it cools is 
enough to free the finished object from the mould. The' flash' 
of surplus glass can then be broken off and smoothed down 
\\ith a carborundum stone. 

For h-igh rates of production the plunger may need water 
~..'ooling to prevent overheating. This kind' of process, called 
pr~:ssing, ~.:an be used to make any object that does not have a 
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Ftg. 66 ffandbluwtng uf glass. The girl 1s bluwing the parisun 
bejure jinal blowuzg 1n a muu/d. Thailand. 

i1C~o.:k. narrO\\Cl than its body, so that the plunger can be with
dra\vn after the object has been made. Such objects include 
dishes and bowls: wide necked jars; saucers; ash trays; car 
hcadligh t glasses; and wide glass tumblers . 

. !VtORE ADVAi\;CED GLASS-~AKING 

\\'hen experience has been gained in simple glass-making, 
more technical operations may be done. There are many 
different processes, some using complicated equipment, 
other:-. rcq uiring skilful hand operations. Only three will be 
described: the use of a tank furnac;:·e, the hand-glowing of glass 
container~ and the blow-moulding of glass containers. ihese 
are sufficient for the manufacture of jars and drinks bottles,· 
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oil burner 
• 

arch roof 

horseshoe. shaped flame 

level of liquid glass 

workinoend _ ~JQ ~- (J 
molten glass r Shallow 

gathered through 
t hcse holes~- Conditioning Zone 

air for burning~ fuel 

y burnt 
/ gases 

fresh matter 
materials 
input 

/melting 
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2/3 length 

refining 
zone 
I /3 length 

working platform 

Fig. 67 Dtagram of a srna/1, oil-fired glass tank furnace"' 

the items with the \videst sales in the greatest quantities. 

Continuous tank furnaces 
In the pot furnace, the glass remains in the same container anCl 
th:. te~perature is raised ~o ,_r;eit. the glass, raised higher to 
ret me It, then reduced for ~tMenng. When all the glass has 
been used a new batch is melted from cold. A tank furnace 
does these operations continuously. It is made as in Fig. 66. 
Cold batch material" is shovelled into the 'doghouse' at one 
end. It is melted in the melting zone, then flows slowly down to 
the refining zone which is kept at a higher temperature. It then 
tlows through a narrow gap in the wall of the main furnace 
called the throat and into the working end, a shallow trough at 
a lower temperature \Vhere the glass is conditioned to the right 
viscosity (stickiness). The working end' walls contain holes 
through which glass can be gathered, as many as are required 
by the number of people working. Th~ furnace depth may be 
from 60 em upwards. The tank roof is usually arched and it is 

~ . 
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important that it be made of materials that do not soften or 
crumble. lJ sually, the tank is built of fire clay bricks but better 
materials. able to stand up to higher temperatures aod to resist 

·the chemical attaCks of the molten glass, are available in rpany 
co_untries. _<?r~e s~ch _material is Sillimanite, a _material of 40_07o) 
stl!ca and ))ao alUmina that occurs haturally m Assam~ India_.) 
Other~," ar.: art i ftcial. The selection of these is a matter for 
specialists. , 

The furnace may be fired by any hydrocarbon fuel: coal, gas 
or oil. or even wood if these are not available, although wood 
burns quickly and therefore needs continuous stoking . .It is 
al?o difficult to obtain vefy high temperatures with wood. 
Economy of-fuels. essential in large scale operations, may be 
a~.:hte\ ed with special designs of furnace, but the methods 
in' oh ed are expensi \·e and will not be discussed here. 

I I 'lOI id fuels are used they \vilt be burnt undern~at h the tank 
but the flames\\ iII be above the surface of the glass. If gas or oil 
~irl' ,.thl'd, the names can sweep horizon tally across the sur face 
L)t' r'he molten gla'ls from fuel nozzles and separate.air nozzles 
arranged around the furnace walls (Fig. 68). 

/)ay tank furnaces 
Clmtinuous Lank furnaces are most suitable for glass

making operations that are going to be carried on for twenty
four hours a day, seven days a week, often employing ~hree or 
four shifts of workers. As the moulds, furnace and other 
machinery for even simple glass_-making are comparatively 
expensive, this is usually the most economic way of working. 
However, in some communities it is not socially acceptable, or 
there is not sufficient demand for the products, or there may be 
other reasons why continuous working is not possible. Then, a 
day tank furnace may be preferred, a small tank that is heated 
up afresh every night, often taking about sixteen hours to melt 
the c har~e, and is gat he red for moulding during the eight holJrS 
9 f daytime. A day tank is slightly simpler in construction than 
a continuous furnace, with just one simple circular tank con
taining holes arranged all around for both gathering and 
\.:harg!I1g. 

An example of oil consumption per tonne of glass for 
three/ four ton furnaces: · .-. 
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I l'..!. f),..,. Cilus\ .furnace fired by oil. Previously fired by wood, l his 
du1 run/... hu\ heen cotn.'f:'rted ray simply by filling oil pipes and a 
hun;er. \ure rhe rwwd platform and the sheets of corrugated iron 
1nt'd !u ret!ecr rhe hear. Thf:' f:'!f:'C!ricfan is desirable in hot working 
( (int/l{t(l!/' hur cure must he lakf:'n rhar newly made glass is no! 
(rue/... ed In L·u!d wr t·urrf:'n!S. Thailand. 

D;.l\ t;,ui I-.· - Peninsular type (inefficient) 100-125 galls/ton 
- Samanala (efficient) 83-l 00 galls/ton 

( untiiiLJl)LJ\- :\avyglass(efficient) 75galls/ton 
(ila"" furnaces arc usually raised up above the level of the 

-,urrounJing workshop tloor for any of the following reasons: 
i) r o provide for circulation of cooling air on the tank 

bottom blocks to prolong their life. 
1i") Should the glass drill through the tank bottom it will be 

fr()!L'n by cooling air, thus extending furnace life. 
1ii) If heated from below by solid fuel, less excavatian is 

needed and .the fuel and ashes need less handling. 
However, it is w.orth constructing the furnace over a p~t 
\O that in the unli.kely event of a failur.e in the furnace 
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structure, the molten glass can. be retained and injury 
avoided. 

iv) The gathering pipes are long (to keep the gatherer away 
from the heat) and it is more convenient for the gatherer 
to transfer the gob to a mould that is below him (Fig. 
69). f" 

\) A glass factory is a busy, bustling place. Dangers of 
burns are less if only those people actually working the 
furnace are on its level. · 

\\'hatner the furnace level it is important that it is worked 
from a platform that allows access to the gathering holes at a 
convenient height. 

Fig. 69 The raised 
platform helps the use 
of long gathering 
pipes. The girl at the 
bonom operates the 
nwuld for several 
blowers and cools it 
with water. Thailand. 
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Hand blowing of containers (Fig. 70) 
The, gob is held o'n one end of the blowpipe and gentle 

blowing at the other end causes a bubble of .glass to form, 
called the 'parison'. The parison will only keep a perfect cir
cula~ cross-section if the pipe is continuously rotated. Many 
products are still made, in._ both developed and developing 
countries, by highly skilled \vorkers using this as their basic 
technique, particularly when the object is mad.~ in small 
quantities "that do not justify the cost of a mould. A small 
number of hand tools are used, including tongs, scissors, 
various shaping tools and two parallel rails or chair arms along 
which t-he blov.;pipe may be rolled, plus a flat pad of fire-clay 
(Fig. 71) . 

. _, Blowing into a mould 
This is a logical next step for objects to be prod~ced in 

quantity which cannot be pressed, because the,neck is.nirrower 
than the waist. The mould is made in two hinged halves (Fig. 
72) with a short handle on each to open and close, and a simple 
catch to lock them sh)Jt. The mould is operated by one person 
and the pipe by another. The gob of glass is gathered,· allowed 
to cool· as necessary, compacted and rounded on a· fire-clay 
pad. A pari-son is blown and -inserted into the moLrld·which is 
closed and locked. The container is then blown, rotating the 
pipe cpntinually, the mould opened and the container laid 
gently on a bed anq cracked off by tapping the pipe before 
going to the annealing furnace. The mould is cooled with water 
and is ready for the next gob. Alternatively, the pipe may be 
drawn away from the still closed mould to leave only a thin 
thread of glass that ~an be cut off with 'scissors~'. 

Finishing· the neck may be done by rubbing it on a stone of 
' carBorundum after annealing,. but it is better to use a ring -of 

gas burners (Fig·. 73) in which the inverted container is spun for 
a few seconds until the jagged neck drops off, leaving a red hoJ 
edge ·which cools to a sm.ooth, rounded rim. Handles, knobs 
etc are made by hand and stuck on to the c"ontainer or lid while 

• it is still glo\ving red: this requires some skill.. •I"' 

Semi-automatic blowing and pressing 
Hand-blowing, even with a mou1d, requir.es a d~g·~ee of skill, 

is tiring for the operator, rather slow and produces a product · 
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Ft!!.. 71 Hand shaping of glass. Note the lung chair arm on which 
rhe ptpe is rolled and the use of rungs for sl1aping. The sc·issors are 
j(H snippmg (.;j]; later. The steel sheer protects the operator's feet 
from falltng glass. India. . 
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!1g. -:~1 '>emHwwnwllc hlowinr, of a screw neck jar. Vieh' of the 
'econd- \ ll.ll!.t! mould used fur blowing rhe full jar. Thailand. 

which may \ ary in size b:x small amounts, sufficient to cause 
problems in a ~1echanical bottle filling operation. 

For e\ampk, if the temperature of the container at the 
nwrnent of b!O\\ ing \aries, then so will the size of the 'finished 
l)bje~..·r, 1.'\ en thoul!h'the san.~ mould be used on each occasion. - ~ 

Scm i -au 1om at ic. blowing O\ ercomes j hese problems. It is 
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Fi~. 73. Hand blo~{i/"n;.; with a mould. The rim is rounded in a ring of 
gas burners. The glasi spins while in the flames. Thailand. · 

,, 

usttally a rwo-stage process, with.. the first involving pressing or 
blowing, and th'e s~cond always'~etnploying blow\ng. ' 

lli4 



I .. 

. Sequence of operarions in the manufacture of 
a screw-neckedjar ~:''' 

F1rst the neck i~ pressed, usmg .a t\vo-piece mould. The 
upper piece form' the screw on the outside of the neck and 
trcl\eh \\ith the J~r until moulding is complete. The plunger 
and the lU\\ er p1e~·e form a hollow, round- bottomed, cone
:--hapcd pari"un. Th~..· pariso'n is tJ;ansferred', still red hot, on to 
the blo\\ mg muuld. -.,et on a turntable. A conical nozzle, con
I1l'Ctec.i t~) a comprc-<:.sed air hose, is inserted info the neck of the 
mould. air prc<.,"ure i" applied and th~ glass blown out to fill the 
rnc uld. Thr: n1J? ;]c is remo\:ed, 'the table s wi veiled and the 
mould opened by ~l :--econd operator who uses tongs to transfer 
the -.,till glo'' ing jar to a standing table from where it is, quickly 
mo,ed to the anncalirw furnace. '' 

' ~ 

For buttk:-,, ![I'> Lhual to blow bath srages, the parisoh from 
[ he b 'J [ [ l) !11 a I1 d t h l' b () tl k r r 0 Il1 t he 't 0 p . . 

.·1nnealing 
fhi-., i-, nL·~·l·s,ary for all moulded, blown or pressed gla:5s

'' are to prl'' cnt ~-rad.; ing. Cracking i3'caused by di fferent.parts 
u!'the ,~bie~~r ~._·nLilll1!:! and therefore shrin-king at different rates . . - - . -
The annL'aiing prL)L'L'S'l h·as two stages: soaking for a period to 
~illLJ\\ all thl' :-,trl''>'>L'" caused by the moulding proces§ to be 
il' L1 \l'lh. r,) Ill)\\ -..'d lw ..,]ow cool in g t b a void fun her stress-es. Tor 

' - ....... ~ 

rwrmal com~11ncr' mack by the kind of processes that have 
been '-k-,~._·ribed. annealing may vary bet\\een soaking for 24·~ 
hour' ~lt -no C fl)lll)\\ di bv cooling over 24 hours, and soaking - ._ . '~ 
tor thtL'l' hLHH'- at -+00 C followed bv cooling 6\·er five hours. - .._ 

~ormall:. .' ,.,m;:dl ~l(h'l producers anneal tp a separate furnace 
which Is he I cl at t h c :-.oak in g temper at u r e u n t i l it is full; at which 
~imL' thl' tl·mpcrarurL' i-, 'controlled as described. Largerw.pro
du~..·l·r-.; ll'>l' a khr, a l:untinuous conveyor that passes through a 

.. tun 11L'i I u r rl(!L:e! n \\ h ich the temperature varies along its length: 
~·lliht~mt l'lH t hL' I ir"t pan, slowly reducing along the second. 
\1 uch l11L.Hl' care lull v controlled and there fore much fast,er 
anne~lii11g ~..·an he ad1-ieved. Lehrs can be made q~ite ~heaply, 
\\ith \\irL' ha-.,kl'h or !lat pans and.can be made to form part of 
t hL' lurrl~l~·L' · f!ul.'', '>0 improving heat economy. 

\lark(;!{ ing () r g/a.\.\ ~rare 
It i-.; rw LhC masterin!Z the ,methods of manufa'cturing i: 

~las-.,\\ ~lrL' unk,.,.., It ~..·an .be ~old, and a n{m1ber of rule~ apply to: 
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~..:housing a product and the area in which it is to be made: 
i l FinJ out what other glassware, if any, is manufactured 

in the -:ountry. Small-scale glassm~king_cannot compete 
against l-argesca1e, industrialized manufacture unless 
the- latter is done so far .away that costs of packing and 
t ran~ port are high. 

ii }., hnJ out which small \·olume products are not made in 
the -:ountry at all, but ha\·e to be imported and are pos
-,ibl).· ~ubjec"t to customs duties. 

iii,) [)()not try to produce objects that need a very accurate. 
::-.hape or finish, such as beer bottles, for an automatic 
fi IIi ng li.ne, or optical glassware. 

i\) Choose products where se.ediness resulting from the use 
ur high percentages of odlet will not cause the customer . 
(\.) reje-:hthe home-made product in fa\·our of imported 
gu1.)lt" l)f higher quality.· 

\ l lr~ ll) position your glassmaking wor:kshpp near the 
~lll' ~l~ l) I greatest demand. ()lass is expensiv-e to t ra~1s port 
bL·cau-.,e: 

it h bulky; ~ 

1t n0eds bJllky, e\pensive packing; 
breakages occur in transport; 
ih uwn value is quite low while transport becomes 
dearer all the time. 

OTHER PRODLCTS FROM \-\ ASTE GLASS 

\lanufacrure ofj7oor and wall tiles 
Culkt. p~l~ticularly from coloured bottles, can be used to 

rnake attL.lcti\e and harU-\\earing tloor and wall tiles. The tile 
\.:an be made of either: 

\\'a~te glass in resin (p<;>lyester, epo\)' or urea formaldehyd~ 
re~jn~ are all suitable); 
\\astc glass in cement; or 
\\'aste glass in resin with a cement b~cking. 

The waste glass should be: 
(_ ulour sorted to enable· attracth·e tile surfaces to be 
~elcl'ted; 

Cru~hed; 
C.lradcd into siLes: (i) coarse + 6-19 mm;' (ii} medium 
· ! ._5-6 I~1m;,(iii)_fi~1e-1~5 mm, _using sieves orscreens\~ih 

t hl cl bU\ c l11c~h SiltS .Set: p. 199 ,, r 
Jl)6 ·• 



Surface treated if possible by washing in a solution of 
t rimet hO\Y silane to make a stroi?ger tile. If it is riot possible 
to treat the surface, then theglass must be used soon after it 
i" crushed: 
Coloured, if desired, \vith dye or pigment. Dyes that are not 
-.oluble in water are best. 

f!h.' operation. as. seen in ~1exico, is as follows: 
i) The glass is mixed thoroughly with the cement or resin. 

Cement should be 1 cement :. 3 fine sand with no aggre
gJ.te. Colouring can ·be added at this point. 

ii) The mixture is then poured into a perfectly cleafl 
rectangular mould. Lhe mould base can have a glossy, 
rough. nr ribbed surlace depe,nding on the tile surface 
desired .. -\depth of betv.;een 14 and 20 mm is best. 

iii) It is then ~..·c)\'ered \vith a layer of paper ar1d pressed. 
1' ) In the ~..·a-,e 1,) f \vall tiles, a wire loop can b@ em bedded in 

tilL' hack tu a.ssist fixing. 
') TilL' ti.le remains in the mould until the ceri1ent or resin 

ha-, g~.me l1ff (set firm enough to handle gently). Cement 
· t i 1e .... are \:ured' in a waterbat h for twenty- four hours, 

fl)llowed b~ drying for three days. 
'i) Tu make resin tiles on a cement backing, the b_acking 

(''it h wire loop) can be made first and placed on top of 
.~he resin glass mixture in the mould. With this proce'ss 
the fini'>hed tile can be removed from the' mould sooner, 
'-L~ fe,, er moulds are needed. ·, 

'til High glos'> ti'les can be obtained by polishing the surface 
with diamond or carborundum paste. 

The-,e tile" '>ell ir) \lexico for about$ US 5·per sq. riL, but a 
higher priL·e could almost certain~y be o~tained elsewhere. 
rllL'Y arL' an L'\ pcn~-,i ve wall or 11oor covering"'and should be sold1 

'in upper and upper middle class distri~.;ts. Normally they will 
'>ell hc...,t thruugh huilders' merchants and merchants who sell 
hathroom and kitchen equipment and enamelware. 

"or her mer hods of making tiles 
• Tiles that do nor use expensive cement can b'e made with fly
.. a .... h from a (coal-burning) power station or other large indus

! rr~il hoi ler furnace' 'with dried sewage sludge or cattle or pig 
manure, <h filler. The fi ller~i's finely-powdered, mixed 50 :'50 
\\ i l h \\ a-.hcd culkt and pressed in moulds as qescribed above. 
ThL' tik mu~t then be fired in a .furnace at about 900°C so t~at 
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the glass melts and binds th.e' pa~ticles of filler tQgether. 
Another type of tile can be made by_ mixing up to 700Jo 

crushed glass, 3007o mjxed china and broken_ porcel:ain (from 
basins, Ln a tory bowls etc). These have to be dry-p:~essed and 
fired. e .. 

Building materials from glass 
Bricks C:an be made from a mixture of 30a1o clay and 700Jo 

_ \\JStt;; gla<..s {by \\eight}and these have a tough outer skih that 
\\ill rc.-.i-,t \\in~ and rain. If the·glass !s p""Q~vdered,very fin-ely it 
acts JS a flux and reduces the tempef.~ture needed to fire the 
brid.;,_-, bv more than 50°C. About 3QOJo .more brick"s .can be 

~ ' ~ 1:: '1. " 

made \\it h th~ same amount~of fuel. Abother type of brick, 
'cry q rong and resistant tq water, is m-ast~ fro~ 31 07o crusheq. 
g.la..,-.., 6a·o clay, 7°/o water and 5607o cru-s~t:i 0-l-d bricks. 

Strung, 1 igh t \~e·i;ght walls r·hat econor:nize on concrete or clay· 
C~lll he ll\l'd by embeddi1_1g complete bottles, in -even layers, in 
_the material. • 

.::. < .. ~ 

::<:-.. 

_-Fquiirment -;u ppliers-

(; ltr~ ) . Fu r nun's 
S (, HLm and Co. ltd .. P.C\ Box 3, Astmoor, Run~.:orn, Chc'shire, 
\\_\-IS!.l h. ,_._J: 

(j/ll)\ .\ldchtnen· 
( .l.t,~\, lHk;; h . .JU1pr11L'nt Ltd .. Park Lane;' Halcsowen, \V. Midlands, B63 
21:-)S. l' f-..._ , -
\\ t ldJ<tll DuL'k h~1m: LtJ .. The BLfulndrJ~ Cra\\ ky, Sussex, Rl'-i I 0 lUX, 
l .h. '· 
f-...Jllf:'; I ,lllckrJn anti (ireg<,on ·Ltd., Cirindlegate W~rks, 39 Scotland 
R.uad. Slldt'kld. S3 7 BT. U _ h _ 
SllrL'Illl I td . :\leml11 Baroda Road, Baroda, (iuprat, lndid. 

lrllnerlw n \4/une 
Dtl\\ Ctlrrll[.Jg, Cardiff Road, Barry, CJiamorgan, U.K. 
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('hapter 9. Minerals, Chemicals and Oil 

!\'1inerals 

SOLKCES A:'\D LSES OF MINERAL \\'ASTES 

fherc i-; lit t k Ji !'h:r-=nc-= bet w-=-=n by_- products and re-usable or 
re-~..,y~ .. :Lible '' ~hte:-. from industry. The coal and petroleum 
indti,triL'" pr,)dll(l' huge numbers ()f by~products, but they are 
~~ ll'i...'hiwl'):l~ (Jli their own and there is little opportunity 
dllt~ldL' thL'SL' lildu . ...,trie'> to dnclop uses for them. t-,ilany wast~s 
tr,)rn Illll1ll\g. ~..j·ua,rryi ng and simi Jar indvst ries, however, c.:m 
bl' u-.,ed in bu!ldiilg. agriculture and other activities. The uses 
,)t the-.,c \\ a"te-., arc listed below and in Table 11. I.t mu~t be 
"trL':-:<-.eJ th~tl the ii-.,t is far from ~omplete as the s1:1bject is a vast 
Olll'. Rc~lder-., \\ hu wisl1to know more should read the report by 
the J:3riti:,h Building Research E~;tablishment 1 ,,The sizes given 

~ ~ 

here arL' the -,iLe . .., of square mesh through which the material 
(In mrn) v,ill p<.h:-. (-)and will not pass ( + ): 

Fi'/1 h an:-.. material used to fill holes or low-lying or marshy· 
ground. It "is also used to, provide a. stable 'or raised base fo~ a 
r~)dCi, building, :-.pOrtS area, etc. . 
.-iggregare is inert matt;":lial mixed with cement to make. con-

, ~_'rete. Fi_ne aggregate-is grit {size,- 10 + 3), coarse agg~egate is 
gr<.l\el and :-.tunes (size--'- 19 + 10). 
Sand is ~he fin-=st aggregate (size - 3, + 2, - 2 + 1, ~- 1 + 0 
Cf(). .. 

Rail~rav.ballasr is inert material of even size, larger than cDoarse - ' ..... 

aggr-=gate (size - 63 + 25) which is placed under the railway 
sleepers. 
Roadsrone, mixed with tar, -is used to make the top layer of 
roads. Various sizes are used, a'll smaller than railway'ballast 
(sizes- 40 + 25;- 25 + 19; -·19 + 11; ~ 11 + 6). 
Sewage filrers-are beds of gravel over which sewage flows to 
expose it to the air. Size is as large as r.ailway ballast but with 
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flllcr mo.tcri3.l (- 63 + 10). ·,-: 
Gnrblusring ror sandblasting) is a process used to cl~;~ the rust 
L11 ('\[CCI lH the dirt orr stone structures: sharp-edged sand or 
'-'.!It ('-1/1..' 4 ~ 2) is blown in a powerful jet of air or water. 
I !lien ctrl' .materials used in the moulding of rubbers and 
pLbtl-:" to l'l.:unomize on c\pensi\e materials. Size depends on 
l hr~' prudu~.:t. 

Plw!t'n \Llny chemical processes produce calcium sulphate 
( g~ p-.,urn l '' d~tes. These\\ astes can be dried and calcined at a 
l1h1c.k-.,r tc~nperature to give Plaster of Paris, the most impor
tam pL.htcr material. The other two common plasters are lime 
pl~htl'r and anhydrite plaster, which is also a possibility· from 
hy-rlrodud gypsum . 
. \linerul h·oo/ is a material made jn slabs and boards of fibres. 
Dra'' 11 tr~.llll molten minerab, it has e\cellent heat and sound 
Jrhubtlllll prnpcrtil'\. 
Hl1h L,' ar~..· ''~til buildir1g units, usually a" large as six or twch:.c 
h r k ~ " . n u d l' , ) t l i g Ill '' l' i g 11 t m a t e r i a 1'-> a n d o f t c n co r 1 t ~\ i n i n g 
'". ~ t' 1 I ll'..., L h l' J t o i rn pro\ l' i n .'-> ul at ion , e as c hand I in 1!. and Ia vi n g , '7 '-- • '--
Llrh.J rcdt!l . .'l' ''eight. · 
F/I)Ortt:r..:\ arc .... mall chips used with resins or asphalt to pro
dtll . .'l' '-llhl..l)th. often slightlY flexible, interior t-loor surfaces 
\ " 111..'" I Y • I I , I I + 6 , - 6 + 3 ) . 
1 ountln 'lands, soil condirioners are described elsewhere in tht; 
b~.)l)~ ~u1d br1~..J~" and cernent should need no explanation. 

rhe ma1n reason whv mineral wastes are not used more 
c\terbi\ el:. I'> the high cost of transport from t-he site \vhere 
they o~..·l·Ln to the location of their next use. It is often cheaper 
tu pay the c~_)st of quarrying nev., material, close to the point of 
thl'. than to transport waste from far-off locations. 

No J.t tempt wi II be made here to describe the millions of 
wastes and by-products that occur in the chemical and similar 
industries; their study is a matter for specialists in industrial 
chemistrv. However, one material will be described as an 
example of the wide range of products that can be created from 
one apparently useless waste. ' · · 

Blast furnace slag 
In Chapter 2, it was explained how limestone and the other 

mineral impurities in iron ore, are melted to a slag by the 
intense heat of a blast furn~ce. This slag may be made into 
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Table 11-Major uses of mineral wastes 
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different products, depending upon the· conditions under 
which it solidifies. lLit is broken up by high pressu·re water jets 
and cooled in a large volume of water it forms granules similar 
to cement 'clinker' which can easily be finely ground and 
p1i:xed with Portland cement to make slag cement. Alterna-
<t~\ ely, it can be mi:xed \vith cement clinker and the two ground J 
together, but their proportions must be adjusted to suit the 
percentage of limestone being used in the blast furnace, which 
depends on the quality of the iron ore. Slag for cement should 
contain less than SWo magnesium oxide, 207o manganese oxide, 
and 21 a-a aluminium o:xide. It is not a cement on its own but 
must be act i \a ted either by Port land cement or by calcium 
s ulrhar e. 

Finely ground siao quantity of lime added m?Y 
be u-,ed for r -,s concrete constructions like dams and 
aquedu~..·h, an gi\e'> huge economies over the use of pure 
l\ntland ~.·en L'l1l. HO\\e\er, great care should be taken or 
L'\l'l'lt ad\ i~,_·L' -..uught before using anything but concrete to 
\\L·Il-prl)\en '>IL'L·ific<.ltiun for these constructions. 

Slag may be made into a foamed a.ggregate by dumping it 
ll1tl) a pit containing a -,mall amount of water. It is lightweight, 
~.,'~_·Lmomi~..·al and ~.·an be u-,ed with cement to make building 
hlo~..·J...-.. and other building products. It can also be poured 
dirL·~..·tly imo moulds to make bricks or paving stones of rather 
high ~..kn-.,it! LH may be proce.-,..,ed to form a fibrous sla~ wool, 
LhL'd a-.. <l lireproof in-,ulation and for sewage filters. · 

(iround -.,Jag ha-, a high phosphorus content and is used as a 
. fertili1er. 

RECLAM.r\)-10" OF OILS 

\lineral oil>. made from petroleum, become more expensive 
e\ cry y·e;.~Y'~ They are widely used as a I u bricat ing oil for motor 
\L'hick-, 1<.md other machinery such as hydraulic pumps and 
motors. ·e:orn pressors and elect rica! trans formers, and also for 
il1<h.:hining metal-,. In use they become dirty and contaminated 
with materials that mak~ them useless or harmful: they then 
ha \ e to be drained off and replaced with freshc oil. There is no 
-.,afe method of disposing of used oils: if they are tipped onto 
land they sterilize it so that no plants wilr; grow there in the 
future; i r poured down drains they cause them damage and san 
pollute -,ea or river water. Used oils can be reclaimed·in three 
differ.ent ways: 

202 '.r 

I 



i) Laundered (thoroughly cleaned) then re-used for the 
~arne purpose. 

ii) Re-refined to make new oil. 
iii) Burnt, in their dirty state, as fuel for certain types of 

'~mall boilers or locomotives. This produces black 
:-,moke. hO\\ e\ er, if not properly managed. 

By re~.:lairning used oils, it is possible to avoid a serious pollu~ 
tinn problem .. ..,an:- the costs of e.\pensive new oils, and create 
empk1yment in the collection and reprocessing of the used oils. 

There <:n 1..' • h o \', c \ e r , t w o pro b I ems : 
i) The I'rocc.;;:-.es for refining, cleaning and using spent oils 

r'-'LJUire C\pensive technical equipment (although a 
c!e\ er engineer could produce adequate equipment in 
the \\Orkshop far more cheaply). 

1i) The -,pent oil is discarded by motorists, factories, air and 
shipping I i nes in many widely-spaced places, so t r?ns
l'Urt and ~.:ollection costs could be high. 

COl LECTIO'\ OF l"SEI> OILS 
In urder tu ~..·n...,ur~..· collection, the oil user should be provided 
\\it h a ~_:l1IHamer into\\ hich spent oil can be poured. The size of 
,:unraincr \\ill depend on the amount of oil regularly thrown 

~a\\ J\ at ea~.:·h place but two possible sizes are: 
i) A unk, :-,th:h as Fig. 74, for a transport garage, factory, 

-
~.J.-, ftJ.;\7

-/ Funk /iJr L·o/lecring wusre oil. 0\fum H'ustesuver, U.K. 
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-;hipping quay or a large petrol filling station that sells 
motor lubricating 'oil. The tank (undamaged!) from a 
-:rashed road tanker would be suitable. -.. 

' i i) -'S. ;;;tandard oil drum, with cover, fitted with a drainage 
tap for small petrol stations, garages or factories. 

0 

\·cry large dockyards or airpor.ts which use huge quantities 
~ )f 1Ji land h<.l\ e \'aSt StOra

41
ge tankS will nOt be COnsidered further 

C\1.:cpt to note that it may be worthwhile checking whether they 
do re-:la~rn their spent oils. 

Transporr and equipment 
:\ tanker is needed to visit the various storage tanks, suck 

~Hlt the 1Jil and transport it to the processing plant. The tanker 
ll13Y be animal drawn (fig. 75) or mounted on a vehicle. It will 
need cl \lll.:tion pump (hand or motor-operated), a long, wide 
lh)'-l' 111 -:a"c the vehicle cannot get close enough to the tank, a 
numhcr uf different sized pipe ends to the hose (to get inside 
-.,malllH)ks un smGII tanks), G dipstick to check how much oil is 
tn'-.ide and G tap at the bottom to discharge. 

--t n alternatil·e enterprise 
• .\ sroup of young people who have neither a tanker nor an 

'l .. 

-- . 

-~·/~ -- . ....... ~;4..... ' 

F 1g. 75 .--'uumal-drawn oil collection tanker. Note the hand pump 
u.r (lze hue f.: and r he /(;~1g hose lO reach slorage tanks well away fron1 
r /i,, road. Lgypr. . · 
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oil recl~.unation pla11t may obtain employmen't by persuading 
the: owner of a pefrol filling station to allow them to set up a 
tank r·n his y~rrl>and offer a free oil change to customers who 
buy' engmc oil.. They would receive the used oil free, store it in 
thetank,' a~1~ "_dl't to an oil reclaimer. Everyone benefits with 
th1~ ..,~_hc.:mc.: a..,. -~ 
- the: !..'U'ltomer; gets free oil change; 
- ·.the: petrol ~rations . more oil; 

th~ re!..'laimc:r h:ceives. more used oil to reclaim; and 
the young people are usefully employed. 

Lsed oil prices \ary greatly around fhe \vorld, but figures of 
bet\\ een S L S 2. 50-5.00 per 100 lit res are typical. As a motor 
!..'M i..'L)mmonly t1olds about 2 1 2-5 lit res of oil, the value of 
... pent L)Il taken\\ ill be around 12-25 cents t'or every vehicle. 

PROCESSI'\C OF l'SED OILS 

I hl' llll\ll\\ 111~ Jl'\1.:riptions are intended to indicate the kind of 
l'lJlllf1Illl'Ilt ~u1d adJ\ity needed, rather than as a detailed 
!IhtrLh.'t1U111Ill)ll r·e!..'lamation. Re-refining is done by refineries 
\\ h11.:h are "Pt.'~_.·ially equipped to deal with the high level of dirt 
111 LhL'J l)i\. The process i.., complex and will not be described 
hnc. 

t;aurllkrll1g rnay be carried out by half a dozen different 
~~~ ,J~e""l'"· lll \\ hid1 two in particular will be described: 

I . The acid-clay process 
rhc oil h ~ie\ed to remove solid objcch and placed in 

"t(Jragl' tank-,. It is pumped (through a steam heater to reduce 
1 t " " t ~~..· k lll e-.,.., ) ll) a · tl ash de h y d rat or ' w h i c h removes any \Vater 
~it a rem pnat urc u f about 150° C. The oil is cooled fort wo days 
ther1 pumped into tanks tube mixed with 92aio concentrated· 
"ulphuri~_.· a~..·id at about ·+0°C. This precipitates oxide impu
ritic-, \\ hid1 furm an acid sludge at the bottom of the tank: 
thc-.,c must be drained off from time to time. The oil is then 

~. mixed\\ ith a .-.,pecial clay and heated to about 300°C for twelve 
hour~. \'olatile impurities are given off, together with any 
remaining\\ ater. The oil is again cooled, filtered to remove the 
~..·lay and -,rured for canning. Any 'additives' have to be 
rq,[a~_.·ed but, corre~tly treated, the oil should be good enough 
ILl perturrn ih original function. Expert opinions differ as to 
\\ hct hn t ht.' oil i-., degraded during use ,·and lose$ both viscosity 
and luhril'ating rower. The.problem with the acid-clay process 
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is that the ~pt>cial cl'2!J' must be bought and the acid sludge and 
-,pent ~:lay are difficult to dispose of safely. 

2. The in-house reclaimer 
.-\compact plant suitable for installation in a factory or large 

~J.ra~c i-, ,uld comrnerL·ially for about $ US 22,000. Its opera:
!llm i-, i.l" 1L1llows: -· 

lrh.'l)Jlllng oil passes through a heat exchanger where it is 
\\ drmcJ .h~ r he outgoing oii; it then passes through an eiectric 
hL·:ucr tll bring it to a high enough temperature to reduce its 
-,r~~..·kinc.'""··lt i:-- sucKed through a filter of either acti(ated clay 
(I l.llkrs c3rt h) or paper discs to absorb oxides and remove 21-ll 
-,l1lid p~lrti~..·k-, greater than half a micron.* 

lhL' filtered oil enters an evaporator where it is heated 
' l -. 11 _ • . 1 . ~ 1 ·-r·'l 1 L'ICI . ."Lri~..·~:II~ w \ apuunze any \Vater or vurau1e gases, 1 ne Clean 

nil rll)\\-, [l) thL' collecting tank through the heat ·exchanger 
\\ hl'fL' I r hL·a r-., r he incoming material. If paper d·iscs are used for 
ti!tL'ring. r he additi\C<., arc not removed and do not need 
r L'[)Lt~._·L'llH.'!ll. 

lr h L'\tirnatcd that the cost of reclaiming is less than 1 US 
.• -- • -- -- 1 ....... ..:_ - .i.~ - : 1 

'-.l" Ill Jll' I Jill l' U I U II. 

l se a.\ a fw!l oil 
fhi" I" nnly pos'lible with furnaces or locomotives that can 

Lhl' -.,u~..·h d thick, dirtv, stickv fuel. Normallv, this will be . . . 
I"l'" r r1ct cd t l 1 those types whose fuel circuit contains a pre
!JL·:I!l'r rh:11 hc:ll'l rht' f1wl ;1'). it l·nnH''l our of the "tnr::lQe t:1nk --- -- ------ -------- --------- ---- -- ------- -- -- -- ---- -------o- -------

hL'fllf"l' L'rllcri!1~ the burner pump, and reduces its stickiness. 

\1 ar J... et i ng used oils .. 
.'\-., \' ith ~til wa'ltes, sell to a final user if possible. This means 

<~ rL·tincry that re-refincs used oils, a company that cleans oils 
or one that operates furnaces or locomotivesthat can run on 
thi-, hca\ y. ih1pure material. If none of these can be found it 
r11~1v be Llrl~l\ c1idable to sell to a middle man. 

References 

I · ·l lldl t'l ot rhe Lumrwns, Disposal and Pruspectn·e Uses of the Major 
/ndustrwl B1·-Pruducrs and Waste 1\fa!erials. A Report by the British 
Hu!IJ1ng Re--eJn.:h Eqablish men!, \\'at lord, England. 

*( Jne nucron t'ifllals one thousand!h of a millimetre. 
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(~hapter 10. Human and Household Wastes 

The broad subject of agricultural wastes has been left out of 
this \·olume for· reasons of space and wiJKbe included in .,,,_ 
a not her book. There are, ho'A·ever, a variety of0rganic wastes 
which arise in tO\\ ns and may be treated in ways that are qgri
cultural or that are normally used for farm wastes. This 
chapter \\ill therefore discus£. food waste, sewage and. town 
r"efu..,e but before doing so it is necessary to outli-ne three ways - .. .. ~ .. 
in \\ h ii . .' h org~~n ic \\ ast es can be used, ·namely to improve soil, to_ 
feed ~lllimals and to pr:oduce energy by the production of 
biogas. 

I. SOIL 

In order to pro,·ide good crop yields, year. after. yeax, soi1 must 
~<'Ontain the fo!Jo,\·ing: , · .·. 

i) /\'irrares- to give n,Urogen. Normally this is provided by 
de~.:aying leaves a:nd\·egetable matter or by ani.mal drop
pings. If these do not arise naturally, it may be provided 
instead bv: · . . . 
- Artificial or chemical fertilizers ·such as. sodium 

. nitrate or ammonium sulphate (ammonia is a chem'i-
". cal containing -nitrog@n). · 

- Growing legume cro-ps such as beans, peas or clover. 
These contain bacteria '(minute living creatures) in 
their roots that cqnvert nftrogen from the air into 
more nitrates than the plqnts themselves need. This is· 
c.alled green manuring. _ 
f\1anures: of animaf dung (droppings), rotting vege
table rnatter called COJTIPOSt, or of mixtures of these. 

I • 

These are regarded as was'H~s, quite wrongly'because 
they are very imp,ortant'to"the success ofagriculture! ' 
An inJportant matter is ho.~ quicklythey release their 
nitrogen to the soil. Chemicq.l fertilizers do so very,_~-, ... 

'. J, . • , 
.I 
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quickly (som~times too q~ickly so that the rain, 
washe~ a-ll the value away). Legumes need a growing 
cycle (a season). Manures depend on how. well they 
are .rotted before being ·put on the soil, and on their 
make. llp, and these are expressed conveni~ntly as 
their carbon to nitrogen (or C/N) ratio. A low C/N 
ratio means there is plenty oT nitrogen to nourish 
crops .. 

Am®Jlg the best manures are animal and human 
excreta. They ha've low C/N ratios (between 5 and 
20) but tend to lose nitrogen due to ammonia ''vola
tili-zing'' (bei~g given of[ as a gas) with the f~miliar 
sharp smell and .sting to the eyes. · . 

ii) Other nutrients As well as nitrogen, plahts need other 
'nutrients' to feed them q.·nd help their growth. Of thes·e,. 
the most lru.portanL are ·''phospn:orus". and ':potas- · 
sium' '. Like nitrogen, they rna)l. be put into the s.Oil 
either by rotating c~rtain.'types of crops, by adding 
chemical fertilizers or by adding man~res. However: the 
amount of these substances in some manures is. small 
and chemicals are then needed in addition. 

iii) Soil str~cture is important so that ,~he. roots of growing· 
J?lant_s can take in air'· water and the nutrients already 
mentioned. The water needs to be able to drain away so 
that the soil is not waterlogged and important nutrients 
are not washed away with,surface drainage. The soil 
needs_ to be easy to plough. The presence of rotted' 
fibrous. matter helJ?S provide this good. structure which 
cannQt· be impro_ved by c~emical fertilizers, only by 

'" 
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manures.· 
This ability, to imprC>ve and maintain good soil struc

ture, is one of the most important qualities of manures, 
more so than the provision of plant nutrients in which 
they often need to be helped by chemical fertilizers or by 

~~ 
crop rolation. For this r-eason some manu.res, such as 
town compost, sbould be regarded not as a fertilizer but 
as a soil conditioner. · " 

Manures also have the effects of buff~ring the soil 
~against e_xcesses of mineral salts and providing micro
biological activity. These are complicated and need not 
be discussed here, except to say that chemical fertilizers 

· have neither of tl)ese properties. 
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2. ANIMAL FEEDS 

These need to provide animals with:, 
i) Ca~bohydrates to give energy to .kee-p the animal alive 

and. to increase weight: 
ii) Protein to provide energy and amino acids necessary for 

survival and growth. 
~ I 

iii) Vitamins and similar nutrients, essential for survival 
and health. 

' J 

iv) ivlinerals, essential for the health of blood, bones, teeth, 
glands and other parts of the body·. 

\) Fibr'e or roughage to assist the animal's digestion. 
vi) Fats to provide energ~' and increase weight. 

\ ii) \\' ater which may also be provided separately. 
Free ranging animals obtain these elements by instinct or, if 

they-.(annot, they become sickly and may die. Penned animals 
must be fed\\ ith a diet that has been blended to include all. the 
ingredients necessary. Often, the.diet is in the.form of a natural 
bulk. material :-.ud1 as grass, hay or oats with a supplement feed 
to provide the elements that may not be present 'in the bulk. 
feed. <1.0 • 

(]enerally' wastes are able to provide some or all'or th'e bulk. 
feed elements but often they cannot substitute for the supple
merH. \\'here farmers are poor and cannot afford to buy feed 
supplements" it becomes important to try and find' wastes that 
can provide everything in the· diet. Some animals such as rumi
nants have very simple feed requirements and c~tn eat material 
that is mainly cellulose, such as straw. Oth~rs, like pigs, have a 
simple digestive system that cannot manage straws or low 
quality fodder but have·po~verful appetites and eat almost any 
food wastes. g 

An important feature of animal feeds . ..is-that they should 
contain no harmful or poisonous substances. Industrial wastes 
must be critically examined for 'these. 

3. PRODlJ~'TIO~ OF BIOGAS :ENERGY 

No ptoces~ for using wastef· has received so much recent 
attention as the production of ;nethane ga~ or biogas from 
animal dung and vegetable wastes. In india and China huge 
programmes ha\e been carried out to introduce biogas 
'dige:-.ter-,' to the rural people and encourage their construction 
tu prt'\ i"de ~.:heap. renewable t;nergy for cooking. A. thorough 
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list of books,on the subject can be obtained from Intermediate 
Technology Publications Ltd. No more will be attempted here 
than to describe the fundamental principles of digestion, the 
basic shape of a digester and the necessary character of mate
rials to be used in feeding it. 

Principles 
It was earlier explained that, if} the presence of air, organic 
materials rot so as to produce heat and give off carbon dioxide 

.• and nitrogen, provided tf)e C/N ratio is low enou'g.h. The 
rotting is caused by minute creatures called bacteria and the 
kind of bacteria that need plentv of air are called 'aerobic'. If 

" -' 

only limited quantities of air are present, a different, ' 
:anaerobic' bacteria digest the material, if the temperature is 
high enough (above 28°C) and if the C/N ratio is not too high 
l prcferahly bet \veen 10 and 30 and never more than" 35). Under 
1 hc"c conditions, the rotting process gives off a mixture of 
about J5°'o Glrbon dioxide, a small amou"nt of carbon mono-
\ ide (a poisonous, inflammable gas) and 60-6S0Jo methane, a 
non-poisonous inflammable gas with tlTe" familiar ,~mell -of 
rorung \egetarion. This mixture is eaUed biogas andis a safe 
and u-.,eful fuel for cooking, heating arid Lighting the home. 

Human and animal dung (faeces or excreta) diluted with 
water in J ratio 1:1 or 1:2 have a low C/N ratio a~d~their avail
ability determines whether a digester will be economic to 
ope,,rate. If a substantial quantity of dung is available, vege-

" table waste can be added but ligno-cellulosic materials such as 
straws and \vood wastes, are not satisfactory. Any materials 
.ust?d should not be strongly acidic or basic (approximately 
means alkaline). If so, they must be 'neutralised' by other 
materials to give a 'pH' between 6.0 and 8.0., At the start a 
bioga-., plant must be seeded with bacteria, either from fresh 
dung from a ruminant (e.g. a cow)"or a samplt;~of slurry from a 
\\Orkmg dige<,ter. 

Design of a biogas digest or 
The following are needed for fl digester: 

i)' A trough in which, the materials_ can be mixed so that, 
C\en if they are disposed of at different times; the high 
C;N marrer will enter the digester mixed with the low 
C' N matter. 

ti) /\ digester tank, to hold the materials in a slurry of 
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gas outlet i:Hpe 

•'' 

outlet 
gas srorage tank 

ierrnent.Jrtor ' .. Ofllj.),Jrtrnt~nt 

Fig. 76a ·Dwgram of Chinese. biogas digesler. 

I 1::,. ~()h Dtgt?'lf er of r he Indian rype ll'if h a flo a 1 ing steel gas holder. 
\ore rhe 1111\I!I~ trough ro rhe leji. 
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water, with space above for the gas given off to be col-
lected, preferably under slight pressure. ....,., 

iii) A supply of water (need not be clean). 
i v) Pipes to take the gas to its point of use, and a valve (tap) 

to control it. 
\') Some means to de-sludge (remove solid material left in 

the bottom of the digester tank) from time to time. 
·It is as simple as that! 
Two different types of digester-nave been widely used in the 

Third \\'orld; the Indian and the Chinese. The important 
difference is that the Indian uses a loose steel cap that floats up. 
2nd down on the cushion of gas, maintaining a fairly constant 
pressure. The Chinese uses a fixed ca:12.~- constructed from rein
forced concrete as part of the digester tank. The gas pr~sure is 
allowed to build up and a safety valve fitted in case it should 
ri')c toc'J much. The Chine.se design is quite a lot cheaper to 
t;uild, '>l) we illustrate it (Fig. 76a). Ho\vever, it requires yearly 
opening for maintenance and cleaning. The Indian design runSt.,, 
L·untinuL)LJ:::.ly (Fig. 76b). , ,"Jf! 

There are many \·ariations on this very basic design: single 
and double stage, batch and continuous, heated and unheated, 
agitated and non-agitated -but they will not. be studied here. 

Table 12 lists some ·wastes suitable foro methane g~neration 
·and .;,orne that are not. 

An important benefit from the production of biogas is that 
the ... ludge has a high fertiliser value but it is not clearly known. 

~ \\ het her, a::. a result o·r the action of the bacteria., all disease' 
' organisms are 1-tilled and it should not be applied to food crops, 

especially if human excreta have been used, without careful>. 
precautions. Animal feeding should not take. place until a safe 
intcr,al has elapsed. This \vill vary il) different situations but''as · 
a guide, sludge that has been digested for three weeks should~be 
on pasture for three weeks before cattle graze on it. .. 

Some of the more common human a.nd household wastes 
will now be examined: 

FOOD '\-\'ASTE 
It is common practice to feed pigs and other animals on wast~ 
food from hotel~, restaurants and houses·: In som~ developing · 
countries,.-pigs are fed on city refll$e dumps and slaughtered 
for human food, a practice that poses grave dangers to health. · 
Food waste that contains meat, or tha,t has been in contact" with 
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/Table 12 Ability of wastes to generate methane 

\ 

\\"aste material 

H urn an excreta . ' 

Cow dung.(up to 12 k.g per 
day per cov., lower 
for poGr animals or fodoer J 

Pig manure. (up to 2 1/2 kg 
per day·per pig) 

, Chicken manure 
Grass (hay) 
Grass wirh ~hi~Ken m.anure 

Paper 
Paper\'> ith chicken manure 

. ~L'\'> agL' '1uJgL' 

\\'hc;11 '>lLJ\\ 

Ba.ga'>.~c ('>ug;.n c~lllC waste) 
\\ d U' t 

' 
C/N ratio 

6-10 

18 

7 
12 

150 
150 

200-500 

Gas yield (litres) 
per kg of material 

----~-

90-300 

37o-·soo . 
300 

Not suitable alone 
35Q 

Not suitable alone 
400-500 

600 

Not suitable alone · 
Noi suitable alone 
Not suitable alone 

.-\ CUl)King ga, hurner needs 300-600 litres of gas p'er hour. Experi
~nce ~hl)\\ s that peasant families u~e 4--;5 cubic-metres (4000-5000 
litre~;) per pcr-,on p~r month. 
-·--------------'---------------------

nreat o{ any part of an animal carcass should .be processecr as 
foliO\\ s: 

i) .ltmust be batch sterilized for an hour-by boiling in'water 
at J(X)cC. " - . 

ii) Different containers and vehi,cles must be used for deliv
ering the srerile waste, from those used 'to collect tl\e raw 

~ " 

\\as t e _ .,.. " '"' · 

iii) A wall must s~parate the inp_ut 'part of the processing 
·- shed from tlie output part. Entry to both 1]1USt be 

through troughs of disinfectant. 
i\) Staff. working in the two areas shou~d be kep.t quite 

separate and should not move between the t.wo job& on 
m . 

the ·sam~ day. · 
\) A 0ig~ s)andard df cleanliness should be appli~d Jo the " 

\yhole uper~tion. · - · . -,. 
\i) As the operation is smelly it should be carried ou~way 

from houses etc. ... 
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SE\\ AGE 

Se\\ age is the combined excreta and urine emitted from house
holds. which is often mi\ed with water. If piped se\~age 
.... ystem..., exist. then householders have no control over its treat- · 
meiH or di .... posal which is done by the mrmicipality. It may be 
p1ped directly to the sea or to a river (both undesirable!) or it 
ll1ciY be treated to separate and make harmless the solid matter, 
:_mJ d1 .... .:harge comparatively pure water. The study of sewage 
"'> (tem..., l'- ~1 subject of enormous .importance to health in the 
Third \\ ur\d and many bo0ks ha\e been written on it; it is 
lf1tenLkJ here to discuss only one element: disr.osal o[ the 
...:\uJg.e, the Jry matter that emerges from the treatment plant. .· 
[.t l he h( )!llc h;1s r19 piped sewer then the householder may 
.__-,)ntrnl hU\\ his 'night-,oil' is treateq and.rnay be able to use it in 
\ ,HtdLh wa' ". 

,·\ll '-L'\\ ~we ha-, --,ome \ alue its krt ilizer. biog<:'\s feedstock and . ~ ~ 

apt mal feed. but\\ bet her i.t should be used is determined by the 
an .... wLT"' lL) the following questions. 

h Jt sifc l1r will diseases be spread? 
Is it economic? 
Is it plea .... ant or ·unpleasant, convenient or inconvenient? 
Is it permitted by law? 

The t·alue of sewage_ 
Sewage conta_ins nitrogen, potash' and pho5phate, in quite 

good ratios for growing cer~al crops. When sludge is separated 
from the water, m,ost of the potassium is lost and the sludge 
becomes mainly a source of nitrogen and phosphorus. In raw 
sludge, much of the nitrogen is not available to crops until the 

..... . ' 

organic matter in the sludge decays. If the sludge is dewatered, 
much of the available nitrogen is lost with the water. With 
sludges that have been treated in a digester or ih an activated .._ . ' . 
sludge tr~atment proces·s, the nitrogen is more rapidly. avail-
abre ar1d ~0-700Jo may be released to crops in'the first growing 
')c'ason, cc)mpa<>red 'with only about 20-)00Jo from raw sludge. 

s-ludge contains between .1-5 OJo phosphate: some of this is in 
• the organic rnatt~r and is released as it dfcay£. The rest is -in 

inorgani~: chemicals but it is believed that about.600Jo of this is 
rapidly a\·ailable·. Fert-ilizer phosphates are expens~ve and of 
lir11ited availability so, as crops need only about one·-fifth as · 
m\Sch P.h~~phorus as they do I)itrogen, it may be better to apply 

'• . 
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only sufficien,t sluqge to laRd to provide the phosphate needs 
and provide the additional nitrogen with a pure nitrogen 
!crt ilizer. Phosphates are held firmly in the soil for many years 
so ycarlv applications are not necessarv. This has the further 
bcr;efit ;f keeping the amount of sewage applied smaller, with 
less danger of poisonous elements getting into plant growth. 

In sludge the ratio of nitrogen to potassium is in the range 
7-12:1; plants require a ra.tio of between 2:1 and 2:3. More
O\ er. the potassium in sewage is sol~ble and most is lost in the 

'\ water. It is. therefore~ usually necessary to apply potassium to 
r~ea\y crop~ of leafy material in the form of potash fertilizers. 
()razing grass or fields that are regularly manured with animal 
dung only DeeJ thi~ as s.tartin'g applications where soil potash 
Je, els are lm.\. 

~ . . 
Sludge may contc.oo magnesium which can be of value for 

gra-.,-, grew. 1 ng. 
OrganiL' matter 1!1 sludge has the benefit or increasing the 

\\atcr-koldin!! ahilirv of the soil, making it more 'friable' and . ~ . '-

easy to '' ork. It is especially geod for sandy soils. ~ 
I r more than 220 cu. m of liquid ·sludge are ,applied per 

he~tan~ (20.000 gallons per. acre_), much may be lost as 'run 
otT. especially if rain falls soon after, or· if-the soiris hard or 
dense. About 110 cu. m. per hectare '(10,000 gals per acre) 
should be free from this, but. ndt more than 60 cu. m per 
hectare should be applied to grassland. 

-If '>ewage contains material from industrial activities, these 
should be checked and, if doubt exists, chemically analyzed to 
crisure that poisonous minerals such as zinc, copper, nickel (at 
high le\ els) or: cadmium, mercury, molybdenum, lead or ... 
arsenic are I).Ot present at dangerous levels. A report outlining 
the 'safe leve'!s is available 1

• 
' 

Sa/ety rules for the use of nightsoil and sewage sludge . 
Depending on the development of the sewage service, m~te

rial may become available for treatment: 
- In the home, as raw nightsoil. 

In the home as treated sludge from a septic tank. 
At a municipal centre, as raw, untreated nightsoil. 

- At a municipal treatment plant as raw sludge. 
- At a municipa~ treatment plai1t as digested sludge. 

Any of these materials may be safely used but the following 
general rules are essential to maintain public health. 
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i) Rav.· nightsoil must not be applied to ·crops, whether 

they are to be eaten by humans or animals. First,. it 
should b€.,&t.OO~---·· .. -... ,.. .;;.,..,_.c,..-"-c_.,..,.,~,---·· ·--~-·- __ .. -·-·· .... ,. 

a) ·Aerobically treated in a conventional sewage plant; 
b) Anaerobically digested to produce. bi9gas and 

digested sludge; or 
c·)- Composted, usually\vith vegetable waste or munici

pal refuse, in such a way that it is maintained at a 
temperature of ssoc for a few days. 

ii) Slu~ge that has been digested or otherwise treated can 
be. u::;ed on crops provided certain precautions are taken, 
which will be described later. , 

iii) Neither nightsoil nor sludge should be fed to animals if 
they or their products are,consumed by humans. This is 
one of the greatdange.rs bf refuse fed pigs. Where it is 
cuslom;;rty tc) feed fish on nightsoil, precautions must be 
taken as will be described .. 

N.B. Sludge that has only been separated from the liquid, e.g. 
1 n a :-ctt ling tank, should be treated as if it were raw nightsoil as 
it still contains harmful bacteria. It is called raw sludge. 

These processes will now be qescribed in detail. 

The use of municipal s.ewage 

Raw sludge and municipal nightsoil. It cannot be too strongly 
urg~d that nightsoil and raw srudge be digested before dis
posal. If no treatment facilities exist they can only be used as 
a fertilizer on crops that will not be directly eaten either by 
animals or humans. Where there is any_possibility of the sludge . 
coming into contact with the edible portion, a safe interval 
must be allowed before eating. For. example, six' moritbs 
shoulct·be allowed from the-time·~he raw sludge is put on grass
·land, before cattle are grazed on :it. Vegetables to be eaten raw 
should not be grown until twelve; months after sludge or night-

' soil is applied,. but grain or other crops that ar~ cooked before 
they are eaten may be grown in the season following applica- . 
tion. No.riightsoU or sludge of any type should be put on land · :. 
close to di~ches, rivers. Or other source of water supply, J)Or in ~ 
parks or places where small children rr'ray q,awf or· play. 
Sludges from leather processing may conttiih long-living 
b.acteria and should not be used for crops ·pt aiL· . . 
iStgrsred sludge which has been recovered frorn ·a biogas or 
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other anaerobic treatment plant after a period of several weeks 
of anaerobic digestion will be greatly reduced in harmful 
bacteria. It should be stored in the digester for not less than 
three \\ eek.s and left on grass for another three weeks before 
cattle are allowed to graze. This period should be increased to 
fin~ \\ceks for cattle that give milk that is not pasteurized. 
Sludge from cesspools and septic tanks should be treated as 
ra\\ sludge. "!'-

Solid sludges ,:an safely be used if they have been kept for a 
n:ar in total. 
Lagooned sludges need to be two years old before use. 
Composring of sludges and nightsoil is one way of ensuring 
that they are applied to land \vith almost complete saf~ty. 
Dige~Led "ludge, hov·.-ever, has its nitrogen more readily-avail
able. 1.Jften in the form of ammonia. This may be lost 0uring 
... ·L)fl1PL)',ring, or may become locked up if other material in the 
~..·LHnpu-;t pile ha-; a high C IN ratio, so it may be preferred to put 

' Jige,ted -.,ludgL' directly on to the soil and observe the safe 
periods a bon?. 

llome composting of nightsoil 
In some towns and in almost all rural 1 areas of the Third 

\\' orld, there: are no drains and no municipal collections of 
nightsoil. The rich may have septic tanks but most people 
either have no sanitary device at all or else they have a simple 
privy dug in the soil. Some people make use of their nightsoil 
for fertilizing a garden, vegetable patch or field and there are 
commercial compost privies available for this. Most are 
expensive but the one shown in Fig. 77 is very cheap. It comes 
in two parts -a simple privy and a separate composting bin. 

The privy consists of: 
i) A compartment under the seat, enclosed except for the 

hole in the seat which has an airtight lid and is itself 
.. hinged. 

ii) A tub under the hole, fitted with handles and set on 
bric k.s for the best ventilation. 

·j~i) A door in the comp~rtment through which it can be 
withsirawn for emptying. · 

l\) A \Cntilating chimneY, to the compartment, passmg 
through the privy roof to the air outside. 

\) A L·an fo{ ashes or sawdust which is sprinkled generously 

217 



' ' 

hinged. 
hal'k 

lll h 

hcJ\\ 

rla:-,[}>L' 

"hct.1r 

,01, ~ I ventilation pipe 

::J, I 

I I 
1 I· ·1 hinged air tight lid 

~· ~J v ~~:(ed or removable 

i! ! 

~ ~ I 
. I j 

> I 

I I 

I ! 
j I 

I 1 
~ I 

ll'<: . .. , C 'heup)wo-part composring pnvy. 

-door 

cans for 
ashes and 
toilet paper 

fine wire 
mesh sides 

on the excreta each time, the privy is used; the seat hinges 
lJP for this. 

\ i I .A. l·an fpr use.d toilet paper. 

Operutwn 
The key tl.).successful operation is that the excreta should be 

dry in the waste tub; and urinating should be done elsewhere as 
far as possible. The ashes or sawdust further soak up moisture; 
this allows air to reach the excreta and permits aerobic bacteria 
tL) up~;_'rate, iust as in composting. _ 

The ~.·~.1mpost bin may consist of four sections. Material 
fr()!ll t hl' pr i \ y· is mixed with household organic waste su~h as· 
\ cgetabk and fruit peelings and is put in one section only. 
\\hen that is full the material is emptied into the next section' 
and '->0 1.1n. \\'hen all sections are full the material from the 



fourth can be spread on the soil, having had one or two years 
(or Iess with frequent turning) to compost into rich, black 
mat~rial free from smell. Air will get to the matter during 
turning but -;orne people may· prefer to add a pipe through 
\\ h1ch air ~.·an p~hs to the cen~e of the section, although-·i·t is 
lhH!bt ful '' h:...'thcr this gi,·es much ach·antag·e. 

rtlli"C \\·hlil'dfl afford it ·can buy a composting privy with bin 
~llLII . .'ltc~..l >Lll . .'h ~l." the Swedish "Clin1s [Vlultrum" version as 
-..!1~_)\\ 11 inchl' phl1tO (Fig. 78). It \\ill require far less work and is 
llhli'l' Cllll\ l'llllTI1 but the quality of fertilizer will not be any 
J i ll.:..'l"l'I1 [. 

' ' 
I ll.! 'S ( 'ommt>rcial compos! ing prn'/1!.\ t.Jrl! 1!.\pl!n.'>·ive: Clivus 
.\ 1 ul r m !II . \ o r c r h t' cl o or on r he rig lz r fur s lz o r c I ling o u r r he compos I . 

\\I t'rit'!! 

It i-.., rcpurrcJ from China, that the peasant empties the con
ll'!ll uf hi-.., chamber p'ot or latrine bucket int.o a large jar, 
p li.h.'l'd hl'" idl' till· field on arri \ al in ·the fields ea<.,;h day. When 
t h l' p' 1 t ~-.., I ull l l 1 t h i " n i g h t so i l i t i s "e ale d t i g h t I y for t w o t o four 
\\l'l'~" bl·fuil' -..,prcading on the ~.Top-,. This proccs" is said to 
prl'\l'tlt thl· ::,rrcad of hilhur~iu disease in the paddy fields: 
.\nyonc corhidcring such a project should,. study Chinese 
met hod.-,. ~, .. :: 
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Sight soil or sludge as fish feed 
In South-East Asia, both nightsoil and digested sludge are 

ted to fish and the privy may be built at the edge of the fish 
pond. In many places, however, this is not acceptable to the 
people. There is a risk ofi'nfection. This can best be reduced by 
r rt:~Hing the nigh tsoil in an oxidation pond for 15 to 20 days 
before it reaches the fish. The fishshould be kept ~n a pond free . 
from nightsoil and fed on other materials for two weeks or 
more before they are eaten. 

Alternati\ely, 'algae' may be grown on oxidation ponds and 
hanesred and fed to the fish in a separate pond. Chiarella 
~ '-ul~aris is an algae that can be used for this but the fish will '--· ....... r 

need other feed in addition. 
A-, has been mentioned elsewhere, fish flourish on animal 

manur~. \1ud from fish p·onds is a fertile manure for vege
table-, and othn crops. In South-East Asia the padd,y fields are 
L'l)n-.,tnll.:ted 'In that the water can be pumped from one to the 
other: each field can be used first as a fish pond, then as a 
p~HJd y field and the two <.;an even be done at·the same tim,e if the 
fi'lh species does not eat green plants. 

REC\CLI~G OF TO\VN REFUSE 

Chapter 13 described the routes by which household, trade and 
lr1du'-tnal refuse may be collected, recycled and disposed of. It 
did not describe the many kinds of disposal methods that exist 
which will be listed here. They will not be described in detail 
because many books have been written about them and their 
m~in .cor!cern is the sq.fe disposal of the waste rather than the 
pro\ is ion of employment by reclaiming it. The processes are: 

Cruife landfill without covering. 
- Dumping in rivers or the"sea. 
- Samrary landfill \vhere the refuse is covered with a layer of 

soil each day. 
- Baling, followed by landfill. 
-- Pulw:riz.ing followed by landfill. 
- lncineralion (burning), with only the residue land filled.· 

Composting, with only the inorganic residue landfilled. 
-- Resource recovery, the systematic extraction of recyclables 

by hand or by machine, with a small residue landfilled. 

Of the abO\C techniques it may in general be said that: .. 
Crude lanrzji/1 and dumping in wafer create many pollution 
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and health dangers. Baling, pulverizing and burning are too 
expensive for most Third World countries although local cir
cumstances may make them necessary. Resource recovery by 
machine is a process still in the development stage. Sanitary 
landfill, resource recovery by hand and composting are the 
most appropriate methods of refuse disposal 'currently avail
able to Third \Vorld countries. The first is not a reclamation 
process and the best guide to its operation is to be found in a 
book by Frank Flintoff. It will not be discussed further. The 
-;econd has been thoroughly covered in this book, but some
thing must be said about the people who do it, sometimes-. 
called ·sea\ cngers'. The third, composting, is thoroughly 
co\ ered by Flinluff but some points, which need emphasizing 
are made here (see Further Reading for details of the book). 

SCA YE~GERS ON .REFUSE DUMPS 
;;; 

Jhe condition of scal·engers 
The rresen~.·e of scavengers living and w·orking on ref.use 

d u mrs is. common to all de\·eloping countries even though 
many municipalities make occasional and usually fruitless 
atternr~> to dri\e them away. Ouljlp man.mentS'find it diffi
... :ul t t u mai ni ai n a good standard ot sam · 'land fill as a result · 
o'f ':>CJVcnging activity. ~v1ost officials recognize the economic 
benefits ot their actiVIties, and the fact that scavenging 
pro\ ide-, their only livelihood, b~t are concerneq at the serious· 
health ri'lk.-., run bv such communities.-

Sca\engers work with considerable energy but vaguely and 
~ . . . 

inefficiently and \vith little awareness of the health risks they 
In ... ·ur. ivlan:-. of them and their families, often totaJling.several 
hundred people, live around the d1:1mp. They pick up bottles, 
ferrOUS and non-ferrOUS _metals, cartons, tissue paper, WQOd 
and a variety of re-usable objects. They often keep animals 
which feed ·directly off the tip and,they sometimes bulfh char-
... ·oal, using an earth kiln, adjacent to the tip. They often give 
rfk impression of a vigorous and sociabk'community who are 
on good terms with the junior officials who are in charge oJthe . 
dump (Fig. 79). . 

These appearances, however, conceal the serious problems <>! 

that seem common to scavengers the world ovtlr of which the 
most ouhtanding are: · 

i) Pow:rrr !vlost scavengers earn far below the legal 
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J. 

I tc! ~,~ ':'>1t/\ t'tii!.l'n 11 or/...tnl!, ()// u niuse dull!fJ. \ore rile dog.\ und 
1 '' L:' I ht· l!t·u/r;, rnf..' u/ \t u \'L'!ll!,L'rs arc \'l'tT greur hu r rlzetr NIU!IC_I' 

,1/cil/llt' !Itt!\ ht' lun.!,er rlzun rlwr uj rlze fWOr Ltl orher occliJWflons. 

mm1mum wage set by the Government. 
ii) h;norance Scavengers often have few contacts with the . . ~ . 

\vorld outs.ide the dump, especially if they live on it, and 
know .little 9f the rules of health, hygiene, reading or 
\\filing and less of business or social beha-..iour. 

iii) 11/ireracy is often commpn to 80, 90 or IOOO?o of a com
muni tv of scavengers. - . ,_ 

j,) Healrh Scavengers often live and work in extremely 
dang:erous conditions. 

') H1..>using rarely exists. iv1ost scavengers live in a shan~y 
built from waste materials from the dump which is often 
only accessible through a morass of rubbish. 

\i) Lack olservices such as medical, social or educational 
care, or public works like drinking water, sanitation or 
ele~:tri,12ity. , 

'ii) l:."mpfc.Jymenr of children is ont of the worst features of 
_-;cJ\ enging communities because the children have no 
ckil~L·e of education and are condemned to the same 
work for rhe rest of their lh·es. 

\ i11) E\ploirarion b_~· -buyers Beta use scavengers ·tend to be 
ignorant, they are Oft<i?n ruthlessly exploited by those 
who buy.their materials. 
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i\) Inuhiluy ro organi~e themseh·es so that it is very difficult 
to help them. 

\) Lack of concern by the public and the authorities, so 
t hat not h m g is done t o help improve their condition , 
~md any general development of their· country simply 
pa-,-,es them by. 

Lit t k c\perierh:e e:\ists any\vhere in the world of successfully 
hclpmg :--ca\ engcr:- break out of the trap in which they are 
caught. Thctollowing proposals are therefore totally theoreti
,_:al. but might pn1\ e a method whereby· determined a,gencies or 
other bodie...; could help the de\·elopment of scavenger com
munitie'>. b~ ~l two-stage programme. 

St..age 1: ( 'ommercial and technical assistance 
Some.' or' t h l' reclamation apport unities described in this 

book could be u-.;cd by sea\ engers if various sorts of assistance 
\\<...'IC fnnh~.:~)Ill\!1~. Opportunities might include the recovery 
1.)!' 1.:ar -,hell...;: tir1~.:ans. possibly \\ith a small de-tinni.ng plant;· 
l'~lpn ~111d buard. perhaps with the pnwision of a baler; 
1111prt)\ l'U ch~nl.·oal burning u"iing a steel kiln; improved animal 
hu-.,b~md'ry tlHL1ugh penning and other developments which 
might ari-,e from the visits of a \eterinary extensionist. 

I- urt her eL·onomic benefits could be achieved if the 
-.,L"a\ cngno.; furmed a marketing co-operativeT appointed the 
best-qualified member as full-time salesman, organized co
\)perati\ e t ran:-.port of materials to customers and dispensed 
\\ irh middlemen. The mechanical installations mentioned 
abOH' might be combined into a small, informal factory with 
concrete sorting pad and storage bunkers, covered working 
and storage areas \vhere necessary, an accurate pair of weigh
ing scale..; and a public telephone. 

To achie\e alf this, a programme of discussions and training 
'lc:-.sion-, arising from regular visits of a competent social 
\\ orkcr. \\ hL) understood the technicalities entailed, would be 
llc:'l'C'l:-.an. 

Stage 2: Health and social dere(opment 
fhc abo\e programme migff'i take some years to mature, 

depending on the skill and commitment of the social worker, 
the resL)Urcc'l available, support from the authorities and the 
response from the people themselves. However, once the 
people start to increase their incon:e, money becomes available 
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to create change and the process may accelerate. Unlike many 
communities of poor people, scavengers often have an 
abundan·~·e nf .... pace, labour, raw material inputs, animal feed
--tuff: . .,, (()mbustible fuels, etc. 

~.,., ..... ~., At some stage in the programme a confidence and rapport 
\\Ill be e .... tablished between the people and the social worker 
\\llich \\ill be the basis for the second stage. The people \v'ill 
.... r rengt hen their existing community structure and leadership 
h~- f(1rming a marketing co-operative and will begin tt\develop 
d --en..;e of pO\\ cr to change their lives; the greatest need fqr any 
cnmmunity to de\elop. 

Thi.., i::; the ::;rage at \\hich the social worker suggests to tht;m, 
lH e\ cn bctter encourages their own suggestions of, such 
i.., h an g e" a" : 

1) E H larging the co-operative to cover purchase of house
hu ild i ng rnat erials, food and clothing, and perhaps a 
ta\1 \l'[\ ICC. 

11) ( ~Hlf'L'r~Ui\e building of community facilities such as a 
I1li..'l'ting hall. latrine block. paths and roadways between 
lhHhe..,. \\as bing facilities adjacent to' the dump, etc. 

III) Putting prissure on the authorities to provide roads, 
I ight 1ng. drainage, clinics, schooling and other town 
'-l'f\ ICC\. 

1\·1··i;)e n_leq,mtflt 6f as ned it union \vi+h-i-n the co~et:-~ 
"l) that the sums of cash \vhich \v·ill arise from improved 
reL·yclit1g acti\·ities may· be used productively, rather 
than leading to increased drinking or other problems of 
.., uccessful sea vengers. 

\) Training of.children in other work so that they can make 
a li,ing without scavenging. 

\i) A health programme involving the use of protective 
~..:lothing, ~vaccination agai'nst tetanus, polio, infectious 
hepatitis; education in the causes of diarrhoea, 
dy..;entery and other diseases \vhich are endemic among 
.... ca \ engers and cause terrible rates of infant mortality. 
The municipality could support this with an intensifica
t i.on of control measures against vermin and disease 
\ eCllH\. 

\ i1J .\t thi-., .... rage in such a programme the scave.Qgers would 
h~, ~l\\ ~lfl' of the health reason'l for a ,,high standard of 
"~tlllUr> landfill and would co-operate \Vith the manage
l11L rd ol t hl' dump.· Often, any resrraint on the 'spreading 



of refuse as soon as it has been tipped from the vehicle, a 
practice quite against good landfill technique, is met 
with thfeats of violence. Citv health officials who view 

' -· 
with concern any of th~se proposals, which would 
develop or intensify scavenging activities, may perhaps 
feel that this would justify· such a programme. 

COIV1POSTI:\G OF TO\VN REFVSE 

The process is, in principle,: similar to the composting of, 
<igricuit ur~l \\ astes, \yhich is described in a book dueto be pub
lrshed in the future. If the material is not too moist and is 
turned frequently to~allow air to reach it then organic materials 
in the refuse will qe attacked by aerobic bacteria. The b'acterial 
action rai-.,es the temperature with the result that many harmful 
bacteria are killed, but iris important to make sure that all 
pan-., nf thL' material reach this temperature. The final material 
1" a 11 (h. lb r 1--. frL'C- tlo\vi ng solid, free from smell and tlies pro
\'tdcd thL' treatment has been correct (Fig. 80). 

ll1l' mai !1 d i lll'rt\l1CC from agricultural COmpost ing is that 
1t h ne~..,e-.-.,;:ny to sort out a much wider variety of non
,_.-urnpo ... rabk. non-organic materials. This is usually done 
het~..ne the ~..,omposting proc-ess begins but' in some systems it is 
dune after. l'ort.unately, the materials that are 'not compost
i.ible ~lrL' Lll"o thL' reeve le materi s that have been described 
111 earliL'r chaptns o.f thi'-> ·. T , only ones that reall~e 
nut re~..,y~..·bbk are inert materials such as brick, stone, rubble 
and d Lht. and these can be used as filler in marshy areas, under 
\\at cr.., Ide -.,hamy housing, in road construction ·etc. 

Fmploymenr . 
The process of s_~1rting nf~compostables provides a sub

stantial amount of employrA~nf, particularly for people who 
have low.skills and, of course, for scavengers. In Monterrey, 
\ le\ico, when a new com posting plant replaced the old refuse 
tip, the jobs went to forme~avengers, a most enlightened and 
~ . 
h um;1ne piece of municipal policy. There have been some pro-
blems, for people used. to a free and independent life have had 
to change to work within a factory situation, but there have 
als·o been great benefits to health and security of employment. 

Composting rechno'logy Q 

The repu.tation of municipal composting has 
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/1'<. ,"{() C ·u!llflUSEed re.f~tse is a rich, dark, free-flmving solid if mad 
t urred!J.. India. 

. ' 
poor over the last few years for two reasons; poor marketing 
and inappropriate technology. The problem ·with the la~ter is 
that the theoretical attrattion ofthe system has·been q~ploited 
by a number of industrial companies from ce\tain rich coun
tries as an opportunity to' sell large, complex composting 
systems. Unfortunately· these have not been sufficiently 
pro' en in operation and d_emand a standard of technical 
J-nanagem~nt far higher than th[lt normally available to Third 

; \\' orld municipalities. Some attempts to devise' mor~ 
appropriate technology have been made in India during recent \. 
years but none has so far achieved unqualified su.ccess. Any 
municipality that is thinking of. installing an industrialized 

" ' 
refuse composting plant should first study the numerou,s 
failures, that may be seen around the Third World·, \Yith great 
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care. The author will be pleased to assist with further 
information. 

l\.farketing o/Cf!rnpost 
-~=S=o;...:;_n:;.,o.;l~Ldpali t ies .... h.A,ve been given the ic;lea t{t_~~~~~~~::!!:e:.:~~ 

compost is· a substitute for chemical fertilizers that will be .-
eagerly bought by local farmers at a price to giv~th~~..,ell.@T ·a :,.:~ 
handsome profit: t'his is far from the truth. Compo'st i·s'.that~a )\•·'. 
substitute t'or fertilizers. However, it is an excellent soil condi-
tioner with some fertilizer value, but its weight and bulk make 
it expensive to transport and to spread on the fields. Farmers 
will only use it if it is available, at low cost., close to their fields. 
It is therefore ~xtremely important .for any municipality that 
considers setting up a pla~t, to first research local markets for 
compost before equipment is considere-d. 

Sometimes, the municipal parks and gardens can use 
enough compost to absorb the whole production and there will 
he no need t,o set! it'to farmers. In this situation, it must be 
-.·lcarly realized that the cost of producing good quality com
post is much higher than the cost of other methods of waste 
disposal; such as sanitary la11dfill, and certainly higher than 
.the cost of crude tipping. If no income is to be received fr<?m 
farmt;r.s or the public then the municiRa(ity must be prepared ,·, 
to meet these extra costs as the price for having good soil in 
their rarks and a reduced need for space for refuse landfill. 
Vd1ere a city ha~ a booming tourist trade or is seriou.sly short of 
landfill sites· within the city boundaries, these may be accept-

·. :1ble. This is pint iculaFly tbe'case where the cost of transporting 
, refuse over bad ... roads to landfill sites twenty or thirty kilo
metre~ outside the city, will be greatly reduced. In.other situa
tions, it is not likely that any city will continue to fund an 
expensive oreratioi1 for an indefinite time in the future just to 
get better roses and lawns in the parks. 

The ji1ture of municipal composting , 
Pro\ ided these t\VO matters are examined with the most care-

' ful attention, there can be nothing but good reasons for using 
~ . 

comrosting a~ a means of refuse disposal. Perhaps' the ·tnost 
)mrortant argument in its favour, and it is~ pity it is not easier 
to fHJt a financial \'alue to it, is that the quality of soil is one of 
the most important assets any country can have. MuniGipal 
L'OmpC1'~ting, once the problems of technology and marketing 
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'' 

, have been overcome, offers the best possible·pro.spect o(long. 
term improvements and the education of the people in the 
ef!9rmous long term value of returning brganic wastes to the 
soil. • 
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C'hapter 11. \\'hich \\·aste? 

l\nt l ,,t tl1i-.. bL1l,J,_ ha~ ckscribed dozens of different waste 
llEltl'rlal-... Thl' r(·ader for \\hom the book has been writtcr1, 
lh'''l'\l'r, h nut Interested in just knowing about ''astes; he 
\\,UU-.. tc' -.Tl'~i~l~ \\()rk, for t~im or herself or for <::,)thers; 
-.·l,lk~..·tln~. f'l\1-.·c-..-.,ing. -..clling or doing all these to one or rnore 
rn~tL.:rl,tl'-. P~nt IIi-., intended tL1 help the -;mall 'bthinessn,wq' 
b' l'\i""'i.tlilll1_:2. -..r,t:.:l·-b~--.ia~l', hU\\ tu gn about''--reating \\Ork. 
!r 1-., !llu-..rr,tr~..·d h' t\\ll ~..·:t'-l' -.,rudil''- and '>t1Il1111~tri;l'd inthirtv-. . 

1 " \ 1 " i 1 \ 1 1 r . ., 1 1 111' k 1 ulc" '\ h i l." h arc r c p e <ltl' d at t he b·a d~ so t haL 
tlll'\ ~-111 he· ~..·llll-..t,trllh ~..·hl'l"Kl'd. 

- • d 

il''' l"'l'\)l'k \\ lll ~ain Il1a\imum benl·fit from reading Part II 
,t rc~I~ln 1 hr\)ll\.!h. It i-., much better read in relation to an actual 
hu\t;lt'S'. ( )nl'~,, ~~~ to Jn t hi-., is fLH a group of people, 

51
some of 

"lhlill Ml' running or '-·on~idering a waste business, to meet 
tu Sl't h l' r. lh l' s r\.HI p may include an outsider: a local priest or 
"\.'~..·1al \HHkn fll'rhaps. One person who can read and write is 
r1ecJl·J. Ead1 time they meet, after reading all or part of a 
~..·hapter (or ha,ing it read out aloud), they will go through it, 
Item by Item, question by question and try to see how it _relates 
to their own town or their O\vn business. At first they will 
J i-.,~..·L)\ er that they do not know the answers to some of the 
lfUl''>l ~~1n-., that arc as ked. Some research (that just means find
i ng uut) wi II be needed. \\'rite down.whether it can be done and 
the name of the person in the group '\,ho is going to do it, Uust 
as do the characters in case study I and 2). Ask the person to 
agree to a dq.y by \vhich it will ha've been done and write that 
tULL Ti1e notes will look a little like Fig. 81. . 

Some chapters, especial!}; Chapter 18 on costing, may seem 
difficult. In fact they are only unfamiliar. Try to think of them 
as they apply to your O\vn business; perhaps leave them for a 
whik and come back to them_ when they. seem more important 
fur your business; in a few months the difficulty will 
disappear. 
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.\ores lrum a meerinf< ro find work from was'u?. 
• t,. . 

\lost of the important decisions discussed in Chapters 131 to 
I 8 depend on which \vaste is to be handled and it will save tltne 
and r11oney if this is determined at an early stage. However, it is 
not an obvious decision and must be taken with great care, so 
this and the next. chapter will tackle it. They will begin by ask-
ing two very important questions: ·. 

· '\Vhat \\·astes occur in this district th'afare not being used?'' 
•'i\Vhat uses or markets exist for them?" 
Both must be answered if jobs are to be crecrted. You cannot 

ha \·e a marriage without a bride and a bridegroom and likewise 
r ~.-ou cannot sell waste5 without a supply and a markeL' ' 

(•_, 
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1. \\"HAT \\ ASTES OCCL;R 'I~ THIS DISTRICT THAT 
ARE ~OT BEI'\G l'Sl\D? . 

To Jfl"'\\e-t thi-,. it is neces~s~y to unders.tand how. and where 
'' astes arise. Fig. _82 will help\vou. Consider the places shov.:n 
in the d ia~ram. Do vou k nO\\ where to find them in vour ..__ . ~. . 
,! i '-l ri ~..·t '! Y ~n1 may -,uddenly rca.lize that there are areas that you 
ha\ e 11l'\ l'r been ·to and that y·ou only know a quarter of the 
!aLtl)nc" 111 thl· tO\\ fl. \\!~hat about the w~lst,es that can be found 
a 1 t he;,c r laL·c-., '? Y l)U probably always not iced wastes. lying 

· Jruund in the -.,rrecrs. but never looked closely at what they 
\\l'rl'. 

If th1" d1aptcr i-., bcim! Lhed as the subject of a mceling, - ~ - ~· .__ 

pnhap" trll' mel·ting l·ould break off at this point while 
l'\ crsunl· '' al !-.."_around the tO\\ n for an hour to look at the 
dit'fcr~..·nt ''~1\il'" th~il \.)Ccur. It may take longer if you intend to 
\ i"Il thl· h,l'-"" \)! "l1L)ps ~u1d !'actorie.'.. At this .'.tage a glance 
r hr ''LI~h thl· '' Irl· dt ~~ tactory yard .'.boule.! tell enough. Do nor 
b~..· "~' th,,ruu~h th~11 \OLI arL' arrested as thiC\'l'.'.~ 

\I.., It t h~..· il'\' r1 Il'I\J-.,e dump at some point. too. E\en if it i.'. 
[ \\ l'll t \ 1111 k-., ,I''~~~ it \\iII be won h the t rol! bl.e. Someone who 
\.·Lirl '' riti..' ..,f1,HIIJ g,·) along with paper and p'encilto list the items 
hl'Il1g dumpl\J and important fa~..·t-, about them. There may be 
,1r1 drrn:. ~l! p~,.·,)pk ,dready \\Orking on the dump who may not 
\\ ~..: l.~ \ Hl: ~..· \ \' u !It h l'' know you arc-,h oping t c) collect wast cs. On 
rfll..' \'rhn ll,!nd. they may be ahk to help you: if they arc 
\\or kl!lg a ILl Ill' lH 111 small numbers they may \oluntecr to join 
ylHlf grl'lllf'. Dl) y,1u -.;~_·orn thi.'. idea because the~· arc dirty and· 
rag~l'd? lhl·:. may have information and skills you need and 
)\HI may ha\C the ability to work as a group that they lack. 

.·\.t 'rfll' dump ur inJhe strt.'ets you can find tell-tale inforn1a
tinr1 tu tl·ll ydu t rom where a particular type of waste has com.e, 
'>LICh <.h labd-., L)I1 can-., or drums, letters or boxes with a trade 

'iwme printed on them. It may be worth visiting the factory or 
offil·e that di"cards these. Some waste will cor:ne. from 
household-,. 

\\'hen you Lave a list of the materials that occur as waste, 
with as much in formation as possible about where they come 
from, try next to e.st imate the quantity of each material: It may 
not bt.' po-.;-.,iblc to do more than describe it as ~a lot' or 'a little' 
but even this will help. 
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VEGETABLE WASTE GASE STUDY 1 

.Victor, Vida and Vasim live in Bluetown. They hold a 
meeting to discuss ways in which to find \yorki Th~y \\1~11_ 
round the streets looking at the waste which is lying in 
heaps waiting for the disposal carts to collect it. Most ofit 
is vegetable peelings left by housewives. They decide to 
work out how much there is. ' 

Vida-and Vasim's wife agree to put each day's peelings 
in to separate, labelled bags. At the end of a \Veek. they 
each take t~eir seven bags to the market, borrow a scale 
from one of the stalls and list the weights (Table I3). 

Table 13 \\eights of waste per household in grammes 

Vida's family of Yasim 's famil"y of 
eight peopk ten people 

\ll)nda\ 420 510 
r LII.':--U ~~ \ (140 620 
\\' L'U nc~da \ 200 250 
rhur~dav 610 700 
Frtday 520 540 
Saturda;. 400 360 
Sunda\ 780 800 

TtHdl 3570 3780 
., 

They calculate that the averag¢'ls just over half-a-kilo 
per family per day. 

Victor, meanwhile, has been t.P the mayor's office at 
the Town Hall ~o find out how 'many people and how 
rnaiiv families live in Bluetown. He is told by the clerk 
that there are about 20,000 people, but the number of 
families is unknown because they keep splitting up and 
changing. There are probably about seven people in each · 
(amily, which makes around ~,850 families. 

Back. at Yasim 's house they calculate that half-a-kilo of 
y{eelings per day from each of 2,850families, makes I ,425 
kilos a day·, which is about 10,000 kilos (I ,425 x 7) ~ _ 
\\eck or 10 tonnes. ,, 

"\Vhat can we do with 10 tonnes a week of vegetable 
peelings?" "ls anyone else collecting vegetable 
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peelings?"' 'yVould we be aJiowed to?" "Would we have 
to pa)· for it1..1' 

E\ell,lJially Victor says: "First we must find out W.
1
hat 

\\ e can el(nvithJ.t. If it can be sold, why has no one done so 
before?'' Y.i"·,.. - . 

\' ict or·;- Yasim and Vida's pr,gcess of working out the 
quantity of waste available can'~be called supply research. 
It needs to be done for any waste you may consider 
collecting and using or processing and selling and must 
answer these questions: 

i) \Vhat waste is 
availalJle? 

ii) \\'here does it come . ' 

from? 
iii) Ho\v much is there'? 

i\) .\\'hat will it cost? 

\) Of \Vhat quality is 
It'? 

·· Vegetable peelings. 
. ' 

Households. 
About 10 tonnes a week -
but spread around 20,000 
people. ·in nearly 3,000 · 
households. 
Nothing; it is thrown away 
at present. 

That is a question to leave 
-until later. It is much easier 
to answer if we know first 
what q~ality is wanted. To, ,r. 
decide that, it is necessary 
to know the market into 
which it can be sold. 

Rule 1 
Find out what wastes occur in the district that are not being 
used. 

Rule 2 
Find out the quantity if possible. 

2. \\'HAT USES OR MARKETS EXIST FOR THEM? 

The way to answer this question is simple- ask people. It may 
be helpful to look iri books as well, but asking people is the first 
step. The next case study shows.how Victor, Vidc;t and Vasim 
went about it. ~ 
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VEGETABLE \\ASTE CASE STUDY 2 

· · E \ eryone knows" says Victor "that vegetable wastes 
,make goo,d compost to fertilize the fields and vegetable 
gardens. Ali we ha\e to do is make compost and sell it to 
farmers and vegetable growers." '" 
··The farmers round here are too poor to b,uy compost'' 
-,a\" VJ.-,im. ' 
.. I think the people \vho grow vegetables to sell in the 
market would buy it'' says Vida. ·'They make plenty of 
money by charging high prices.'' -
· · L~t us gc and ask them'' says Victor. 

They go to the local vegetable market and talk to the 
n:-getable sellers. Then they go to the locql farmers store 
in \\ hich they hope to find out who buys fertilizers. The 
managc.'r 'refuses to~ tell the~n, so the'y wait outside the 
.... rnre ~md talk to peopl(? whc) go in and out. Next, they 
\ Jqttt.Je l()~.:al agricultural ex. tension officer who tells them 
(as they .are ·beginning tc) disco\~er ._themselves) that very 
few people use compost these days. Those who can afford 
1t buy ~.-:hemical fertilizers; those who cannot do without, 
and of cour:,e could not afford to ouy· from them. They 
decide there is no market for compost made from waste 
vegetables. · 

\'1da. \'a .... nl1 and Victor ha\e:jusi completed a success
ful piece of market resedrch \vh.ich has saved them many 
hL)Urs of wasted time making and trying to sell compost to 
people who do not want 'to buy it. In Chapter 15 market 
research will be examined in detail. At this stage it is 
Important simply to recognize that market research is 
e~-:enti~'ll -b(?fore puttif1g time or money into the collection 
or production of a waste product. But what do you do if 
you get a negative answer from your research? 

\'ida, Vasim and Victor haye another meeting and 
decide that they cari do one of three things.~ 

i) Give up the idea of collecting vegetabLe waste and 
l 

'collect so·methi8g else. 
ii) Persuade people of the value of compost so they 

'" will buy it. 
. iii) Find another market for vegetable waste. · 
They decide to try the last alternative. Theri Vida 

sudden[y)l:.l?. a ___ g~jgh_t idea: 
.:lil!!:::i:::Ji_=uz~~.:__~ • ~;:===a-".......z.. - -~~ 
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"Vegetable wastes can be fed to pigs. Who keeps pigs? 
\\.hat do they feed them on now? Would they buy 
\ egetable waste if \ve collected it?" 

The\ go to the local agricultural store to find out who 
~ ~ ---- -·~ ~ """"'---

keep" pigs and buys special feeds. They do not say that 
t h'-'Y want to knO\\ this in order to sell such people a 
Ji ffcrer~t feed and the store manager th~nks they want to 
buy "onw pork~ They ask the local veterinary officer too. 
At the council office thev ask the inspector who checks on ' . 
..,,\ ine disease. They look in the Telephone Directory, in 
the classified sect ion that lists goods and services in 
alp habet ical order: ("Physiotherapists, Piano Tuners, 
Pic{! ne- frame makers, Pig Farmers"). They visit the pig 
tarmer" listed to ask if the::,· would be interested in buying 
I 0 tormes of pig food per week . 

.-\ftlT walking se\'t:ral weary miles they understand why 
r1uhnci\ else is selling vegetable waste as pig food; pig 
larmn-., are scattered all around the district. Many of 
them recei\e food wastes from their ne~ghbours for their 
pig"· but most mu_5'( also buy extra grain from the 
farmer"' store at a .c'ost 'or around half-a-dollar per kilo. 
All <iY they '' ouid ·buy, vegetable wastes if they· were 
a' a i lab le and cheap , but : \ 

Thl'\ would ha\·e to b0 fresh. 
The~ \vould have to be ~clivered in the mornings when 
the pigs are fed. 

fhey also say that if cheap food \vas available, they 
could keep more piglets for fattening instead of selling 
them to the market. 

/ 

Victor, Vida and Vasim nov .. have a list of possible 
customers and an idea of how much vegetable waste each 
wants. They know something about the quality of the 
material needed, too: it must be fresh. But does fr~sh 
mean the same day? The next day? Less than two days,; 
old'? They have not thought to ask that.1'They wish they 
had planned their questions better. 

At their next meeting they discuss the results of their 
-.,econd piece of market research. Victor sums up: 

''\\'e have a list of ten pig breeders scattered around the 
town who would like to buy vegetable waste providing it 
is cheap and fresh, and another five who get theirs from 

..,_- -;-~~- _ Q~i_~,Lh,b~ours~qfJ.h.;ls;a-wfG:ur, ha:v:elaEcJLatrimals and the 
~;,;~,~~:~-.·'--.:.'' ....,.3, 
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other six pa\·e only twenty. Each animal on.-?verage will 
eat two kjlos per day, so the.total requirement \vill be 280 
~mimals or 560 kilos per day - about four tonn'es per 
\\ eek. This is much less than the. supply available, but 
enough to start a·bu'Siness: Besi-des, there are o!her pig- .F 

breeders\\ e ha\'e noi \ isited and some who currently buy 
from their neighbours but might come to us if we 

~ ~ 

persuade them. \Ve can do this by selling our material at a 
d1caper price than t.hat of grain.'.' 

The group now ha\-e both .. a supply of waste and a 
market for it, so they are in business. Or are they? There 
arc other matters they need to examine before they can be 
"ure and t he~e will be studied in the n.ext chapter. 
\kan\\hilc these rules can be stated: 

Hule J 
l·md out "hat LhL''- or markets exiq before starting to collect 
\\;.htc material. 

Rule 4 
h nd out t h c quantity and quality. req uir~d, where the markets 
arc and r he price they might pay. · 
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Chapter 12. Other Needs --'Technology, 
Transport, Premises, Labour and Management 

.. 

Chapter 11 discuSSI=d essentials for creating work by recycling 
wastes: i) A supply of waste material, in the right quantity and 
quality, and at the right place and price; ii) A market for the 

\right quantity and quality in the right place at the right price. ~ 

This chapter examines some other necessities. The principles 
~r-c illust rate.d by the ve&etable wastes case sttidy and aJso by. 
e'\amplcs of'a grOL}P collecting a more difficult waste to deal in 

·- plastics. 

TECH;\JOLOGY 
Technology is not something of which to be frightened. It is a 
useful word that covers thirigs people can do to make their lives 
easier. l fa man walks to work he is not using t~chnology, but 
he i~ if he rides there on a bic~cle. Less time is taken for the 
j c~1rney and he is not as tired on arrival. Th~ technology he is 
using is a simple one consisting of pedals, gears and wheels. If 
he buys a car and dri s to work, using 'no energy himself 
(except to steer and c nge gear), but obtaining it instead from 
petrol, he is using a ore complicated technology. Technology 
does not only mean u ing machines. It also covers processes. If 
you cook food to ke it less tough or to stop it going bad 
before you eat it, that also is technology. If wood is burned to 
form charcoal that is lighter and c;leaner to cook :with, .ft simple 
chemical technology is being used. Technology covers the 
nature and structure of materials, the processes that can 
chang~. them and the equ\pment used in these processes. 

Mo'~i of the wastes discussed in the first half of thi1s book 
needed, something done to them before use.' They needed to be 
sorted or baled or melted or shredded or pulped or ,com posted 
or fermented, wa~hed 9r dried or something else. Technology 
is. the means used to carry this out; the tools and equ~pme~t, 

.. ~~ ,• -- '/ 
~;-' 
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the energy and skill used, the materials needed, the time or 
temperature or pressure or force required. 

H har rechnulogy is needed? · ?: · 
The t~cimology must~tJecho·sen after asking the question: 

·'\\'hat form i~ the waste in when co!Iected, and in what form 
can it be -;old for a better price,._ or· with less spent on 
transport'?" 

PLASTICS \\ ASTE CASE STUDY 1 

1~1 the \Cgetable \vastes case study, the pigs eat the mate
rial iii ct -.,ta.tc- similar to that in which it is collected from 
households. Lt seems no technology is required. The 
plastics case studv, follows a group of people- Penelope, 
Prid.a and Paulo.- who have decided to collect and s'ell 
pl ~bt ic~., waste. They· discovered that a supply exists, from 
homes, shops and factories and that there is a market for 
\\ a\te pla-,ti~..· among the smafl factories that make cheap-~ 
plastic buckets. They have checked that the quantity of 
the supply is more than enowgh to satisfy the market, that 
they can obtain plastic \vaste free by picking it up in the 
-,treet, the rubbish dump, or houses and stores, and that 
there is a rnarket - two factories in Bluetown a short 
di-.,tance from Greentown where they live. 

Howcyer, when they came to study the quality, they 
found that: 

i) The supply was made up of sacks, bags and sheets 
of plastic film, often dirty. These were sometimes 
made of low density polyethylene combined with 
other plastics .in the one object. 

ii) The market was only for pure low density poly
ethylene which had to be clean. 

iii) If it \vas chopped up'"'into small flakes, the price for 
which ir could be sold was twice as high. \ 

i v) If it was made into tiny round pellets, the price \ 
would be five times as high. 

They realized that although they could collect some 
clean plastic, they needed a technology that would clean 
the rest and enable th~m to distinguish and separate low
density polyethylene from other plastics. They realized, 

;· too, that they would benefit-,.,by higher prites, if they 
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could -produce the material in flakes .q~, even better, in 
pellet form. ~ . 

Rule 5 
Decide whjt technology is needed to change the material from 
the form in which it occurs into the form in which it can be sold 
and whet her any further technology is desirable. · 

How to find suitable technology 
The types of technology ne_eded to process various wastes for 
sale in the principal markets have already been ·described in 
Part 1. Later in the book, a list of books that specialize in 
certain materials and which may give more detailed informa
tion is included, and a li~t in the appendices includes organiza-, 
t ions that can offer advice. However, the answer is often near 
at hand: the customer to whom you hope to supply can often 
tell you all that needs to be known, but remember that he has a 
commercial interest, so try to check his information elsewhere. 
Perhap~ a local technical school can help, or a Government 
e\ten~ioD o·fficer or Small Firms Advisory Service. Often, 
there\\ ill be a bookshop where textbooks can be bought, or a 
cit~·, ~chool or college library; the librarian may help you find 
the in format ion. Finally, there are many trade associations 
that c.\Ist to hc'lp their members and they may be willing to helQ 
vou. If all else fai'Is, \\Tite to the author of this book at the 
publisher's address, giving full details of the problem and your 
full address for a reply. 

r irrtitations of technology 
\1ost was"e" can be processed by a v~ry few technologies, as we 
hzne seen in Part I. However, any of the following prohlams · 
mav be encountered: 
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-i) The technology may 'hot exist at all, e.g. no process. 
ex ish for recycling 'thermoset' plastics such as 
l\/1elamine cups and saucers, or Formica table top 
laminates. 

ii) The technology may exist but could be too expensive or 
elaborate to use, e.g. for briquetting sawdust into fuel 
pe.llers that cari be burnt for domestic cooking. Often, 
the problem is one of scale; a large sawmill can afford to 
u~e a huge briq_uetting press to provide all its fuel needs 
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from its own sawdust, but for a small-town sawmill this 
is not economic. 

iii) The technology may be in existence and usable, but 
there could be social or other objections e.g. burning 
plastic-coverings from copper cables makes poisonous 
black smoke, so is often illegal. 

I\! The technology may simply not be known about, or not 
k !10\\ n in enough detail~ to be used. for example, 
~.-·oconut trunk is seldom cut into timber for building' 
because the technology used is not widely knovvn and it 
i" difficult and troublesome to obtain suitable equip
ment on remote islands or plantations. It is hoped that 
rhi-; book will help to ease this situation a little. 

\) The technology maybe known about, but may require 
w~_) much ~kill or kno\vledge for those involved; e.g. the . 
."llrtin~ of' different_ plastics is seldom done because of 
th~..· di!'!i,.:ulty or training sorters to do it accurately . 

..... 
P~.A~TICS \\ ASTE CASE STLiDY 2 

Ha\ ing identified the technology they need to sell waste 
plastics to the factory that moulds plastic buckets, 
Penelope, Prida and Pauro meet to discuss how to find 
nut what is avai)able. From this book they lear'n :how to 
-,ort low density polyethylene from other plastics by 
hand, using simple tests,when the"y are in doubt. Soon 
they become so experienced, they no- longer need to use 
tests-. They alsQ discover that, unless they c9mpress the 
plasti.c sheets, transport vvill cost more than they will be 
paid fort he ·material. The customer offers to hire them a 
granulating machine, but suggests they bale the material 
v\hich he \\ill granulate in his f:;tctory. At first they are 
rather confu\ed ~y the·word' granulator, but they talk tG 

1(1e instructDr in the town's technkal college who explains 
·that it is :-,imply a machine to. ·chop plastic into· small 
pieces. Thc~/discover that the cos-1 of hir'ing a granulator 
Js-n-1ore th.an their extra pa:/ment for the wo~k, so they 
cle(_ide to "tart by"baling the plastic in a simple box, as 
dc\cribed it1 Chapter L Wlien they have earned enough 
money the~ will buy a granulator whi~h can be made at 
th,L' loL·al engineering workshop, and power' it with an 
elect ric moK)r, .1bough t second:hand. The instructor 

... 
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promises to help them install it in the shed behind Prjda 's . . . 
house (the only house with a supp1y of electricity). ~ean-
\\ hik, the local carpenter will make them up a baling box, 
but \\Ill need two steel hinges. Paulo find? these (}n the 
dl)()r-, of a car that had crashed nearby some months, 
before. (; 

The\ decide that all material will -be ·sorted to see 
\\ hether it needs washing, and agree to save 'C:~oking and . 
\\ a"hing water in an old oil drum. Prida puts a channel 
nL.lde uf split bamboo along his roof edge to cat-ch rain 

' water which will then spill.irH.9_./he drum. A fte-r"the plastic 
ha::, been washed in it, the wat~r can stiH be used, as at 
pre\en t. to water the women's vegetable patch. 

Paulo thinks they should try to pelletize the granulated 
rL.h tic a:-; described in C:;hapter 5, but Penelope and Prida 
"~~~ the\ 1,:annot afford the machine and, in any case, they 
dl) IllH rL\.llly undero.,tand the process. They agree to study 
tl11" pl)"·"ibility again ;.'l.fter they have become used to 
\\l)rking \\ith plastics and are confident they can make 
rlh HlC\ from this work. 

Rule 6 
\\.1th '>lll1pk. home-made technology you can often process 

.rn~ilt.'rial cheaply to increase its sales value and reduce trans
plHt ~..·lhb. 

Rule 7 
Lea\ e l·omplicated technology until you are familiar with the 
product and the market and can find the money needed wit~
out endangering the business. 

TRA:\"SPORT 

Tr~msport playiAa very important part in any waste recycling 
business. \\'astes are usually bulky and law in-value compared 
\\it h \ irgin raw materials or finished goods. Transport costs 
depend on the bulk of the materials and the distahce covered 
and are not reduced because the material's value is low. Wastes 
h<cl\ e to be collected from where they occur and taken to where 
t h~y can be sold. Anyone deciding to deal iq .a waste must 
corbider his transport· requirements with great care, partic
ularly at the present time \vhe~ transport costs are increasing 

244 

,, 

... 

I 



faster than any other type of expense due to rising petroleum 
pnces. 

Usually, two quite different transport operations are 
involved; collection and delivery. Collection may require 
many visits to collect small amounts of material, from houses, 
factories or collection bins. Delivery may be to only one 
customer; for example, waste paper to a single hNge paper--mill, 
or to a small number, for example, scrap iron to several small 
foundries. Sometimes, as in the vegetable waste .~j:ase study, 
there are se\·eral customers involved, but even then they are 
fewer than the number of sources of supply. The questions 
that must be asked about transport are: 

i) How much material has to be collected from the source 
of supply, from how many different places aiJd to where 
muq it be;taken? 

ii) How much material has to be d.elivered to the customer 
and how often? 

iii) \\'h1u transport is available? 
i\) \\hat will it cost'? 
I he la-.t t \\ o questions should really· be asked together 

be~..?ause tran-.port is always available (except in very remote 
Jistri\.·ts) if you can pay enough for it. What' interests the 
coLlector of\\ aste~ is transport \vhose cost is not more than a 
re<~-,unable proportion of th~ price he_is going to receive for his 
me. terial. This need not only mean transport he owns himself; 
in ced this book \viii counsel •Small traders against trying to 
own motor ve~icles, as will be discussed in Chapter 16. 

ften, con$lcterations of transport will decide what sources 
of \ aste supply will be collected· and what markets supplied. 

\'I- GET ABLE \\ ASTE CASE STUDY 3 

Vida, Victor and Vasim have definitely decided to collect 
\·egetable wastes from h.ouseholds and sell themto ten pig 
breeders around the town. Victor obtains a number of oil 

·'drums and they drscover that, if they put the wastes in 
these, the cart can hold twice as much material. They 
exan1ine the possibility of compressing the waste into th~ 
oil drums using- a press. This increases the amount of 
material in each drum by half, and the weight of the full 
drums that ca:n be put on the cart is as much as an animal 
can pull. Vida suggests that, if the drums are already' 
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filled when it arrives, and if the 'pig breeders are not 
expected to· empty the drums immediately but can return 
the empty drum on the next day's delivery, it would only 
take two hours for a small lorry to deliver the material to 
all ten pig breeders. They would need a. second man on 
board to help the driver lift the full drums off the back of .. 
the lorry. This makes it worth hiring a lorry and driver for 
two .hours ev:.~ry day, even though it would not have been 
worth buying a vehicle themselves. A local builder has a 
lorry that is only.half busy and asks a reasonable price. 
Two things worry them. What will they do if the lorry 
does not arri\'e due to mechanical breakdown? What will 
they do if s.udden increases in diesel fuel put up the price 
of the lorry? Both problems are solved by ensuring that 
an animal-driven cart can be made available at short 
notice. Hovvever, they ·hope that customerS" who have _ 
been satisfied with their service for several _months or " 
longer would not go back to their old sources of feed, 
C\ en i r _a price increase were necessary. ·· 

They learn that the local pineapple cannery throws 
away five tonnes of pineapple waste every week. This· 
could be used to feed pigs, but the factory is out in the 

. country, thirty kilometres away, near the pineapple 
plantations. They consider their transport needs and 
wonder if they should take advantage of the pineapple 

·waste, even though they are not yet selling all the 
household· waste.· 
They decide that the household wastes can be collected by 
people with sacks walking· down each street, plus one . 
person with a hand-cart doing a r'oundtrip, twice-a-day~ \~ · 
receiving the Jull sack from each col~]#.gvi61w~:0~r=~ 
him ~;i'th afl ~mpry one. The same cart could deliver to the 
pig breeders, but because sp~ted out all around 
the town, this will takeJ A second cart, with a 

G ' , ;:..._ • , 

hqrse, or a small van· 'ck-up vehicle will be 
necessary. They cto not ~ha ugh money for a vehicle 
and none of them h:as to clrive, so it will have to be 
an animal-drawncart. · 

They' consider asking a local lorry" owner to collect the 
pineapple waste, but after finding out his charges, they 
decide they will make more profit from just the 
household collections.· they also belie.ve that, .ifthey 
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made this arrangement. the lorry di-iver might snd up 
doing the work on ~1is own behalf and the factofy might" 
'-.ta.rt to charge for' the pin.~<.ipple waste· or even dcliverr 
directly t n the pig· breeders. Being Pr,udent, Vict0r. Vida 
and Vasi m decide to wait until they can 3lford a vehicle ,c..)f 
their O\\n bci:cyc trying ro usc this C)pportunity_ 

The fu11,owing rults ca~ be stated· about "transport of o 

wastes: ···, · : > , ' ~ 
(";, I) 

Rule''8 
Transport is or~ of the highest costs in a waste business. It may 
decide which sources oJ: supply or··.markets are ·econof!lic_ 

~ M • 

Rule 9. 
Transport costs can be redu~ed by: 

!\laking door-to-door'"visits on foot with a'back-up vehicle; 
Using carts drawn by people or animals 'instead Qf motor 
v.el1icles; . ' 
Hiring vehicles (or part-time work; · 
Compressing materials and organizing material kandling to 
I;educe ,the time the ,vehicle is required. 

~ ~ 

PREMISES AND STORAGE 

Premises and storage are usually hec;essary for all"' but the, 
smallest waste collections. The i~eal arrangement is for mate-' 

, rial to be collected and taken dirt:ct to the customer, but 
usu~lly this i~ not possible because:· ' 

i) The quantity collected is either· more of 'less than the 
quantity the customer wants to buy;. ' " 

ii) The material ·needs Sl(lme processing or sorting before it ~ "-
can 'be delivered. , · · · · 

_ iii) The supplier and the -customer must •not learn about~. 
each other in case they start to deal direct.. 

When looking for premises for a waste operation, consider 
the following: ~. .. , · · 

1) It should be s.ituate\;i so that the travelling distanoe of the 
material is not greatly increased. , 

ii) Its cost must not take too high a part of the in'come from. 
p ' 

sales. ~· 
} 

iii) Loadi'n& and unloading must not take too much time 
and effort. 

247 
•'j 

•' > 



\ 

' 

'' 
"" 

. \ 

i\·) There rhust be space to store material in the quantities 
llL'LT~sary. · ~. . 

\ ) The bu~i nes·s Ill ust. run wit h9u t trouble from t hi~ves, 
neighbours who object to the smell, the smoke or the 
noise' and the police or local authority. 

\ i) Thei·e ·~·nust be water supplies, electricity, drainage, a 
"' road, and any other essential service. ' 

\ ii} Because \\·aste is often dirty,''attracts insects and rats, or 
may in\ olv~ the use of dangerous machiner.y, it iS ·better 
IH;t to ~ct_ up the business next to yciur; home. Even a di·s
tance ·of two hundred metres will ke~p finem ·separate 
and allo~v you to fo~get your business troub.les 'when you 
fini:--!1 \\ or.k in the evening. If you are. worried aboutr 
thic\·es. there is no better solution_than a c,log,w~th its 
d1aio running or1 a long ·wire. . · 

\iii) Son1e operations need to· be quried out in an enclosed 
l~uilding with ao roof; 'for example, .non~ferrous metals 
are \'aluable enough for a thief to think it worth killing 
.the dog (or the owner if he is trying to do the dog's job), 
\\ hilc paper rots if left outside in a wet climate. Ferrovs 
-,nap is always stored outside; so is was!e glass ('culJet'). 

' . . 

\EG.E·'lAULE \\'ASTE CASE STUDY 4 ,. 

:fiaving~ decided on the transport arrangements needed, -
Vida, Victor and Vasjm consider suitable premises. They 
rn us( be away hom houses as they expect the material to 
attract flies and nits, even though they int~nd to clean up 
e\·ery e\·ening and not store any: material for more ~han 24 
lu.Ju. s ;,None of them wants the premises near their house 
\\ hich, \vhile poor, is as clean as they <;an make it; nor 
.~vould it b'e fair to their neighbours! However, it must be 
near the housing area so the co!Iection cart wi·ll not have 
far to travel, and they do not want to pay bus fares to 
travel to work each day., 

They decide that no person is likely to steal theinwaste 
material, but are worried about animals. They decide to 
keep a dog which can also deal with rats. They do not 

" need an enclosed building, but a roof is necessary to keep 
sun and rain off the material. They ne-ed to be close to a 
good road, as the transport costs will be increased if carts 
or the lorry have .to travel over rough ground. They do 

• r:J 
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not \ itally need wat~r.1 electricity .or drainage -although 
CicL·tricity would be useful to g,ive l_ight for niglit WOrK,· 
and water and drainage ,\vould allow the instatlatio.n of a 
\\ash basin and a lavatory. However, all these can wait 
until some profits-uappear. . . · 

. The most important need is~·for a 'loading doc!<'. This 
i'1 a concrete surface beside and higher than the level of 

. 0 

1hc ro~1d on whi~hcar.t_s,pnd lorry stand, so that the heavy 
d'rurns of waste can be trundled on and off without tOC). 
IllllL'h difficulty (Fig. 83). They use a natural slope in the 
~itc to move soil from the lower level to the higher ~nd fay 
~oncrctc thick enough to stand the scraping of the l6ade,d 
drums or materials. 

I OdJJng Jod 
k'el v.1th 
call pla!lvrrn 

SaL~ L·ar! tup 

<>I \Uck 1\ held 
open 

Drum and 
half drum 

Staded· tote pam 
~ 

Rampw 
load1ng 
dtlL"k 

Wheeled 
con tamer 
truck 

Fig. 83 Loading dock and some useful containers. 
' 
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Because the material will rot, they do not need space to 
store more than twenty 'four hours' collecqon of mate~ 
rials, but they need space for empty oil drums. They save 
money hy renting a small plot. It wiU be easy for th~m to 
mcn·e if they expand in the future.~..c· 

Rule 10 
Plan your· workplace to minimise rent, tran~port costs, han
dling effort and .outside interference. Decide which services 
and space you ne.ed now and which can be added later. • 

LABOUR 

Skills 
I\1anpower is not usually in short supply in Thi-rd World coun
tries but labour with th~ necessary skills,and ,abilities may be. 
Although the collecting ·and p~oce?sing of waste offers the 
chanu=- of work to unskilled and handicapped people, there is 
-:,ometimes a need for skills in the (allowing areas·: 
- Operation and maintenance' o,f machinery. 
- Carrying out tests to distinguish between different mate-

ri~lls. • 
T~lking to customers and suppliers of material. 
iv1aking new objects out of waste materials. 

- Certain L'hemical and engineering jobs, 'especially those 
that involve poisonous, acid or caustic materials, and 
dangerous operations. 

Reliabi/i!_v 
Because waste is never counted and only rarely measured 
before it is finally delivered to the customer, the opportunities 

. for people to steal material or objects are much greater than 
with goods and raw materials bought into a shop or factory 
and counted at every stage. Guard against dishonest employees 
by occa'>ionally checking weights and quantities, if possible. 
You aho need employees who are regular for work; ifmaterial 
i.'l not collct:ted from a supplier he wil·l find a more reliable way 
of getting rid of it; if customers do not receive the materials 
they need, they will lose business so are for.ced to drop 
unreliable suppliers. 

Strenxth 
Mud1 waste is heavy and bulky and has to be carried from 
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o·ne place to another. Sjtrong people, able to work hard all day, 
should- be employed for this kind of activity, ,but even these 

-need occasional res.t and refreshment during working hours . 
No <.,1ne can sustain heavy wq,rk withQut a meal in the middl"e of 
the day. Those who employ othe~s will find it in their own 
in ter,est to ensure they are paying their employees enough 
mon~y to eat properly. The same is true of people working in. 
the heaL If ·men labour in the sun they will lose str~ngth· and · 
efficiency. An awning or roof over -the -·wotk atea," plus·· 
provision of clean drinki1_1g water at all times, is worth twenty 
per cent ~e\t ra manpovver. . ! 

Cleanlines_s 
\\'aste is usually dirty, often ?mells unpleasant' and may 

contain insects, vermin or other unpleasant impurities. Those 
who work with it need to wash their hands and faces'before 
eating, and, preferably, thei; whole -·bodies .at th,e '"end of th'e 

- day. They nee·d to come---to work in decent clGthing, change---
into \vorking clothes and change back again at the day's end: 
They also need to wash their working clo.thes from time to 
time. On rubbish dumps all over the wdrld, 'small shelters can -
be seen \Vhere-scavengers change their clothes. Some of them, 
when they leave the dump~ might be mistaken for office 
workers. People deserve encouragement and help in order,to · 
maintain their dignity and self-respect. 

Those who are not employed full-time, but paid by the piece 
of vvork done, should be treated just the same as employees. In· 
many developed count:ries people receiv-e extra mopey for dirty 
work. 

Rule 11 
Although waste may be dirty, heavy, infested or of low value, 
the people who hangle it should be treated with court,.esy as 

. valuable assistants and provided with reasonable pay, 'food, 
drink and \Vash places. 

MANA(~I:~MENT 

rvtanagemcnt is not something practised only in big factories-or 
u fl'ices. L\ en in a one-man business collecting old newspapers 
in a '>ack, management plays an important part. The fgllowing 
arc usuat in the management or a waste operation: 

finding ~ourccs or material. ,' 
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Finding markets for the material. 
- Arranging transport.' 

Obtaining equipment, containers, storage space etc. 
- Arranging processing of material. 
- Paying for material or services b0ught: 
- Collecting payment for material sold. 
- Supervis)ng other workers which means p,roviding them 

with work, ensuring they have all they need to do it, making 
sure they do it and rewarding them afterwards. · 

- Discussions with customers, suppliers, the _police or town -
authorities about tie work. 

- Making sure the tJusiness makes a profit, ·by budge.ting and 
costing. 

In some businesses, managers are quite distinct from actual 
workers. This often results in friction (or worse) between 
them, e§pecially if the manager sits with his feet up while,tt1e ·~~ 
\vorkers ~-~·e_at and carry heavy loads. In businesses where'each 
person rri:anages his own work, such as a partnership, it is 
easier to a\;oid the problems of personal relationships between 

·- • - -4 ' 

a manager and a group ·of work•rs. These are -also· ea~_ier to 
iyotd _i';ft·~allg[_Q~ than in large ones. For this reason it is a 
go'6d .prirt~J3le<io-eriplo}.' as few people as possible without 
ovef(W'OrkJng·tl1~-e~6y~es. This also keeps costs down and 

-.. --- t ---'j - ' .. '~ .> ·- - - - -- _J - •• ' 

h:::~-r~~~~~~~~~(are made: _ 

PL~~ff-lCSrW~t CASE STUDY 3 

If~ei9Pi~ ·:~~a and Paul?· have st»ted to. collect and 
·---·~~:roc~~~rp-~tenaitmd to se~ltt to the company m Bluet own 

1flt~-~~~-·~~~t._to: ~gan1ze themse!veS,. They agree to 
~n~_get:hebuSIQ.~sfcl•s equals but Pnda, who has the best 
;~ab.ri-e~:~~~h/oth~J..¢eople, will take charge ~f collection 

.>--gnd·~~~J]~~~he customer. Paulo, who likes to deal 
\ ·· Witlt':~~~~al problems, will manag~ the baling. and, 

latc·r~th~ granu~ating of the pJastic and Penelope, who is 
. more t-h_oroy(gh' an~ carefu~ith~~ the two rr:eri, ':ill be 

responsJb.le. fo.~r·so. rtip.g and fleartmg. Ea~h will assist the 
others as~r.k de9Jltnds. , 
They dec~ ~~rida will start collecting but, if more 
collectors are needed, he will not employ ,them by the 
hour but will b~fl ~ighing scale and pay by th~ weight 

,, ~~~';,a~~rr~a must discuss with the ot~ers,any 
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changes in the selling of mater1al; also that Penelope, 
who can read and write, will prepare an invoice Ja note to 
the customer saying how much material is being sold, the 
type and price) for each load delivered. They will open an 
account-at th.e bank if they start to earn more money than 
they expect to spend. Each week, on Friday evening, they 
will have a meeting to discuss how the busin~ss is 
progressing and take any big decisions, although minor 
matters will be sorted out between them as they occur. 
They agree on· the hours they will work and a list of 
service~e.ilch will receive while working: purified, bottled 
drinking \vater, clothes washed on@e a week by the local 
washerwoman, soap and protective clothing, rubber 
glovefi for Penelope a~ a spare pair for-!lnyone else doing . 
washing,~safety goggles for Paulo when the granulator is 
bought and a raincoat for Prida in caseit rains when he is 

~ Ill· 

out collecting. 

Rule 12 
M:nagement is the most import£lnt activity but is done best by 
people closely involved in the running of the business. If all 
share in the management of a small busjness there will be 
greater sense of partnership but some .do things better than 
others: only one person should be responsible for each activity 
ai1d a procedure' for taking big decisions is needed. 
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~hapter 13. How to Collect Waste 

.Chapter 11 explained that to create work from waste both a 
supply and a market \vere necessary. This chapter studies tnolie 
closely the .supply and its collection. · 

!i) 

\\'HERE TO COLLECT 'FROM 

\Vaste is found wherever humans live or~work. Think about 
\\here it occurs· and arrange methods of collection lo suit 4these 
places. The follovv·ing will be important: 

i) Homes may produce small quantities of mi_xed waste 
including glass, paper, vegetable waste, a small amount 
of metals such as tin cans and plastics (in quantities that 
irh:rcase yearly as they are used more and more for 
packing) .. l!sually, they are all mixed together an~ 
cannot easily be separated. In urban (town) areasi 
collection from homes means many small. journeys 
made off a main route which will not itself be very long. 
Householders are not always in during the.day. 

ii) Traders include shops, stores and market stalls·. They 
may be widely scattered as shops in a suburb, grouped 
together in a small market or gr'oup of town shops, or 
else exist in hundreds in a large market or city centre 
shopping an~a. Traders usually _produce only certain 
kinds of waste. For example, a fish market will produce 
fish offal Cheads, tails and ir;tsides) but little else; a group 
or suburban shops, o~ the other hand, may produce,1 

paper and cardboard and plastic packing, but little glass 
or metal. Waste is a problem to shopkeepers who want 
to keep their shops clear to display and sell their goods, 
and rarely have much space in which to store it. 

iii) Industry includes all sorts of premises s.uch as quarries, 
factories, mills' slaughterhouses, road depots, railway 
and power stations etc. They produce large quantities of 
a few, often specialized wastes and may be very well 
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organi;cd -1o di?pose of it, with perhaps on~ manager 
rc~pon.-.iblc for disposal of all wasre. If you visit a 
fact on, try to find out who this is "beforehand and ask 
fbr hir~1 by- name. Industry is vv.fdely spaced and may be 
located long distances outside the town. Nowadays, 
however, factories are ofte"n located on new industrial. 
e.., tate~, grouped together, an excellent situation for {he, 
waste collector because it cuts down on his travelling 
distance and time. Wastes from factories may occur in 
~uch large quantities and be so valuable as to be worth 
setting up special machinery or transport or employ'ing 
people with the sole purpose of collecting and process
ing them". However, bear in mind that the factory man
agement inay discover their waste's value and either 
decide to process and sell it themselves, or else to 

··. increase the price. Secrecy in' dealings is a wise precau
tion. Do not allow anybody in the factory (or any other 
pl;;lCe from which you collect) to learn where the waste 
will be sold. Teach lorry drivers and collectors to keep 
delivery notes or other information secret. 

iv) Instirurions include offices and big office blocks, 
hospitals, schools and colleges, town halls and govern
ment buildings and airport terminals. In general they all 
produce \vaste-paper, but some, for example, hospitals, 
may produce other specialized wastes, sometimes on a 
larg~scale. Often the waste paper contains 'confiden
tial' information and has to be torn up or shredded on 
the premises under supervision. Institutions, unlike fac
tories, are not planned for the movement of materials 
and it may be difficult to park a cart or van in the busy 
city street outside, to use passenger lifts or staircases or 
to find temporary storage space within. ¥ ou will often 
have to deal with a chief porter or·caretaker; be sure to 
treat him well and you may benefit! 

v) Farms (and Forests) can be treated rather like factori~s 
except that the wastes may be scattered around large 
ar.eas of land. Roads and tracks around farms are often 
bad, so it may take too long to collect farm waste;-:s 
afro therefore be uneconomic. However, wastes may 
welt''occur in huge quantities. For example, vast pine.
apple farms Ill Kenya use black polythene film· for 

,J 
·' 
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'mulching' acres of land - a superb opportunity for 
plastics recl;;u:nation. 

vi) Hotels are probably the waste collector's best source. 
They use large quantities of packaged foods and goods, 
discard them into a concentrated spaee and'have g~od 
road access. However," they are less tolerant than any 
oth~r management of dirt, noise, smell or irregularity on ... 
the part of the waste collector and may charge for the J 

wastes. The cook or chief ·portero· may h.ave ·a private 
arrangement with his own--fa.m.}ly or a contract~t· whq 
pays him personally. Jt is always worth taking the 
trouble to visit a hotel and find out; seek ypur 
inforn1ation from the kitchen boy or maid and keep· to 
the back stairs and away from the clients or you will not. 
be popular with the management. If you a:'re able to 
make an arrangement it will probably be with the 
housekeeper or manager, not with the staffwho run the 
front office arrangements. 

vii) Streets, parks and public. places often <;on tail).'· huge 
~ 

quantities of litter consisting of paper mainly, but 
plastics, bottles . .,and cans as well. It is dirty so less 
valuable than the $arne material collected direct from 
homes or offices. It occurs in small quantitiesa either 
scattered or in little bins. Usually, the Town Council is 
responsible for cleaning and employs street cleaners and 
park-keepers or gardeners to pick up litter. They are 
often among the poore£1 employees in the district and -- .. 
willing to earn a little money by selling the waste they 
separate out as they sweep (Fig.~ 84a). Sometimes 

. municipal officials forbid this but the .. sweep~rs manage. 
to do it all the same! It may J!lre.lp to provide them ~ith a 
sack for certain materials'\ 

viii) Refuse vehicles are also r the municipality who are 

256 

responsible .for visiting house in order to collect 
the refuse, although :.:sponsibility is not always 
carried out. Refuse usually separate certain 
recyclable materials as they travel round. However, 
because this slows the co'llection round and~;leaves litter 
in the streets, many municipalities forbid th~ practice, 
but not often~. successfully! It. is common ·.for· waste 
merchants to set up warehouses by the road leading to ·' 
the waste dump so that collection vehicles can stop on 



\ 

·, .. ... 

l 
1.

'· 
. 

. . . \ ' 

~ . ; ~ 

j;· 

. ' 

Fig. 84u Rec_vcluble.s co/Jected from refuse at different stages: by 
rile 'rrecr cleaner. He is .. collecring tiny pieces pl copper wire.. 

their \vay to andJrom the dump and unload recycl~bles 
in exchange for o~sh. In big cities, this arrangement may 

. be controlled by powerful politicians with large sums 
of money involfved. Be cautious of ente~ing such a 
business! · 

ix) The refuse dump may be the official disposal site or a 
place used ·illegally be~ause the municipality does' not 
collect refuse, or only collects it irregularly and charges 
too much. In most ThirQ. World' countrfes, the refuse 
dump is the workplace of 'pickers' or scavengers who 
separ:ate the vari0us recyclable materials (Fig. 84b) and 
sell them, often tp merchants who visit the dump daily 
with a cart or vehicle. M~terial from dumps is very dirty 
and therefore fetches the lowest possible price, but this 

I 

is balanced by the l~rge quantities in which iLoccurs, the . 
convenience of colllectiiJ,g it by hand without need for 
transport and (usu~lly) ~he absence of interference from 
police or officiafs. Some municipalities try to keep. 
scavengers off dumps for reasons of hygiene. They erect 
wire fences or ~end in the police, but the scavengers are} 
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r,g. 84/J Recy(lables collected from refuse at different stages: by 
lt·aste collector lrom waste bin in the street. · ' 
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frequently so ponr that they .will quickly return·; The 
grave problems associated with scavenging on refuse 
dumps were discussed in Chapter 10. 
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HO\"V TO COLLECT 

fhere ~re three ways of collecting from the various premises 
that we,. h a vc considered: 
1. !\hike separate collections, door to door. 

· 2. Op~rate a depot and buy from other collectors. 
3. Separate from refuse: 

1. Separate door-ro-door collections 
The collcct_or goes to where the waste arises, with transport 

or other means of carrying 'it away. There must 'be an 
arrangement with the occupier so the collector knows what he 
is allowed to rake. The following arrangemenJs may be used: 

i) The householder provides a cont'ainer, or else allocates a 
special pla~e .where the waste is left out. The collector 
empt ie~Jl:r¢ waste into his own cart, :ehicle_or container 
and returns··the householder's contamer. Disadvantages 
are the time taken to transfer the waste, the second trip 
tp the door to return the container and .spillage of 
material. : -~ . . 

)1) ·i-i) The collector provides the householder with a sack and 
coUects it when full. If collections are frequent (daily or , 
weekly) anorher sack is left. If not, as in the case of high 
\ alue goods like textiles that are only collected ev~ry few 
months, the nevv sack is not left until' a fe\V days before 
the collect ion takes _place. The disadvantage of this 
'>Y~tem i~ the cost of the sacks, many of which will not be 
returned but· ke_pt by the householder·. It is only 
economic if the value of the goods o"r materials collected 
is high. 

iii) The collector ·carrres a container around with him and 
goes from house-to-house asking !;or the materials. The 
disadvantage is that the householder may be out or not 
prepared for-.the call and the collector rriay therefore 

:'-astc time. <:t~~',q· . . .. 
i\) I he L'Oilector Wf_l~··oJ dnves down each street talltpg 

tHit' ?r rir1?ing ~l't~~fouse.hold<!rs bring materials out 
to him. l he disa~tage IS that. they often take the 
trouble to do this only iJthey think the collector will pay
for- the material, or when~the material is a nuisance. This 
sy\tcm is widely used for the collection of scrap steel as, I 

large pieces are of some. value-, and are a trouble to have-
in the house. However, their existence is not common · 

\.· 
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enough to justify door-to-door' calls. 
v) The hous'eholder places the. mate,rial iFI the street ·ono a 

fixed day and time and the' collecto'r passes and puts 
them straight into his vehicle dr ~art,. this is by far tl)e 
quickest method' for the collector to use, but has the 
disadvantages that: · _ ' . · ~ 

The wind may scatter the materials. 
. t I """' 

- Dogs and other animals. might sca'{enge amongst 
·them. ' . 

- "Pirate" collectors may,get there first. 
If t he,.collector is late or do' not· arrive, serious street 
litter results. . , 

- lVlany housewives may Ii.Ot' take the- tTOUble tO put 
material out. ... 

All the above systems are used;.choo6e the one best suit~d to 
the material you are collecting,< the kind of houses, a~d tije-;; · 

. people who live in -them. . / · 

VEGETABLE \VASTE CASE STUDY 5 

260 

Vida·, Victor and Vasim plan how they wi¥f collect 
vegetable waste from a middle-class district. Eich house '-' .. . p . . ·, 
bas q. separate small garden and.a path from th~ front gate 
to ·t-he front door. The· back door leads on to·.a path too 
nan ow for a cart to get througl). Tney believe house
holders will be urr\villing to carrikitchen waste through 
the house to th~ front door, so they will have to c.ollect it 
f~om the back. The municipality colJeci.s refuse only once 
a \Veek and vegetable waste forms more than half the 
total, sa they believe that householders will be pl~ased to 
have this rembved daily. They decide to build a light, two
wheeler trolley on which ·a sac~ .can be placed with the 
mouth open. They will also·use a hors·e-drawn cart, flat,. 
with high sides and front and a low back. The horseand 
cart will stop at th~ path that runs behind the houses. The 
collector will take the sack trolley off the cart and wheel it 
down the path. He will take a woven basket or plastic 
bucket to each house, where the waste has been left in a 
bucket by the householder. He wiil tip the waste into his 
container, leave the householder's bucket to be refilled 
th_e next day, t~en tip ~rom hisbasket into t ... he open m~}l_~h 
ot the sac.k before gmng on to the next house. Whert tii.e 
sack is full he will wheel the· trolley back to· the horse and 
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tling ~he full sack on to the cart, piling sacks against (he 
high hc-nt an·d sides. Should he run out of sacks the 

.~ ~ 

contents of some will have to be emptied into the c-art, but, · 
this should be avoided.if possible: They must take great 
care not to drop waste on the. ground in this district to 
avoid complaints and hostility from householders. 

Note that four different containers are being' useCI to 
\ facilitate han~~ng of the waste: householder's bucket, 

collect or's baslCet or bncket, collector's sack trolley and 
.collector's horse driven cart. Even without a horse, the , 
sa-me arrangem~t could be made using a hand-cart, 
which might ev ·be narrow enough to use on the path 
behrnd th~ house'. Note, too, that thi~ collection arran-ge·~.O 
rnent is determined b/the social habits or preferences of 
the householder not to. have vegetable waste passed 
through the front door. If it had been a poorer district or 
lmser class people, or If the waste had been paper, a 
different arr;.angement might have been possible . 

• ' ~ Rule 13 . . 
House-to~house collections should .be pl~mned t.o .~eep th~ 
distance covered low, the hahdling.of,~terials easy, and to 
gain the support of the householders by takJlHg careful accoun't 
oft hci r social preferences. _ ~ ~ · 

H'ho owns waste? .. . 
This is a question you may ~eed to cinswer on~ door-to-dopr 

collection. For example, the tim~ay come when tomeone 
will ~ccuse you of stealing so met hi g left outside the' house. 1 ' 
Often, the Town Council object ecause c0llectors go ahead 
of the inunicipa}.collection vehiclt~s.· picking recydables froffi; 
dust bins, sacks or pil~s put out fo~~ollectron'. In their.haste to· :.:l 

keep ahead of tlie dustmen, thes~e uo.official collect'ors often ·~; 
leave a mess' behind therri~\,people complain and~the municipal~ 
ity tries to stO,p them. They may try to stop you even if you try 
to be mo.re .~areful and tidy. The easiest way' to do this is to t~ll 

•# I (4! 'l;i 

the police you have been stea,.ling! · ·" , <i, ·· 

Before it is put out for' collection, r:efuse belongs teo the 
householder or the person occupying the building you are col
lecting from. lfter it has been collected by'~the municipcrlity ,it t· 

belongs to them. The moment at which it actually changes 
ownership may decide wnether you are guilty of stealing Jrom · 
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· the council or not, sq it may be prudent to fimd out the law. The 
k11:a\ library I the town clerk or a lawyer should be able to tell 

~ou, though you may find that no-one knows! On,e thing is cer
tain: nothing belongs to you unless it is given to you by the 
pre\ ious O\\ ner. If, for instance, a maid accidentally gives you
a '~~t~ablc silver bracelet along \Vith a pile of scrap metal, do 
not.\\ a-,tc time arguing that it is yours. Return it as quickly,(and 
q u i'et ly) as possible•lo' a void goingto priso·n. 

. ' 
7he dos and don'ts of effective collection 

1) ,Plan _vour route and follow the same route on the same 
C.iJ.ys _of the \Veek. The public, then, becomes used to_ 
seeing you on certain days anq will save things for you. 

ii) For broken rounds that do not cover al'l the buildings in 
a street, make a list of the narres of the people or 
numbers ·.of the houses that hav~ to b·e visited ~o that 
none are missed. People who will willingly sav~ fnaterial 
for you quickly stop if you do Il;'Ot visit regularly. ·-

iii) Paint rhe cart a distinctive colour and put your name 
I 

andaddress on the side .. If possible wear c-lean overalls 
or a uniform to fnatch the cart. It will make you feel 
better and the public are more likely to be responsive if 
vou look Clean and effiCiint. - . . 

iv) A \'Oid accepting materials you do not want. Reject them 
politely but do not leave them as litter. Carry a s~ck for 
unwanted material on your .cart 'and empty into "public 
bins or rubbish vehicles but' not into the street or park! 

\ \) Advertise your collection i'n a local newspaper or on 
'\\. local radio or have a handbill printed which can be put 

, through letterboxes. Printipg can be very cheap. Carry a 
\ card bearing your name, ,address and trade to give to 
\ people who show interest in your work or may be able to 

\ give you materials in futU:re. . 
vi)· Improve your collection ;vehicle using scrap materials 

where they are suitable but be willing to spend money to 
save time or effort. Figs 8~a-f show a number of kinds of 
col1~t ion carts and vehi¢les. 

vii) Do not u'se a motor vehicle for collections unless you are 
absolutt\lY certam it will save or earn more than the large 
sums ofl'Qoney you will spend on fuel, tyres, r~pairs and 
main.tenai1.ce, ·oil, tax qr licence{,'· insurance and, of 
course, the\money you need to buy it. (See Chapter 16 

..... 
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Fig. 85b · Heary dury hand-carr 

:,su!luhle j(Jr carrying hales, loaded 
·sue A~. ere. ro r he cusromer fn.lf nor 

/(,,.door- to-door coliecr ions. India.-

\ 

Fig. ~ t5a Li~~~-r \ du.t\' 
hand-carts sufrahle)f;r · 
co/leering light H1astes. 
/'day be jiued wirh mesh 
sides for paper, plastic, 
ere. India. 

•' 
' 

, 

Fif!,. 85c Tricarr, suitable for .,, 
collecting wastes door-.to-
door. Peru. 
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FJg. 85d Animal . drawn 
_cart with pneunwtic road 
r_vres. Able to carry heavy 
loads of metal, baled paper 
for plastic, etc. Egypt. 

. . 

Fig. 85e Ligh'r pick-up truck with rnesh sides suitable for collecting 
wastes. Kenya. 

Fig. 85f ,_\Ioroc
ized collection 
carr. The carl is 
bui/r on · rhe 
fra/ne o.fa motor 
sc~orer H'ifh twin 
back )'.:heels. 
Sreering i.s · H'ifh 
rhe scoore~r han
dlebars. Egypr. 
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fl) r costing a \ eh ic le). rv1ot or vehicles are rarely suitable: 
for door-to-door collections anvwav because of the · • • I . 

-,topping and -.rarting involvet!l. A lorry may combine 
\\l'll \\ith a team of collectors with sacks or hand carts 
\: hu meet it at agreed transfer poin'ts or le~\e-rnaterial 
piled at the roadside for it. This may only require a few 
hLHir" a d~y and it is ~heaper to hire than to have your 
l)\\!1 !urn -,(anding idle for mucl1 of the dav . 

. \iii) 1\eep \ru~·res separ~le during collection as·}his will save 
considerable 1ime i_n sorting out.- Label t.he.- sacks, bene~ 
or d ru rns t:ontaining the waste:s in .Prigh t L~lowrs _to • 
3\ oid rnisr ak ing them. l\·1ake sure vour careful work is 

~ . ' 

. nqt sr)L)Jlt by n-lixing them up when ~e· cart is unloaded:' 
/ ' 

PLASTICS\\ ASTE CASE STlJDY 4 ·' 
Prida 'j, planning the way i'n which he will c.6·Uect \vaste 
plaqic-.. He has. walked rouna the-town to see whereniosi 

. p'last ics. com eo from and has chatted,to the ~crew -of the 
IJlunicipal collection truck. [-Ie decid'es that not enough 
''r!ast ics \\ill come from· households or offices to make . ~ 

\ j..,it-., to these woqrrwhile., but, that certain factories and 
-.tore~ and the local hotel receive goods it: plastic sacks, 
h3.g-. a·nd wrappers \\hich tl:wy then discard .. He knows 
thai plastic p.kes up plenty of space and hopes that, if he· .. 
c3.n make ~ri arrangement that is easy for the suppliers, 
they \\ill give->him their plastic free.· 

His other main problem)s to compress· the pl~stic film 
and sheet on his cart to avoid frequent returns to the yard 

-to unload. He considers three ways of doing thi~: · 
1. A wire cage over the top of his handcart: This will 

Q~expe0sive. !> ' 

2. Carrying a bal_ing box on top ot the c.art to bale the 
material as he goes along. This will take too much 
time. 

3. Stuffing tl)e material into sacks a~ he 'go~s along. 
vl1e approaches the manager of the factory that is going· 

to buy the', material, who promises to let him have 
imperfect sacks from the factory production line \\;'heh 
these occur. He arranges with Penelope that, when. 
sorting the plastics, she .will put aside any sacks they 
receive. He then vjsits each place that he ·is hoping will 
supply him and gives them enough sacks tohold a week's: 

l \ ', .... 1:::; 
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waste .. When he ret urns to collect he finds that most of-W 
them have hung his sack on a hook and filled or hal(-filled 
it. It is easy for him to squash one half- full sack inside 
another to compress the material as much as possible. 
The cook at the hotel, his best source of supply, asks him 
to pay for the waste. Instead he promises to provide the 
cook with 'misprinted' plastic food bags that the factory 
will sell him cheaply. The cook is satisfied. Later, wrr~ 

, tf\e business is_ making money, he Jil,as a wire cage mQ.de for 
the top of the cart and this increJ·ses the capacity of the 

~·cart by soo-;o. . . 

Rule 14 
Compact materials during collection, us"ing waste containers 
or other simple means. 

Collection depots · · 
Door-to-door collection of waste il'l1i,lves much work and 

;:, : '~~ 

. co,st. It is even more expensive if collectors are employed and 
p~id qy time unless they are carefully supervised. Collectors 
work"better if they are self-employed and paid by the weight 
they bring to a depot or warehouse. The advantage of this 
system is that' it eliminates the need to supervise collectors; all 

, that is needed is a pair of seales. In addition, the warehouse 
manager knows for certain what a material will cost to obtain 
and .can plan his· operation. Finally, the system gives 
oppqrtunities for the poor, the old and the young, who have 
not the. ability to organize processing and sale of mater,ials 
themselves. 

The d;;mger of this system is that frequently the warehouse 
manager exploits the collectors, by paying 1,mfair low prices, if 
they have no alternative customer. The arrangement robs the 
collector of the normal security or benefits of employment; if 
he is sick or ca~not work he eatps nothing and, at the end of his 
working life when he is too old to work, his earnings cease: It 

_, should be remembered tha4:91any kinds of formal employment 
in Third World countries have little better conditions: it is 
mainly in the rich industrialized countries that such luxuries·as 
pensions, sickness benefits or ma~ernity leave are provided to 
the employee by law. 

There is an urgent need for responsible agencies, with 
conc~rn for the thousands of beople with no other livelihood, 
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to operate warehouses that pay fair prices and force other 
Jepots to Jo the same. Another disadvantage is that a depot is 
at the mercy of anyone who organizes a house-to-house 
collect ion anJ gets the material at source. Nor, if the market 
expands, can it increase the volume of material collected 
except by paying better prices. If the market becomes smaller 
anJ \vill not buy as much as is bein~ collected, then the 
collectors suffer; the warehouse simply refuses toJ;>u:y. •'"-.oy-

Thc collect ion depot may be a, specialist warehous)fpandling 
only one material or may handle. every kind. The f~rmer are 

" often, set up by paper or steel mills to secure :,heir. raw 
materiab.· They are only economic in big t~wns or cities where 
a large yolume ofmaterial arises: 

Unnzanned units 
In rich or upper-class districts people give away unwanted 

materials more freely and an unmanned collection point might-. 
be possible. However, although these have tiad some success in 1 

richer countries, it is doubtful whether they would work well in 
the Third \Vorl.el·. Fig. 86 shows an example. 

Fig. 86 vVasre collection point. Hinged/Laps allo~v materia/to be 
pur in.r:;ide when no a!lendant is pre.~ent. Containers stanc/ under the 
holes. 'The unit was made from a dfsused rail freight co~tainer and 
s10od in the grocery superpjarket. lr was not highly suc£.;essful. U.K. 
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( 'ollection with re}iLSe 
l'hi:-; i-, <l cheap way of co'llecting recyclable w-astes. No extra 

l'all ha~ to be paid. Unless some means is arranged to keep 
rL'I.:yllabk ruaterial separate from refuse it becomes dirty and 
lu~es \<due. rhc cost of labour to sort one from the other will 
be quite high and presents'difficulty. This will need ~-he full co- · 
operation of the Town Council and of the refuse collectors 
themselves; both can l)est be obtained by sharing with them_the 
profit from sale of materials. 

Open vehicles If a cart, lorry or tractor trailer is used it is not 
difficult to have one or more separate compartments for the 
di tleren t recyclables. 
C .... ompactor vehicles These compress the waste to reduce its 
volume. Arrangements that have been tried to keep recyclables 
separate include the following: . 
- A trailer for waste paper and cartons is a favourable 

solution but creates problems When turnip.g in narrow"' 
streets. If the compactor vehicle loads from the rear there is· 
danger that the loaders will be hit by the trailer if the vehicle 
moves off unexpectedly. 
Roof racks can carry a limited amount but are hard to load 
and material carrfall off. 

• - Sacks hanging from the sides and rear of the vehicle are the 
most widely-used solutions. :-

There is an urgent ·need for the manufacture of a twin 
chamber compactor vehicle, with one compartment for 
recyclables and the other chamber for refuse. 

26R 



Chapter 14. Processing and Storage of Waste 
Materials 

In the last chapter, different methods of collecting wastes were 
described. This chapter explains ways of dealing with the 
collecteJ wastes. It covers a number of,different activities, in 
particular: sorting, grading, shredding and milling, baling, 
\vashing and drying, storage. 

To carry out any of these activities adepot is needed. It may 
be very simple- just a space on the edge of the refuse dump --Or 
it may be a proper .building in town' with a yard, office and 
other.aids. \Vhichever it is, certain rules can be followed to 
make it easier to work in and help produce a better quality· 
product. 

THE DEPOT 

The following features are needed: 

Space 
\Nastes take up a lot of space because they rarely arrive neatly· 
packed in boxes or cr~tes that can be stacked, one on top of the 
other, like warehouse goods. Often, it is not possiqle to sell 
material immediately because the price is too low, or because 
transport is not available, so it has to be stored. An extra 
sorting operation is often necessary to get the best price for a 
material, and this takes up exHa space, too. Try to plan how 
much space will be needed, but do not allow, too much-; 
especially if you have to pay for it. Idle space has to be kept 
clean and secure, and increases the dista11ce t'hat things have to 
be moved. 

Access 
There must be a way in and a way out, wide enough for 

materials in bulky sacks or bales. It would be ideal if the depot 



- ----- ~---~~------------

~.:uuld be situated beside a road good enough for a cart or 
vehicle with a \vide enough gateway for the vehicle to enter. If 
1101. ~..'\anliiJl' the ground between the proposed site and the 
ruad 11.1 sec it' it can be made passable for a vehicle. Can soft or 
nwr-..hv ~round be filled in \vith rubble? Can concrete slabs be 

0 ~ ' 

bid anu"" a stream so it canoe crossed? Can overhead wires be 
raised a little so as not to interfere with·the top of a lorry? 

r owiing and unloading 
:\ loadi 11~ dock is a plat form which the vehicle draws 

along.side or backs up to (Fig. 83). The dock may be either at 
the same le\'cl as the rest of the working area, with the vehicles 
running at d lower level, or else reached via a ramp of hardened 
mud, timber planks or concrete. The slope of a ramp should be 
.shallow e~ough for loaded carts to be pushed up easily. 

Flow 
l\1ater1als shoui9 move into, through and out of the depot in 

an CL'Onomical way. Goods being stored should be kept to one 
side of the 'flow path' so they need not be moved to allow other 
goods in'br out.1\ifaterials must all movelnthe samedirection 

· ...,o that people, carts or vehicles do not have to pass one another 
in narrO\\ paths or gangways. Leave clear space around doors 
and gates \O they can be opened without m?vi-D,f:·anything first. 
Plan enough space for vehicles.or carts t0 turf( if necessary . 

. . • 

Security 
To process steel scrap, all you need is a barrier ofscrap irpn 

to sho\v where your depot ends and your neighbour's begins. 
However, if )"QU9.e dealing in valuable copper scrap, you will 
need a high \\·all with broken glass along the top and a building 
with lockable doors. Your security should be on a sensible 
scale; it is a pity to use hard-earned profits to erect an expensive 
fence around low-value materials or to employ a night
watchman to guard piles of low-gradewast¢ paper. Fenc~s and 
""ails can often be erected using free waste1 materials such as: 
- Timber from demolished buildings. · · 

Scrap sheet metal - but this may rust in rainy climates. 
Old car shells lai<;l on their sides; v~ry ugly but effective. 

- Mud (or _n1ud and wattle) with broken glass along the top. 
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ShclrN 
\\ ' l)! ~ l' l :-, \\ i 11 Ill' l'll :-, h (' 1 t e r r r 0 ll1 l h (' " llll a 11 d r a i l1 i r l h L' y a r L' t 0 

\\ n I~ l' rIll.' i L' !1 { h . 

0 llict! 
T h i \ m a y f1..: no m o r e t h a n a t a b le a n d c h a i r , b u t i t i s u s e f u I t o 

ha' t.' \Oll1L'\\-hcre where papers can be kept and letters written. 
It~:-.. pu..;-.ibk tu run a \\aste bu.'liness with no paperwork at aU, 
but \Ol11L' Lie-.~ \York i-. helpful in order to get better prices, 
cht.?aper -,upplies and somewhere to keep the address of a possi
bk future customer. 

EQliiP1ViE~T 

I~Uiing rae/de (Fig. 87) 
If hea\'\' materials such as cast Iron are being handled, a 

"-..i<.'t"l ],,, ,' ,,·; II, 

' I : ' L' ~ . ~ j ' ' : ' l. 

-- -1. 

1 
'- h..illl 

\ 
Opera!mg 
Chain ?' 

Lpr~r pulln 

\ 
Lo .... er 
pulley 

Fig. 87 Ldting gear - chaiN operated hoist and rope operated 
block and tackle. 
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'dl1~ill L·ranc or hoist may be needed. A hoist is a box of gears 
\\ ith two chains. One chain is single, with a hook on one end 
ror lifting the load. The other is a continuous loop which is 
pulkd tu raise or lower the hook. The gears are so arranged 
that less strength is needed to pull the loop chain than the 
\\eight of the load. The hoist can either be hung from a strong 
hook in the roof, or from a wheeled trolley that moves 
smoothly along a steel rUIHvay (called an I beam) so that the 
load can not only be raised and lowered, but also transported 
sideways. \Vhichever is used, it is most important that the 
building structure is strong enough to support the combined 
\\eight of hoist plus its load with a margin of safety. If in doubt 
get expert advice- otherwise you might pull the building down 
on yourself. 

Hoists can be electrically powered, but these are more 
expensi\·e. The cheapest form is a rope pulley, sometimes 
called a block and tackle. With one pulley, the force needed to 
lift a load is equal to its weight. With two pulleys it is half the 
weight, .with four a quarter the weight, and so on. Pulleys can 
abo be mounted on a trolley which can be pulled with a 
separate ·rope, guided by further pulleys. Be careful that the 
ropes do not fray from wear, and break. Falling loads can kill! 

0 ftcn, it is easier in practice for loads to be lifted by hand. · 
Care should be taken that workers do not injure themselves by 
excessive lifting (see Chapter 17). 

Cont·eyors 
Conveyors are only worth the trouble and expense of 

installation if a large quantity of mate~ial is going to travel the 
. same route many times. In such cases they can save much 
labour. A general guide is that,. if three or more people are 
engaged in moving materials over the same route .. for a large 
amount of time,~ach day, then a conveyor will be useful. , 

A belt conveyor is also used for sorting waste: It is an endless 
belt moving round between a horizontal roller at either end, 
one of whio'n· drives the belt (the 'drive' roller). This may be 
driven by an . electric or diesel motor or by hand using a 
capstan. The lower section is simply the return and the upper 
·section, on which m,aterials travel, is supported by idler rollers 
at intervals along its length, close together if loads are. heavy, 
spac~d if they are light. ' 

If sorting is to be done from a conveyor, then containers 
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' il '• ·. 
Fig. 88 Sorting off a conve_vor with chures. Note rhe ideal height of 
the belt to avoid the need to bend. The sorters a reformer scavengers. 

. \ 
l•vfextco. \ 

\\ 
·.\.',. 

must be arranged so that mat~ri'als can be thrown into them 
easily (Fig. 88). Also, the sorter mus't'"!{e able to get to and from 
his or her_ workplace without having to'chmb-Or:· sturrrble,Q.~er 
containers or the conveyor. -...... --

Chutes 
These are only used it one floor level of the depqt is higher 

than another. In such cases they provide a simple and efficient .. 
way of moving material from a sorter or vehicle unloading 
point without extra labour or machinery. Fig. 88 shows a well
designed combination of chutes and conveyors for sorting 
municipal refuse in Monterrey, Mexico. 
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rurs and clcnl(ors 

IhcsL' arc una voidable ira building with more t lwn one floor 
i" li'-L'd a~., <I depot. H(nvever, they are usually expensive pieces 
u I !l1<.tL'I1 in cry, need expensive safety devices and can give much 
l rlHlbk in operation. 

¥' 

( 'onrainen 
\,, 

\ 
( 'ontainers are nee for moving material from one 

act i\·it y to a not her, or storage and for collection and 
'" transport. f'vlaterial th t is small such as broken glass,'J3.aper, 

~----------

/t!!,. 8i.Ju .\orring inro drums, carrs and hanging bales. Note 
nJf)t'.\ )rum H'hich /h(l bales are hung by the corners, the cardboard 
drwns di.~carded by a chemical, plasric or wire faclo!y and ideal for 
\Uri tng und r/z[> correcr posirion oJiighting ro avoid eye-srrainfor rhe \ · 
'urrers. Phoro: courtesy of Oxfam. U.K. 
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rigid pla.,ti~._·"· Cllppcr and aluminium, meat or fish wastes, 
Ill'l'll" Ill hl· "tored in container.'i. Container.-; can be used that 
,Ill' tllerll'.l'l\l''- \\~l'>tL's, but for hid1 \alue materials, such as .... 

ll'\tik" 1 H r1or1 l'nrou" metal\, it may be worth buying special 
t!lllk". hl'~\l'\, "a1 . .'K'> eh . .'. Thc'ie arc the main type'> of waste 
~.·llill:liiiL'lll\l'~.l (I ig'> ~J and SL>a): 

.2 1 )( J II 1 r L' ( -+ \ .L! c1 llo n ) o i I d r u 111'> . 
ILJII 1lii drurn<(L'asrer to lift). 
( ,)rnrg~ttL·d ~._·.~rdboard carton..,, but be L·areful that the 
h llll lJJl d1x" Ill lt fall out. 
IL1k" 1,,. i~i·,· ·1r plll~propylcrJL' .'>hL·eting) hung from ropes 
~11 :Ill· ~..-uri1L'l'- (hg. ~9a). SpeL·ial bale hook..., (Fig. ~9b) can 
hl' hlHr,L:I:t 1ll rilaLk. 
Sa'-·"-·" 1)l pl~hti~.: film. jute, hL·s...,ian, \\'0\L'n polypr:opylene 
L't ~,_·. 

(,ud b, 'a rd drum..., (!rum chemical..,, plastics, raw materials 
l' l ~,· ) . 

Luger lllrlatL' L·ans (from bulk foods such as jams, tinned 
!ruit) a~ u..,eJ by hotels. 
\\ LHT!l ba...,kcl'> from straw, reed or other natural fibres. 

ft.t;. S<Jh Hale houk ·~jour needed per hale. 
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( ·~_mLuncr" nnt necessarily made from waste materials 
llll·lud~_': 

l 

( art" \\ 1t h dc·ep sides and wheels - or small castors -
e \ c cl k ll t r o r s o ro.t i n g p a p e r , t ex t i I e s e t c . 
IutL' bu\cs with handlCs that can -stack on top of one 
ath)t her for storage. 
~ad, c <Jrts that keep the sack mouth stretched open f OJta" 
fillin~ and allow a full, heavy sack to be wheeled around 
L'<l'>l[ \. 

JJ ·t:iglzing scales .1 

Thc\t: arc usually necessary as most waste materials are sold 
h~ \\cig.ht. If you rely on other people's scales and other 

. ·W' -

~ 

1''"'
~ r . 

..... L}~\ 

..... ,. I ~'., ~. , ").~;~, :.J ·· /'li·t·t 

4~lli> A~ . : . .,:;··~· ~~'-· 
t-~ _A~,.·· '/' .-:. ;_,.~~~~: ~,. 5~ 

:'- ~-

~ . 

.. 

l 
··. 41:~ 
~ f' 
' ~ 
' ' \.· ;;. 
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Ftg. YOu ~~ ·eighing equipment: spring balance. The load is held on 
a hook from rhe balance and pulls the spring down. The balm1ce is 
beldfrom rhe ring ar the rap by the man on the left and steadied by 
the man 1n rhe white shirt who is reading it. The pointer which shqw~ 
the weight is by his rhumb. Kenya. 
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pl'(H~}~··.., lllllll'\t\· }Oll may'fl'-:,"e a lot of money! The following 
t,p,c::·aN.' thcd, in urdcr l1;f inu'easing ~ost: 

/1) .\prln.l.!. halunces i. The material is hung from the hook 
f \ and q n·t L' hcs the "ipring. The weight is read directly fron1 ., 

·<» ~~ \Crtical scal(of figures (Fig. 90a). 
ii) Simple halance5'- The material js hung from one side 

and a known set of weights from the other. The correct 
weight 1:-. reached when the beam is horizontal 
(Fig. 90h). ·~ 

Fig. CJUh Weighing t>quipmenr: simple balance. The load is placed 
111 nne f1Un and rhe weights in the other. When the balance arm is 
honzrmrul rhe '"''ighL\ equal !he load. hJ , 

iii) Lerc>r halances- The mate.rial is hung from one side and 
a weight rnO\'Cd along the lever arm until horizontal 
halanL·c i\ obtained. The distar~cc of the \Veight aioiJg the 
arm indicates the weight. 

i\) Platlurm scales - The material is rested on. a loose 
plat form connected by levers to a weighing arm. The 
p!'at form may be mounted on wheels or set into the 
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rlthlr. l'hc wei~ht may be indicated on a dial or by the 
d i:-..Lilh.'l' 0 f I he ba J~\11l'L' wei~h t along I he lever arm 
( h ~. l)Oc). 

f-1g. 90c Wetghing equipmenr: platform scale H:irh lever bqlatice. 
!'he \\'CI!!.hh are mu\·cd along rhe h?\'er unrilrhe lever is quire hor.i
-:uma!, rhen rhe H'eig,hr is read ojf a scale wriuen along rhe lever . 
. \ ufl· 1/ie I\ he£!/.~; l he scale can he nw vedfrom place w place. Mexico. 

27S 

\) V'f.eighhridges for carts and vehicles. The vehicle is 
J rin~n on to a large, flat, metal plat form which is 
connected to a scale (sometimes in an office ov~rlooking 
the plat form). The vehicle is weighed '0'hen full, then 



'' llciJ L'Illpl', and til\' empty (tarl') weight i-., deducted 
I I l ) Ill l t lL' I u II ( g It) ......... ) \\ e i g 11 t t 0 g l \l' t h L' 11 ct t \\ e i g h t 0 f t h e 
! l ) ~ 1 d . \ Ll ~ L' "u r c t il at t he dr in· r i..., out of t ilc v e hi c lc on 
htl[h \\l'tghiil!l,\~ 

Sorring rahle.\ 
\tnliiJg ..,Jwuld he pos-.,iblc without causing strain or back

.. J~..· IlL'' ~t:~~~d i ng t () tired Ill'\\ and poor or slow work. The height 0 r 
the r al"~k-.., lkpend.-.., on ''hether the sorter is going to sit or stand. 
l"lln -,Jwuld_hL' LuraiJged -.,o that the \\:Ork flows across them, 
i'r<llll ·~~ 11ik ~11 L'<JIJtaincr gn one side, placed at a convenient 
height. ~n Olll' o: more piles or containers of sorted material on 
the' L)thcr. fhc·rL' -,lJould be a L'Ontainer for contraries too. 
OttL'IJ . ..,j\ lH. _eight grades are sorted and the layout of the 
'>LlrtJIJg t~lbk and ih surrounding-, i-., \Cry important so that 
''urk !11~1~ hL' dniJL' L'fficienrly. Figs. RR, 89, and 91 shO\\ well
rd ~ill fll' d "l n t 1 i ~ g ;J r r a 11 gem en t " . 

HalinR machinery 
l·ull~ de-..,~.:ritwd in Chapters 1 and 2, balers are the most 

impori~lflt toub in the fight ::.~gainst transport costs ;;1nd should , 
hL' urll' lll thL' lir-,t purchases \\hen a bu-.,iness star'ts to make 
ll1Ulll.'\. 

Shredding and granulating machinery 
Described in Chapter 5, there are many different types, 

ranging from tiny grinding mills to huge, pO\\erful hammer 
mill-. that can reduce a car to small pieces in less than a minute. 
The !at ter arc e\pensive, need electric or diesel power and 
c'H:a te end le.s.... problems of maintenance: they will not be 
di.-..,l.·ussed further here. If it \\ill increase your profits to shred, 
grind .. mill. granulate or disintegrate your product, there is no 
difti~..·ulty in huying a machine if you have the money. 

r h l' '><.i 111t.' i \ true l) r tla tt en in g mach inerv' 0 ften used in 
'- " 

ir1du"tr iali!L·d dHintrie" Lor squashing cars so that several can 
be pal' ked on to one lorry to be taken to a shredder. Chapter 2 
de...,l.'rihe-, !10\\ to tlatten can.'> and similar small objects and 
largn equipment l-an always be obtained, at a price! 

PLASTICS \\ ASTE CASE STUDY 5 

Penelope, Paulo and Prida have successfully collected 
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2SO 

\\,I'-ll' pLhtiL· film lrom .'.!orcs, LIL'torics and the hotel, 
~ 111 d "\ 1 l d i t t o t 11 L' B I ~~ c t u \' I 1 Bud, l' t Co 111 p a n y . T h c y b c g an 
I ill' '\ ~ l II-. i I 1 l 11 l' y a r d 0 f p r i d a ' '-. h 0 ll S L' b U t , 11 0 W t h C y a r C 

'"1 lli IJ(k'l1! t lur t hl' '' ork ''ill he profitable for many years 
,tllcctd. they decide tu "ct up a .... mall depot. They have a 
l1ttk ~._·,hh and ha\L' talkl'd to the local bank manager 
,thlHl! .1 loan to pay lor a granulating machine. The final 
l:t\lllit llf thl'ir lkJ~nt i.\ '>hO\\n in Fig. 91. 

!ill'\ begin by making a li-,t oLd! the operations needed 
tl) p1 (l~._'L'"" pl~ht iL· be lore it can be -,old for a good price: 

iJ l I1load collcl'tion cart. " 
II) 

I! i) 

Sort diffl'rcnt grade" and remo\C impurities. 
\\'ash dirty material (but not all). 

:\ ) 

\ ) 

\ i ) 
\ :I ) 

Drv '' aslwd or wet material. 
( 1r~mulate. 
\\ eigh heforl..' disp~it~._·h to the customer. 
ll1ad lll1 tO Lkli\CT\ \Chide. 

i he~ I1lltC that thL'Y \\ill.nced .-,toragc "pace at the 
\\lll\ 1 \\JI1g -..,rage'>. ~h not allo11eration" can be expected to 
Illll\ L' L'\acth at the .... ame rate: 

i J After unloading. 
11 J lkforL' granulating. 

111) \fter \\cighing, a\\aiting the delivery lorry. 
i lh.'\ also remember that thev ,,·ill have to remove a lot . - ~ 

~11 hJd material and rubbish and will need storage space 
llH thi'>, too. 

Other necessary items arc: . 
.:\roof o\·er the sorting area to shade it from ihe sun. 
:\-..,mall shed to house the granulator and the scales so 
~hat thev arc not rusted bv rain or stolen. A table and 
(hair co~IlCl be placed in o~e 12orner of the shed to serve 
a-; the office. 

A" \vel! as the sheets and sacks of plastic film, they 
(UlJC(t rigid plastic objects such as toys, broken buckets 
anJ be"' Is, plastic shoes and food containers. Many are 
too big to go irito the granulator so they decide to haye a 
hench with a hammer and saw where these can be reduced 
lr1 ':>l/C. 

Finally, they gi\'C some thought to the future and their 
hope to buy an extruder and pelletizer. They decid~ that 
r hey cannot afford land or buildings for this now, but will 
seek a site with,,extra !and to buy in the future. 

:-: i~ 
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Rule 15 
Is to plan your depot so that: 

materials tra\ el in one direction over the m1mmum 
distance; 
there is sufficient storage space; 
employees can work ~omfortably and safely; and 
costs are kept low. 

SORTI:\G 1:\TO GRADES 
~lost \\aste materials mav be sorted 'into different grades 
according to cleanness, size, material and the market to which 
t hev are sold. 

The rea . ..,on-.. for grading are: 
i) Some cu...r omer-, only use one grade of material and will 

1101 huy material when it is mixed in with other grades. 
f·urL'\ampk, milh that make white printing paper only 
Lhe \\ hite printing and writing papers and have no use 
r~~r "uch \\ a-,te paper as newspapers, brO\\ n cartons or 
coloured paper or board. 

i1) :\better price can be obtained for the total quantity of 
material collected by grading and selling to different 
CLl"'tomer-, (o~~o the same customer for different uses). 
l·or e\ample, mills that make cheap grey board f~r 
bc)\e-, L·an use almost any paper, but pay low prices. 
fherefore, it might pay to sort any white printing and 
\\ riting papers for sale to a mill making white printing 
paper, for a high price, and sell the remainder to the mill 
making cheap board for a much lower price per tonne. 

iii) Sometime-,, transport is so expensive that it is only 
. el.·onomical to transport materials of fairly high value 
and to lea\c behind (and e\en throw away) the lovv value 
materials. 

It i-.. normally irnpo-,..,ible to decide which grades to sort 
unk-,-, the proportion-, of each grade in the materials are 
h-IH!\\!1. Thi-.. can be found by the analysis of small samples 
tr~Hn a numhLT of different loads of material, by sorting the 
"am pk in t u d i fkren t grade" and weighing each amount. 

II tlw price-, for each grade arc known, it is possible· to 
cakulatL' the total which will be received for a qu:antity of 
ungraded material, and for the same quantity of material after 
it lhl"~ been l!raded. However, a,ccount must be taken of the 
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1.._'\tLl cost> uf grading, storing, sale and delivery of the graded 
llll.l t erial . 

PlASTICS\\ ASTE CASE STlJDY 6 

h_n -,i\ morltll'), Penelope, Paulo and Prida· have been 
,~.._'il1!1~ low -.knsity polyethykiK' film and rigid pieces to 

-.. B~LJl'l\~\\ nl3ucket Company and think th_ey ~IT getting to 
~Ill n\ I !J l'II I_, lh 111 es.s. They ha \ e been pa1d )() do !Iars per 
[,1!11\l' ~.11 llll.iterial, prc)\ided it is fairly clean. One day 
)'!:t_L! (;.'turn-, !rom deli\cring. a load to say that he has 
lilL J1 -_·hat [ illg \\it hOne Of the WOrkmen at the factory WhO 
hc~:-. r~_1!d h1111 that their:-. i:-. the lc)\vcst g.radeofmaterial that 
til~.._· i~h . .'ILiry u:-.e". Other :-.uppliers .send a ~imilar grade, but 
,d..,,l -.~.._·ml ltJad" that ~.·ontain only: 

1) I rail'-parent film which is used for making ne\v 
I r ~l n :--.par c nt products _ 

ii) \\ hite 'opaque' film \vhich is used for making 
\\hire opa4ue products. 

iii J L\t ra clean film that is useti for making bags and 
:-.heet ing of thin film which \vould tear or be spoilt 
by the presence of dirt or grit. This is either of 
t rl.m:-.parent, white, or pure colours, or mixed 
L·ulours for making black and dark green refuse 
:-.acks. · 

T·hey dis~..·us" whether they should try to produce grades 
ut thi.'- t) pe, but cannot decide for lack of information. 
rhcy arr;1nge to find out how much of each grade could 
bl' obtained from the material they are collecting, and 
Ill)\\ much the factory will pay them. 

Prida visits the factory manager, who is interested in 
tht' idea because he is paying high prices for pure colours, 
~fthough he has no difficulty in obtaining mixed \\.·aste 
material. 
He says ,he will pay them: 

500 Jo liar" a tonne for cleanest quality transparent 
materi~d . 
.250 JolLus a tonne for normal quality transparent 
Illdterial. 
250 dollars a tonne for cleanest opaque white 
rnat erial. 
!50 dullars a tonne for normal quality opaque \vhite 
111 at e r i ;_d . 
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]50 dollars a tonne ror cleanest quality pure colours: 
red, blue and yellow. 
200 dollars a tonne ror normal quality pure colours: 
red, blue and yellow. 
100 dollars a tonne for cleanest mixed colours. 
50 dollars a tonne for normal quality mixed colours 
(as at present). 

Penelope does an analysis of the material collected. 
She weighs out 250 kilogrammes of material every day for 
four days and sets it aside. She sorts it into the different 
grades, then weighs each. She draws up the result as a 
Table ( 14). 

Tabfe 14 Anal) sis of plastics waste 

Colour. 

Transparent 
r ran.'l paren-t.,&. 
Opaque \\ hite 
Opaque white 
Pure red, hlue. yelll)\\ 
Pure red, hluc. yellm\ 
~lixL'U Colour" 
:\li\L'd Colour-., 

Quality 

Cleanest 
Normal 
Cleanest 
Normal 
Cleanest 
Normal 
(·leanest 
Normal 

Weight in kg 

0 
400 

0 
100 

0 
200 

0 
300 

Total I 000 

They consider the possibility of sorting the different colours 
and ask Penelope to present another table to show the amount 
uf money they would get. 

Table 14 \ alue of graded materials 

Colour Price per Price per Weight in Value of 
tonne in 100 kg in kg (in 1 that 
dollars dollars tonne weight in 

total) dollars 

Transparent 250 25 400 100 
Opaque white 150 I 5 100 15 
Pure colour'> 200 20 200 40 
Mixed 50 5 300 I5 

Total 170 
\\-'hen the material was not sorted they earned: 

Mixed 100 10 1000 so 
\. 
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OhvJously. they would get a much better price for the 
sorted matl'rial. Penelope thought it would take her a 
\\eek to sort each tonne of material into colours so, if she 
was raid 35 dollars a \veek, it would cost 35 dollars per 
tonne. Paulo would need a little extra time to clean the 
granulator each time the colour changed. Delivery would 
L·ost no more because each colour would be put into 
.-.;cparate labelled sacks. Penelope's only problem was -
who would do the washing of the dirty material if she was 
.... pending so much time sorting? Neither of the others had 
rime to spare, so they agreed they would ~mploy
Pc:1elope 's younger brother Peter to do the washing. As 
thi·, \\as un..,kilkd work, they would pay him 30 dollars a 
\\ ee k. 

Rule 16 
By grading materials, their value is increased, often by much 
murc than the cost of grading, and additional employment can 
be ere at eJ. 

Ci.EA~~ESS OF MATERIALS 

Dirt is a <.,e\ ere problem in all countries, but particularly in the 
rhird \\'orld \\here many roads and paths are unpaved; homes 
:md n en fa\.'tc:ries han:- dirt tloors; soil is sandy and wind-
hiP\\ n; \\ ashl!1,12 water i.s a luxury; and material may be used 
man\ time~. heh)re it becomes waste. Dirt reduces the quality 
~_)j gouc.b m<.HJc frum waste, clogs and damages machinery and 
JlOIJUlL'S pU)((.?<.,<., \\ater. 

I t~f'ii'··rr:nport ant that a processing depot, no mat te,r how small, 
1~ organi;ed to keep material as clean as possible: This may be 
done bv: 

Aet?ping dirry and clean tnarerials separate in collection, 
trans port, and during processing. 
Pr;rH·idingjloors for storage and processing areas whenever 
possi blc. The"le can be made of wood, matting or concrete. 
If t hesc arc too expensive, a thick polythene sheet is better 
than nothing. 
Lrt?cting walls or screens to keep out wind-blown sand and 
dust and to keep material from being blown about and 
ricking up dirt. 
Training employees to recognize the problem of dirt and 
keep materials clean in all possible ways. 
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Cleuning out carts, lorries, containers and sacks before 
frc"h materials arc put in them. 
Has/zing materials where the increase in their value justifies 
1t \\'a ._,!Jll1g can oft en he done by outside people on a 
,.l,illilli'-'>idn basis - they arc paid so much per tonne of 
''<hll' pJa..,tiL· or per thousand bottles washed. 

() ltl'll. "trc h '' ashing i..., done in pond.'-> and stream\ and may 
I'''I!Litt_' ''<lilT needed for ,,a..,hing clothes, or for people's 
pr:r"'l!ld! \\ ~l'-hing and drinking. Care '>hould be taken to avoid 
1 i1i" ,trhl L''f'l'~_:ially tu ensure that containers such as sacks or 
d ru rlh r hd t may ha' e contained poi.-;onous chemicals are not 
\\ ,t..,hed !11 "uch \\<-ltns or in water that tluws through open 
'-l'\\ L'r ... ~.•r ~.·hannel.-.; through districts where people live. If 
quanttliL'" :trl' .... mall, then municipal drains are the best 
d1"!'lh~tl r~.ntre for .... uch water (but not for oils or pure chemical 
\\ ~hl 1.''- l. l i ltl'ring through sandy soil is also safe ,Jlrl1\ ided that 
l hl' \\ ~tt ~..:r ( d hlc (the level 0 r undenzround water) is not too high. 

~ ~ 

\\here rqzular or large quantities of poisonous wastes are 
mn•l\ ed. the municipality should be consulted. 

( ·ontraries 
The.-;e Jre objects or materials that are not \\'anted in a waste 

collection. Contraries can damage machinery and spoil the 
goocb being produced and buyers of \Vaste materials will 
seriously punish their presence in a load by reducing the price 
paid for it. or rejecting it altogether. 

It is -;ometimes possible to remove ferrous metal contraries 
with a magnet placed over the conveyor carrying the material. 
The met hod i-.; only successful if the material is evenly spread in 
a thin layer on the belt or if the magnet is positioned to catch 
the met a! as the material falls off the end oft he belt. The more 
pO\\erful the magnet, the better the chance of success, but 
power costs money! 

There is no better method of removing contraries thanJJy 
hand sorting, and by training collectors and workers to 
recogn i1e and remove them. 

Another piece of equipment that helps remove dirt and 
(U!1t rarics i"' a screen. This is a tlat sheet of steel wire mesh with 
luw sides. \1aterial is placed on it and the screen vigorously 
\ i hrat cd from s·ide to side, by hand or machine. Dirt, s·tones, 
hroken glass, etc. will fall through the holes, leaving the larger 
pieces of v.:aste paper, textiles or plastic on top. The size of wire 
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mc..;h ha-., l\l bL' (arefulh chosen according to the material vou 
- -· -

~llL' \...'11\k'-'tin~ .. \n alternatin? use for a screen is to separate out 
piL'L'L'" rll,11 ~tr~...· too big. For e.\ample, if glass cullet is being 
-.,~nied, ~1 ..,,_TL'l...'Ii may be used to serarate stones, \\OOd, straw, 
paper (lr unbroken glass that is too big for the mesh. 
S<...'IIh.:time". -.,e\eral screens of different mesh are used, as in 
q u~nr) ing \\her-e -;tones and sands and grits for different uses 
drL' ,.-arL·full) ~raded b~ size, using different screen sizes (see 
C h a p t '-' r 9 l . 

ThL· !Tuin nbieL't ion to using ..,creens for separating large, 
--th'L't ll1~ll·:rtdh like parer is that the sheets block the mesh and 
\r. t,lh.~...·.., ,1 k'~l1t'-time for the contraries to fall through. Screens 
,lf\..' bL'"l u..,ed t',,, :~~~lterial" that arL' no bigger than two or three 
f1 h.''-. 11 i fi : l i] \ l! J f L' L' ( i () )1 . 

\\ \ '-1 I I. P I. ·\ ~ n { ~ C A~ E S T t D \ 7 

PL'ill'l,1}'L·. 1\w\~_) anJ Prida \\l're pu11kd by the absence 
,)1 ,l:i\ ~..'k:111 m~ucrial in the analysi" of plastics ''aste in 
Ltbk- l-+. It \\d.., Paulo \\ho Ji"co,ered the reason. "All 
t hl' Ilut~...·rl~it 1.., ~..i1rty becau-.,e the clean material is collected 
i11 til;,.: ..,,1111\..' --~1 ... k.., and on the -..,ame L'art as dirtv material, 
"1.' l\ t'•L'Ll1ll1L" dirt\". 

I hl'\ dJ-.,~..,u-..,..;L·d hO\\ to ()\l'rL'l)J11L' this. It wa-, not 
i'l)'-~ibk lt) \\ :1--h all the material a-, their tank and drying 
" 1' ,h.· c ~ \' '-' r e t u l) "mall , and i n an y ,_,as e . e' en a f t e r wash in g 
r hL' mcitcri~ll \\a" Ih•t clean enough for the factory to use it 
!L' manuladurc thin film. 

fhc~ ~hkcd Pr1da to make a list of the places from 
\\ h1d1 hL· '-ulk~...·tcd ~..·lean film. This \\as difficul1 because 
ht' ._.'1L;ki liUC \Hill.'. but Penelope's brother Peter helped 
!11m: thl' hutL'l, tlHl'C ufthc eight factorie-s and five stores. 
Pnd~t ..,ajJ th~1l dll \\ere modern buildings with tloors 
fll,tJc L'l u_...,n~..TL'te or other dust-free material. It was 
:l~fL'L'd rhar, bec~ill"L' the prices for clean material were so 
f1llkh hi~dlLT rhan thuc.,c for normal material, it was worth 
1.. i <'Ill ~ c1 .., rw ~...· i a l ---: · ' I k c t i o n , o n e d a y a \\ e e k , t o \ i s i t t h c s c 
'Ll''PitL'r..,. 1 he L·ullcdiun cart \\Ould be cleaned before 
--tartm~ anJ Pl·nclope promised to sweep the unloading 
and c.,Orttng arL'll" JLht before they returned. New sacks 
\\Crc bLlU_t;ht to hold the clean material and the word 
( L.I· :\~ \1, d.., paintl'd on in large letters. Tv.-elve 
(arJbuard drum-., were bought from the factory and 
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t hL)roughly brushed out. 
IllL'Y had been collecting 2 1/2 tonnes of material every 

'' cd,_ l)Il :n er;1ge and. found they could get 1
/2 tonne of 

~_'lean rndtt:rial, with a ,·alue abotil twice as high as it had 
l'L'l'Il '' hL'Il it ''as con tam ina ted ov the dirty mat erial from 

~ - ' 

, n her '-lH! rces. 

Hult.• 17 
l\.L'CP i11~tll'll~d clean and ~eparate from dirty material to sell at 
hJ~!llL'"t prll.L''-. 
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('hapler 15~ Marketing \\'astes 

Sale" ~nc llt 'Hal importance to the waste operator; without 
t 1 L.~ m \ LlLk ,_' ~l r1 11 ut continue. This chapter describes not only 
lh1\\ Ill "L'II ,, ~htC'l but aho other ways in \vhich to promote 
'<l]C'"': 

"t Lllh itit' the marker for the product - sometimes called 
ll) ,l[ k L'[ f L'"C~HC h; 
'-k\ l'l(1['lf1t' the right produLt and the markets for it; and 
Jd\L'r:;~rn~ ,tnd rromoring the produL·t- e\en one as 
c~ : 1 ~ L t n h ' r \ 1 t 1 " :! " \\ a" t l' ~ 

I t11..''l. tt1rt1~" '-''rnhtllL'd arL' -.:alkd markL'tirlg. 

J~ har i.\ rhe tn£lrf..er (nr rour H·asre mareria/'? . - . 
L :, --.!: ..J : h :11 "u~..·ce"" tu l com panic.., ne\ er make a product 

,t:hi rht'n tr\ t~..1 -,ell it. Jnqead. they dio.,co\er a market, then 
,k\L'i')l' :t pr,1Ju~..·r that \\ill "~ltio.,J'y it. This io., L'Crtainly sound 
.t~..h l ... l· bur 1: 1" di! !idllt !LH thl' \\~hte trader tu follow. He does 
rh1t hc!\1..' lllLkh ~..·lwicc abuut \\hat he i.., able to produce, unlike 
lhL' '-'lll1}'cll1\ ·th.tt m~mulacture.., from ra\\ materials, or which \. 
r~..·t.lll" t'')''Lh b~.,ught lh)Il1 a wholesaler. The waste collector 
~..,lil-,1!1\~ "l'll tlhhC materiah that other people do not want or 
'- , u 1 r H 1 t "l' ll. S 1.1 h c h a" 't o be an c \pert .':>ales man . 

floH· i\ rhe market made up? 

l~ 11 t'It' t~h:turic'> that \\ill buy material in ten tonne lorry 
1\'JG'- ,)r tnL,l\ 1duah making handicrafts in their homes who 
\\ill hu~ 1t 111 two kilo bags? usually, factories make up the 
Lngcr parr ,1f rnarkch for wastes, but they differ greatly in size 
J.nd kll1d. trcll11 huge building<:. on a square kilometre site, often 
l)\\ ned b~ !urL'lgn companies, to a little room behind a shopAn 
,l "i'-k "tlL'L't. \\lHked bv the owner's familv. 

Y·Hl IlHh! krH)\\ not only which factorie'> use your kind of 
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material but also what other raw materials they use. Do they 
buy \vastes from other suppliers? Are these local or imported? 
Do they have difficulty obtaining them? Will they have trouble 
getting them in the future, perhaps for political reasons? Are 
their prices likely to go up or down? Know, too, what items 
they produce, who buys them, whether their sales are likely to 
increase or drop. 

Hew. ~.:an this information be found? Companies are often 
\ er) secreti\ e but it is possible to: 

i) Read rhe nev·/spapers. They give news about local 
companies and their fortunes. 

ii) Cunsulr libraries. These u~ually belong to schools or 
colleges or government offices but sometimes there are 
publi~ libraries, often set up by foreign governments or 
t he L: n it e d Nat ions . 

ii1l Talk ro local businessmen. Word of what each company 
h duin~ gets around. 

I\ l Tu/k ro employees ql rhe Compan_v. Outside ·the gate 
.tt !'ini-,hiiH! time, in the local bar, best of all \vhen 
~ l lU ~ill' making a .~.di \cry 0 r material because you 
\\ill thL'Il be regan .. kd as a person who(·is already help
! n~ the company and fhercfore are more likely to be 
tru-..,ted. 

\ ) r t:, 1 f < J/)in::s c~l r rade or employers; associal ions. They 
~1\.'t llfl behalf of their members' interests but will 
pr llh~tbly feel that encouraging a .suppliei" of waste is of 
bl'11L'l it. fhey arc l'ik~Jy to be better informed than many 
'\ l h L' r' "l HH C e" . 

\1 J ·lsk t1 (nend '' hu h~h contacts !\1any agencies and 
!l1d!\ idual reuplc \\hose job or aim is to help the poor 
:tl-..,ll krlll\\ a great many imrortant people. They may be 
~tbk Ill ~L't information more ea..,ily than you. 

\11) hk rht• cusromer. Do not be frightened to ask company 
rn~trLt~n..., dire~..·tly about their business and their plans. 
I hL'\ fll'L'd ra'' material..... If you can \Upply wastes that 
~trL' .. ·he a per or k"" difficult to obtain than those they are 
Lh\11~. they han? a .... trong reason to help you. However, 
~..ll1 11l)! 'tell them too much about your situation; just 
l'Ihlll:lh ru \\111 '-·ur1lidcncc. Just a" information about 
rht)tr hu'-lllL'"" ''Ill help you to ncgbtiatc a better deal, so 
"1ll !llllllll1~llill11 ~thnut vours "trengthcn their bargain
Ill~ :lll\\l'l. 

I 



\\'hen approa ... :hing any of these sources remember the 
i111p1..1rtant rule: 

Hule 18 
l·LH ar1 rnteniC\\ alwav-. \\ash th oughly, be tidy and as 
-,m~nt h dre,,cd ~l" you can man;I \\'ear shirt and tie and 
b~..'hi.l\ l' '' ith qtill't \.:onfidcnce and _ t)d manners. 

rh[, ruk \\ill h1..' repeated snera1 urnes in this chapter but 
1Il'\l'I tl)') lllll'll. People \\ill take ~l.'~· to be the sort of person 
\dllit._lllk il~l', '-lHir1d and beha\e. [t lUlook. dirty, unreliable 
a 11 d a · dh) u g: h y l 1 u m 3 y "t e a l t h e l' ~._· e t y p c w r i t e r , t h e n n o t 
lHlh \\lll iltc:- be k,.., \\illing. to do bL.'111ess with you, but they 
\\ uuld r"rc·L .. T IllH ill h<.l\ c you in the Tt"ice or factory at all! In 
:!1e -,c .... ·tiun ur1 -,clltrlg.. thi" ... ubject ''Ill be discussed further. 

It lzur comrwnin are found in this district'? 
\\ ll : .... h ~._· l 1 111 l'', tllll'' t h ~..·, l n Il1 i g h t u "~..·, · t h c mat n i a b v o u 

;"r, 'lltlll.) \-.\\ ... ·II ,1-.. till' \lHIT(l''- u! irl!lnmatiun ju">t li">tcd, you 
..... 111 l:11~._i llltl n1u .... h lrL)J1l tf1l' llk·al ll'lcphone directory, 
l''\)'-'~ull\ :1 :l tu ... ~l ~..·Ll'-'-Il'red ... ection (that li-.b numbers for 
,_.,!.... !1 : \ l''-' , , i h," 1 JL' ,.., ) . ..,,1mct 1 rnc" printed on yellow paper and 
L .i'\' :1 .!' ~ ..._·([,,,\ 1\l~l''-. fhi" i" ... u...-h a u ... cful hook. it ''ill he 
\\ I ! ' : : 1 \\ t I I i i : I\ f"' l J \ \ ) Ill' I r l) Ill l h l' t l' le ph l) Ill' l.' 0 ll1 pan y' e \ e l1 i r 
.1llt !Lt . .,l li'' i,.'it..'l'h,lr1l'. Oth~..'r dirc~.·turit.'" can he found in a 
':l'r Jf\ ,,r :.l~l :n.trl,t>..:l'f Lll a IL1~..·a! (llll1pany might alll)\\ you to 
-...!LL.h t.i ....... \'\'\. \ .... ~ t~.1r ll~..·lp tr,,m ~llihrarian ur ,c~.Tetary ityuu 
'·,,:~..._· J:t::'"ul 1 \ 'itt~..illl~ the lllllHlllatill!l YLHI need. Thu"c \\hn 

'" • t 1 , 1 11. 11 1 1..'., J , ' : \' 1 : ll' '' 1 II 11 1..' ~..· d t l' g: 1.) ' ' ll h ..., u m c u 11 e '' h o ...-~m u r 
,! '~ ,i '-l' '-. 1 l'! ,! 1\ [ l l \\ I It l' t lJ l' j 1l I ll!.l1l d t ll lll d l )\\ 11. S 0 l1l C pe 0 p Jc ll I" t.' 

,\-.iLtllll'li \11c!; lhl'\ ~._,\llllll[ ll'lld l.ll" \\!ill' ~llld might lea\e \'.,j[lJ

' l ll [ [fl L' I 11 t 1. 1 l Ill , I [ I 1. l 11 t h l' ~ Ill' l' d f d l h l' I t h Cl ll ll d 111 j l j !. f h j \ j \ ll 0 I 

1\l''-l''-",\l\: thlhl' \\ illl hll\1..' had dlll'LII.lL'a[JUil Cl!L' lhlllllly h~lppy 
t~.l·!Jl·ll~ rl""l' ''111.1 h,t\l' hL'l'll k-. ... turtunatc. 

ll hur grade material\ do those companie.s need'? 
Tht, ~..,l!l ,1111\ 1~~..· ...l1·<\.l\1..'red by ~t....king. them Jire(t. It help'> to 

l! 11 d L' r , 1 , 11 1c l , : I if : k . t b l 1 u r t h L' \\ u r ~ t h e y d o a n d t h l' p rod u c l.'r 
rih.'\ il\c\~\. llut 1-., \\ h\ P~\1[ Ill! thh hook Ill)! nnl\ dC'l(rihed . . 

: i 1 t..' u , l' ... · l , 'i '' . t ... r ~· h 1 : , 11 ... t 1 t h l' u "l'-. It 1 r a n d m a nu t a~._· t LH c o I t he 
l'l\l\.\lt~\' i]1~tdt..' 1 1 ·'111 \\~h[l'. 
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n hu: It lnd oj' people are they'? 
'r l)ll \\ill ltlJJ11 your O\\ n impres~ions of this by talking to 

c'1ltpll)Y'-'''"· lllhcr ... upplicrs and customers. lt is of great value 
r,1 h.t\\_)\\ \\ hcthcr tht'ir business is going well, and if they ~ave 
,,_·rJl)ll" pr,•blt·nb that mi~ht kad to them \.:losing dowln or 
'> [, l p \"l \I '1 :2 J' 1 l) d Ll ( t j 0 !1 0 f ~ [ h C j t e T11 f 0 f \\hi C h Y~) U iu p p l )' 
rri,tll'fi,tl. l: \\HJ ~110\\ thi-. in ad\ance, you will have time to 
! \ 1 l 1 h. 1 ( 1 r ~ t n , 1 t h c r c u "~ t o m c r o r t o co ll e c t a d i ffe r e n t mat e r i a!. I f 
\~.lll k'Mit the·~ arc ..,hort of money, you can press to have your 
I 1 h.) l L' \ l' 'll d q u i ( k I y . 

It i-., Ll'-L'tul to Krl<.J\\ ~o,omL'thing about the personal character 
l1t thL' rn~u1agcr, the O\\ner and the man \\hO buys raw 
IJL!l~'I 1~d". \rc they kind and li~ely to help someone who is 
['lll.H ,1r \\hl1 h~h had bad luL·k. or are tht'y ruthless and only 
lilll'll''-ll\..l 1!1 making bigger rrofits? :\re they proud of the 
~~u~!il!\ ,1t rhcir pn1Ju~·r (thl'Y might pay more if you can 
tlllJlfln,_. tl l lli ,Hl!y tnkrL''-tL'd i11 ~ccping \.:osts as low as 
f'\~'>'-il1k \[1\,·\ rntght buy d ll)\\l'l graLk material for which you 
il , l d Ill ' 111 , ll ~ l' l ) . 

( );ll t' \(!1/ \((}r/ sel!tng Ju nut stop tal~ing ro your customer. 
c \ 1 1 h u 111 h ~~" k '\ kll t hey t h i n h. u f you r materia!. They w i 11 
i~r,,l~.ihh ,l,tfl b~ -.,a~ing it i-., tUl) c\rcn-.,i\L'- you must judge 
,,lJL·lill'l th1" h ~~ _Jl)~e' m \\hethcr they mean it. They will tell 
\ l l l 1 1 r :1 il h. i \ l t ~tll! r lj Ll a [I [ y h d" gUt \\ 0 f ')l' b ll t ll1 a y 110 t t eli y 0 ll i f 
:t :~ rntrLh he·tter than matnial thc\·huy elsc\vhnl' (in which 
,.(,'-' \\lll Il\,1\ de'1 . .'tdC tl.) put ur the Jlr!Cc). :\')~if they ha\t~ any 
'"\1l11)'1~t!I1l~ ~d-hH!t ~lHJr Lklih'ry dri\cr if ynu do not ckli\cr 
'\)lJI'L'lt. \'r ~thlHll ,til~ l1lhL'l matter .... 

\ L< ,}· I \HLF \\ ASTF C:\SF STl 1>\ 6 

\ 1d,1. \ IL'tln ~l!ld \ a..,im arL' llO\\ l·olkcting more 
'L'~l·uhk \\ a"tL' lr,Hlllwu..,clw!J.., than they arc able to sell 
t , 1 t he· d u /e' I 1 p i g far me r .., i r 1 t h e t u w n . T 11 c y d c c i d c t o '> t u d y 
t he· rn ~l r ~ l' t t u "e e i ! the\ \ . .'an find other ·out lets ' . I f not , 
!Ill·~ ma~ ha\L' tl1 turn t-u l..'Ollecting 'lorncthing el.(e. 

\ kLi 'hit-., thL' llh.:al library and <.h~.., the librarian for 
hL'Il'· rhcy <..'l)[hl.I!t '>l1!11C dirCL.'lOric~. looking UJl not only 
Urllh t h~tl arc Ji-.,tcd a-., r)!g farm" but also, general farms 
,,!Jl) 111~1\ ~L'L'!' p1g" afthough thi.., j.., not their main 
, i ._·t : ' 1 t ~ : h u t ~..· h n" '' h l 1 may ~ c e r t h c i r o '' n an i m a 1 s as well 
.t' hu\ tt~g trlH11 Iarmer", and bacon l·actoric..,. Tht:y die.,-
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L'l.l\ct a large bacon factorv in the next town that keeps 
111g" \1n ~i l~ugc scale. 

\ 11 .. ·t,1r 'i-.,ih the local extension officer from the 
\11!11\try ul .\gricuilure who reminds him that not only 
r"'ig'. but gllah and poultry also eat vegetable waste . 
.-\l'l'~nentl~ there are t\\O bigpoultry farms just outside 
the· !L1\\I1, d'~ we'll ~b many ..,mall one..,. He also shows 
\ i~...·tLH ~m .ntick in the daily newspaper saying that, for 
Ie'llgiL1Lh r e~bons, fewer people arc eating pork meat, 
tur !IIIIg tl) pL1Uitry instead, and that this trend is expected 
I L' hecl)I11C more ob\ iou.., the folio\\ ing year when there is 
c~II il11l'''rtai1t religiou-, festi\al. The article also says that 
man~ pig t'reeder-, ha\e reduced their herd-, because of 
rh1" \\ hik the price ,,f chicken-., in the market-places ha-., 
r 1 "e' n h \ h ,ll t. 

\ ld,t ,\Ild \'i~_·tlH telephone thL' bad)[1 fa~..·tory tO ask if 
:lll'\ 111.1\ '-,lllLHI the m~m~tgn ll1 di-.,l..'lh" -.,dling him pig 
: \ ) \ ) d I l ) [ l k I r " urp r I "l' h l' a g l e l'" t l) " l'l' t h e i 11 a 11 d ' a r t L'l 

,,l!l'llli \\J,!Jing ar1d dre-.,-.,Irlg, the·~ go thnc by bu-., thL· 
rle'\t '-Lt'. I he·~ ta\...e a IJ'lt \\Ith them -.,hO\\irlg hO\\ much 
1 h '-'' h, t' '-' ", 1 l d 111 e' a c h u l t h c pre' 1 o u-., months , and a 
',trlwk lll the 'egetahlc \\~hte. neat!~ wrapped in a pla-.,tic 
II ' l ~ I h ;,_' \ ' ! [ 1..' a II t t k t !I g h t e n l' d l) r t h e fa c t l) r ~ \\ h i c h h a" 
;.,,. l'l'lj ,\II L' IL'lklllg cllld li pOlJl..·em~ill at the gate hut \\hen 
: !;L'\ -.,t\ "th1Ill thL'\ ILt\ c .._·l1!11L' tu "L'L' thL'\ arL' allo\\L'd in 
>\ 1 :illlLli '-lill1~...·ult~. lhL' nunagn Lh1L'" not J...ecp them 
\\J:!;rJ~ .ir:'-l 1" !rie'riJly. He· a..,J..., ahLHit thci( bu-.,ine-.,-., and 
(;,_•\[, l!1l'l11lhJt he' lll'l'Lf-., [\\e'llt~ [\)[\[1(''1 ~~ \\L'l'\...Ufpig food 
t~l~~. h\ Lt''. 'cgL·tahk '' ~h!L' h~h tl1 be· "tntll;ed before it i-., 
1 ;,_· d t \) 1 h:· p 1 ~" . H L' h J" a -.. t e' r tl!!Ill g p l a r lt t hat c ~ill u r 1! y do 
Ill t\lllill'' ,t \\L'd, ,,1 IlL' \..·~u1 hu\ ~~ lllllltcd arnuurlt u! 
ti r h r l' r 1 !1 / l' d \' ~ 1" 1 L' . H e' t a hL'" t IlL' r 11 1 n t '1 ~ t " m a II Ia bur at or y 
\\tli..'!l' hL· ,!Jl1\\" thclll, lllldL'l ~~ rni~..Tlhl..·ope, lhL' lillY 

·r~.tr,t,Itl< rh~u lr\e' lHl thL· "~unpk u! \\a . ..,te th.cy ha\L' 
t' ~ ' 1 ll g r l( I l l , \\ h k' h '- .ill I r a f1 " !11 I t d I -., t.' a "e -., t U t h e p i g-., . 

\ "-' t ~' ' , t ' \... " It t h e' r c d u \... L' d m a r \... e' t t l n r 0 r \... t h a t h c read 
.1t',llJt 111 thl· p~tper ,th\.1 ~trrlre" tl) hac()[\ but i-., told it due-., 
ill'' IL!'-llll h "l1ld 1r1 h1g .._·rtlL'" '' hne· lk'uplc tend t() take 
k·,, 'lll~i'-l' 11! le'[I_gl\llh '-'LhtlHlh. 

l k r ;,_·ll ' 1 lll' rn t h e· l' r- 1\..' e'" h L' \' til p a ~ ! u r p i g tc e d a n cJ t h c y 
j ~ I l ' l 11 I ' l' [ 1 ' [ l' k p h l )! li..' llllll ~ l " 'l l h )!1 ~ l \ t 11 e ~ h a \ l' d i ', L' Ll -., -., l' J i t 
I Ill\ l I I'-' : lll' Ill" l' J \ e'\. 
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F-ind l)LJ t a-. rn uch as possible about the mar k.ets into which you 
clll' '-l'ilir10.. u:-.iiH! sources of written information lik.e libraries' 
Jlld t~dk [~)people, especially the managers of factories that use 
\\i!Jr ;'r\)dll~-.'h. 

PI.\ '\'\1'\C THE PRODl CT A:\D THE MARKET 

It'";,)() l'ct'-~. lmCl' a market for ll·1all'rial ha:-. been found, to·' 
"Lll'!'h !I ,tnd lln~l'l ab\1ut uther l1Ulkts. Later, one may wake 
Lli' ":tr: ,t "fhl~-.~ to finJ that thl' rnarkelnu longer c\ists because 
t \ 1l' ,: , 1m ri ~u 1 > kt" g. L ml' b a 11 k. r up 1 , or be'-' au s e another sup p 1 i e r 
:Li· l~tkl'Tl :hl' hLhinl''-" frum :-.uu. or the ~-.·umpany i-. making a 
lll'\\ f'Ill,..iu,·l ,,f higher ~uality fur which \\a'-.le materials 
._,tli!l,l~ l>l· •,;..,'-·d. The ''I"l' l)perator plan:- ahead the product" 
' : : ct; l 't'-.. '" "1.: ll 1 1 1 g. ~u 1 J t he mark e h into which he s c II s them so 
l l L t [ ! 1!1 " 1 ll~ l' ,j 1\l' ' l' r , 1 '-. c u r . H i " p Ia 1111 i 11 g. s h o ul d.. t a k c t h c 

: \ ) ~ :, ~ ' \\ \ '. \ 'l.! ! t. '· l I 1 \ "" ·. 

:1 I u't't tl\fl!ll!.. I llh '-lll!lld'- l!l,l' thl' a'-·tiOTl of ct prophet 
: .t~ h'-·r l iun ~~ '' ~htl' ~-.·ulkl.'tur and that ts C\al.·t I\'' hat 4t i" 

, l I \ l' ! ! ' l I t t l l " e t d \.) \\ 11 l )[1 a p i C l.' e U f p a p C r ( 0 r i I1 y 0 U r 
hr,\~-1 1 \\ !ur '' 1!1 happen t\.) the market ii1 the future. You 
,h, 1 uill '"·~_lf1'1lkr '-Lkh que..,tilm'- a< 

\\ '·! l ttll' rn ,tr k ct g_rl )\\ ur ~l'l "maller'? 
\\:II 1 Ill' lll~tll'Tial" lll'eLkd ~-.·hang.c, i! so hl)\\ '? 
\\ 1ll i'fkl'" g.~_) up \H dll\\nlH l"l'l11aln ..;tl·ady'? 
\\ 1ii: hL· ,:llll1P~ll\Il'" in thl' markL't d1ange? 
\J,\) !11~lkl' ~~ ltlll''-'~ht ~lhlillt "upplie:, uf material al1ll 

\' \ t l' ~ h '-'~ l: l h t " l 1 t ._· u II e d 1 r1 g. t h c rn " iII in (rea s c . 
H,t\ iilc2 ~~ llirl·~-.·a"t l)! thi-., ..,on make" it ca.sicr tn plan: 

' ~ 

I h•,' r'l'l' lll l1l'\\ l'quipl11l'T1l, mad1inery or sp~ll.'l' that 
"ill hl' lll'l''-kd 111 the ne\t l\\U (or one lH ll'l1) )'l'ar-.,. 
\\ hl·r hl' r llHHl' peup k arl' neet.kd and, it "o, should 
t r ll' \ ., u rt t r a i nm g 1111 media t c I y '? 
\\hl·ther ne\\ '>LHHCC\ uf ·"uppl:-. . ..,hould be de\clop'cd'! 
I r [hi' ly pe or\\ J'>te ~-.·ontinue"> [0 be profitable, should 
\'ith:r kind:, be dropped to con(cntrate on it; or will it 
he~-.·urne k-.-., profitJble so-that alternative products will 
he? needed and, if so, when'? 
Ir h l'J"Y fur fl.Hl'l.'3.\h to be w-rong; unexpected e\ents 

lllt cr1 ~_)~__~-_·ur, "ci a fure(ast should ·be reconsidered fre
querHI\. and J ne\\ one should be made if it is obvious!}' 

·'" 
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ii) I arying rhe producr This qeed not mean collecting a 
Cl1!11~'~krcly different kind bf material. lt may me9-n 
_:.: rad in~ d i fkrent ly, so as to separate out the high grade 
m~ltcrial-.: more processing to impro\·e the quality and 
li1Clea-,c the price; or less processing to reduce the cost so 
~~..., tll U11Jcrcut (sell at a lower price than) competitors. 

111) Dt..'\·elopt ng !lf!H' markers Sometimes the collector learns 
, t kll t hl'· Ill~nket for his material i~ dying or mo\·ing, and 

),c r::.',ilr;c-, he will be forced to drop collections in.fa\·our 
,, f "lli1ll't hi ng else. The sooner this is done the better, 
_:!.!\ ii1,:!. ttme perhaps to keep some incori1e from the old 
\\ l11k _:!.,ltllg through all the difficulties of de\·eloping the 
tll'\\ . Th 1" may be done by: 
~ Pcr--~l~h.ill1g a ~~·ompany tu buy from you instead of 

tr,1111 ,l!lllthcr "upplicr a\ at present. (Only start a :var 
! ! \ ,1u ,tr i.: prL'P~HL'd fl.H another "upplier to do t.he sam~ 
f. I l \ \ l \\) 

1\:r ~t:,t,!lll_:.: IIrrlh that ~..:urrently U\l' your material tu 
Ll ~ L' 111 t1 r L' h \ , 1 t k r Ill g t h L' m a l ow c r p r i c e f n r .a 1 a r g er 
,putltll\ (bur ... .-he~..·k that y~..)u can afford to do so with
,1Lll r11~tk1ng a l~..)-.,..,),~..)r llt'fer them better quality or more 
: ' ,_. q LlL' rll ~..k l1 \ c r 1 c" . 
f>L'i'li,l~..!lll,:!. II!"llh that UU !Wt U\C \\aStl' to dO SO. 

ll.rll.ll'' \llll ,.-arl L'\plain hU\\ yuur other ~..·ustomers 
(\\tltl flU\ hL' thL'll ~._·l.ll11ifptl[Uf\) i..'llt (ll\t\ by Using it, 

'-l ,_, ll1 11 .:-: 1 , 1 ,_.,) m p a n1 e " t u rt h e r a \' a y ( b u t d1L' \.." k t h a t t h e 
hit-her '-'"'b uf u:msplHl \\ill nut lo ... e you money). 
~ L' llll1 ~ r , 1 h 1 g g n , 1r " m a lle r \.." o m p a n i e-... t h a n p r n i o u s) y 
( b ul ·~· h L' \.." ~ a g a 111 ~.. H 1 ~...-n " h ) . 
"> l' llrr1 :-' t ') d 1 t tc r L' n t k lll cb o t d 1 m p a n i e s : \ 1 a k c s u r e , 
t!J,)u.:-:11. that thL'Y \\ill take thL' -...ame quality, the same 
!11L'thL1d ,)t UL'li\cry, and \\ill pay an ad.equate price· 
,uh.i p~1: promptly. 

!\ i .\t'l om/ (JU!Iers. E\en if your main outlet seems perfect 
·r~ :lllr,·-.,pc~..·t..,, mcluding. price, it is as well to sell small, 
rc':-'ULn quantities to a ... el."ond customer. Then, if some
thtrlg ktpperl'- une\pededly to the main customer's 
i r.t< .. k. 1t \\ill he much easier to build up the volume of 
"~1k' tll thl· "eCl)rtd outlet than to start from zero. 

ILl\ 1r1.:-: a ..,c~._·ur1d outlet puts the seller in a stronger 
p,1-.,JtiL 11 tll ·ncg~..)tiatL', (that means bargain!) with the 
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main customer. He will be less likely to cut your prices, 
or stop deliveries during his annual holiday or reject 
your loads because of poor quality, if he knows this will 
mean your supplies will go to his competitor. However,' 
sometimes it may be more prudenJ not to let him know 
about the second outlet. 

\·) Afix large and small customers. It is easier to send a 
lorry-load once a week to a big firm that pays promptly, 
than to many small businesses all of whom have differ
ent needs and some of whom do not pay promptly. On 
the other hand remember that: 
- Small firms grow big. 
- If a big firm suddenly drops you, you will have a 

market to fall back on while you recover. Big firms 
often have seasonal ups and downs ~n their demands. 
They may make a product such as Christmas cards 
that requires l~hge amounts of best w(lite wastepaper 
for only three months of the year, or\hey may shut 
dO\\ n for a month each year for maintenance durin~ 
which time they will take no supplies at all. Supplies to 
the <.;mall firms can, by arrangement, be timed to com- ~ 

pensate for these ups and downs so that your 'sales 
continue at an even rate. 

\ i) .\!iddlenzen. ~1erchants, traders, sharks, junk kings or 
dealers are found wherever waste is collected, bought 
and <.;old. They ar'e sometimes processors or else keep 
warehouses; they-rarely do much work on the material 
or collect it themselves. They usually seem to be richer 
than the people from whom they buy. They often 
control the market for one or more materials in an area 
and use their money to buy power over other traders (or 
to hire thugs!h The activities of middlemen are as much 
(often more) responsible for the poverty and hopeless
ness of small collectors and scavengers than the policies 
of the big companies that run factories that use waste. 
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,, Every waste collector should avoid selling to middle-
men and plan ways in which to deal with any attempts 
that the middleman may make to force him.to do so. It 
would be foolish to pretend that this is easy, or that 
there is much practical expe~ience available of people 
who have been successful. However, the following sug-
gestions may be of help"'. · 



a) A \'oid any dealings that commit you to sell to a 
middlcmal"1 '(e.g. buying supplies or machinery, 
rcl..'ei \ i ng credit and, above all, borrowing money 
from him). 

h) Sell direct ro,.rhe final material user \vhenever possi
h le. If fe\\ er people share the profit in a sale there \viii 
be a better deal both for the buyer and the seller. 

c) Try to aroid dealing in exact(v rhe same marker or 
collecting exactly the same supplies as those in which 
the middleman trades. If vou do not threaten his 
bu-.ines:-. he may leave you alone. If you do ... ~ 

, J) Deal lwnestly ai1d try to give your customers good 
\ ai LH.: !'u1 money. Remember the final power lies with 
the big customers who are often managed ·by 
cduL·atL'd, more civilized people than the middlemen 
'' th) ha\c often fought their way to commercial 
"u\..',_.c,,.., ~md power from being small collectors them
"c h c". tl t the managers find you sat is factory to deal 
\\ith they may gi\e you information that can be used 
ll) r'er~uade a hostile middleman to leave you in 
peuce: take great care how you use such a method. 
( ·ornpany managers will rarely give you any more 
... ulid help than this: they are interested in a quiet life 
and t:.ood profit..,; do not expect too much. Nor can 
you often expect the police to protect you from 
thrcut•.,; merchants often use some of their profits to 
bu~ co-operation from the police and in very few 
countries are the police free of such corruption. 

c) Band rogerher with other small collectors and waste 
dealers. \\'it hour forming an elaborate co-operative , 
ur assol..'iation you c.an agree to help each other in 
certain ways, but remember that not everyone will 
keep such agreement if threatened or frightened. 

AD\'FRTISI:\L AND PROMOTING .. WASTE SALES 

The idea of advertising the sales of waste materials, which are 
not a glamorous product, may seem strange. Yet in Britain 
there is one weekly magazine which is almost entirely financed 
by such advertising. This kind of advertising is likely to be very 
different from the glossy colour pamphlets that advertise bath 
soap or hair shampoo, but this also means it will cost· less. 
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A dl·ertising 
Advertising aims to bring the material you haveJo sell to the 

attention of someone who might buy it, ;:.md then persuade him 
to do so. Alternatively, it may be used to notify people that, you 
are willing to buy something they have; for example, t:o 
advertise ttwt you wai1t to buy Clean waste paper or plastic. To 
do this, the advertisement must be seen by as many people,as 
possible and there are a number of different kinds of advertis
ing you may consider: 
- Local newspapers. 
- Local radio stations (television is too expensive). 

Posters in the street or on buildings or along railway lines. 
- Pn~ie1 ~ ill or on buses and trains. 
- Signs on your own cart, truck or lorry. 

Handbills to.be distributed in the streets or placed through 
front doors. 

An advertisement sho;uld be designed to do four things: 
1. Cain attention. 
') Create interest. 
3. Give information. 
4. Lead to action. 

Promotion 
Advertising is aimed mainly at people who do not know or 

ha\c forgotten your product or your needs. Promotion .is ·to 
encourage those who already know about it to buy it. To 

. promote your sales: ' > 

i) /'v1ake _vour product/oak good. Deliver it neatly packed, 
in tidy bales or bundles that do not fall apart when they 
are lifted off the vehicle. 

ii) Develop a syrnbol or name to use on your product, on 
the side and back of your vehicles, on your notepaper or 
invoices and over the door of your depot. Give your 
employees badges. 

iii) Develop a slogan. Decide on the strong points of your 
-product and develop a slogan which is a saying that 
emphasizes them. Use it wherever possible so that 
people remember it. ' 

i\) Have a leaflet printed to describe your product and list 
the good things about it. Perhaps a photograph can be 
inL'lllded. f\1ake sure the printing is neat, the informa-



t ion accurate and honest and leave out anything that will 
rapidly become out of date, such as the price. In 
particular remember to include your address and a 
telephone number where you can be contacted if you do· 
not have your own. Leave it on the desk of any customer . 
you \is it so that, cifter you have gone, he still has 
information and a reminder of your product. 

') CUrs ru customers. A favourite alter-native among 
bigger firms is to send custom~rs a gift, small in value 
but useful, that will stay in the office for a long time. 
Calc!1dar-.,, sent at New Year, are very popular, but 
check on the cost be(ore you order hundreds! Be sure 
the "ubject is suitable: calendars bearing naked ladies 
are fine to send to the man who buys scrap metal from 
Yl)ll (and \\ill stay in his office for a whole year and not 
be taken home for the children) but it is not a suitable 
gift for ladies who buy scraps of cloth for rug-making! 

PLASTICS \\'ASTE CASE STUDY 8 

Prida. Penelope and Paulo have been successfully selling 
granulated waste plastics to one of the t\VO factories in the 
next town that mould plastics, but have decided that they 
are too dependent on one single markeJ outlet. However, 
th~y cannot supply their one customer with all the 
material he'' ants, and Prida, who is regularly asked for 
more whenever he delivers, does not \vant to reduce 
Jeli veries by sending material elsewhere. They decide that 
Prida \vill talk to their customer, The Bluetovvn Bucket 
Company, to find out his needs during the next two years. 
Then they will consider ways in which to increase the 
amount of material they coll~ct. 

Penelope is to carry out a study ol'the market for 
plastics and try to make a forecast. Paulo is to examine 
the effect the purchase of a pelletizer \Viii have on their 
ability· lO <.;ell. 

l he results of these investigations are as follows: ·· 
i) Thci r customer has been unable or unwilling to 

gi\ e them any useful information and they are 
'.Uspicious of his reasons. for this. All he would do 
\\as to a.'.sure them that there was a need for their 
material ar r he momeill. .. 
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i i) Prid;1 considered how to increase the collections 
and decided that, instead of doing further collec
tluns themselves, they \vould buy from otMer small 
(Ollectors. 

·r he others objected because most of the smafl 
collectors ordy dealt with paper and metals and were not 
accustomed to collecting plastics. They agreed that it 
would be necessary to advertise for waste plastic and that, 
as manv of the collectors .live and work in the streets, 
~trcet posters \vould be the best way of doing this. Posters 
\\ere also a good idea as they could be made large with 
enough room for a picture as many street colleetors 
cannot read. The picture wQ.uld show a happy collector· 
carrying a pile of plastic \vast~ and receiving a pile ofglit
rering money at th_e door of their depot. It would be~r the 
words: _., 

MON_EY! 

WE PAY TOP PRICES FOR CLEAN WASTE PLASTICS 

VJSIT OUR DEPOT AT 36 TOWN STREET 

START COLLECTING NOW! 
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(Note how it does the four things described on page 298):: 
iii) Penelope had worked hard in the local library and 

talked' to the secretary of the Chamber of Com
merce. It was obvious that more and more goods 
\vere going to be made of plastic in· the future, 
which was good news for them, but the Govern
ment had started building a huge plant .to manu
facture plastic raw material pellets instead of 
importing them as at present. The plant would be 
ready next year, and the pellets would cost one
fifth less than imported ones. Three new facfbries 
would be built to make products from the pellets 
and it \vas hoped that these would be exported. 

i\) Paulo told them he had visited a company in the 
capital city that made extruders· and pelletizers. 
The smallest complete plant would cost ·10.,000 
do !tars, new, but he might be able to buy a ·second
hand_ model for ~,0~0 dollars. Additi~nal parts 



could be bought if they wanted to start moulding 
their own products. He suggested they ask the 
manager: of the factory to whom they sold material 
for a loan of the money. 

They decided that future supplies of raw pellets, at a 
lower price than imported ones, explained why the 
manager had been so unhelpful; he probably expected to 
~top buying waste from them then but did not want to say 
-,o, in case they sold their material elsewhere before the 
ne\\ material began to be available. lt was obvious that 

'· 
they must find a second outlet for their materjal and they 
agreed to approach a factory in the next town. They also 
agreed that it was important to buy the extruder and 
make their O\vn pellets, as the value of these would be 
such that they could afford to seH them much further 
afield than they did the present material. They agreed not 
to approach the factory manager for the money as that 
would tic them to selling to him. They \vould all think 
about other ways of raising the money. 

Rule 20 
L.i.;,c the information yow obtain to plan your. marketing so you 
LL.1 Ill1t depend on a single outlet. Sell to final users not middle
men. -\\nid being 'tied' to a customer. .... 

SELLI:\G 
.f' 

.r .... 

\\'hen a possible customer has been identified, the next task is 
-,elling to him. He mav want your material s·o much that he will 
buy it~ at your asking price. without argument but this does not 
happen \cry often~ If it does, it might .mean that the asking 
price is too lo\v ~ 
Sell\ng can be split into three parts: 
l. Con tact 
' Negotiation 
3. Follow-up 

• 

Contacting the customer 
This can be done by telephone, personal visit or through a 

middle person. 
In e\cry ct.hc the principles are ihe same. A brief but 

courtcou':l message has to be given to the right person 
indicMing; 
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• \\.IH) \Uti are. 
\\k1t YOU have to sell. 
\\'ll\ tilt.'\ will benefit from buving it. 

~ - -' L 

H U\\ you propose to negotiate . 
.. 

n .ffo is the right person to contact? 
it j.., til~..· p~..·rson '' ho \\ill in due course deciye whether or no,t 

ll) buy \l)llr product. You can explain to him or her all the 
:tt.h a rn d~t.'" l' r your product :1nd ensure he understands and has 
t l~t..' Lt .... ·h r 1ght. If you talk to his secretary, clerk or to a junior 
"buyn·. you can be sur-e that the facts \\ill not be put to the 
r 1gh t JWl son in the way you '' ould have wished. 

L' en mu~·c important is the matter of relationship. It has 
bt.'Cii -,aid that .. salesmen do not sell the product; they sell 
tll ems~..' 1\ ~..·-, ... In pract icc, this means that buying and selling 
,n~..· <tch that demand an interplay between ,,two people - of 
uuLkr)tanding, trust, patience and tolerance- and that these 
de, clop Ln more easil:.: if ~here is some ml1tualliking bet\veen 
them. Thi-.; rebtionship cannot be built up through a third 
pcr;:,on. on!~ through direct contact, even though this may 
ila\c to he by letter or telephone and not face-to-face. 

Tlwr'-' arc situations where this relationship between buyer 
c.U1J .... ~..·lkr i.-, l)bviously lacking and in this case it is better to 
~..'~.induct i~lt.' business through a third person as the hostility 
C(ILJld be damaging the chances of business. This often occurs 
''hen one person knows that the other is exploiting him, a 
~..·ommon -,itua~ion between small, poor \\aste collectors and 
middle merchants. It is made stronger if one is obviously rich 
anJ the other' isibly stan ing. This kind of tense relationship · 
Lctn be seen all too often in the cities of the Third World. 

To ~..·urltacr the right person, the seller may have to be both 
~..·ur1ning and firm. He should make every effort to find out 
their name beforehand. If you ring up and say ''May I speak to 
the person \vho buys waste paper" you may be put on to a 
juniox. If you then argue that you want the managing director 
> o•.1 will be told he is busy. On the other hand, if you ring up 
and .say, with confidence, "rY1ay I speak to Mr As if please" 
fc\\ se~taries or telephoQe operators will dare ask: . 

.. Please tell me what it 1s about" and' if they do it is easy to 
say: 

"'!tis a confidential matter between l\1r Asifand myself" or: 
.. I would prefer to explain that to him personally". 
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This kind or approach takes nene and only becomes easier 
as C\perience is gained, but it can make a great difference to the 
final result. Even if you ha\e aimed too high and Mr Asif puts 
you on to the junior buyer, you will have gained an advantage; 
the junior buyer will think of you as someone who has been 
introduced tl!) him by l\1r Asif and will take care to treat you 
accordingly. 

A word of caution: do not be roo arrogant or you may make· 
enemies. Always be polite and gentle, even to the most junior 
staff; not only does this avoid unnecessary upset but may help· 
vou if vou ha\·e to deal with them in the future. - -

Telephone calls 
This is a difficult means of contact for those who are not 

used to it, as they cannot seethe person who is at the other end, 
nor ho\\ they are reacting. It is probably better not to be too 
friendly until you know the other person or until you· have 
gained confidence. Once these have been achieved it can be 
possible to have a satisfactory conversation, at short notice, 
with someone whom it might take you days to contact by letter, 
or to \ isit. Around the world, billions of dollars worth of 

'f 

trading is done on the telephone - but usually by people who 
either knO\\ each other or who are confident of being regarded 

r 
a.s equals by the other person. 

Here arc "iomc suggest ions for making telephone contact: · 
i) .4 void coin box calls. To be interrupted by the money 

running out at the \ita! moment can spoil a deal. Pay a 
little more to use a phone belonging to a friend or at the 
telephone office. If there is no choice, make sure you 
ha\e the right kind of money ready, and enough of it, 
and preferably put it in in advance to avqi_d inter
ruptions. 

ii) VJ,'rire dov-.·n H'hat you are going to say. If you are a good 
talker just write notes. If you think you may become 
tongue-tied or dry up \vrite down word- for-word, but 
makes ure you do not sound as if you are reading it over 
the telephone. . · 

iii) Be persistent if you do not get what you want. If he says 
"V cry well !\1r Chiwa v-.-a, I \viii let you know". then 
reply "I do think it \vould be best if you saw a sample; 
may I call on you tomorrow?" If he then replies: "No, I 
shall. be busy tomorrov./'' then ask: r 
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"\Vhich day would be convenient to you?i' 
You have actually caughthim out and established that 
you are going to v~sit, because he gave being busy 
tomorrow as an excu~e instead of saying: 

.. No, I do not \vant to see a sample, so do not call on 
'' me . 

If he really does not want to buy your material, then no 
number of visits will be any use, but the purpose of the 
visit is to change his mind if possible. 

iv) End !he conversation on a note that leaves him feeling 
, good and that also leaves the way open for a f~ture 

approach. Say "Thank you for having been so 
extremely patient; I look forward to meeting you 
soon'', or even if things have gone badly: 
"\\'ell, I am sorry we cannot persuade you to do 
business but it has been very interesting talking·to you 
and, if I may, I will contact you in a few rrionths time to 
see if things have changed". 

\) ;\-fake nofes of what was said. It is surprising how 
quickly the details of a telephone call can be forgotten. 
Note the dak? of the call, too. 

[lze leiter 
This is a much easier way of making contact. You can 

prepare what you want to say with great care and, if necessary, 
get someone else to write it. The big disadvantage is that you 
may ne\·er get a reply; unlike the telephone call or personal visit 
\\ hich have to be ans\vered by someone. There are ways to 
o\·ercome this problem, such as writing the letter in one of 
these ways: 

··I propose to visit you next Thursday with full details of this 
material. Please would you let me know if, for any reason, this 
will not be convenient''. "' 

If they do not reply then you have established your right to · · · , 
\ i~it them and you arrive at the door next Thursday s_aying: 

"I have an appointment with Mr Asif", anad if the reception
ist s~ys: 

''I am afraid he is out today'' then you reply: . . 
''He knew I was commg from my letter of the 23rd; per hap~ 

he has arranged for me to see someone else". 
The receptionist then has to get someone to see you or else it 
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'>etnh like bad i11anners on the part of l'v1r As if Dr inefficiency 
un the part of the company. 

A fC\\ pieces of advice on the letter: 
i) Use c!t?an note paper, never a piece of \vaste paper. 

ii) Pay someone to check it for grammar and spelling 
:ni-.,takc". and to typf it. This gives a good impression of 
ylHir ~..:ompany e\ en though you may be a person \\:ho 
:-- ... ·a\ en~~.,., from the refuse dump or collects from house-
lhJ!d-., \\ith J cart. · 

iii) C.)t' u suiruble name "Rin:rt on City_ Re~ycling'' or "El 
Cnrti_ir\ \Va<:.te Paper'' sounds better, although it is only 
:he naml' uf tht? rt?fuse dump from \\hi_ch you pick your 
fi \ i ng. Do not use a namt? that is dishonest like "The 
RI\Crtun City Re~..·ycling Company Limited", when you 
are ncit her a ~.:ompany nor limited (a legal term meaning, 
\\JLI per..,orully '}ill not pay the company\ deht\). , . , . 

!\ l L se leuerhead (notepaper printed with your name -'.tnd .; ··· 
' .. 

~H..id ft.?\\) It yuu can a rrord it. It can be pri ntcd cheaply<by ,.:;: . l 

~i ..;mall Jl'lhbing printer but make sure it i-.. done \\elh\ith 
ti1e lcuer-.; all straight, le\el and properly spaced, with no 
:--mudging. Double l.'heck that the -..pelling and number-., 
~He COHl'C t. 

\ ) .4 ddress and sign correctly. If you know the name oft he 
pn..,on you \\arH to deal with, write: "Dear i\lr Asif," · 
Jnd -.,ign the letter "Yours sincerely''. 

If ~ ou do not know. address it to the title "The 
\lanaging Director'' if it is a small company or "The· 
Purchasing \lanager'' if it is a large one, and write: 
"Dear Sir", and sign it "Yours faithfully". 

\1) Rememher to sramp rlu: fellf!r a-.. nothing spoils the 
....:hancc'l of a deal more than the buyer receiving a letter 
and hJ.\·Jng to pay the postr11an~· 

The personal 1 ·i.sit 
Thi~: is the hest way of selling aoything. It makes it easy to 

for'~tn a good relationship, as explained earlier. It is easier to 
-.,he.w, your samples to the potential buyer and advantageous 
for you to see how the material is going to be used and what size 
of lorry can or cannot get througb the door. Here are soine 
hints: 

i) Prepare \vhat you are going to say beforehand and make 
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.., urc that you know all the facts and figures about your 
orlcra1ion. You should be able to tell the buyer, without 
..,l umb!ing: 

lll)\\ much material you can deliver; 
- hu'' often you can deli,cr it; 

'' h c n you ~..:an start ; 
- hL)\\ you will deliver (lorry, railtruck, cart etc); 
- ''hat prices you are asking; and ,"' 
- \\ h~ the price should not be any less! 
Take alLmg any 'iamples or photographs, as these will be 
a t'rcat help in making it pl'ain that you really know what 
\OL; arL' talkirH! about. 
. - ~ 

:i) If ·tiSiz rhuroughly beforehand, all qver~ It is impossible 
:, ' ~,, ,nk ''it h waste without handling smelly material 
.!Iid 'lHl1L' l)f the ...,mel! ''ill always remain. If the buyer 
'-.tilrhJ; t)L'dr hL·int! nL·ar the~L·Ikr, he will not make a deal 
iiJ,tt rnL·~tih hL' ,,J!] ha\L' to be ncar him often in future! 
( k.tll \lHir tL'Cth and mouth for the same reason. lfvou 
h~t'.: hc~d ur rotting teeth try to ha'e them treated for 
\,\\.Ir l'l\\Il health Jnd I..'Omfort. If this i..., not possible, find 
l'lll 11 thL·~ ,me]J. (The rer-,on you li\e with is the I)'lOSt 
l1 h. c h p L' r .., l 1 11 t t1 g i \L' y u u a 11 h o n e '->t a n s 'v e r! ) . I f so , u s e a 
lrL·,h ,mcllint! tuothr<bte bdorc the \isit and try not to 
hr'-·~1lhL· 1nto thL· other [!L'r-,un·..., fac·e~ 

111 l nfe,, d" ...,rnartly a-, you ~:an. \\'ash and press clothes and 
'-!,:an "hdL'" e'en if they are not new or smart. Sew up any 
lh)k" and take special care that the buttons or zip on the 
t r l H 11 l 1 t y o·u r 1 r o users '' o r k r roper l y . \\' ear a t i e i f t hat is 
.... Lht ,1 mary among bu...,i ne"" and rro fes...,ional men. Wear 
~~ ~~~~-·~L'l unk~.., it j..., hot enough to provide an excuse not 
lll. IhL' ~.:arc ''ith \\hich you dre...,..., will be taken as.a sign 
ut ,~_,ur il11flllrtanL·c by junior staff and as a measure of 
rL·"r'L'll by thL' rer...,on you are meeting. l-iowever, do not 
l)\L'rdrc'"· LlHld, ja;;y tie-, or handkerchiefs may 
'>lt~~e'r ~~ ll)Ud and ja;;y character when you want to be 
t hlltJ~rl! dficicnt and reliable~ 

t'. L I er rhc urlu:r pr!rson de~·e/op rhr! meering once you have 
L'\Pi~ttr1ni ll) him '-'hat you want. If he \.vants to chat 
.dhlLJ! thL' ClHH..lition-, in the trade or even just about the 
\\L'~trhl'l, join in. If he ''ant-, to be brisk and get through 
rIll· hLhtrlc..,..., in the minimum of tirns.:, do not delay him. 
Juo,f f11~il\C \LHL' that YlHI have the l·hancetO say or ShOW 

~' 
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all that \ (Hl want and that you get the kind of ans\ver you 
neeJ. . ~ 

\ 1 Tn and clmch rhe deal (agree to sell and buv) there and . ~ . 
rht..·n. \\ hJle you are together. It is much more difficult to 
j,) ..,,1 ~lttl'T\\<.nJ-., bur he may have genuine reasons for 
rl,li d~.l:rl~ .,,1 anJ )L1U may irritate him if you are roo 
r'rc..,..,:n~. In thi"' ca"e, try to agree the ne\tstep clearly; 
,!JuuiJ ~1.lll ~..·onL.lct him again a little later, send samples 
, 1: ,t r n a I k1 ad . 

The rnul iuad 1, ~i Lheful \\J.Y L1f achan~..·i.ng il the customer is 
)fh1\\ 11 l~ JuuL•r., at1uut committing himself. It means that you 
''-·nd 111 a l._•,i.i ~iiiJ he Jn-,pel..'ls and rossibly uses it, to -,ee if it is 
t!h: ~Ju.d!t\ ht..· rlt..'l'J.., or h paying for. I fit faih he i-., free to .-,l·nJ 
it t' 'k ~ \\ ! :, h \ ) u.: f) .! \ I r 1 ~ . I ! h l' L h t'" i t " a t I s fa~_· t l) r i I y , h l' p a y " r 0 r 
1 •. l h :.: r 1 r 1 ~.. ,_. ., Ill n d d tw a~ r L'l' d b c I' n d 1 and t u a ' u i d a r g lllllL'Il t. 

llH: rr~.tJI,l,t~l :-:1"-'" lhl· -,upplil·r thl· ~..·kuJ~..·~_· to take :-,pc~..·ial cart.· 
r~.1 "'1r1 ~lild pr~.~~.:cs., ~..·arcfully, but beware of ... :hea~ing. If future 
!ll<.H.h ~Ill' rnu~..·h Jc..,.., clean or rure or well-packed, the trial load 
m,l\ t't..' Li'-l'li .1" ,t -,tand;.HJ flH ~..·ompari-.;on and the price 
rt..·lJU~..t..·d r,•r i~,l,tlh rhat tall bt..'IO\\ it. 

IHl-. PHICF 

Prr-..·t..· 1" a 'uhJt..'~_·r \\ hr\..'11 caLhe'> nhJre argument than any other 
rll~ll tt..·r. Tht..' prkt..' ,1! y·uur matenal may deci'de whether or not a 
"21k 1.., l11ddt..' ~inJ, 1f it i\, may cause the seller to lose or gain 
fll'~l\ !I~. rht..'fl' ~ifl' three ways to decide the price at which you 
'' ~111 t t , 1 ., c II : 
l . ( l h l p [ Lh p r \. l t I t. 

..., \\ h .1 r , 1 t h er .., "c II at . 
~ \\ h~lt [flL' hLJ\Cr \\Ill ray. 

\ II l) t t h L' Ill l1l d \ be lh e J i fl a g r e e i n g t h e r i n a l p r i c c . 

1 . ( o \ r p r iu' 
l r ',1t1 ..,~_·]1 hl·l,l\\ \\ h~lt it dhh yuu tL1 produce 'the rnateriab, 

\\.lLJ !,ht..' Ilhlil~..·~: It th1" happen-, roo often, you go out of 
h L h r I h.'" ... . ( l 1 ... r pI i l. t..' h ., u 1m p u rt an t t h a t nH h t o f C F<l apt e r I ~ 
C\f'l.tlli" Ill''' l\l l.tk'ulatl' 1t. 

fJ r (I It [ I .., [ Ill' r ll l) r 1 \.' \ ~ l )L I ~ e L' p ! u r y l) ll [''-, e I f , a·" a r e \\ (.lf J r 0 r t h e 
I~'>~" ,!Ild r IllLJhk" llt running the bu-,inc-,s. If you are a single 
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-.:olk....:tur. it \\ill be the money on which you depend for your 
11\ 1n~. l r" \ lHl are running a small company you may already 
pJ~ ~ llur-,cl t J salary. in \\ hich case profit is something extra, 
\\ ln~..·h \ uu may de\.·Jdc to 'plough back.' into the business to buy 
IlL'\\ ~'l.jlllpml'"nt or to finance a new acti\ity. If no profit is 
m cl J e . t t1 t.'" m a i n \ a l u e o f run n m g t he business is to create 
L'll'tf'lll~ ll1e!1t. 

~- H har orhers .. sell at 
rh1' 1' a ~ood guide but remember, their situation may be 

d11 tercr11. I hey may he ~.,e!ling a different quality material or 
:r.ln>!'Olllil~ it further or selling smaller quantities. It is such a 
~l"l'l ul ~Llllk that t1me i-, well-,pent asking others the prices they 
.lf;..' :L'\..L'I'.IIl~. !rl)!ll ''hiL·h hu~cr..,, and the quality, quantity 
.t 1\ _\ d I < , ! 1 \ ~..· L' '- I 11 \ l) [\ L' d . . 

H fzur !he huyer H'ill pay 
1 ht" 11:.1~ he dll'fi....:ult to find out ex....:ept by bargaining with 

lwn. I hl'. pr1....:e he is paying to other people is a guide to the 
J \) \\ L' [ !1!111 t ll f \\ hat h C \\ill p (l y . 

I hL' l'fk'l' hl' ''ill pay 1.., aftected by: 
ff,)\\ Illl!l.:h hl' I1l'eLb the material. 
\\ fll'l hl'r he ~_·an gl·t 1t l'hewhcre and at what priL·l". 
I Ill' l'!l~..·e u! 'irg1n material. 

- Hu1.' rnu....:h it ~..:o-,r.., him to transport, store and use. 
I he pr1~..·e at '' hich he i-, selling his product. 

1'1111/!U! B~ k.nO\\ ing the-,e fad-, the ..,ellcr L·an judge whether to 
I'lL'" tur ~1liighn pri~..·e and at what time. It is better to ask for a 
highn pri~..·L· when the L'lhtomer has just put his prices up 
t'L'~_·,ll~'-l' ,)t <1 >trong demand for hi.., goods, than when he has 

_1 u, t had tl) meet a big wage demand from his workers and is 
ll)'-lll~ -..ale" to anothe_r'competitor. 

Quun!jl\. Prices are often higher for goods that are supplied in 
" 1~\r~L'r 1JU~u1tities. So it may pay to stockpile- keep goods in a 

-,turL' until you ha\e a··large quantity to send. However, you 
-.:~llllh)t do thi-, 'if you need money quiL·kly. \Vhat you can do in 
th1" l..'a-,c i.-, to join with other collectors and sell jointly. This 
may aho reduce the cost of transport to the customer. 

Hug,'t!.lltzg. ()enerally, a deal is made when the price the 



~_'u~tomer h '' dling to pay is the same as, or higher than, the 
~..LI:-.t tll thl' producer plus the profit he wants. Sometimes, the 
rruJu~..,cr i.-, (;_h.'t.'d with accepting a lower profit or none at all, 
LH cl-,c l(l-..111!2 the -,ale. He will be intluenced by \\hether: 

tk tu-.. ll ... h~Hh.'e of selling to someone else ,. 
He nt.'cJ.-, tL) -,ell immediately or can wait 
Hl' think" the customer ""·ill actually pay more if it appears 
the prk·e offered is not accepted. This is a matter of judge
ment, bluff J.nd good information. Haggling over prices is a 
"k i 11 k nw'' n to e\·ery market woman '·in the Third World. 
I he met hoJ.., are endless and fa-,cinating but \ve shall make 
nc) attcrnr'lt tL'l c\plore them here~ 

Cltren. rhc p~)LH or the -.,mall "'ollector i-; faced with a price 
''hkh 1" !(1\\t.'r than hi...; '-'lht" or which docs not allow him 
~-rH)u~h rlll)llt.'\ !Ll ll\l', let alor1c prosper ur dc\clop his bu.'>i
lll'""· !·hl!h '-lllli....L'" ~l\aiL1hk- to ...;l'll ur not to sell- arc dis
,t,ffl)Ll" \ll ~hat '-·an he "a1d t\ that it f., hoped that this book 
\\ill. prL)hahh through the help of a sympJ.thetic friend or 
~tgt.'fh.'~. twlp "tkh pl'L)plc to 3\0id that situation happening. 

ITR\1~ OF P:\\ME"-T 

'ttlll flld\ ht.· patd \\hen ~uu dcll\Cr the matcrial or later, bv 
,_-;bh L'lf ["1\ '-·hl'Ljllt.' or ~orne othl.'T \\3)'. 

( ash on delh·ery 
He1ng paltl 111 t.·a-,h at the time of deliven i.-., the safest pay_

l11l'Tlt 1L'T a -.,mall .._·olkt.'ll)r. The only rca\L)n-, fur agreeing to any 
\)tht.•r lllL'thL'U \\UU!J be b~C~llhl': " 

r) Itt-... "~lter. Robbers are likdy to attack a per...,on who has 
iU"t ~..-,,lk ... ·tl'J L"ash. 

II) It cl1~lhk-. a -,3\c to he made thaT would not otherwise 
h.l.\c gL)!1l.' through. Beware of this, because il the 
'-'lht~1mcr i-, -,u short of cash that this matters to him, he,. 
ma~ ''ell bL' unabk or unwilling to make the paym·ent at 
the agreed time (or. at all)~ 

11i l t >t hn arrangement-, arc customary in the trade-. This is 
l)r'tt.'rl ~u1 C\L"u-.,e by the buyer to avoid prompt payment 
and f1t.'l'U nor be accepted by the seller. Sometimes it is a 
-.,ell\ I h k arrangement; fo'r example, if delivery is made 
hy ~~ trarJ-.,pc)rt contractor then the seller-is not present to 
he r ~u d and m us t a c c e r t some delay . 
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(·ash in (](h·ance 
StHnct imc-, ~l customer is willing to pay in advance, for 

Hl"-t,l!1L'L' r,) h~:..'lp a small L'OileL'tor tl1 buy the cart he needs to get 
<~-~~~cJ. I h1.' hmJnc~~ i~ usu~lll~ a calculated action by the 
d 1 , r , ) m~:..· r ( 1) tL.' r1 a mer L' han t ) t u t 1 c t he .col k c t or to him so t hat 
r h ~:..' ; ' r 1 ~,.· L' 1 " ~ ~:..' p t I u '' . a n d t h L' L' l) lie c t o r c a n n o t go else w here' 
ilL·,~·-tLhL' ,); h1" lkht. Ofren. the k)~m ha-.; a condition that hea,·y 
llllcr~.>t l'L' r'~lill i!' matnials arL' rll)t delivered in the time and 
l l Ll ~ l ! 1 [ ll y " I 'a t L' d . r h i s " t a rt s t h e " fll r a I 0 r d e b t t h a t c a u s e s \\ 0 rr y , 
'ulll'rln~ LinJ \\Or"c tl) many rnor collectors who are trapped 
lrlthl\\\d\. 

i h '-' b c" t · \' ~l \ t L) J \ u i d t h i ~ k in J of snare i s n e \ e r t o borrow 
rJHlllC~ rr,lill thL' PL'r-.on you trade \\ith, but this advice is of 
l1ttk LhL' t1l tth)-,e ''hu ~..:annut trade \\ithuut -.;ome money to 
--.t-ir; drld ~...·~ulrli.Jt L)btain that money anywhere else. However, 
lf!l'fL' ~ll~~ cl~CTh.'lL''> \\hO \\ill hcl[l Dt)Or peO[lJc i0 this position, 
'--" \''-".. .. l,d [\ 1 t. rIlL'\ ha' c p Jan.., to ..,tart as mall bu "i ness to i rn prcwe 
rhc:r "t:tr~.· ir1 rhl' f~lturc ("L'l' :\ppendicl'S). 

I) e h r or.\ 

\\ lut ,[h Hild i.l -.elkr du if he ha" [!,ivcn the buyer 'credit' but 
'-·~ulrhlt ~'-'! h1" munn·: The first th:nli. is to discover whether the 

~ - ~-

hu~cr 1" a r~~~ue \\ ho is making·a ta living by su.ch practices, or 
\' l 1 ,_, r h c' r h c i " d n hun est rna n w h c' 11 as q.m into d if fi cult i e s . In 
r.hc' !drmcr __.,be, there are legal ays of making people pay 
rhc'rr Jd1t" but-they arc usually sl' , expensive and not always 
cttccti\C. !hey are berter useu as a threat· than actually 
pr~h.'tl-.;cJ ( u n \cs-., you ha' e a relat \::who is ala wyer or a police
m~ml. PH)bably the most effectl\e and cheap \vay is to visit the 
CLhhlmer e\ cry day and (loudly) uemand your money, refusif!g 
tu ka\C until you get it. Your \ery presence will prove an 
'-' rn h a rr a~.., rn en t to him i f he L'-. s t iII p r act ising any sort of 
hthiill''>~ and, if you follow him to his home, he may pay up to 
a\ l)Id ll)"" of face among his neighbours. He will probably 
ma~c pn)mise.., of future.payment and it is up to you to'judge 
r~l)'.\ rru-.t\'Urthy he is. Take care, ho\}'e\·er, as people turn 
IlLl'-lY if hounded. If you have a b1g strong brother it may be a 
~,)L)J t!llng.if he is standing at the next corner~ 

I 1 ~i ~..'Lhtumer i~., in genuine diffic !ties, tells you about them 
t h.il1 kl ~ ~ n d h a". c lc a r pI an s o f h o \\ · l) get out o f the rh , it may be 
.. , LHI h _, lHH "hilc to avoid damagmg his business riputation 
~i!h.l ru a""'"t hi-, chances ()f reco\ery. Do not, however, give 
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lnm ,111~ fun hl'I 1.:rcdit unle~s you arc \·ery rich or very loving! 
In Illi..illY il..''' rJ.-., there are debt collection agencies who will 

~..~)lk~..·; h~1d .... kbt" for a fcc, but they do not always use legal 
Il1l'tlh1d-... Slmh.'tlrne-. they \\ill buy the debt for a percentage of 
li" '~llue ~111d 111,1~c a fat profit if they reco\er it or a loss If they 
t~1ll. \\.)LII .... ·h~ll11..'l'" uf ~uccessfully reco\ering a debt by this or 
l)!hi..'r Il1L'~lrh arl' much better if the debt is clear!\· shown on 
f'IPJ'U dLh.'Limcnh and these will be discussed shortly. 
~ i..' i..' p d r l' ~ i -. t c r o r your c us t om e r s i f you have many , and 

rC(lJrd \\hat the~ buy and when they pay. Look at it from time 
w t lllli..' ~wd. i 1 a 1.:ustomer is a bad payer, decide what to do: 
"tL'P .d!in~ t() him,\\ arn him,or ignore it because you cannot 
JJf,nd Lu up-.,'-'L him or lose his custo_m at present. In some 
.._\.)LJI1trll'" it i-, PL)..;-;iblc to find out in advance whether a possible 
,:u "!~)mer i" rei ia b le at paying; this in format ion may be 
i..'\!Wnsi\ e .mJ may not be t'rue o'r up. to date. Your own judge
llll'~1t ,l!ld -..,hri..'\\dl1e'>s is the bt:'>t P[Otcction you have. 

'-),1Il1i..' f1l'nl'k think it chws not matter whr?n ~hey arc paid so 
1\)Il~ ,t'- 1\ .... ·,)rlll''- 111 thl' end. They arc lucky .. Think of it this 
'' ,l\. I r 'l)LI .,i..·ll I 00 duli<J.rs worth of material C\Trv month and . . -
,lfi..' ctl\\Ll~" paid Lme month late it.is the same as giving that 
~.:u"l\)J11L'r ll gltt ell' 100 dollars, never to be returned. Few waste 
~..·\.)I k'-·t L)r-, 111 t hi..' Third \\.orld can afford to do that! If a 
~..·l) l k\.'t nr j..; raying bal' k 2(XJ dollars a year on a loan of 500 
dollar-, l"-) buy a ~.:art, at an interest rate of 250'/o (and few are 
flH[Lll13lC tU ray SO low a rate.), by collecting that 100 dollars 
and using it to pay back part of the loan he will actually save 
himse(l over 250 dollars (because of the ·laws of 'compound 
.inrere:--t ·land rr?pay ihe loan a year earlier. It is well worthwhile 
ensuring rron1pt payment by your customers! "' 

-tgr_eemenrs 
fhcse are written documents, signed by both buyer and 

SL'ller. and '>tate how much materjal One will sell the Other and. 
at what quality, quantity, price etc Sometimes, they include a· 
method. of calculatinQ· changes in the price according to some 

. - ' 

agreed formula, \\·hich is often related to the price of the virgin 
ra\\ material that is substituted by a waste material!' For 
~\ample~ \\ aste paper prices may be agreed as a certain per-
~.:entagc of the rrice of pure wood pulp. ,-: . 

. -'\n <iQrecment is a valuable document for a small collector if 
it prote~~s hirn f'rom losing business when the market becomes 

. 0 
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::,la~..·J..: l)r fr~..)m sudden price cuts if a competitor appears. How
e\ er. it may\\ ell contain conditions that are too hard for him 
; (1 meet. l'~ pccially about the quality of the material, something 
he hch 12.rcat difficultv in controlling. 

~ ~ . -
I r nuy r ll' him r o his customer for a long period after he has 

J'-'cJdcJ i hat the agreement is againsr-"his interest. A general 
~ .... 

ruk 1" rh~tl -.,mall collectors should onlv sign an agreement with - '- .... 
~l L1rgc dhl(Hner if: 

1 l fhl'Y clear!~· understand e\·ery part of it and have 
thought carefully about how it will work in 'the future, 
r,o..,sibly under 'ery different trading conditions. 

i l) The~ ha' e taken ad\ ice from an expert, po?sibly a . · 
l a''~ cr but, m uc.h better, someone with expedence .of 
the t rJ.Jc O\ er a number of years. 

111) Il1l'rc i-., pro\i~ion for price inflation (the situation 
'' hl'Il' pn\..·c-., go up and money steadily lo.'les lts·,·alue). 

J\ J I h~..·r~..· 1" prL)\i-.,Jon fLH the collector to break the agrec
rlll'lll ~titer gi\ 111g a reasonable period or notice (three or 
"" nwrltlh would be suitable). 

\) Ill~..·~ clre ~..·unfiden,t the customer\\ ill stick to the agree-
1111..'!1[ (ln gl\c proper notice to end it) without need for 
legal a~..·r ion. 

PI -\~TICS \\ ASTE CASE STLDY 9 
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P~..'nclupe, Prida and Paulo, having decided to a·pproach 
the -.,ccond pla~r ics factory, discuss their plans. They 
Jedck to write and ask for an interview. · ,. 

1\ o rep! v wa-, recei' ed to this letter so Prida and Pene
lope left f~r Blueto~vn early on Tuesday morning', dressed 
111 tltclr best clothes. They had agreed that the best chance 
Lt~ in ~citing tran~parent material as Bluetown Moulding 
Company made large numbers of transparent plastic 
rH)t t k~. They_had worked out that this material cost them 
300 dollars a tonne for cleanest and 200 dollars a tonne 
for normal quality. The prices for which the/sold to their 
rre:,,?nt customer, The Bluetown Bucket_Co. (Case Study 
6) \\ ae 500 and 250 dollars respectively, and they thought 
that .Biuetown iv1oulding Co. \vould be able to pay more, 
~b bottles use less plastic and sell for higher prices than 
buckets. 

They agreed that, in order to establish a second outlet, 
they would agree to the following prices: 

- ~'. 



Green town Recycling Company, 
36 Town Street, 
Greentown, 
Colours District. 

23rd April 1980 

J . R . .·\~if E s 4 . , "' 
Hlucto\\n \loulding Co. Ltd., 
In d u-., tr i 3! E· s t clll' . 

B I Ul'[ 0\\ TL 

Dt:M \lr ·\-.,1!, 

I h1" \:..'l)I11fl~ill~ is the largest collector and processor of 
"l'C:lllldary pL11 yet hylene in Colours Province w·ith a gro\ving 
~ii1r1ual pn)du~.:tion of clean, high quality material suitable for 
all!~ pc:-, ut rnuulding operations. We have supplied material to 
UT1LY,~)1 )'l)Ur ~..·ompetitors for the past year and are continuing to 
Ju :-.o. H O\\ n-er, the success of our operation has encouraged 
u..., ll) t:xpand our collection and we are now in a position to 
,)\tcr ~1..Hl up 10 tl'n tonnes of material a month. A small sample 
11., l'n~..·Jused for) our inspection. 

De-,pite.,.the high purity of this material, our prices continue 
tu be \ ery competitive ana offer companies like yourselves 
large s;:n ings on the ever-inqeasing costs of virgin plastic raw 
materiah. · \ 4 

I will call on vou ne.xt Tuesday at 10 a.m. with samples of ou.r 
whole range of .production. Please let me know by return 
-.hould that not be convenient. 

< ' 

Yours sincerely, 

P. Palaj.iva, 
Sales Manager 
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3 50 and 230 dollars a tonne for a trial load. 
400 and 240 dollars a tonne for any other quantity 
\\it h an agreement to review the price after three 
nwnth5. 

HO\\C\er. they decided to ask in the first instance for 
6UO and 300 dollars a tonne for deli\eries of three tonnes 
ur rnurc and to allow themselves to be beaten down. 

\lr .\~if .made it clear when he met them that he had 
unly agreed to see them because he had been impressed by 
rhe .-,mall sample they had pinned to the letter. He \v·anted 
to"'-''-' the other samples and said he did not believe they 
~.:uuld pro\ ide such clean material in large quantities. 
rhe> C\plained that they sold tWO different qualities of 
matt.'rial: cleanest and normal; and he said he would be 
llltL'fL'"t.cd in buying the cleanest but would only buy the 
lllHm~li 1f they could imprlwe it" cleanness. He asked tht:,ir 
[""~r h . .'t.'" ctnd nearly fell L)ff hi~., d1air \vhen they told him! 
~ {u" C\ cr. he .... uun agreed to pay 550 dollars a tonne for 
ck.;.lrlL''-l rran~parent but would not go o\·er 225 dollars a 
t,~nnc fl,r normal. As they were plainly likely to have dif
~~~ultit.'" \\ith him O\er the q.uality of the normal, they 
rc·tu"t.'d w accept this and he asked for 10 tonnes a month 
,d ~.kant.''-.!. They explained that cleanest was only a small 
part L)l their collection\ and they t.·ould only supply two 
tLmn~..·-., a month. 

In tlw end he agreed to pay 250 dollars <J tonne for five 
tur1r1e" a month of rHHmal. as \vel!~ Obviouslv, he had 
111tended buying normal all along and had been surprised 
\\ hL'l1 he could not beat them down to 225 dollars a tonne. 
The~ agreed that the first load would be delivered in a 
\\eck. ·"time and a~.,keLffor payment to be in cash to the 
c.kliH·ry drin:r. a friend whom they could trust. Mr Asif 
"aid th;Jt normally they paid their suppliers of plastics by 
~._'hcq UL' at the end of the month. Prida pointed out that 
tIll be were large. companies that could afford to wait, 
"hile they \\ere a small but growing concern. Mr Asif 
a~r~..·eJ to their request. He asked to keep the samples as a 
"tL1nJard again\t \\ hich the quality could be checked and, 
'-lH11C\\hat reluctantly, they felt they had to,agree. How
'-'\ n, l hey left \\ell pleased with the day's business and 
"ur1Jcr1I1g how they could increase their collections of 
t rarhparent material. They would need more donkey 
,art' and murc ,taff. -\\ 
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Rule 21 
This is similar to Rule 18. Be professional in your salesmanship 
- in.telephone calls, leners and especially visits. Plan ahead, be 
neat, clean and courteous. 

Rule 22' 
Never negotiate a price without first finding out what price you J 

ought to get, what other-s-get, your own costs, and how much'.-' 
your customer needs your material. Work out the lowest price 
::. ou can _accept and start by asking for more ... 

EXPORT MARKETS FOR \\'ASTES 

I r there seem~ tc) be no maiket for a particular waste materi:al in 
one country, there is always the possibility of exporting it to 
:.mot her. \ lany developing countries lack certain basic indus
trie~ that may C:\ist in the country next door; sometimes such a 
market may be closer than if it were located in a far off capital 
Cit\'. 

E~porting i::, a rather fearsome process because of the 
official· paperwork involved, the customs duties and problems 
of p~yment in other currencies: These deter all traders alike 
and it may be that the enterprising seller, who is prepared to 
risk or struggle with these problems will reap the rewards of a 

. market free from competition, where he can obtain much 
higher prices. I'vlany countries are part of a free trade area or 
han~ customs agreements with their neighbours that may make 
the problems of exporting much less troublesome. 

The best idea i~ to forget about exporting while a business is 
being built up,, unless a particularly attractive mar-ket is known 
about or some experien<;e already exists. Pursue the idea once a 
business is soundly based, when teething problems have been 
overcome and the manager feels he_is completely in control and 
able to deal with any problems that may occur unexpectedly. 

It is abo possible to consider the-import of waste materials 
from neighbouring countries whose economies may be so 
different that these are not recycled. 
\i"e\icans who live near the US border cross over to collect 

" ' 
wa-.,t.e" and often cross it again to sell the same materials to US 
firm<; who cannot afford to do their own collection. Textile/ 

/ 

waste ic., a completely international commodity that is shipped 
half \\av round the \vorld from rich countries to markets bbth 
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in de\ eloping and industrialized countries. 
Ad\ ice on how to export can usually be obtained from a 

'hipping agent or from the Government Office for Trade. The 
embassies or trade delegations of foreigl! governments will 
usually pre'~\ ide information on the industries that exist in their 
~...-ountries and will help to make contact with them. 

The costs of shipping are not connected with the distance 
from one country to another. They depend more on whether 
there is a regular trade route bet\veen the two ports in question,· •c

whcthcr the cargo normally carried is similar to the waste being 
con-,idcrcd for export and what quantity. of material is. 
ir1' ohed. A shipping agent can usually advise on the cost of 
'hipment. · 

'· 

.. 
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('hapter 1.6. Transport of Wastes 

The tran~ron of material from the collection depot to the 
L'U:->tomcr i~ one 9f the most expensi,ve operations, and every
thing po-,sibk r1eeds to be done to reduce costs. Some 
suggc"iiUn" ·ha\e already been made in Chapter 12, Rule 
~ um h'"'r 9, anJ the "u b ject is so important that it will now be 

' dj,,_.u..,..,cd at kngth: 
1) .·1 nmwl-drawn transport may be cheaper than motor-· 

d fl \ Cl1 \chick\ i I1 Jist rict S \Vhere fodder is cheap o·f fue} 
l'\PCihi\ c.;. l t is much slower and aHov.lcince must be 
maJc fLH the loss of time, but a ~eparate dr-iver can be 
crnrdl"'ycd. If distances are short this may not matter. It 
j, \cry c\pensi-ve to hire a motor vehicle for a short 
Jlll!r!lc\ but even more expensive to buy one. Animal
Lira\\ n tr~ln.sport.is rn·ore reliable than motor \,;ehicles 
\\ h~rc competent mechanics are not widely available. 

1 i) I 1JL·u lion of! he collecting depot bet ween the area of co!'- . 
l~.:~..·r 1on and. the customer will reduce distances to the 
minimum . 

• 
IIi) Cumpacung materials jn a baling press allows the 

fllll\Irnum load to be put on the \Chicle. Road vehicles 
arc' ratl'U by \\eight and it is Linsafc to exceed the safe or 
rc'L'Ollll11l'l1ded weight. The result o.f overloading could 
mean that: the load falls off when the \·ehicle turns; the 
\ dlJ~..·lc O\ crt urns; the vehicle brakes do not w6rk 
prl)perly; or the police prosecute the dri'ver, the vehicle 
1..>wncr or the per-.on who owns the load~ 

i\ l Rt>tun1 loads are those put on a vehicle that is returning 
r'rum ddi\ering another load. It has to make the return 
JL'LJrncy "o the extra cost of carrying a load is l-ess than 
the ~..·D'lt of a '>pecial journey. The skill is to find a vehicle 
lH !leer of \chides that make regular, empty, return 
jl)urnt'Y'- and to negotiate with the operator o~n this 
b~hi'l. He will always try to charge the full rate, as if he 
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\vas doing the journey specially or even try to charge you 
ror [he outward journey too! 

\ l The cusromer 's vehicle may be available and he may try 
tl) persuade you to use it. If you are considering this, 
fir:-.t get a ·quotation' from an independent transport 
~..·unt ractor. Beware of customers who offer to transport 
\ uur material free or at a very.lo\.v price. They must be 
paying you too little for material if they can afford to do 
t 11 i \ ~ \'i'l 

If ~ t)U enter into this kind of agreement ask \vhat will 
happen if you decide to transport by some other means 
in future. \\'ill you lose your customer? And if you 
~_fl._·,: ide t ,) change customer, wi I I you lose your transport? 

\1 l (jzwwriuns are essential before sending a load by 
tr~u1:-,purt. The quotation is a -;tatement made before
hand, by the transport contractor, of how much he will 
~..·harge you per kilometre, per tonne weight or both. It is 
e\ en better to get a firm price for a vehicle of a certain 
\\eight (that means load weight) from your depot to the 
cu,tomcr's site. This should include all possible extras. 
If the \chicle has an accident, it should be the transport 
C('ntractor's cost. Be clear \vhether he i? also covering 
in"urance on your load or \vhether you have to do this 
yourself. You might decide not to, to keep costs down. 
\\' asr e is rarely damaged in a road accident: the main 
problem is sweeping it up and reloading the vehicle. 

\ ii) Rail, river and canal transport is nearly always cheaper 
than road for large, heavy, bulky materials. It takes far 
longer, but this poirit is not as important as keeping th~ 
cost down (but y"ou ·will hiwe to wait for your money 

!" 

until the load has arrived). The important thing is that 
either you or the customer should have access to a depot 
beside the railway ~r dock. Loading and unloading with 
cranes or by hand may cost more than you save and 
short distance toad transport at ·either end may be 
necessary, too: However, this possibility should always 
oe investigated; if your customer has a factory on a rail 
siding or canal ask yourself if it is possible to move your 
business to a similar site; the savings may be huge. 

\iii) Yuur own vehicle will only save you money if it is used 
all the time. If it stands idle it will be l·osing money. As 
your business gets bigg·er yo·u may save a lot of mone·y by 
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h,n i ng y~.Ju r O\\ n transport. On the other hand, because 
\llllr 'ulUinc of W\1r~ is larger. transport operators will 

t \.t-- . Tl . . 
'-JUt.)tc YlHI wtter pnce'>. 1e operat1on ot motor 
t.rJil'-Pl'It i-.; a111 e\pert job and if you are a specialist in 
\\d'-!L' 11 i-., difficult to be one in transport as ''ell. 

i \) Pruc<.'.)_\ing be_lore transport can reduce the weight or 
'. ()lume l)f matl'rial. Unwanted material ·may be 
rL'InO\ ed by sorting, or else material may: be made easier 
t~.) handle b\· melting do,,n or drying. This has the 
fun her ad' antage that it means more work for you, and 
lc:-.c.. for ~our customer. You will charge a higher price 
f'CT tlml1l' and transport will become a lower percentage 
~.)r ~,~,·,u, t~.nal co-.r:-.. 

\) Trai!cn unci rrucrors. I r \ uu L·an load the materials on to 
,l t rc~1kr ,tnd employ a 1 ractor or lorry to tow it only 
'' lJL'Il 11 l'- lull~ loaded, (lc~l\ ing it at your customer's site 
l~.'r uill~.,~tding) then you \\ill not be charged for using the 
t l)\\ i ng 'eh ide fur so long. Do not despise tractors for 
h ~lUling \\ ;.l\t c. The '>tandard agricultural trailer has a 
hqgc ,_:apa.:ity and can be tipped to unload. If you arc in 
JJarming Ji-.,trict it I}1ay be possible to hire a tractor far 
rTll1rL' ~._·llL'aply than a lorry. espt'cially outside han est 
t I!Tll' " 11 L' 11 t r a i lc r.., m a y Ill) t b c fully u "e J . 

PAPFH\\ OHK 

! t ,.., a ~oud rule nc\ er to. send material to a customer unless 
acd1lll pai1iL~ by the correct paperwork. By using carbon paper 
(1!" -.;elf-carhuning documents (careful, these arc expensive!) it 
j.., pu-.,.,iblc to prC)duce several copy documents for different 
p u r p o s c s Fig . 9 2 . T h c n1 o s t co nfm on are : 

i) Thr? advice note This travels with the materials in the· 
dri\t~r's cab. It advises the customer of '\vhat he is 
recci\ ing and is kept by him for his own records. 

ii) The> deliw:r_v note is sometimes called the proof of 
Jcli,ery notl', because that is what it does. It travels with 
the Jri\ er, is signed by the customer to say that he has 
rt,.'~.:ei\cJ tr1e material and is then returned to the selle~ 
and kept hy him, Wfth its vital signature, as proof of 
deli' en. 

i1i) The invoice is the paper against which paymerit is made. 
It is '>Cllt to the custom6r thr,ough the post (or presented 
ro him in person) and a cheque or cash is given in 

319 

.. 



'I 

·-

, H! ! '\. I l '\\ ...., k! < 'r 1 : 1'1. 1 1 1\l I'.\-...~ 
t\11 '-1'•\\\. 

'IJi I !I 1.\ 

•6 Jt.vtC' 

I NVOI C E~-----~·---t-

1 e i """ rrrr 
if It /; q.r;.(' 

--· ~ - .. --i'-~:__ __ =r==----=r===== 
I 

• I 
.H•'( I 

' 

' :-··""· ,( ~-'"' I , . 

_t_c____· ___,___,I~. 

./ 

ADV/ C f 
NOl:E 

. L------------~-------'------' 

ftg. lJl · 1n t'.\umple uf copy paperH·urk. The invoice,· advice note 
uml deln en nnre ~·an a./ I be H'riuen our !,agel her, using carbon paper. 

\ 

' . 
c\change. If it dpes not agree in quantity, date etc. with 

. th~ ad\ ice and delivery nptes then something is wrong. 
Thtladvic'e and delivery notes do not always show the 

\alue of the go'Ods (e.g. if the seller does not wimt th~ 
transport contractor to k"'now this and ,charge more for· 
his service) .. Th.e invoi~.e must always show the .Value. 

i\)' The sr;l/er 's copyis a fourth piece of paper often kept by 
the seller, · b~cause the other three pieces leave his 
possess1o'n at various times and it is safer to have a 
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..:omplete record of every sale that has been made. These 
arc usually filed in a book or drawer, either in date order 
or else under the names of the customer, so that it is 

-·-·· pos-..iblc to see, at a glance, how m,any loads acertain 
customer has recei\·ed. This copy is usuallys.marked 
\\hen the customer has paid. 

\) Srar~menrs. Where a customer does not pay immedi
J.tcly for materiafbut pays, for example, nett monthly 
..:a~-,h (payment at the end of the month following the 
deli\ ery) it is usual to send him a monthly statement of 
account stating which invoices are still outstanding and -~ 
their ll)tal value (Fig. 93). 

Papen,urk \\Ill sene the following purposes in addition to 
prln 1ding buyer and seller with accurate information about the 
"ak: 

J) It ..;ene~-, a" proof that the 'load described on the paper 
\,d.\ i.h:[ually delivered, on what date and that its weight, 
de-..cription, quality etc. \\ere as described. This is 
ill\ aluablc if there is any legal dispute about payment 
lur the load. 

11 l It ma\ .;,en t.; as a basis fo~ paying the transport con-, 
t Ii.lctor. . 

tJt) It help:-. you to keep accurate records of your produc- · 
I i~.)rl. Thc:-.c ma\ be u~eful in the future when vou are cal-- ·' -
L. u I at i n g y u u r a b i I it y t o take on ex ~r a work . 

l\ l It "L'n e,s as a check on your O\\:n employees that allthe 
materiah are being deli' ered and that you are being 
L'l)rre~.:t ly paid for them. 1 

PLASTICS \\ ASTE CASE STUDY 10 

.. 

Penelope, Prida and Paulo have increased their sales of 
granulated plastic waste to 20 tonnes per month. They 
meet one Friday evening to consider how they can reduce ,· 
the cost of transport from Greentown, where they collect · 
and process, to Bluet own where their custoJTier is based .. ,·· 
The::, consider moving the whole business to Bluetown -
but decide against it as other collectors operate there, 
whereas they have Greentown to themselves. P_J:~iPa pre
sents a paper showing the possibilities open to ffiem: . 

i) Tlie presef1t method is delivery by donkey cart. The 
cart holds, at most, sixty sacks weighing about 30 
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.A tJ example of a statement. i 

kilos each, a total of 1.8 tonnes per load. The 
journey is 25 km e·ach way and takes a whole cU!y 
there and back. At present, he is making a trip 
every other d·a~· (except Sundays when the factory 
is shut) i.e. three times a week. It costs about 20 



dollars a week to look after the donkey and cart. 
ii) They could buy a small truck, second-hand, that 

would carry about one tonne but do the journey, 
there and back, in under half a day, allowing time 
for loading and unloading. It would cost about 
10,000 dollars to buy and about 10 cents a kilo
metre to run. 

r . . 
iii) They could hire a lorry, with a 10 tonne carrying 

capacity, that would take about 230 sacks weighing 
around seven tonnes. They would need to buy 
more sacks. The cost would be 60 dollars a time for 
the round trip. 

I\) 1 hey could arrange for the customer to' collect the 
material on his own lorry, which comes to Blue
tO\\ n once a week to deliver goods to the local •. ~ ~ L-

-;fl')res. This will be dG.J..le free of charge, but the 
prkc paid for the material will be reduced by 20 
Jullars a tonne. 

They h<.ne some difficulty in deciding which of these is ~ 

the cheapest and e\·entually call in Paulo's. cousin, a 
schoolteacher, to help. He suggests they dra\-v up a Table 1 

( 16). 
From this it is clear that their slo\v and inefficient 

de) l1 k e \ cart is the cheapest method oft rans port ana that' 
- lj i 

if they \\ish to use something a little more modern and 
release Prida from frequent trips to Bluetown, the most 
economical method is to hire a lorry, when they nyedit.-.~ 
[\en though thev do not know the rate of intereSt that· . 
they \\Ould~ have to pay on a loan to buy their O\v.n''truck, 
this is clearly an expensive rnethod but not as dea~r as using ' 
their customer's 'free transport'. 

Prida, who had been ratber excited at the .idea of 
dri\ing a truck, suggests· th~·t they have been rather 
gloorny to assume t0at a truck would only last five years. 
The others remind him that: 

If it does 240 trips of 50 km per year, it ~II do nearly 
300,000 kilometres in five years. u 

It \\ill have to be second-hand to begin \Yith. 
None of them are skilled motor mechanics; indeed 
none of them have ever owned a vehicle before! 

- ·The roads bet\veen/Bluetown and Greentown are very 
rough and full of holes. 
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' ' . 

Prida agrees that the estimate 1s, m fact, rather 
optimistic! 

Rule 23 
q:-· .\ 

Transport is one of the highest costs in waste _handling but can 
be reduced irftmariy ways. Use of your own lorry is one of the' 

\ 

most expensive forms of transport. "' 

Rule 24 
All deliveries of material to a customer should be accoml?ani 
by suitable paperwork. ' ' 
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( hapter l7. Health and Safet) 1n Handling 
\\astes 

.. 

"'' 1 rn L' l'L'' 11~ k .. nc un I y interested in earning a great deal of 
r 1 h 1 r 1L' \ c1' '-ll! 1., h. I y a.-.. p o"-.. i b le and do not consider or e \ en mind 
! r lhL'> knrn tl1em-..eh e-.. Ln L)ther people in the process. This 
~..h,q•t;..'r h 1,1r trw other penple whn enjoy their lives, want to 
li\ c it1r ,! ],1r1_:..: tlrl1L', and ..:are about their \\ell-being and that of 
d : l' ! r -: nq ) l , 1 ~ L' L' .... . T h L' ~ t h i n h. t h e-.. e t h i n g s a r e m o r e i m p o r t a n t 
;h,t;l Lcll llillg ,! llttk !lllH~' rlllllll'Y b~ \\Urking without safety 
!'rL·,,ttJ!t,ltl'-. Ill! thL'I1l, thi'- 1-.. L)[lL' ol the most important 
, . lJ , If ~ ! L' l ' I 11 l h I ' h l l U h_ . 

fllerL' die' rhrL'L' \\a~' 111 \\hkh the pero..,orl \\Urking in waste 
"1 r1 h. L' L' 1) _:..:, h 1 d h L' a.lt h . and he I p. t he people \\ h o w or k wit h h i m 
:. ,1 ~,.],1 t hL' '-dl11C: 

i) 13\ i-..L'L'ping. -..imple rule-, about health. 
1,1 H\ i-..L'L'PIIlg .... imple rules about safety. 

i!!l H\ .t\,11ding l'L'rl~i!Il \\L'll-ktW\\11 dangero..,. 

H L-\ I I H H l L ES 
I herL' CHL' m~u1~ bCloko.., that e\plain \\ hy people do not stay 
lh·alth\·. HerL', there io.., only :-.pace to list some of the important 
ruk .... \\Jth ~~\Cry brief C\pLmation. · 

I>rinking H·arer 
PeL)ple be~..,ume ill if thn drink dirt\ or polluted water. If 

>uur \\ater -..upply is not safe to· drink, you should try to: 

bu\ bnttled pure water; 
Lhc a \\ ater filter; 
Lhe ~,_'hlurine or other disinfectant; 
bLlil \\ater before drinking. 

Sanitation 
PL·npk beL'Ome ill if they eat food that has been in contact 



\\ ith e\creta and other dirt either when it is grown, sold or 
prepared. Thi-. danger can be lessened by: 

\\a:-,hmg food that will not be cooked, especially fruit and 
-,a[aJ.-; that are eaten without being peeled; 
u"in~ a latrine so that no excreta is lying around where 
people Jive and work. If nothin,g else is available, a pit 
Lltnne may be dug and the excreta covered with soil or saw
Ju-,t on ead1 occasion it is used. 
\I, a:-.h i ng the hands with soap and \Vater before eating, m 
~.:a:-,e Jirt\ material has been handled. 

('urs 

Cut.., and l)pen injuries become poisoned if they get dirty. 
Clean them with :-.oap and water as soon as they occur (with an 
~inti-,epri~..· 1f plb..,ible), co\er them with a clean dressing and 
pr~)tcct the Jrc-..,..,ing with a glnve, sock etc. See a doctor about 
'L' r 1 '1 L h .._· u t ~ l n rn i nor ~._· u h t hat do not he a I. 'J 

!JrinA ing amJ eating properly 
1\:,,pk· \''"" l11L1isture when the\ \vork; they need regular 

Jr ill~"· ~md ~..·\)\ cr from direct sunshine if possible._People also 
need l'IlL'llt.h ~,)uJ food to gi\ e them the energy to work hard. 
1 l ,)h'uLJ be baLJnced, that is. contain the right mix of 
\ 1 u rn.r1'. rnl' ~ l'i rh and calories to prod t:!Ce energy. 

SAFET't RLLES 

The follL)\\ ing "1mple rules gi\ e safety both to the worker and 
1Jt her-.., arnund. 

Tidiness 
To keep the working area tidy, decide on a place _for every

thing. mark it on the tloor with paint,_chalk or pegs and try to 
keep thing" 1 n their correct places. Plan clear gangways down 
\\ hi~..·h materials can be moved, and then make a narrow 
p::h"aE=t.." from the nearest gangway to every person's work
rla~..·e. \lark gangways on the tloor with paint and insist that 
they (and passages) are kept clear all the time. Many injuries 
are .. ·~nhed b~ tripping over things when carrying a load. 

( '/eanliness . 
\1up up any -..,rilt liquids, especially oil or grease, so that no 
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L)llC "lips. heep \vastes together in piles or, everi better, in 
bun kt.'r~ to a\ oid the risks of fire or falling. Make sure dirt does 
no.t gL'l intl) sources of water \Jr near places where food is 
prL'pc.lrL'd C\r eaten. ~ 

Din:-, anJ ~trong smelling wa5tes attract tlies, rats and other 
pe-.,h and they in turn carry dLeases from excreta and other 
"LHlrce~. 1 ry to keep such was1~s to the minimum, get rid of, 
l hem q u~~..·k!y and clean thoroughly where they have been (Fig. 
l)-4). l 

I 1:.: Y..f. ntrtl 1ru.src uuruct'l flies. A heap n/tJiusllc objects hesidc 
r!u~ l!lit' lwd heen \I"U'\hed and was Cjlllle)rec ofjlics. Flies curry 
dr<.t'Cl\t'\ .. C'pPcwlll· on tojo(}{/ and eire a serious health danger. 

Protectil·e clothing 
\\'ear protective clothing where necessary and see that other 

~IL'L\ ple do too, particularly the y(')ung. The fallowing i terns are 
e.specially important (fig. 95): 



\ 

leather apron 

'.d t l'l \ htHll -,c \\I [ lJ 
"[L'l'i [llt'-L·ap" 

.. 
~ 

,,lkl\ h\llll" \\Ith ...,tee! tuc cap<., t\n people handling or ·· 
. \\(lr ~111~ ,unu11~ hea\~ l)hjc~,_·t<.,: 

!car hL·r ,H rubber glove.., ll)r people handling hot metal, acid 
()[ L'<..lll'-[1<-.' liljU!d...,·:- - . 
l)\ cr~il[, ur -.,cpa rate "or king clothe" for people working 
\\it h dirt~ rllatcriah; 
kathcr aprort-., and gaiter..., for people working with hot 
metal. ac1d-., or cau,...,tic chemicals; 
tacc rna-,k..,, eye goggle..., or \isors for people working \Vith 
hLlt metal. a~,_·ids and any ktnd of chemi~.:als, grinding or 
~..·utting tools etc.; 
~.,·o;.lp-., for women or men \\ ith long hair who work with 
machinerv. 

Pirst aid kit 
Keep a fir-.,t aid kit near, in a clean place. It should contain: 
soap and a cleai} towel; · 
a clean dish; 
anti<.,eptlc ointment or liquid for wounds; 
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cotton wool; 
bandages and sticking plaster for cuts; 
S(issors and a razor blade or sharp knife.; 

- ointment for treatment of minor burns; 
' an eye~bath and eye~wash solution; 
'tweeLcrs to remove splinters; 
a t rian~I.ular bandage"for arms; 
a couple o(spl1nts t'or broken limbs; 

-- 'lpecial antidotes for any poiso.nous substances normally 
used in the depot; . 
rhc address and telephone number of the nearest hospital. 

Keep a sq1all first aid kit on each vehicle or cart, as well; 
many ~h.\ .. -t.Jcnts can occur away from the depot. 

r ire exringuishers 
1-.:.~..·~..·p ''Ill' ~_)r more fire e\tinguishns at 11and, hung on a wall 

\\ hl·r~..· tlw~ ~.:~u1 alway..:, be easily r~ached. Remember to refil-l 
t h~..·rn \\ h..._·tl empty. It' you (an not afford fire C:\tinguishers, 
palL)! bu...:).._et 'l hright reJ. fill them \Vith water and hang them on 
ct \\,ill. De) nut let them be used for anything else. Fill a bucket 
\\ Ith 'ld.!lJ tur usc on fires that involve electrical machinery, or 
hu\ :1 "\'l''-·i:tl fire e\ting.uisher for electrical" fires. Hang them 
rlL'~tr l·Lxtrr~..:al m;..h.:hincry. Nncr u.'-.C water or foarn-t;:pe fire 
c'\t:rl::LJ~'-tl'-'r" un ckLtriL·al fire .... 

Fire e\cape 
11 :tny,)tle \\ ork.s on an upper t]oor, a I()ft or roof, make sure 

t h(r~ are rwu separate way ... down - in case one is blocked by 
t1re. I! Ill) 'ltair..:, e\i'>t, hang a stout rope from a strong point 
ahu\ c a" rr1JU\\ and put a noti~c up to indicate that it is there. 

Fire drills 
On~..·l· C\ cry three month..:, carry out a fire drill. This should 

m'-· I udc: 
.\ l1l)i-.,e '>ig.nal to warn people of fire. 
re~l\..'hing people the safe route to leave the building. 
-\'1-.,hl~ln~..·e tn any olclor disabled staff,.children etc. 
-\ ru\.1-call at anouhidc assembly place to find out if anyone 
I" left m lhe building. ·"'~·-T ~ 

hllU\\ lllg. hnw to call the fire brigade (bpt do not do so 
l'\\ . .:cpt \C)r d real fire). 
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Training 
If you arc the boss, train the people who work for you. Show 

thL'T11 hO\\ tc) d'-' their jobs, how nor to do them and make sure 
: h'-'Y k 11\.''' the d.Jngers and -,afety rules. Spend half an hour a 
'' cek t~llklllg abllllt work and' ~uious safety point) as described 
~i bcH c. \\ ~ilk i "Hmd the der<..1t once a week looking for poten
llal ,LH!g.L'l'-. Halt ~il1 hour a week spent discussing safety can 
<nc' \\lli 11':'11\ }H1LJr-.., da!'-. ''eeks lo-,t through sickness and 
ll1Jll!ll'\. 

!)rugs and alcohol 
\\ \'rkill~ ur1dn the inrluclh .. 'l' of drug.-.. or alcohol can result 

111 '-L'lll'Lb :t..:.'L'ILkllh duL' tu falling, dropping things, misusing 
rn~t~..hlilL'l\ \li \\<.lf"l', gl'l!Ing t<.mglcd up with it. 

/)Uflf<l!rOll\ H'USie\ 

Bc,~.:u·c \11 ''d"iC" that ha\e "erious health problems such as 
~_kcid cll11111:ih that rnay ha\C had anthra:\, poisonOUS liquids, 
k:1d '' hkh h a p<.li-.,unou-, metal etc. Read the chapters o[ this 
h<.lllh. that ~...·l)\'-'r "PeL·ifi~..· materials and note anv special 
1' l '1 ' 1 l" " \.. 1.. I~ I 

Inflammable liquids mHi gases 
-\ny liquid" or ga"c" LLsed tu burn or heat, and many othqs 

a" \\L'll. arl· inrlarnmabk. \lake sure tha{ they arc stored in·a 
~..·l1l1! r~Lh.'l·, d\\d! !rum heat, fire or naked !lame, and that tt1cy 
arc kept in l'lo .... n1 L·ontainers. clearly marked and free from 
kah,-.,. 1 hL''>l' -,hlltild <.1!1ly bL' used hy trained adulh. 

( 'hihfren 
Children m a \\ orkplace _can be more dangerous than any 

rnal'hiner!. hoth to themsch·es and other people. If they 
~..,~mnut be J...ept out, make sure the)~ are watched all the time. If 
the~ arc <.)ld enough. exrlain the dangers to them. 

I.~/£ ing weights 
l Cdrn ho\\ to lift hcavv weights properly and teach your 

l'.Illplt)\l'l'.\, [\)U ('>Cl' U\er). 
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I / ' 

'1-Jach iner) · 

~~--------~ 

HOU' TO LIH,T HEA J..T
OBJECTS SAFELY 

I) Stand close to the load, bend 
at the knees, keep the back 
straight, grasp the load with 
the full hand, keep the 
elbows ir{ close to'the body. 

2) Straighten the knees. Let 
the thigh muscles do the 
.work, not your back. · 
Support the load on your 
kn~e half wa): up if 
nec~ssary. Keep the back 
straight. 

3) Carry or put down the 
same way. Keep the 
baL·k straight. 

11 

If anyone is working with machinery, make sure they know 
how to turn it off in case of accidents. Try to install an off
switch that is easy to reach and ~erate; a big mushro·om shape 
that you punch off is the best. Pamt it bright red and position it 
on a wall. by a clear gangway near the machine. Never let it be · 
co\ en:d up. Anyone with long hair working machinery should · 
tie it back. Long ends to clothing such as sari sleeves, scarves 
etc. are all dangerous. 

Ha \ e ·.1 guard made to cover any part of machinery that 
moves, especially rotating parts. Only let this be removed for 
cleaning, but make absolutely sure it goes back before the 
machine is used again. Never allov..' a machine to be aleaned 
while in use. 

~vlake sure every machine has a clear space rdundit so that 
~-rro-tJ~€a+1=~tmn-ble or tit-W into tile mac#ffi~i~·O'=. ===t 

\!lachine operators should work alone so that they wilf not be 
di-,t racted while \vor king. '" 
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P(nver-operated presses, shears and guillotines are particu
larly dangerous. There are special safety devices made for 
them. \\'hen de~iding whether you can afford a machine, take 
tt1c L'()~t L1f rt1c s.1fety· de\·ice into the sum and do not bu)r the 
mJ-:hine without it. 

Flecrrical ' 
\lake ~ure all electrical equipmen·t or wiring is safe and has a· 

proper electrical earth. If in doubt, call in a qualified electri
cian Check that wires and cables are fully insulated and that 
the insulJtion \)not damaged or worn. Do not allow anyone to 
use electrical equipment if they are wet or standing on wet 
ground or tToor~. Put up a notice showing how to deal with 
'-'a' c s u f e k c t ric ..., hock ( an e :x ample is s h o w'h over I e a f) . 

I.addt>n 
·I! Llddl·r, ~:~ ·_· ~!'.:..'d, ..:heL'k that they are not damaged and 

n\ake 'ure ''-m1eone foots (st~mds on the bottom rung of) the 
laJJer 1f '>lHlleune is on it . 

. \racking 
\lake '>Url' materials, especially bales that are stacked up for 

-..tl'rage lH tran'>port, are steady and cannot topple over . 

. "imoking 
Du not allU\\ anyone to smoke in a depot that handles \vaste · 

paper c1r pb.bt i(-.., or anv .()ther intlarnmable material. 

• Buildings 
-Beware llr hanging hea\ y gear from buildings, or mounting 

m<Khinery on \\ails etc. \'lake certain the building is strong 
enough nut Gnly to stand the weight of, but also the 'vibratron' 
ot rna..:hincry. If in doubt, ask an ar.chitect or engineer to 
ad\ ic.,e \'l)U. 

If vehicles pass close by, make sure the building ts pFotected 
bv an extra wall or a guard rail, or that it is built so that the· 
structure will not crumble if a vehicle hits it. 

Rule 25 
- ~--~ -TITc '~aTar=o.T:?oL1fousn1ess and lt.Speople,can be ensured by 

learning and acting on a few simple rules -and in the long run 
tt1ese \vill increase your profits, too. 
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('hapter 18. Controlling Money -The Se-cret of 
Making a Profit 

l- l'\\ f't'lipk :.ue tam i liar wrt h the \\ orld of money, the place of 
~h:~...·l)LJ!lLl.lll\. auditors. bankcr ..... economists and businessmen. 
It h.1~ ~~ Lifl::'-Ud~c ~md life of it-. O\\Il which can appear secret 
,in~l Ill\ ,rcril)lh ll) the re...,tL)I ll'>. hH thi-; reason people become 
,trr .lt~l \1: Ilh1I1l'\. ll)f~l'l!Ill~ lh1\\ l'a"y they lind spending and 
t L ll \ ~...!It l 1 ~ l l l h l' !1 h c h C \ . l h \ \ ~: h a p ll'r '> h U \\ S lw \\ a S ll1 a ]] \\ aS l C 

rl·~...·h·l1r1~ bth:Ill'"' ~.:~n1 ~.:lHHrolits ll1lH1cy, in order to increase 
I'Il1lll" .u1~..l ~l'l'f' ,__·]car l1f Ji-.,a...,ters. Thne is nothing in this 
~·h.if'l'-'r th,ll ... ,umut be understood by a person who has 
... , 1 L 1 w k Il' ~..1 I' r 1 1 n c1 r· \ , c h L) o l . T h e r h r c e a 1.' t i ' i t i c s d esc r i bed a r e 
l1 LJdc'L'llrh: .• h.\_\1llfll!l1l2 and ~..·uqin!:! . 

...._ .... ...__ .__ 

-UzuleeUn!!.. l1ll'drh pLJ.ntltng \\hat~ uu arc going to spend before 
\ l1LJ -.,perld 11 anJ \\hat \OU e\peLt to earn before you earn it. 
\\ l' all dL) 11' 

· 'l t l :;et ru1J :S3. 00 tomorrow and spend 20 cents on bus 
tarl'" ~u1d S.:::.ou on food for the family, will I have enough to 
hu~· .1 r\e\\ ~n1k IL)r Sl.05'? ~o, I must nut spend more than 
S 1 . ...,~ L)!1 (~,_1od 1t lam to buy the knife''. That' is a simple piece 
l 1 t b u d g l' tr n g -., u c h as a s ~...· h o o l c h i l d m a v do and budget i n g a 
bu:-.1ne:-." h nut much more difficulr. 

.lccounring mean-.; rt:cording what you receive and what you 

.-;pend and ..:hecking that you ha\e the right amount left at the 
end .. \gain, ir 1" an e\eryday practice. 

"l adually earned S-3.20 and spent 20 cents on bus fares, 80 
1..'l'l1h Clf1 bread, 40 cents on potatoes and 20 cents each on two 
hnttk' ut milk and ha\e onlv $1.00 left to buv the knife. I 

' - -
ought to ha\e 1 dollar 40cents left. \Vhat have I done with the 
ut her 40 ..:cnh? ·\h ~ They ha\ e slipped through a hole into the 
11!1 in g l 1 t rn \ J ~~ ~...· k e t. " 
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E\ cry housewife does such simple pieces of accounting. The 
imp~...11tam thing is that as a result of accounting, the 40 cents 
ba' .__.been found and it is still possible to buy the knife. With-

'\ lHll the tlc'-:ounting, the cash would have been counted, found 
- T:..l he ~_mly S 1.00, the knife would not have been bought, aHd no 
~ ....... ~lltL'lllPt mack to e:\plore the linings of the pockets! 

C ·u,nng m~...·an-. adding up all the money spent and earned in 
L'a,:h \\ ~l~ and comparing it with the budget to see whether any .. 
mid'' J.~ ~_hange in plan is needed or is possible. Two alter:::,. 

l. ··I planned to spendS 1. 75 on food and have spent 80 cents 
l )n t~rl·~td. 40 cents on potatoes and 40 cents on milk. Can I 
,ttfl!Id tl) -.pend JO ~_·enrs on sugar? No, be0ause I have spent 
S l .fl() ,)n food''") far. 'o I ha\e only 15 cents left.'' 

"" .. \\·dh)ll~h I ha\ e sper1t.S 1.60 out of my $1.75 food budget, 
l :..' 'lllll' l j s 3 . 2 () i I h [ l' ad u r Ill y h Ll d g c t () r $ J . 00, s 0 I can 
.ttl,\ld tl\ -,pcr1d ~u1othcr 20 ~_·~_·nt" which \\iii be enough to 
i~ll\ I hl' '-llg~tl. '' • 

'\ \ \ i : '- l..' h \ \ '\ i 11 t l1 i " l a" t p a rag rap h t h cr e is com pIc t e con t r o I 
, )\ --·r \\\1.11 !11t_)l1L'Y i-. a' ailabk and how much is needed for food 
Jrld ~ l·r rh\ thought ha-. to be given to the matter of bus fares 
,1r1~i ~!il· ~r1rtc. The' arc both on budget and can be ignored. - . 
( )nl\ r\:L· itl'l11 that h~i-, \dried from the budget (the amount 

s. '-'elf r'1~_·ll) t, l..'\~unin~...·d tL) find out whcthn another variation (the 
'" \ t r ~ 1 .., l'l..' r 1t , 1t 1 !l 1 u d J i-, p o...,-, i b k . This is t h 1...' \ a I Lie or costing; it 
.dlt)\\.., ~t1Ll ll) Je\Utc' your attention to the things that are 
~ h.t!i~IIl~. L'Ithcr going wrong or getting better, and r1ot to 
"a,h. tir11L' un thing" that are going to plan. Iralso helps yDu to 
f'lan hL'rtcr nc\t timl'. ~h you have an accurate, easy-to-under
..,t.md I"L'~_:..nd uf \\h~it happened before. 

B~hiT1L''"L'' that Jo nu budgeting, accounting or costing find 
ld~..., '~...·ry dift'idJ!t. They are L·onstantly being surpris-ed, usually 
ur1pk<i,i_l!H!y, hy their financial affairs. They are unable to 
plan f1L'\\ cldi\ ities because they do not know iT they can afford 
r hem. nor what results they may have. They continue to do the 
thmg-, that lose them money and fail to develop others that 
ma~c a prufit. If you want your business to be a succe~s and 
~ uu r-,el t 1 o be (ree of worries, read on! 

Profit or cash? 
In Chapter 15 the difference between credit and cash sales 



\\as c\.plaincd. In a l..·ash sale, the sale is made (i.e. the material 
dcli,crcd) at the :--arne time as the cash is recei\ted. In a credit 
-,J.k tht.' --:3:--h i" rccei\ed later. \\'hen compiling a budget it is 
nc-..·t.·,,ary t~~ ~kcide whether to show the sale at the time-it is 
rn ~h.k u r ~H t he t i me t he cash is r e c e i \ e d . 

fhe ct:l"''cr t~) thi-; is to decide what the budgetjs meant to 

~ 
1) It 1t I'- the prufitabiljty of the business then show the sale 

,u thl' tiT11t.' the mate'rial is delin:-red, that is, the date on 
the 1 rn UICl'. Similarly, the costs can be averaged out 
cquJI!~ \.)\ t.'r. the period during which they \vere.:spent. 
I ,,r e\J.mple. eleL.ltricity cosh can be shown as being 
"['l'nt L)!Jly \\ hcn thc electricity is b.eing used. The more 
t.'k~·trJ....·lt! Lht.'d during production, the. more the cost. 

: il I r t ht.' hudgel i-. imended to show how cash moves into 
cltid \.HI[ uf the busine':l'-., then the SUrl1.'. of money will be 
i h ~..· " ~ t Illl' b li t r h t.' rim it~ g '\ i ll be q ut t c d i f k r e n t . T h e s a le s 
\\ lll ')11h· hL' -,\W\\ n ''hen the ca"h is actuallY received 
tr,nn tll~u-,tomcr. !'he elel..·tricit~ \:o-,t. will not be 
-..ill''' il '' 1ier1 the ele'-:tricit\ i-, beinl:! u'sed but when the . ~ ~ 

'-chh p~lYilh.'I1l of the bill is actually made. If the bill 
'-~)me .... b cT~ quarter-year and you manage to delay pay
ment ((H [\\0 \\eeks J.fter the bi!I'is received, then you 
illcl\ tll'fiwllv pJ.y cash about fourteen weeks late for 
,~)fl1l' dl the eleL'tricity. If you rent an electric meter, 
hcmc'\t.'r. \lHI may pay for it in advance. 

BL't h type-, ~)t budget are important. The profit budget will 
'h u \' .. \\ het her an al..·t i' i ry js profitable, whet her a not her is more 
'>l), ell... The cJ..-.h budget \viii show whether, despite being 
profitable. \our business \t..ill, at some time, run out of cash to 

- ' 
p ~i \ i t .., wages an J b i 11 s (when you r c us t om e r is on hoI ida y for 
l'\clll1pkl. Shuutd the latter occur, you may need a loan to see 
yuu thr1.H1gh tur a rnonth or t\\:0, or you may decide -to d~lay 
bu~'lng a plt.'i. . .'l' of equipment. 

_.\sa "tart we <hall consider budgeting for profitability. 

Bl DGFTI~G 

It 1.., usual to budget for a full year ahead. Some businesses add 
a rlHigh budget for a further one, two or even four years, but 
thi" -.hould not be necessary for a small business and is difficult 
in the present rimes of in'flation. The budget is broken down 
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into months. It is common tb use a year starting in April and " 
fiuishing in ~1arch so that the year end does not come at t'l1e .,, 
same time as Christmas. Taxes are· often based on this same 

0 

financial year. . 
There are three rnain classes of money to consider: . -~ 

1. I nco me - mainly from sales· of materials '" ., 
"'~ Running Expenses - on'· wages, transport, rent etc. 
3. Capital expenses -the· buying of new .machinery, vehicles, 

tools etc. 

·Sales budget .. 
Income from sales is calculated by multiplying th·e amourrf 

expected to b.e sold by the price. It is prudent to make a 
caut1ou~ estimate of both. Leave a gap in sales during
Christmas, Easter and any, other holidays. Show any changes 
in amount or in price that you expect to occur. Even if you will 
TWt hL' paid ~..'ash on delivery or" tbe materials, show the sale in 
t hL' mnnth \\hen the ir1\'oice is presented, It is useful to draw up 
a budg.L't of r he \veight oLmaterial you expect to deliver and 
l'i..m \en that into a value of cash income. 

If there i.". any other income,· such as from the hire of 
transport ro another collector or from the sale of objects sal
\ agl'd from the wastes, it is best left QUt of the budget unless it 

"'·i" regular and dependable. 

PLASTICS \\ASTE CASE STUDY 11 
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Penelope; Prida and Paulo budget their sales for their 
"econd year of busines5 (fables 17 and 18). Note' the 
fo 11()\vi n g: · 

i) Sales to Bluetown Bucket Co. are at a steady 
amount but those to Bluetown Moulding Co. 
increase as the volume of collections of transparent' 
scrap mcrease. 

ii) Prices for the recently negotiate.d sale to Bluet.own 
0.1ouldings arc constant but a reduction in prices 
from Bluetown Bucket c·o. is expected as a result 
of the c-ompctitio'n from the new Government 
rlastics pl~mt. 

iii) Although they ~ollcct large quantities of whole 
bags and sacks, these do not give any sales because 
t hev are used in the course of collections. ' 

W I ~,} 

i\) They have two weeks holiday .. in August, a week at 

,. 



Table 17 Plastics·-wasfe case study ll-Sales plan in tonnes 
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Table 18 Plastics waste case stud:y 11-Sales budget. in dollars 
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Christmas and a week at Easter, so the tonnes sold 
are reduced. .,, 

Expenditure budget . 
This needs more experience to estimate the costs that will be 

incurred but less arithmetic is in\olved. To do. it the second 
time, based on experience in the first year, is very easy. The 
following (OSts may be included, but not all businesses will 
ha\e then1 all. 

i) Renr for l~md: buildings, any extra storage place. This 
may be a fixed sum per square metre or a total lump 
~um. It may be paid per year or half year or quarter, but 
in the budget it is shown spread evenly oyer each month. 

ii) Rares.are payments made to the municipality (for street 
lighting, ckaning, refuse disposal etc.). They may be 
yearly l'tc., hut again are spread in the budget. There 
may hL' r~ue-., \l) a \late ur prL)\inL·e, and e\-en national 
l)l)l'" It thc-.,c t~lhL' the flHI11 of taxes, on the income or 
J'll)fit l)l thL' pnv)J1 lH the hu-,ineo.;-.,, they ~.:an only b~ 
budgeted flH after thi-., hao.; been calcula~ed. 

ttl) Electrtctly can be c'ltimated if the power. used by all 
light". hcatL'rs anJ ma~..:hint> i-, added up and the cost per 
untt ,)f ekctri1.:ity j.., knO\\Il. It may be less trouble to ) 
nukl· ~~ guc-.,.., thl· firo.;t year and check it after two or three 
llll)nth". lr1 ''intLT lH ll \\Ct -.,ea\lH1 more lighting and 
hL'dttng ma~ he LJ'->ed. At holiday periods less is used, 
t~._)u. The bill rnay ~.:urne munthly or C\ery quarter. 

I\) L1quid or so/1d fzu:ls may he used for heating, for fur
n~ll..:e-.. anJ fur pnh:e:--.-;es such as drying, rendering or 
tl<..iflll'-I . .'Uttiflg. rhey may be bought in bulk OnCe Or 
t\\ icL' a year and, if they are a big item of cost, it may be 
better tu -.,prcad the \.:ust.;; O\er each separate month; but 
n.'rnember the ~h:tual l'~hh to pay fqr them goes out in 
lump -.,um-; after the bill i-., recei,ed. 

\) Insurance is a regular payment (monthly· or yearly) to an 
insurance company which \viii· pay the costs if any 
Ji.;;aster occur':>: theft, fire, accidents etc. It is a wise 
arrangement but is oft en not used by small companies 
becau:--.e they do not understand how it works, or 
bL·cau-.e they do not want to pay the regular payments 
(L·alled premiums). Poor people, who need protection 
against unc\pected disasters more than anyone, ~-);tX 

'.>' 
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usc it because they cannot afford it. Disaster usually 
le~l\ es them ruined as a result. 

A great benefit of insurance is that the small regular 
prcrn1um payments can be budgeted for by even a small 
bu)inc..,s, \vhereas big costs of disasters: rebuilding· a 
burru -uur factory, paying ·damages in a la\VSL]it, or 
C(lmpcnsation to the \ictim of an accident, can never be,. 
f\Hl''ll'Cll. 

I ( yuur bu;)iness is steady, e\·en if it is small, con(act an 
IIhUrJ.nce company and ask them what it will cost you to 
in-.,urc against the most 'obvious dangers like fire and 
theft. Then include it in your budget; you will soon for
='-ct rhL' -;mall regular payments but, if disaster strikes, 
yuu \\ill ne\ er forget the satisfaction when an insurance 
payment helps you get back on yoLfr feet. 

On!\ t \\ o words of L·a LH ion. Do not deal with small, 
, . .-ut-pri~.:c insura.nce companies and do rc;ad all the small 
prlllt 111 r he insurance agrcerncnUcalled a policy). It may 
hL' m difficult legal language so get someone to explain it 
toyuu. 

\i) H'agt?s of employees are easy to budget; do n()fforgef fo 
budget some pay for them during the holidays; their 
families do not stop eating! Some employers pay an 
e\tra bonus at festi'vals. If there is a state insurance 
scheme for employees or a state medical schem~, it is 
convenient to budget for this at~ao the same time. 
Remember that months have different numbers of days.· 

Wages for yourself, the owner, are also important. 
You can either pay yourself a regular wage like any other 
employee, and treat profits quite separately (the 
simplest arrangement) or you can decide to take the· 
profits each month as your reward. Provided you are 
clear about what Y9J1 are doing it is easy to budget either 
wa;. 

\ ii) Transport and collection costs will include not only 
petrol or diesel fuel for a vehicle or fodder for an 
animal, but also costs of new tyres, oil, maintenance and 
repairs (difficult to budget for unless yo\:1 have costs 
from the previous year as. a ,guide - but even then · 
remember the vehicle is a year older and more worn so 
add 200fo) for tax or licence costs, and insurance- often 
reqLJired by law. 
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. 
It \\ dl ~d,,, include two other charges that need to be 

c\pL~mcJ c~nefully. They are called capital charges and 
lll'l'~lll'l' rhl'\ :1re a little more complicated they will be 
'-kait \\ltli dt the end of thi-, section. 

\ill) O!Jict' <.uS!\ Costs of paper and en\ elope\, ir1\oices, 
ct:1\ [~ pli1~ or photocopying, swmps, telephone bills, 
111~. !'l'ri'. pencib and all the other little things :you may 
:1Cl'd. L -...uall~. a "inglc monthly sum is put in to cover 
rhcm all. 

:\ J _\"e/ltng CU'J r'l. T ra' elling ro see custorners. any sma,ll gifts· 
lll th\..'!11, cuq..; of ..;ending samples. 'weighbridge' 
... ~lclr~c-.., cr~..·. 

\ J Bun f..: c·hun:es. ~ormally, they are small, but if you 
hlrfl'\\ llWfll'Y from the bank they will include interest, 

c.L ,[Ihl ,,) \\ill he<I11lil . .'h larl!l'f. 
\i) .\/(7"!/ul'llLlliCl' cosrs. l·,:·rything from repairs Qr spare 

l',til, (,q I1l~h:tn11ny t\.) ha,mg the drains unblocked (a 
\ l' I \ ~,..- l \ I 1\llh l ll t a'> k i ll \\ d S t C - p d p C r d C p 0 t S - j f t h C y h a\' e 
d r ~~ 1 Ih ~ J. ~ l'Cp t ran-.. pl \ft mai p t enance separate from 
, ) t h 1...' r 1 t 1...' I i 1 ' "L) t h a t you aJw a y s k now t he f u II cost of 
t r~llh['Llrt _ 

\II J ( 'ufulal dJ~I~. The"e arc the CO\h of U'->ing capital (which 
!llC~if1" lump -..um ... or muncy). Capital equipment is large 
ptl'l'l'" llf l'yl!IfH11cntthat need lump -;urns of money (i.e. 
"lHl1eL)f1e'-... ~..-apital) to buy them. A baling press should 
hl' treatcd a.-., ~..·apital equipment but a knife should not. 
/nrert:sr and repayment of loans. If you borrow money 
to buy capital equipmen,t, such as a vehicle or machine 
l)l building, you will have to pay interest as well as 
paylflg the loan back. u-;ually, the" interest is a fixed per
l"l'Illagc uf the '>Urn y·ou ha\te borrowed. As you pay the 
nwncy back, the interest, at the same fixed percentage, 
become" lcs\. If you know the sum you have borrowed, 
the percentage of the interest rate and how quickly you 
are going ~o repay the loan, you can calculate the 
ii1ll'rl'St rd}'l11Crl[S quite easily, and in-clude them in the 
budget '-hl)\\ ing how they bbcome less. · 

YLHI al~o need to include the regular repayment~ in the 
budget. l(eep them separate from the interest and show 
them continuously u nr il the loan is repaid. 
In rt:rt:sr on capital employed. If you borrowed money 
f: om the hank or (heaven forbid!) from the money-, 
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.., 
lender, you wiU have paid interest; .a fee for the benefit 
or u~ing the money. If you use your wife's dowry, your 

, -~-- ___ ·'=c- .g.r..andfiither . .:.sJou"~r--your·ownsavings, 5-hemldyou·not · ·· 
aho ~,_'harge :your business either interest or a fee? l'vl.any 
b~1,inesses like to do so, to show the cost of using this 
~_'al;iul. They usually include it in tbe budget as an 
c\p~nse equal to the money they would have received. 
each moi1th if the n1oney (or lorry) had been lent or 

~ hircJ 10 someone else. 
Howe\·er, to do so is purely a calculation on a piece of 

paper. It reduces t1 e amount ol profit shown b,y the 
bu~ine\s. Some people prefer to leave such capital free 
'\l) the final profit witt be That mudr bigger. You m~y 
llcL'idc yoursel r which to do. If you have to pay tax on 

"' the l)rc' f1ts from your business, one \vay may be better 
t hi ill t hL', ot hL'r: a~-. k your bank manager. Otherwise, it 
nn~'>t be stressed, there is no diffcrcnce in acttfal money, 
ut d y in how ~·ou show the figure·s. 

PLASTICS \\ASTE CASE, STUDY 12 

344 

Penelope,· Prida and Paulo draw up their expenses budget 
llH the coming financial 5·ea.r. ~Note the following about ' 
the· buJget in Table 19. , 

i) Rent, rates, insurance, and loan repayments, and 
office. selling and maintenance costs are shown to 

5 

~ . 
be constant month b~(month. 

ii) Electricity varies with the amount of work done in 
the month. 

iii) Lorryhire \·aries with the amount sold each month 
(from Table 17). · 

i\) \\"age\ and costs of animal fodder vary with the 
number of days in each month. 

If employees are paid a fixed sum per month, this can be 
a\ oided. Some people prefer to spread wages evenly, 
regardle:-;s. 

\) Interest on loans decreases as the loans are repaid. 
The bank loan for rhe granulator was spread over three 
years ;..md the interest rate \vas a reasonable 2407o per. · 
annum (2 ()io per month). The bank would no't grant a loan . 
for donkey carts because the bank manager.thought they 
\\ere old- fashioned so they had to go tb the money-lender 
and pay a staggering 48 OJo .. per ann urn. They therefore . ., 



decided t\.1 ray this loan off quickly - in a year. Tl\e 
hud!:.?.ct '>fH)\\ cd thev could manage this. If thev had not .._ - ....... ... 

k1J 'Lh..'h an assurance from the budget, they would not 
kn c Jared liJ take a loan at such high interest, but the 
t.'\lrd. Jc1nke\ can~ \\ere essential to colkct more of the 
\ l'r~ pr~..l!'itabk tran-,parent, cleanest material fcl'J the new 
--'Lh[,Hl1t.'f. 

P,wl~) \\ \.HkeJ out the benefits of the second customer 
lr\.)!11: he huJget. L'sing only the figures for the total year, 
h e , ~ l \\ t h at t he ex t r a ~a lc-., we r c S J I , 600 and t he ex. t r a 

\\a~~_·, t 1 I 1 ill' fi\·e extr3 employees 

( ) r 11..· \. • \ 1 r, 1 l t nr \ t r 1 p a rnu n tl1 

( ,tpru! \..lht' lll th~..· Ill'\\ 

~..l\l!ll,..t.·\ ~..,til< rcpaymc11l and 
t r1 1 ~..·r~._·, t 

TOTAL: 

$ 
7820 

720 

48tX) 
1248 

14,588 
I ca \ 111~ ar1 cx-.:dknt profit oL$17,000 despite the heavy 
II1[l'rl''>[ [J.[C'>. 

Ru k 26 
l-3\ hudtfer1ng, you ~..:an spot the profitable activities and spend 
nhHt.' mui1cy anJ time un them. 

\ eH· and Replacement Capital f.'quipment 
1) Dtprt>Ciuflon. Finally, the budget must retlect one other 

tal't abuut tht.!. use of capital equipment: that it is being 
\\urn uut J.nd, in time, cash will be needed to buy its 
rcpiaL·cment. This is true even if your loan has been fully 
rcpaiJ, even i r you never needed a loan becai.J.se your 

,P grandfather left you something when he died. In order 
ru a\ oiJ ending up with no equipment, no money to buy 
J n y and rn need of a new loan, use an idea in your budget 
.:ailed depreciation. 

Thi'> ~~just a way of charging your bus·iness for wear
ll1g out it-, (apital equipment. Instead of showing the full 
~_·o.-,t of the equipment in the month it was bought, the .. ----- _ ___,. 

•..e,-· .. -H;;;.~~)l,..,!lf,•.l 

~.:ost is spread over all the months during which it wilroe - -=-

used until it will be worn out. The easiest way to do this 
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. _ _,__ 
l'ahlt.· 19 Plaslics \\astt~ case study 12-Expenses bl,Idget in dollars 

F l t': • • ·, ' : \ It ~ h h . gr a 11 u Ltt ( 1 r 
i L'. "'r, : r·.i!':· .. .'\. ' 

\\ .~ ;:~·· < ' ' '-\1 \\.' 1' :rz S_I5 P'' cad1 
~ ~· ~~lpltWct' ~ ]i' S30p" cad1 

\ ,,11t ··. ~:,,:;: -~ -.·arh ~i S20pw l.'ach 
I ; ~r; \ \Jp,~ Sbtl pcr "' wnneload 
~... - ~ ! ;' : l; l : 'u,tn: r epayment~ & m rereSl 
l '! :l l', r ·cpa~ S3600 0\er 3 :rs . 

i!HL'rt·~r lH l rcrna1nder @. 24 it'o 
~ ,: r > r;·n.t: '5-l-~OO.in 1 \T . 

< h l kL' .tnd lfnks \.'Lhh 

\l:t ;rJ: ~· na th.·..: ..: ost~ 

'j \ 

l LllJI , Apr \Ia ~ Jun Jul 
I 

7 2 OU : 600 oO(l 600 
200 200 
100 , I 00 
100 100 

200 . 
100 
100 

I 2400 i 
i ' I 125 i 
1 1200 1 

I 5475 \ 450 465 450 
. 71'20 i 643 664 6-B 

l 30001 240 260 240 
1980 I l 80 I xo 180 

l ~~~ l ~~~~ ~~ ~~~-
i I 248 I I IJ2 176 [ 60 
! . 600 1_ :-o 50 
i 600 1 50 

50 
50 50 

600 
200 
100 
100 
465 
664 
260 
180 

iOO 
66 

400 
144 
. 50 
50 
-·. --

/\ ug Sep 

600 600 
200 200 

75 100 
1<)0 100 
465 450 

--664 ---643 
260 240 
110 180 

. 
100 100 
64 - .62 

400 400 
128 11 2 
50 S~Q 
50 50 

Oct Nov Dec Jan Feb . Mar 

600 600 
200 200 
100 100 
100 100 
465 450 

. -664 643 
260 240 
180 180 

100 100 
60 58 

400 400 
96 80 
50 50 
50 so 

600 600 600 600 
200 200 200 200 

75 tOO 100 .. ' 75 
100 100 100 ' 100 
465 . 465 420 465 

-- 6o4 -- 664-·Goo--604 _____ -----

260- 26i) 220 . 260 
I 20 I 80 180 120 

100 100 fOO 100 
56 54 _ _52 __ 5.0 

400 400 400 400 
,64 ·~ 48 32 . 16 
50 ' 50 50 50 
50 50 50 ~0 

-- - ------- ------ ----------------! --- t 
ll>tal • !3938013377 3415 334 1 3371) 3276 3287 3325 325 1 3204-13)27 1 3104 3150 

l11 n· . ~·\! f d ;',1r une \ pc..::Icd co~t ~ I 393t\ I 338 342 334 338 3'28 329 332 325 320 321 310 J1 5 

. -~-o~j - · : ~: : --~~; I d3 ~~5_0;; -}6 7~_! ~; ~- l6.'l"_~6·16 -i6s~] i~~j~:;--;_;~.~414-_ 3465 

. . 
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is tO guess how long it will last. A good rule is that a 
vehicle running on bad roads will last three years, one 
running on good roads will last five years, a piece of 
machinery will last eight or ten years and a building will 
last twenty or t\venty five*. Next divide the cost of the 
equipment by this number of years and you have the 
yearly depreciation to put in:your budget. For a monthly 
depreciation, divide this by twelve. 

Depreciation is only an idea. It shows you, on your 
budget, what it is costing to use that equipment and 
\\ear it out. Later, when you work out your profit each 
month by subtracting the costs from the sales, your 
profit will have been realistically reduced by this 
amount. You may, as a result, decide to take less out of 
the busine~s. 

Hov .. ever, a different figure on a piece of paper does 
rllH mear1 there will be cash in the bank or under the 
fl U l H a -., a r e \ uJ t . Y 0 ll . ll1 a y . n 0 t b U y C J 0 l he S f 0 r y 0 U r 
L.11nily but you may spend the money on buying more 
materials from other collectors. But \vhat will you do 
when the _.equipment finally wears out? How will you 
find the money to buy a re,Placement? 

You have two choices: to do nothing and rely on 
getting a loan from somewhere; or to put enough money 
each mont-h Ln te a savings fund so that when the old 
equipmenr is worn out 'you have enough to buy the 
replacement. There is no fixed rule that says you must 
do one or the other; it is your choice depending on 
whether you are, or can afford to be, cautious and look
ing to the future, or whether you prefer, or are forced, 
to think only of the present. 

ii) Savings fund. This is sometimes called. a sinking fund 
and may be run in one of two ways. For either you need 
to open a separate bank account (keeping money under 
the tloor of your home is risky and earns no interest). 

You can transfer into the savings fund each month a 

• Tht'w f1t'nud\ ure longer rhun ure comnzonl<· used In tndustnali::.ed 
, uunrnn hur ure nptcuifi;r the Tlurd World where eqwpment IS 

nurlllul/1 ullu 1\t'd ru hecume more H·urn hefore it is replaced. If 
lUll 1\Llll{_ lu 11\t' tndll,\lnalt.~ed cuunrn· \tan~Jards, use two, three, 
/lit' and /1\'t'tll\ 1ears re.specrn·eh. 
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"" sum of money equal to the depreciation of the original . 
cost price of the equipment. If you use a bank deposit 
account, this fund will earn interest to help with the fact 
that, \vhen you buy1 the replacement equipment, it will 
be at a much higher price than the old equipment cost. 
En'n so, you will still probably need more cash than you 
\\ill ha\·e in the savings fund. · ·" 

Alternatively, you can calculate how much the price 
of this kind of equipment is going up_each· y~ar~ and 
make an allowance for this. You may need some help 
from your bank manager to do the calculation. It will 
mean using a rather higher sum each month in your 
budget than simply the old cost price of the equipment, 
deprc~..~iated over the number of years before it wears 
l)U [ . 

. \umrnary ol capital charges 
I l) -.,u,nmar11e the rather difficult matter of capital charges, 

the tolllm 111g. may be included in your expens~s· budget: 
a) H you burrowed mom?y to buy equipment you should 

iJh:ludl" the re~ar repayments and the interest, which 
reduce'> as the 'fcfan is r~paid. 

h) I I you used _vour OH'n ~bney or your wife's you may want 
tu ..."harg.e your business the interest that you could have 
l'arncJ if you. had loaned the money out instead of using 
1t yourself. Alternatively, you may prefer to leave that 
interest as part of your profits. 

c) To show how your profit is being reduced, by the wearing 
out of your equipment in the process of running the busi
ness, inc I ude depreciation figures. 

d) To make sure you will hav·e cash to replace the equipment 
when it is worn out, start a savings fund and budget to pay 
into it (and in due course actually pay out) enough money to 
replace the equipment, possibly at a much higher price, in 
future. This is instead of depreciation in the budget. 

Depreciation is only an accounting trick to make sure that, 
when calculating the profit made by a business, the use of 
capital is not ignored because it was spent in previous years. It 
i.., a way of spreading the capital costs, just as it is convenient 
to spread the electricity costs over all months when electricity~ 
is used, and not only the m'Onth when the bill was .. received.' 
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Depreciation reduces the amount of profit that is calculated 
and discourages too much profit being taken out of the busi
ness. but it does no more than this. To ensure that this money is 
available to replace a vehicle or piece of machinery that has 
\\ (1rn out. it i~ necessary to take the cash physically from the 
day-to-day finance of the business and put it in a savings fund 
-to e~un intncst and be ready for the day when a new item must 
be bough t . Th c amount t hat is put in the sin k in g fund may be 
the same ast:';he amountshown for depreciation of the itern but 
1n times of hi~h intlation it is necessary to put more away if the 
lund i< going tu be sufficient to buy a new item at much 
intla[~~d price". 

Budgeting spending on new capital items 
Om: L1f the most difficult things for a small business to 

L>bt,ill1 h the ~_·arital rnorrey needed to start a new activity. To 
t~L'trL'\' frL'lll ~t money-lender means a very high rate of 
1 rllL'TL'" t .. -\ h~lll].., ''iII L"l1a.rgc lower rates of in terc\t but \vi!! want 
t , ' h L' ~_· c r L 11 n tl1 c~ t a loan w i II be repaid (and repaid on t i rn e) and 
''Ill ,!"].., tL•r "L\ . .'llritv or cullateral. This usuallv means either - -
t hell r hL' bL'Tll''' er finds someone who will guarantee the debt 
( rq',i' 1 t t hem~e h es i r the borrower cannot) or else that the 
h,,rrl'" n Pl'""e""c~ "ome building or item of machinery that 
'' ou\d hL'I..'L'll'C the bank.\ property if the loan were not repaid. 
-\ ... ft:,, "mall bthlnc~ses L·an offer either of these, they have 
~ rc\t t d 1 !t!l..·ult \ 111 obui ning capital. How ever, there are certain 
~lgL'n~,_·te" that rnay help poor people to obtain capital if they 
ha'L' genuine. \\ell-considered plans to start a small business 
and thc\c are J.i-;cussed in the Appendices. 

On~..·c a bu-;inc"" has started to trade, the problem of finding 
capllal i" a In tie less difficult. The best \Vay to finance it is from 
the prutih ut' the business if these are sufficient, and it is 
impLHtarll ll) hudgct fur these needs to avoid the money being 
"Fk'!lt a.\ 1n~..·ornc by the O\vners of the business. Just as the 
repL1~..·cmen t u t ~.:a pi tal equipment and vehicles is achieved by 
k.eeping a sa\ ing-., account, so the purchase of new capital 
CLJUlpment ~..·dn be done- in the same way. 

PL\~TIC~ \\ ASTE CASE STLDY 13 

Penelnpe, Prida and Paulo use the sales and expenses 
budgets to ..,ee what profits they are likely to make in the 
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coming financial year, and to plan their capital spend
ing. Jht:y have been hoping, for some time, to buy an 
t:\trudcr-pelletizer, for 9000 dollars. Theydo not want to 
bo r r O\~o,;-rrlore m-emeyunrit-the-heavytnTeresTd_eo_t_onTne·-
donkey carts is paid off, but they believe the profit from 
tht: pt:lJ.etizer will be high. The budget shows that: 
1/ they actually make as much profit as budgeted and if 
they Jo not take these profits out of the business, they will 
nearly ha\·e enough sayed for the pefletizer by the end of 
the ne\t financial year. 

Table 20 Plastics waste case stud~ 13-Budget of profit and capital 
spending 

,_ 

BuJ~cted value 
,1f -.;ale.-.; 

\ l l\1!11 rahk I~) 

Budgeted 
C\penses 

l hum Tahk Jl)) 

Budgeted 
profit or los.s 

\pr il -+550 J715 H35 
793 
875 

\1 ~l \ -+550 3757 
JUilC -+550 3675 
.I ul \ 5100 3717 1383 
-\u~ 2l)00 3604 (704) 

1484 
1033 

Scr 5100 3616 
Ot:t -+6l)O 3657 
'\j U\ -+6l)O 3576 11 14 
Dec 3263 3524· (261) 
Jan 4690 3598 1092 
Feb -+690 3414 1276 
\tar 3262 3465 (293) 

-- ---··-· 

fotal .52,035 43 '318 8, 717 

\ore n:;urn 1n hrud:.l:'tS irldlcatl:'. a loss I:'. g. (704) 

However, Penelope objects. 
"First," she says, "we have been paying high interest 
rates on the loans for the 'donkey carts and the granu
lator. \Ve should b~ depreci~ting these and putting money 
into a savings account to replace them wh~n necessary. 
Secondly, \ve shall only receive a miserable 35 dollars a·· 
month from this business according to the budget. I have· 
five children arrd my parents to support and my husband 
is dead; I want more m~oney from the business to spend on 



m \ tarn11y. rll1t a not her machine for Paulo to play around 
\\ 1 [ h ~ .. 

rhe~ ~He' ..;urpri~ed by Penelope's outspokeness but 
lk,:idc ll' L_,L~k at the figure-; ''hich show that the straight 
dL'f'Il'~._'iation of the donkey cart-.. as-;uming a life of fi\·e 
.' c',H" c',i~._· h. \\ i 11 be S.f, 800 over fi \ e years or $960 a year. If 
!"lf :'" c'' t!U u r I 5 cr·o every :-,:ear, replacement donkey carts 
\\ill L'l~"t abL~Ut S9.650 so they'' ould need to put $1,930 a 
year tur liH' years into a savings fund to replace them. 

Dcrneciation of the granulator over eight years is only 
~(100 - 8 or S487. 5 a year, but a sa \·ings fund on the same 
t"~~l'~'- l~l I 5°·o intlJtion, would need about $I I ,000 or 
Sl.J-hd\c'Jr. 

Hule 27 

rhn UL''-."Ide that: 
:) 1 he'\ \\ ill-.,et up 3 sa\ ing.., fund for the donkey CJrts 

,trl,l ~.:hart!l' the bu-.,int_l..,.., $LJ60 a year depreciation 
h1f l hi\. 

II) lhl'\ had Ih) diffil'Ultv getting a bank loan at 
f;_'~I'-L1IJable interest fur the granulator, so they will 
Ih1l try tl' provide for its replacement at present. 

illlr, I h~ll ka\ e-., a budgeted profit of S8, 717 - $960 or 
S- ,,- 5- fur t hc!·~ar. They _;:,lll_pl~.p. .. L£.:~5~ $6,()90 of __ u ., .. 

~ th1" fL)r the' pelletizer and to drstnbute the rest 
,lllh)IJ~ them-;el\e.., a.., profit; about $11 a week 
ea~..·h .. -\ny profit above or below this will be split 
)()lr·o : socr·o between the pelletizer and themselves. 

Budget-., and co'lt actuals should take account of the deprecia
tIon L)f ~..·a pit al e4ui pmen t, and cash may be set aside in a r 
.... ~n mgs fund so that e4u i pmen t can be replaced w he I) it is worn. 
l~llt and ne'' e4uipment bought. 

CASH 

One of the problems that faces any business, large or small is 
r he nel'd !LI make ~ure that at all times they have enough cash to 
IllCl'l their daily needs of paying rent, wages, bills etc. Sport
age" l,f cash may be caused by any 8f a number of things that 
h;;l\ e nut hi ng to do with whet her or not the company is profit:
ablc. Fur e\arnple, a customer may be late in payinga large 
bill, or money may be needed to pay for a big-repair job, the 
Jav a{ter e\ crv cent has been scraped together to pay for a 
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ne\\ m<h.·h inc. One common cause of a shortage of?~;s·h'among 
'' ~hll' ~·ulk~..·tor'. is that a large supply of waste becomes 
d\ ftilabk Th~'Y spend cash to collect or buy it and then find 
~ h ~it, alt h uug.l1 their customers will buy it all in the long term, 
t.'l her ~..·ollcLtur-, ha\ e also bet?n deli\·ering larger amounts and 
llll' ~..·tht\..1Il1L'r'-, \\arehou-,e is full, so he will buy no more at 

-THT"L'IH. Tht' '..'ollector is left\\ ith a large stock of material but a 
"hurlci~l' u! ~.:a:-,h for paying the wages or feeding his family. 

rherl' cirl' ~i number of ways to act in this situation: 
i 1 Brtn.f! tn any money rhat is oa•ing to the business. 

11) Dday pay men r of bills to other people as long as 
PL)s,iblc (but not -,o long that they refuse to do business 
. . I 
111 future:). 

i11) [)efay all expenses. 
1\ 1 .-1 rrum:.e shorr renn loan from the bank or elsewhere~ 

b tit : l11" rna\ ~..·,)" t hell\ \ inter-e" t . 
'l ( >i1l'1' 'lfuck-\ ar a disco-II!ll (a !O\\e;- price) !'or a limited 

1 ) l' r 1 l ' d t ') L' n ~._· 'HI! age L' u s t o m e r " t u b u y t h em "o o n cr . 
llll\\l'\L'r, this may result in a loss of profit. 

'1 J !iesen·t)S may be u ... ed such as the savings fund; it is most 
1 rn rh.Hl am 1 hat 1 t be repaid as soon as the crisis is over. 

'1 1 1 Lmpln_rt:E's may hE' laid off work without pay. This is a 
~-.rUL'llll..'tiun and should be avoided at gJI.costs. 

':11 1 LtllllfJtnenr or buildings may bE' solrfhis is bad as it 
ka' l'" thL' business unable to reco\er later and it is 
d!l fil.'lllt to obtain fair prices if '->ale-, are made in a hurry. 

rhl' hl''-t -,,)Iution is not to get into a cash crisis and this can 
h l' p r n l' n t e J ~h f o II o \', s :. 

i) !Jo nor IE'! cusromE'rs run up large debts. If they do, first 
ll'll1ind them, then stop -,upplies. 

1 i) JJo nor spend money un lcs-, it i-, sure that (a) the business 
~.·an aff,1fd it and benefit from it in the long term; and (b) 
r hL'rl' h ~_·a.sh f'--1r it without creating a dangerous cash 
"hunage in the short term. 

i 1 i) A·eE'p sonze cash in the bank as a reserve-but try to make 
'-LII '--' It 1s earnmg mterest. 
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BudP,Pf rhe cash movement in and out of the business. 
nfu 1-, Jone by a process almost the same as that for 
buJgeting' profit except that the sums of money are 
l'IllcreJ in the months. \vhen they will actually be paid. 
fhu), t_he entire electricity bill is paid in one month, not 

.,-.preaJ over all three months of the quarter. Sales are 



shown not in the month when the invoice is made out, 
but in the month when the cash is likelv to be received. 

•' ' 

By buJgcting and comparing .actual performance. wi~h---------.....1-. 
['1LJLfg_L'[, the danger periods (e.g. holiday· Clrfie \Vhen -----
\\l)fkL'l'- are paid but no cash is received from customers) 
"·an be '-Pl)t ted in advance and arrangements made to 
'-.,) p c " i t h t hem . "u c h as he I p from t he ban k or post-
pnrll·rncn t u f a ~.:a pit a! pure hase. 

') Bank managers. \lany people think of the bank 
rnandgn a.-, a kind of policeman whose job it is to dis
cif'1~ine anyone '' ho draws more from the bank than he 
ha" in it. This is a pity becau~e a bank manager can be a 
b u" in e-.," m ~m ·"'great est ally if he is treated correctly. The 
h~mh. manager will earn profits for his bank by helping 
hh -.,m~tll '-·ustorner-, to be successful and become big 
'-. L h t l 1 I ; 1L' r ·.,; h i\ J l) b i " t o lc n d t he ban k ' s money . H ow
'-'' l' r . h l' ll a" t l) rna k c .., u r c he does not I o s e rn one y by 
dl)In~ "l). I hL' bL'"t '' ay to reassure him i..., to be sure to tell 
h1rn ~~h~ut your busine'-.s and to seek his advice from 
ili11L' t lit 1rne. He i" probably one of the most experienced 
hthii1l''-"fl1en in your district, as well as being one of the 
~.nil~ lil1l''- '' hu will give advice free, so it is worthwhile to 
kL'L'l' l1II11 well in the picture. Talk to him before you 
'-Lnt ~:IlL''' 'ent ure, in form him when it is going \veil and 
Lll'-'-.Lh'- 1n ~.uh·ance what help he will be able to give in a 
c"~hh ~..·rhis. and you \\ill ha\e little trouble getting 
re~hL)nablc help from him when things become a little .. 
difficult. 

Hull' 23 
.·\' nid ~a-,h 1.:rises by budgeting cash movement, controlling 
d~·htLH'- anJ gL'tting support from your bank manager. 

~El-PI~'G THE ACCOL'~TS 

Like drawing up a budget, keeping a set of accounts is far 
s i m r lcr t harl mo~ people think. It requires neatness, lined 

,.. paper and no more arithmetic than that learnt in primary 
school. :\II you do is write down how much money you receive 
each time yuu make a sale, in one book, and how much you 
r.,pend each time a payment is made in another. Each month (or 
quarter or year but monthly is better) you add them up ahd 
draw a line under the last figure. It is as easy as that! 
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There are· really two kinds of accounts. Book-keeping is 
intended to make sure thaJ the money i~ prof'erly looked after; 
ro check any theft orfrau~&heuH& hea~~nAita:gertuproN!"" :::::r.d;.: 

~-~ih"at your business is sound and tha'"t he need not be afraid to 
lend you money; to show ·~trre.'#1fi~·~:mari" how little profit you 
m.ade and how you cannoLatford te'pay;'-any taxes and so on. 

C osr accoun ring on the other hand is the analysis of your 
income and e:xpenses in the same way used for budgeting. It 
abo compares \vhat you actually spend with whilt you planned 
(budgeted) to spend. Then you can see if anything is going 
\Hong and take action to put it right_. You can plan for the next 
y':'ar, toL), or for a new venture, with more accuracy than last 
\ e3r. 

Book-keeping " . 
It h Li ):!.~h)d idea to have three separate accounts: 

l .. ·\ ~..·urrL'I1t ~h.:count at the bank. 
:\ '>a\ ings ac~Jount for depreciatio'n of equipment 
'<l\ ing" fund) at the bank . 

. ~ .. ·\ petr;. ca~h account. There is ·no bank involved.,; 

(the 

. I 

.·\!! i rh.·Dmc.:. \\her her cash O( cheque, is paid into the current I 
LJt·cozuu. C~hh is paid in as quickly as possible so that lt does 
rhH -,t.ay m the office for any length of time. The amount of 
mnnc..·y dc·ru'>ited in the bank must be the same as that shown 
lHl the m \()1\ . .'C for the sale. All e:xpenses are paid out of the 
~..·ur-rerH ac~..·uunt either by cheque or through the petty cash 
·l,',','\111''"\f ~t' th._'\\ 'lr,:_~ h,, •"'")C~1 At tho anrl "f Or'lf"'h rY'\r'\.1'""\t,h the.. 
UI..\..\JUill ll lll\..} U.l'- Ll) \..U..)l. "-l Ul\.. \..llU VI \..U\..11 lliVlllll, lll\.. 

receipt\ and payments should be compared with the bank 
-..tatcmcnt, J.nd a s~mmary vtritten out showing all the sales 
1"-nllt JTlf•'\ rhn"-'' rh~Jt·h:~\·,-, n;1irl :::1nd thncP th'=lt ctill nu/P mnnP\1\ 
\ 't~''l '''l"-1 l1i'-.-J .. .-..._ ~~~I.~~.._....."'- t--'"'"""~~ L,...&.Jl'\,..<l Lll\.../•.J'"- LJ.JUL ,J\.!1!. VYY"-' 111V11\..)j 

and allt he e\pcnses (split into those paid and those owing). Do 
nnt lurget the depreciation charges. A total profit .for the 
nwm h ~..·an 1 hen be calculated. 

The sa\'lngs account rece1ves the mon~y that pays for the 
,_kprc,..'iJt i()l1 of capital equipment. At the end of each month, a 
,_:he~ue i-, written out to take money fr<Jm the current account 
and tr~lf1-,fcr it to the savings account in accordance with the. 
-..urn -..hU\\ n in the budget. If possible, the savings account 
-JhHlld he..· a depo:-.it account earning a reasonable rate of 
Intcre"t. bur this is second in importance to it being totally safe. 
I he "a\ Ill_~:?:.., mu\t be transferred each month, even if this means 



no profit is left. If it is not and there is not ·enough money to 
replace equipment or vehicles when they· .are worn out, the 
business could collapse. 

The peu_r cash account is kept in a tin or cash box. To start 
\vith, a current account cheque is cashed to provide a tloat of, 
"ay. S50. \\'hene\ er an item is bought from a shop it is paid for 
from the tloat in the box. 

The receipt from the shop is added to the box. If no receipt is 
gi\en the bookkeeper \\Tites one out, signs it and puts it into 
the box. At the end of each day, the total of the receipts and the 
cash in the box are added up and should equal the value of the 
float. Any. amount missing must be .tracked down and 
replaced. \\'hen the cash is nearly used up, the value of all the 
receipts is added up and a current account cheque written for 
the tL)tal. Thi" is 1.:ashn.t and the cash put in the box to bring the 
amount up to the original tloat: The receipts are kept together 
in aner1\elope with a note of the cheque number, the date and 
the tL)tal amount. 

PLASTICS \VASTE CASE STUDY 14 

:\t the end of April 1981, Penelope, Prida and Paulo 
produced their monthly account of receipts 
rn en t" a.'- fo llcmY ·N~' .... 

I ncume 
I rh:ome frcm1 Sale" 
Debtor" 
Total "ale" in April 

Lxp t' n s c \ 
Cheque'> dra\\ n L)n current account 
Petty ~..·a..,h 
Creditors 

Total expen"e" in April 

Deprecwr ion ( t ranskrred to sa\ ings accouqt) 
Profit 

\Vhile thev are pJea..,ed tu have a profit, they are 
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. w 

. ' . 
disturbed not to have, made as much as they had planned 'i: 

in the budget and they do not understand ·why. The)Lseek ',. . ~ 
advice from their bank mana,ger who SMggests to. them 
that they learn how to keep their accounts iir such a way 
that they can easily find out what has gone amiss, using -
a system of cost accounting. He ·al?o shows them how 
to check· or_ 'reconcile' tqeir accounts with their bank 
statement, having first ,repleni§he'd .the petty cash float 
with a cheque drawn on the current account for $85, see 
Table 21. · 

Rule 29 " , _ ~ ,, 
Only' very simple hook-keep1ng is needed for a small busfrtess 
with: .A book to record payments and receipts~ a petty c'ash 

" box, a c;:urrent account at the~ bank and a deposit account for. 
the savings fund. - · 

' . 
Year.:.pnd accounts aFe often demanded by the tax collector, 

~ . 
the bank manager who has provided a loa.n, or by an agency 
that is giving financial' assistance to a .small business. If the·· 

fi 
·business has kept good records of its recei_pts and payments, it 

,. can hand these to a qualified accountant to produce a balance -
-sheet and a profi-t ~and loss account which are what will be 
required. It is not n.ecessary for the business -itself to do the 
rather more complicated system known as 'double entry book
keeping'. 

COST ACCOUNTING 
-

This has nothing to do with the bank or the tax-man or any-
one else. It is a way of recording what. has b~~n;spent or earned 
in such a way as to make it easy to compare with the.,original 
budget. By. doi~g d1isc it is possible to: , 1 

· . 

- Make S
1

ure the business is going as it was planned to ,do. 
Finp out where and why if it is not. ~ , · 

- Take advantage of any'improvements in the busine~s. ·$ 

Budget better next time·. . ( 
Costs are-recorded under different headings and the head

ings used are exactly those that were· used for .the ·budget. At·· 
the end of the month, all expenses under a heading are added· 
up. The total is called the cost actual because it is what was 
~ctually spent: It is then compared ·with what was budgeted. 
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Table 21 

Q 

Tota.l 

' · 

. ~. 



... .-

··· .. :. -

.. -.. 

:. ~· . 

1.' ~ 

... ' ~ - . · .. 
;• .. 

· .. ·· ·.··· :. -<. 
··.'I,:, 

w Table 22 PlasHcs ~waste ·case stu.dv lS-. · . Curr~n·t 
~ . . ' ,. , . ..::.···-:·. ·"=-·- ··_:..:.< _· .. ~-~. ~ .. .;...:~:;.~~.i2~~:;_,;;.;;.;;,~,..L.:,-:·,:._,~2'.~"'.:4!:S-;~~:#+~~~~'$.t~;+,':;i~~ 

- -----Date-.. . Desc ription 
·or paymtrit . 

J / 6 I ~ 5acks of 
wheat:bran 

Cheque 
number 

342191 

·--------~~·~~~--------

4/ 6 Hire of lo:rry t~.-- 342'192 
B!yetown . · 

1 , 

5/ 6 

. - .. - - ., ... ·- -- _6 / 6_ 

8/ 6 

. ... 8/ 6 . . _., ...... 

,.: .~ .. .. ··-.. 

,.· .. 

To Petty cash· 
a~.:counr 

.\Va_ges 

· P<w mem to 
e.l e~t'ri ciarc .-:..., . ' . . . . 

.,.. I. ' 

. Pr(nted note-
paper aQQ 
en\'elope,s .... 

... 

342193 

342-194 i . 

'- 4~ 

9 



Table 22-contd. 

12/6 Payment to · 

electrician 

15 / 6 Hire of lorry to 
Bluewwn 

!8/6 3 Sacks or Feed 
supplement 

--· - --·· . 

19/6 Wages 

26/6 \\/ages 

27/ 6 Rent 

29/6. Rates 

29/6 

f.9i6 To money
'lender 

TOTALS 

·:.· .. 



i' 

I 
j ~ 

For example, on a certain day tBe following payments are 
made: 

Three sacks of grain for the donkeys 
\) . 

$ 
39 
4' A tin of paint for a cart 

Paymentto an electrician for repairing a light 
A can of oil for oiling the granulator 

.. ,... 

A new lock for the front door 

15 
5 
3 

From this, $23 (electrician, oil can and lock) will be put 
down to maintenance and $43 (grain, pai,nt) to collecting costs. 

The same can be done with sales. Sometimes, with wastes, i't 
is easier to study th'e number of tonnes that have been delivered 
to the customer instead of the value in money .• 

At the end of the second month, both the totals for the 
month and the combined totals for both months, are com
pared \\;ith the budget. At the end of the 'third month, the 
combined totals for all three months are compared with the 
budget and so on. These combined totals for every mori.thsince ·~ 
the budget began -are called cumulative totals and they are 
more help than the totals for each month on their own, because 
they are not affected by small delays in payments which can 
alter one month's figures completely. 

PLASTICS WASTE CASE STUDY 15 

Acting on the bank manager's advi~e, Penelope, Prida 
and Paulo change the w.fiY ~n which they record the pay
ments from their current account so that in June they· 
produce an accounts record as shown in Table 22. 

PLASTICS W AS'{E CASE S1UDY 16 

At the end of June 1981, aher three months of the new 
_ financial year, Penelope, Prida and Paulo are studying 

the cost actuals for the month an~;:omparing them'with 
what they had budgeted to spend ~Table· 23). 

. . 

. . They see that most headings .show th~ same actual as 
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the budget because they knew exactly what they would 
h~rve- t~ sp~nd, for exan1ple Q.Q th~_J"d1t. Electricity ·is. 
badly overspent, howevef:iliey wonder if there is some: 
thing wroiJ.g and whether they should call in an expensive 
electrician again. ,They know t.hey are a~eady over~pent) 

.. 
I 

I· 
I 



Table 23 Monthl~ comparison of budgets and actual costs 

Month of June 

Budget Actual Va~ce 
~2-.--:"2 

Rent 600 600 0 
Rates 200 200 0 
Electricity 100 270 + 170 
lnsur-~ 100 0 -100 

'l\ 

\Vages 1093 1040 -·,53 
Collection costs 240 200 - 40 
Lorry hire 180 120 - 60. 
C<J.piral costs 728 728 0 
Office ::md selling costs 50 33 - 17 
ivlaintenance 50 75 + 25!. 

·_ ... ····'~ntingency 334 0 -334 
' 

Tdt~l 3675 3266 -409·· .,. ..,. 

"' ' on rhaintenance and are trying hard to economize on thi.s. 
Lorry hire is underspent,and they are pleased about (his 
until Prida points out that it is because the last loaa of the 
month was delayed (because one of Penelope's sorters 
was sick\ which means that, although they saved on lorry 
hire, th'ey also are under budget orr their tonnage ofs~l:es. 
Pen~l~e promises that they will work extra hours th.~s 
commg \ponrh to catch up the-lost output. ·· 

\ ' 
Table 24 Cumula'tive comparison of budget and act_ual costs 

··Rent 

rb 

June :- Cumulative 

Budget 

1800 
600 
JOO 
300 

2'400 • 740 ' 
5'40 

Actual 
---········---··--····· ................. . 

., '" 
1800 
60q 
270 

·.,; 300 
2400 

,, 650 
480 

" 

.. ' 

"' 

'· . I 

., 

'· 

-=~· 

.. 

Rates· 
Electricity 
Insurance 
Wages 
Collection costs 
Lorry hire 
Capital costs 

I 
I ~238 . 

' '"150 
2238 I> '• 

Office and selling costs 
Maintenance " 150 

91 
292 

Total 1 ~-' r 9218 9121 . , 
· --~ ~~~.---··, .. ,_~·.c:·:.:·:-:-::r .:·c.:.:::::::,··--·----~---~*'---~·--:-:::;;:~· ·- -1l?'""R -~ • _-;;.~, . -...-...---=· ~.::f:ki£:J ;;a::.~::,.~;;···;;::::;;: 
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They then go on to look at.the cumulative actuals for 
the three months (Table 24). · 

This shows_ them ~that the electricity is not faulty; the 
_,..,...,..-Fi'*"Tgh -bi;tl Tii'"']tine was the bill fo·r- all the- three mon,ths 

together! So they do not n_eed to_call irr an electricial1i but 
even so, the increase in their maintenance costs is ratt,Ier 
worrying. They decide to get out all the bills for mainte'" 
nai1Ge and study them together. When they do so they 
notice that: . . . -

" i) .. They have bought five differe,nt lots of paint. They 
have all been brightening up their own parts of the 
business wfth the result that they have overspent oh 
this "'heading and th6y~now have five half-full cans 
of paint in different places! They agree that in 
future Paulo will do all the buying and he will pre
vent this kind of mistake'happ'ening again .. 

ii) They have called the electrician in five dines dn . 
three months .. They' decide· that .nothing can .be 
done, as it is unsafe for anyone else to do electriGal· 
work, but they decide that PFig'a wrll try,'aiid ~gr-ee-
a Iow~er price per hour with the electrician in 
exchange for a pr_Q_!!J.isethat' they willgive him first 
chance to do any work for them. : 

Table 25 Comparison of budget'~nd actual tonnages-' . ~·lastkwaste 
case study 16 . ·' ~ 

-····-··-~··--~-'--~·:·---·---·-~---·-··.:.__-·~--~·-· .--· - 1'·: 

I 

Bucket Co. Normal 

Cleanest 

,Moulding Co. Normal 
. Cleanest 

Transparent 
Opaque ,white 
Pure. colours 
Mix;ed · 
Transparent 

. I 

·Total 

. June -Cumulative 
--·· •••T•--o---~-·~--:--~,..,_,,~-. ~~~ 

Bua~et ·. Actual · 
-··c--.~-~.--~.-~, 

12 
3 

6" 
9 
3 

3~ 
, .i I 

). t; 
14 
4 
4 
9 
4 

,, :-.' 

. ~ ') ' 

. 35 \' 
\, 

Transparent · 15 
Transparent ' 6 

Total. 21 16 ' 



They finally look at the cum~lative tonnages of 
material that have been delivered to the customer (Table 
25). --="-

~-·---:They see -th~t ~he/have been deljvering a little over the 
b.udgete¢ quantities to Bucket Co.· and a' little under to 
r\1oulding Co. As Moulding Co. pays a better price, and 
they have doubts about the future market with Bucke,t -
Co., they decide to alter this and make sure that Mould: 

' ing Co. gets .the larger share oLtransparent material 
and that any shortfall of transparent materia'! ·to Bucket 
Co. can probably be m~de up with coloured ·or white 
material. 

They are ple;ased to see that, if a sm~ll-correction is 
made for the lost load at- the, end of June, they are ahead 
of budgeted production and this, combined with being a 
little below budgeted costs, means that their profit is 
likely to be better than budget if. they can corttinue the ' 
same way for the rest of the year. Paulo decides he will 
write to one or two companies for details of their pellet-

. hers. Penelope decides on the sort of'clothes she will buy 
her children. ... 

Rule 30 
Sales and cost actuals can be compared with the budg'et to find 
out what is going wrong, how to put it right, improve the busi
ness and budget better in future. 

Costing dijfererit materials 
Every collector or processor o(,wastes· has to make the initial 
choice of whiCh material to collect. Is it more profitable to 
c,ollect a large quantity of good material from a distance than~ 
scattered arisings of poor q~ality material from just around 
the, corner? The methods of budgeting and book-keeping that 
have been described will provide an answer, provided that 
records and accounts are kept up to date. "' 

The price~per tonne for which he sells such materialis known 
·to him. However, some may cost more than others. The 

·-., 

invoices tell how many tonnes were delivered. He "leeds to . 

I '\1 

know the to.tal co·_·s· t of co.'lkctiw. pro~essiJ1g andd_eli.Yer)Lof~lL-~·~·:. ----·· 
~~~n$i:::Ei¥!2f1221~ ~~ . " . 
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A !locating costs 
If a cost is due entirely to one batch of material this is easy. 

However, if a cost is incurred on an operation that produced a 
mixed quantity of ma'fef~ it" is more difficult; the cost 
has to be allocated, (or separated) between the different 
materials in a sensible way: by weight, by sales value, by time 
spent on each etc. ·There are no true answers, 'no right and 
wrong method; the right way is the way that seems to you to be 
right. , 

For example, a collection that obtained 200 kilos of oad 
material from calling at houses for six hours and then obtained 

'-' ' 
400 kilos of good matefial by two one-hour calls on factories 
could ha\·e its co.sts allocated either by weight or time. In the 
fo-rmer case, t·he good material would carry two-thirds ( 400 kg 
out of 600 kg) of the casts, ip the latter the good material would 
~..·arry only one-quarter (t\VO out of eight hours) of the cost. By 
raking more time for a collectior; you have to pay the collector 
h ighcr wages: by collecting mor~· weight you give the donkey' a 
he a \·ier load to pull, home. Obviously, time has more effect 
than weight on the cost and in this exampl~ it would be better to 
allocate by time. .. 

Thqse proc~sses and costs that cannot be allocated are split 
up in any \\'ay that seems intelligent. The rent and rates may be 
allocated in proportion to the amount of space taken up "B:Y"..:. 
each material: 'if.they are similar rhis is probably the same as ·· 
splitting them by weight. The office and elling costs might be 
spJit up according to-the sales valu . f one. material, such as " 
paper. is inflain.mable and· an9t er, )ike iron, is not, then 
p~rhaps the paper should stand c 1I or most of the insurance 
costs. '· ~ 

All the costs during a given mo 1th can be totalled up to be-
.4 

split ben.,~een the di.fferent ma.terials, and these costs sub-
tracted from the_yalue of the sales o.f eaoll. It will then be clear 
which material makes the greatest contribution to the overall 
profit and \vhich makes the least. Some material may be s~en 
actu'all.Y to',reduce profit anc;i, after the calculation has been . , 
carefully checked to make sure there is no error, it may be 
decided to~·stop colfecting it.- v 

However, if no alternative' can b~ collected ip its place it may! 0, 

be thac this material helps to cover the fixed .'costs: rent or ( 
. vehicle~ tax that canl)ot be requce~" just by .stopping that" 
, collecc ion ,''bnly by sellingthe building or vehicle which \\iduld ,. 
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ruin the rest of the business. Decisions to stop a material must 
only be taken on the basis of the real savings they make. 

PLASTICS WASTE CASE STUDY 16 
0 

' >, 

Because they get a much better price f~~e clean 
material, Penelope, Prida,and Paulo decide to st~how 
much profit they make on clean material and how much 
on dirty. They decide to make the calculation o-n the 
budgeted figures for sales tonnage and vaiue and for 
expenditure. They know that it would also be possible to 
do the calculation on the 'actuals'. However, they only 
have acruais for three months of the year so feel the 
budget will be better. 

They decide to allocate the costs as follows: ., 
Collection costs will include the wages of Prida and 

three collectors, fodder and maintenance of the carts and 
"the capital costs of the carts. These wiH be allocateq 
according to the number of days each week that are 
devotee to collecting each kind of material. In practicd. 
clean material requires one day for each of the three carts; 
dirty material takes the other four days, twelve in all, but -, 
they decide to reduce this to eleven as [here is often some 
reason \vhy one cart does not turn out. 

Cleaning costs only apply to dirty material. This 
includes \~a~es for Penelope and Peter and about one
quarter of the rent (because a quarter.of the d~pot space is.') 
devoted to washing), and half the rates (because washing 
uses water which -is a major part of the total rates bi11). 

All other costs apply to all materials and they agree to 
allocate these by weight of sales. They draw up-Table 26, 
using the annual cost totals from the budget (Table 19) 
and allocate 39 Y2!2IO,to cleanest material and 170Yz/210 
to normal material· (from Table 17 Annual totals 6f 
weight). They sim'plify this to one-fifth for cleanest and 
four-fifths for normal. 
From Table 26 it is evident that: 

1. Their ,profit is, in fact, 'co'ming from cleanest· material 
~20,450- 7,610 dollars, line 11- line 10) and there is,an· 
overall loss Oft"i!tOrmat·material (31, 585 - 35,708 dollars, 
line 11 • line I 0). . _______ _ 

~ 
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·- ____ .. - - -· -- - UTatH~ 26 Pl1rsti'CS waste C115e-c-snnty==-t6 Cost per ilonneof materhils 
~ . . 
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.-

line Source Cost .. ..... Total --

1. ,. 
3. 

4 

5. 

6. 
"7. 

8. 

' 

9. 

Ta.bJ.~ 19 , 
, 
,, 

Lines: 

Collection costs al located in the ratio 
\vageso f"·c·onectors-·+ Pr ida ~t25·ctollars-a week 
Fodder and maintenance of carts 
Capital casts of carts 

. Total - ~ollection costs . . . 

1+ ~+ 3 . .. f 
Tab1e )9 Cleaning costs all allocated to normal 

. Wages of cleam;rs· Penelope and Peter @ 65 · 
dollars a week 

, 

II 

II 

One quarter of the rent 
One half 'lhe rates 

5 + 6 + 7 Total cleaning costs · 
( ; 

Table 19 All other costs allocated ·in the ratio 

for theyear 

· --6-B00-- -
3000. 
6048 

15548 . 

3380 
1800 
1200 . 

- - ...-- ·· ! • ,• 

6380 .. 
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,Table 26--cont£ 

Line · Source · 

Total costs · 
Total sales value 
total tonnage sold 

... '~-- ~-- .. JJc!o -, ... J.O. f 12 Cost per tonne 
--::---~··!'----:; :$~·-· ~-:.· ·; ·~:: .. ·-. ~-; ... ! . .'~-~~-..:.:]. :.~~~~ .... :. ~-;J~:::· 

10. 
/ 11. 
12. 

4+8+9 
Table 18 
Table 17 

14. 
15 . 

16. ·-
17. 

18. 
19. 
20 : 
21. 

Ta81~ 18 Price -per tonne ·.-· 
II • .,.. 

II 

II 

.. ,· 

14- 13 . Profit per. tonne 
15~13 ·· --- ' ~· . 

;16 - IJ 
17-13 

·, 

Cost 

\ .. 

' . 

Transparent 
Opaque white 

Pur"e colours 
Mixed 

Transparent · 
Opaqu~ wfiite 
Pure ·colours 
M:ixed;.._ __ ~-

" .... --~""-'-:::··'----------·----·- --- ------ -.- -·-------·--. - -------
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. I 
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I 
2 .. However, tr-ansparent normal material makes a profit of 41 

dollars a tGnne. ·(line 18) 
3. Opaque wqite and pure colburs normal m~teriai make a 

small loss. (lines 19 and 20) . 
4. ~1ixed norma-l"makes a heavy loss (line21). 
They decide that: · / 
1. They will speak to their customer and explain that the)'. are 

making a loss on normal material, especially mixed, -and 
ask him for a price rise. . · · ' · ~ 

, 2. If they cannot raise the price they will stop coll~ctions from ..... 
sources of normal material that do not yield a high · 
proportion of t-ransparent mate_rial a~ well. · . 

3. They will explain the castings to their eollectors so that tb,~y .· 
.. search out the most profitable mat~,rial.~ · .. . . ; 

4~. They will reconsider the calculation in a montn's-time abcto 
· udy the possible effect of stopping collections oftrorrriai · 

at erial a,Itogeth,er. ·. -~ ~ · • .·. -··.· ·c ·· 

1

: 

5. They will consider whether they can increase the volume 9( 
ri),rmal material by enough to spre~d the fix~p costs_,r~n1t, 
insurance, office costs, etc.) over more, material without 
g-reatly increasing the variable costs (those that :increase 
with volume of material such as hire oflorry, wages of col-,_ 
lectors etc). ,, 

.Rule 31 . . , _ . 
· ,'The._p)<ofit per tonne of each kind of.mater.ial can be calculated 
. tq show w·hich collections should- be increased and wh.ich 
should be stopped. . a.(;----·'·-·- ---··-o;-· .. ----

~s 

. Case study 16 
profit ~av 9 .. 
- Incz:ease ~e 
- Cuf'cpstS; ~- " 

-. ' .'lt ~ . \) ' . ' 
...,. - Inireafe~!o.t~l :v e of sales without increasing .. cos_ts in 

. proportion, i.e. on materials whoservariable costs are low. 
' compared witfi fixed costs. · _ ·1 · . ~ · • 

~ ' - - ! ' 

- Increas~e"volume af·sales of profitable materials. . . 
- Reduce ot discontinue collectidns of less .Profitable o~ 

unprofitable materiaJs. . " . .. "' .. _ ... 
. It als0 sh.owed how the diff€rent, simple costigg 'rt1:ethods : .:,~ 
desCribed nelp:ffi1lke these possi-ble~ Even the increase iii sales; :~ 
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priceurlgm depend· on beir\g. able to conv:illfer;a customer that 
you are serious in your threat to stop supplies of one materic;il 
because it is not profitable; without your impressive figures he· 
may think you are just a good salesman with a cheeky bluff! 

· There are many, many other methods of accounting that will 
help a small businessman to do other things for,his business. 
Som~ of them ar~ jus.t as simplf as tho~e described here.~· othe~s 
are more complicated. Readers who··have felt happx, m)heir 

· 'Understanding of.this chapter (or wno felt 1t. was so impossible 
to.und~rstand they ~ould like a more co111p·etent e.xplanat,ion!). 
may consult the tiooks.in the further reading secsion. 

Rul.e 32 
By learning how to improve your· budgeting, acccntnting and 

·costing. you will improve y:;our control of your bus-iness ari"d 
' .~. j ' • 

your> profit~. :· ... 
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Summary of Rules fnr Creating Work from" 
Waste · · 

. . . 

1) Find o)Jt whicfrwas~es _.occuf in the district that are'ridt being 
. · ' used. _ . ·· 

·" 2) Find out the quantity if possible. • 
3) Find out the uses of markets that exist before starting to collect 

waste material.') · , 
4)' Find out the quantity .and quality ,required, where the markets 

· , are and the price..tbat might be obtained:. · · 
·s) Decide on the type of technology ne~ded to change the material 

from the form in which it occurs into theJorm in wpich it can be sold 
and \vhether further technology is desirable. 1 • 

6) Remember that' with simple, home-made technology you can 
often process materialcheaply to~increase its sales value and reduce 
transport costs. 

7) Leave complicated technology.. until you are fall).iliar with the 
product· and the market and can find the money needed' without 
endangering your business. ! 

8) Transport is one of the highest costs· in a waste business. It may 
decide- which.sources of supply or. marJs:e-t--$ are economic. 

9). Transport costs can be reduc~y·: ·· -.. ·· · 
~ making door-ttO-doorvisits~foot withffa bac·k-up vehicle; 
- using cart's drawn -by y.oople or anii:nals instead ·of motot vehicles; 
- hiring v~icles fo-f'"f)art-time work; and 
- compressi~.:rffilterials,andnrganizing material handling to reduce 

the time tne vehicle is required. 
10) Plan your workplace to minimize rent, transport costs, handling 
effort and outside interference. Decide which services and space you: 
need now and which can'be added later. 
11) Although waste may be dirty, heavy, infested or of low value', 
the people who handle it should be treated as valuable ass'istan,ts and; 
provided with reas.onable pay, food and drink and was.hing. places 
and treated with courtesy. " . . : :;,"':_-
12) Manage·ment ~s the most import~1flt alctivity bul js done best by,·., 
people closely-involved in the running of the· business:· rt all share in . 
the management of a small business i'here will be a greater sense o( 

I • ~-
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partnership but sdne do certain jobs better than others: ~-~' cone 
person should be responsible for each activity and a pr,pc /' /: ·e for 
taking big d~cisions is heeded. ,. ~-
13) House-to-house collections should be planned- to kfP the . 
distanc~ covered low, the handling of materials easy and to get co
operation from household1rs by taking care'ful account 0f their 
soc1al preferences. ,; , · 

)4) C .. ~mpact.materials du./in. g C10·. eCtion,,''sing ~aste containers Or 
other srmple means. , .. · ·. / · 
~15) Plan your deFJot so t~~ ,_ 
-'materials travel in one directiqn, ·a tpjnimum distance.; 

"'- there is sufficient storage space; - . 
- employees can work comfortably and safely; and 
- costs are kept low; ·· ' ~ 

16) By grading materials, their value is increased, often by much 
more than·,the cosr of the·job and additional emp}oyment can be 
created. ' J r ' ~-· ,; 

l7) Keep material' clean and separate from dirty material to obtain . 
the highest prices. · 
18) When going for an interview, always wash thoroughly; be tidy 
and dress as smartly as you can manage. Wear a tie (which meari's a 
shirt as well!) Behave with quiet confidence and good manners. 
19) Find out as much as possible about the markets into which you 
are sellipg, using sources of written information su·ch ~s libraries a_nd 
talk to people, especially the managers of factories that use your 
products. 
20) ~e the information you obtain to plan your marketing so you· 
do not depend on a single ou'tlet. Sell to final users, not middlemen. 
21) ~s with rule .number sixteen, be professional in your salesman
ship -in telephone calls, letters and especially visits. Plc,m ahead,, 
be neat, clean and courteous. ' 

I,'' 

"22) Never n~,gotiqte a price without firs(finding out what'price you 'l!' 
d- - ;:· \1 4 

ought to get; ~what otners get, your own costs and how much your 
cu~tomer needs your mat~tial. Work out .the lowest price you c~n 
accept and· start by asking for more. ' / ' 
23) Transport is one of the highest costs in waste handling butccin be 
reduced in many ways. Use of your own lorry is one of-. the most 
expens.ive forms of transport. . . . ··:,.,{ ' J 
24) All deliveries of material to a customeJ; s~ould be accompanied 

' r 
by,.~uitable paperwork. 1 •• · •• • 

25) The safety oLyour business and its pe.ople can be ensured by 
, learning and acting on a fe)y simple rules - and in- the long runth.ese,b 
will increase your profits too. , 
26) By budgeting, you· can spot the profitabl~ activities and spend 
more money ang time on them. · · 

? 
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27) Budgets and cost actuals should take account of the deprecia
tion of capitaJ.e~ulpfnent'.i:md cash may be set aside in a savitagsfurid 
s.o that equipment can be replaced when it is worn out. ' _,,; 

· ~8) Only very simple book-~eepiHg is needed for a small busint~ss 
~Wi\.·ith a book to record payments and receipts, a" petty cash box, a 

·current account at the bank and a deposit account for the savings 
. fund. 

29) Sales and c~st actuals can be compared\with the budget to find 
out what is_ going wrongt how to put it right, improve the business 
and budget better in future. . · 
30) Avoid cash crises by budgeting cash· movement,. controlling 
debtor~ and g'etting support from your. bank manager. ,, . 
31) The profit per tonne of each kind of material can be .calculated 
to show which collections should be increased and which should be' 
stopped. 
32) By learning how to improve your budgeting,' accounting and 
costing you wilL improve your control of your business and your 
profits. · ' 

;; I•, 
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APP.ENDICES 
. 

I 

" 
Conversion Table 

' ~ ' 1'• 

Quantity- Imperial units to. Metric units to 
' ' 

Metric units Imperial unif{ 

1 h.p. , = 0.746 kW 1 k'W = (34 h,p. Power; 
Energy 
£Weight 
Volume 

1 B:T.U. =. 252:Calories .}. calorie == 0.00397l;l.T.U. 
1 Ib - = 0".454 kg -1 kg := 2.205 lb · 
r ,gal = 3. 785 litre . 1 litre- = 0.165 gal 
1 cu. ft = 28.33 lit. 1 cu. m = 35.316 cu. ft 

Length 1 inch = '25-.4 mm 1 mm = 0.039 inches ... 

Area 
1 ft = 30.48 em 1 em = 0.393 inches 
1 sq. ft = 0.092 sq. m liJl. m = 10.764 sq. ft 
1 sq. yd = 0.836 sq. m 1'"!q. m ,; 1.195 sq. yd 
-1 acre'' = 0.404 ha 1 ha = 2.47 acres 

----L- ·-7- _-_-___ \ 
T-e~;er~t~r-e --~~-~~~i~;~~~ = -o~altr~~eit X 9/5 (tnen add 32) 

~ °Fahrenheit = °Centigrade X 5/9 (after 
subtracting 32.) 4 

-·· 

Whe(e, to obtain <flore infor,nation a~d ai~ 

Where to get g~neral information . 
I,\ 

The Telephone Directory often-shows the kind of business run 
by each listed company. '" 

The Classified Tefephonf:·Directory (sometimes called Yellqw 
Pages) cim only be found in some citi~,s and ~ntries. It is ;;1n' 
i'nv~luabl$- help to anyone starting a business. "JJ it exists, buy 
ypur own copy; it can save you hours! '- . 
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Other directories ( e~g~ Kompass) lisfc.(1J11panies, their products 
etc. They are usually found in~JH:Jtarie.s 'and inforqmt.ion 

~ centres. Perhaps a local factory manager will let you look athis-
•• , 0 ' .• 

> . 

.... copy. • ·. · .. · •.J 

. ' 

.. Libraries may also contain:" . 
• . . 

Tec]lnf€al books . 
'.) I~ 

- Technical and trad~ journals~.(rriagazines) , 
- Encyclopaedias, especially the huge Encyclopaedia Britc:m-

nica which has· much informat.ion on wastes _and ~Jl ¥Iat~
rials and proce~ses g~nerally. 

I ~ ' "" ~ ~ . :l 

Library st:aff are traine"d (and p~id) to h~lP yoi.ffin'd inform-a
tion; ask thern for help~ 

Ma'terialsReclqmation Directory is published every year by the 
, Trade Journal 'M-aterials •Reclamation'. This ~ontains· a ·gre,ai 

· i', ~deal of up-to-date technical informati0n .about recycJing: .:' 
" Similar publications may be obtained from the U :S.A. and 

certain other countries by applying tq the info~mation offices·,. 
attached to their embassies; · · · · · ._, · 

Inte~mediate Tec;hnology Publications Ltd. · publi§h ·.many 
books on different kinds of sirhple or "approp.riate'·,} techno I,.. 
·ogy and industry. Write to 9 King-Street, Londob. WC4E SHN·, · .. 
U.K. for their]a~est pubficadons Jist·,·free. ofc;harge. ~- ·.·/· . _-

,· '(, . ' ; 

• 
Where to get te.~fzliical h~lp '·.,.. " · · 

..:.. ..: ' ,j ·• ' lo 

·- •• \ ) 0 •• • • ' •• , ,• 0 .. \ -~ 

··University and Tec!Jnical Ct;>/lege.lecttirers arid tekhnicianswiU; · , . 
ofte_n~give help dire~t or suggest wher:e it ~ay be·fottnd. . .... ·.< .. 

:t.~~ ... : ' ' ' ' -~ "" - . '. . . ~ . .._ ·1~ ·• --· 

. Cu;~o~ers usually.:~n'ow mor_e about tbei,ro~rt-bu$iJ1~~i(~·~·i.-·.-·· 
artypne else. Remember that~theiranswe.ts rnay be destgned ~o. 
persuade you to do wha.t wiH ben~fit them~;ii6t'your .~"-~ .. ".-· ·-

Trade~~~chnical and ~esearch Asso~i~tio~s. o.ften rurt an ·' · 
advice ~~u1d info'rmation.5ervice. Sow.etimes· this is only avail-· 
able .to' tij~ir members. but usually wiil .. be 'made,.,available 'ror ... 
genuine enquiries.fram'·small·bu.sinesses·~·.The names ·of such• ·.,. • 
assoc~tions can be obtained from a· 1il5rmy ·~or. fro<)ni~the .- . 
I\1inistry of Trade or Industry.: , !' :r • ~~· • ,<~·-·· .. 

\' ... 
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· UnUed Nation~, Speciql Agencies: s~c·h. )s" UNQP (United 
Nations Development Pro"grainine) and' th·e :. ILO.~jinter
national _Labour Office) often employ __ iechni<;al staff to as·sist. 

·. the development of.' dew industry. Many cities h?v·e.·excellent 
U{1ited Nati-ons libraries. Sortie .of. the. huger industrialized 
cou·ntrie£. also o.ffer such help·. Ask gr the.ir l~~mb.assies. · . 

- ·.-! • ·i·: . . . ~-:··~--;·-~~: ~,~:·, . . - .. ~-~,· r.· 
. ·f ). . . . . •· . "' ... 

Tfie l3rlti~l~ Co.yncir Which has· of.fic;~s. il).. :m~nx ~ap·i·tcll cities:': 
.. "..(andlibr;ar.ies iry sopl_e) cafl givey'ou t~e'nqmes and address~s of 

.. · "(fie·''fr~ue association-s w:hich covet the.~actiYities of U\9St partS __ 
" . f.· oKth~ 'reclarn~~iGn indystry in Bdtain~: .. a~d .WhSJ mayb~yy_iHing' 

to give advice to enquirers f'tom overs:~S. 1 • ;;; .-'·t· -· ~,-·-
. ·_ ,;._;,. .... .. - ; '; -.~:r .,. 

• 'Yl!:; ___ .·' /.:... ....:. :· ,· - .••• • .-~·: .•• _~- -- "'__; •• -~-~- •·• - ,' -~. -~-~- ----· 

The- .I fj.ternie_diate Technofoi!Y .. Pevelopment Group of 9 King · 
Street;' Londqr; ):VC~E'§}l:N~JJ~K- n.iri{an advi~ry service, fo< . 

f enquiries· from de.veloping countr'ies.a.Iid em~.J:oys specialists:in;~ 
:" . -, ... J ., . ... \ I' '\1. . 

.... 

I 

.. 

many different brahches of techrio1ogy c'Jth~r than was.}e .. 
· :Enquiries .about w~sJ~.ari.d its uses can b,e ·addressed to the 

. author at this-address,. . ' •. ' . ,, .. . 

I , 

· ~ Appropriare·tecirnoiog! Insiitutions such ~s: 
·~ 

VI-TA Volunteers in TechnR:al. Assistance, 3.706. Rhode·· 
Island. f\vB.nue', Mt:· R.~1rtier, Ma~=yland· 29.~~.,,:' 
U.S.A. i • ' .. I'· ,. ,. 

- "' ~ . ~ . ~ 
NDRCd ---N-a+io·Ifal-- Researeh~.Oevel'0ffme~o~r-at'ien. o.f-

. . . · India, 20 Ring~Road, Lajpar Nagar III,· .t':J~w Delhi 
·.. 1100.24, India. . ... · . · . " .·. ~ , 

ATPA - Appropriate .Technology. DeveloP.~enC: As~oda.:.. 
tion; P:.B. 311, Gandhi ~hawan·, Lucknow 2~6001,; 

· U.P:r, India. · · · : · · · i 

TC~~ .- TeHchnology Co~sultancy _Centre,. UniversitY, of 
Science and Tecl)noJogy, University Post ';Office·, ,.. 

· Kumasi, Ghana. · ·· ·· · ·. ·· _;i. 

·Where to get business advice 
l . 

----- -

·Y ~'ur Bank Manager is one of11lhe most expedenced·b.usiness_-
• men in your town or district and will know many of the other 

businessmen who are his customers. It is in his int~rest to help 
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I 

. ' 
' /. ' 

your business prosp~r, so usually his advice will be_ to your 
b~nefit ,_ · · ' . , .J .i 

,. D' ' ~ ·,.' 

' !1 

Small Business Associations (w_hich are ofteri a section of an' 
· ·lngusrry, Tract~ or Co.mn1erCial Association) exist in many~- ., ... 

. c,i.~ies and s·ome small~r fawns .. It is a· good idea to bec<?me a ~<
n1ember if y{)u can. You~ill meet people who can help yqu in 
vour own business and youmay have opportu~· itiesto attend . 

. lectures or meetings thatwill be helpfuL Usuall these "aS'Socia-
.• ! . tions t~y to·~~ise t~e social standing of their meni. ers an~~ s~~tl, 
· waste collectors may fi·nct t'1ey do not get a »'arm ~elco~e!The .. 

0
" 

ans:\'er to this is to wear a su~t, collar an? l!~, \~o .. wash 'a~d · . 
po}Ish your shoes before you go and t~ say httle·~~t llsten we_ll. ·, 

Governt.ne~ts (u,?uaHy -~h·e Mr~istry .~r-r~~ustry) ~ften ~un ·~n . 
Industrial ProrJo_t1on Service to help s.n:mll firmsg" et started . ~ ~ 
and, on~e start~d, ·to st-ay healthy: They are often ifficult to ~ " 
deal wit{l.due to red tap~ (official fonns, regul.9-tio .s etc.) bill-~ 

' may genuinelY.. try to be"helpful and flexible towatd~ less ex;pe- , "~ 
rienced o. r less ed. ucated .. enq.uirers c T·hey ·oftert hav~ ac;ce. ss tq · 
large sums Qf money from which to grant techni"Cal ~pd fina:n- ~ ~ 
cial help but, ali too qften, .dem~nd -more security ~or lqans ,. 
than. should. be expecte~ f(om a new busine·ss. . . 

.~ 

\ I . ~ ·' . .., \ . 

~ United Nations Agencies as Well as the governments of some" of · · 
·the indust;ialized coui1rrie-s-, may, run pusiness()advice s~rvices. ··~ · 
Ask tit individual embassies. • \. 

\ . 
. ' ' 

Jfhere' to getfinancial help I 

\ 
\ 

\ 
1;, \ 

l -Yourself if possible. The very be.st source 9f finance (money) ' · 
to start .a ~wall Jbusi~e~s is your. own ear~gs of those oryeur~ 
close fnends and famlly.. ·. . ·. • . :\;', 

Yo~ r bank rnak~s _it: ,living .not' o~ly ·by keep;ng ~oney :s~f~jY 
for people like you~·mnalso by lending its (and other peoples\). . 
money to people like you, t-o,Jnvest in businesses that will hel~ .. _ 
the money grow~ Never be afrai{Lto ~sk your banK' fo_r money:\ ·· 
Dress propt;rly and be prepared to ·a;Qswer searchin'g ques1:i9ns 
about the business and your plaps fori~. If possibletake~.along 
papers to show that you have do fie some ,careful·pl_anmng., , 

3
< '7·, 6 ,/!, - ,, < ) • 
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·-

I, 

.. 

Go\.·en.unent Sm,a/1 Business P·ronzotion:.Cehlres often have 
· . fu.nds· to h~lp sm~ll companies get staf.t~d.· . · ·; . 

'.. .. ·,.. 
' . 

' ~ . 
Ut~ired l\r.ations~.Agencies a.nd agenCies. set up ·by furejgn gov-

: crnments :nl~' be able to he.IT? wit0 rriorrey but qsually.ther~ is· 
too n1uch red tape for it toJ3e effective.: 

; ... ·· ' r -~ ~-
. . ' ' ' '' ,, ..,_.. . ' jl 

DevelopJlJenr Agencies· that are..not run by or.. connected with 
· Go\ernments are much more flexible and easyo~fo deal' with~_; . " ' . ' 

'There ate .many and they differ jn ·different'copntrie~/_but som~. 
<..:r'"t1h$.besta,r:dm.ost.hetpfuTa,re:'·. :' ·· · ,. 

1 ' • -. • • ', ' .. . • 

Agencies of rhe VVorld ·council-of Ch-i1ri.:hes. The n~me and· 
address of th.e ·~rson in' your co.untry or distric.t.-'br 'town wbo 

• ~ .•J ' • ~' .• 

··ws).fks \vith them can be founp by asking ·yovr I'ocal pries\ or 
. . n}inisr~r. It I)lay even be him. The RQman.CatnoHcCh.urches. 
·· orten w'ork sepatat~ly but. \Vili als·o help. ·. · . ,· 

' 
;ot • Oxfqtfl_, thc'agenty for wh!ch thei.HJthor wDrked for five year!), 

)1aS sta ffat1d Qffices,piri many ;countr'ies of'the·world. Gxfam is 

· • de~iG-ated. [0'1_~~lp. in.g. t.n .. ' e·, poorest p·e?ple.· .. and:th~se. wh __ o.· ... a:( 
uw ble t.d obtam· help from elsewhere bu~- the~ would rath~r , 
sup ort a genuine attemgt by a. grOJ-l'P pr a coinfriuni't.y df 

\. peo~le ~0· s_tart.' a' business' that \viJl e..rea.te'. employl}lent than to . 
. he1p.a business' tha.t.\vi1l only benent 'one tn..an""ot one family .. 

" . ... 't. j . .. ~ • ' 

j ' ' • ·,. 

Of~~-· r DeveloP.. 'lJent Agencies in,,th~ Brit~sh Cogurionweaith·; 
. their\ names, addres"ses .a.nd the kmd .of work they do or 

. , . supph?t, c~m be fohlnd'fr0m di.teGtories _pubUshedl)y TheCoin
monwea11h Foundation,' Marfb,dro_ugh House, London SWl Y 

- .. • • ( . '&- ' .• 0 -f 

5HX, Engla,n~I and th~y will senP, them fr~ of charge.. .. ', . . '{ . 
.. .. , ',• ~ 

' ' • ,"! 

' ' ' • • _· • 0 ": '!· . > ' 
~E~fEMBER ·If .you write to an address to.ask ~or'assi~~t . 

. informat.io. n.' do give·a dear ~d9F~ss t.Q-.w. hi_ch;the reply dan be· 
se~l. \\_'nte m BLOCK.CAPITA~~ and InClude: .. // · \ .,.f. 

·t. :-- .. /. 

,..,/·~ \\ 
/ . 

; // \ 

.. 
Your name 

The number of your house or the hou~re of a friend who 
wil'l take let,ters fo_r .you. If you hav~/ no house asK at1;the-: 
Post Office foF a Box Number fo·r a short period. \ '' . 

~ . . . . ' 
.:;J! 

~he .pam~ of the str:~et . w 

11'< •• 
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\ 
'\ 
,\ . 

-. 
\ 

The district · 
'. ' 

. · The town or cify ~ 
.~ ' 

'" The ~ountryin which you liv~ 
:~> .. - . 

You do not need to send a ·stamp ftr the rep1y when writing .to 
any of the bodie's (is ted in this Chapter, bu't do put the :right 

. valtt.e stamp dn the letfef you write or·it may never arrive.\ . · 
\ ' - • 1.. 'il "':. ' 

,. ~ . ' 

<.-,' ·~ 

{• _, 

.,~-
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Business No. 1 by Frank. Wood .. Longman 
ongman House, Burnt Mill, Harlow, Essex ' 

'. ' ' . ~ 

·Accounting 
·Group L.td. 

. CM20 2JE, 
;· 'Accountine Business by R.J. Bull. Sweet'B.nd Maxwell Ltd., 

If New f L' · ane, EC4P 4EE, U.K. -. · 
. . o Bqok_-keeping by~G.W. 'Srnith. East African 

. ~Pub:. use Ltd., P.O. Box 305~f,.~air6~i, Ken'ya.~ ~ .. 
B(~er ·for the Smqller\firms·(2ncl~Editwri), by E.CJ .. 
WCfr;. Btisine~snBooks, 24 Highbury CJ;escent, Londo_n N.5., 
u., .. ,, . '. .,, " 

Biog({,s . •• 
.11 

I ~ ~ - \ 

_, . A Biff(l'ography of Methane, GeneratJ~~- Inte;medi~te_ T~ch.-· 
.,o ,nolQgY Publications Ltd.) 9 King Strett\ ~ondon WC2E~HN, 

,< •• • ~:~i(zese<~iogas ~a~~a/, edit~d b; Ar~~e vatl ~urefn:· lntei-. · 
. .:.(Jlediate Technology ~~bl~cati.?,t\S Ltd. \ ,. ,:~ -t ~~ 

1.0 ' \ \, ~ "'~ ·~·- ~~ 

. ' / ',:i).:i ;• 
" · " r ... , --~·' . ·.\ ~ &. 

Composting I Use of Nightsoil an.d Sewage .~ 

.•. ~ 

' :r,.. . /,• ·- j I> 

Biological. Recliun.ation of Solid Wastes by C.G. {)olueke. 
• ~od.ale Press; OrgaF1ic Park, Emmaus, Pennsylvarii~~~I8049, 

.. ., ' lJ . I ~u 

" tJ .~.A. . ~ . . , 
Co-mpost; Fertilizer. and Biogas Productiof}from Human and 

, ·Farrf(~ r-vastes it1 the Peop/e~s ]J.epublit' pf China by M.G. 
McDarry and J~:Stai!tfo,rth (_E-els). Internationa) Dev~~~ .. 'pme~~~ 
Research Centre, I? .0. Box 8500, Ot-tawa, KlG;3H9, anada. 

. . 
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Jj i {· ... .r"7~···' 

., Management of Solid W.ast¢rS in Developing Countries by F. 
WJ; 

1
Flinfoff. World Healf~ Organizatio~, ~ew Delhi, India .. 

\ ' • ·,. i i . / ' ' ) ~ 

" I I "-" -· 
The Forge and the Foundry!! 

l . ~ . 

:I . 
; 

Foundry" Work by Stimpson and Gray. A~erican Technical 
Society, Chicago, U.S.A. :: . 
The 'Iron Foundry- an ll}(iZJstri{ll Profile. Intermediate Tech-
nology Publications Ltd .. ;I · \ ~ ,~ ~ 
Forging. by Hand by Alexander Q. Weygers . .Van Nostrand 
Reinhold Co., 450 West 33nd Street, New York 10001, U.S.A. 
Metal Forging and Wrought Iron Wo.rk by·,,,dohn A. G~oss'. 
Mills and Boon Ltd., 17-19\1Foley Street, Londbn W1A lDR, 

I U.K. 'I ' 

Oil Dtum. ForgfS. Intermediate Technology Publications Ltd~ 
\ ' 

Small Scale J;oundries by John Harper. Intermediatf rech-
nology Publications Ltd. ·· \ · ' · ., · , 
Guidelin~s for Establishing ,a Demonstration .FoundrY; lip a < 

--Deyelopzng Country. UNIDp, Fe.lderhaus, P.O. ~ox _707,. 
· 'Itathausplafz 2, A-1'010,~Viei1pa, Austria. .. ·. 

,.., '· ' •" \ 

Glass 
~ \ 

Handbook of Glass Manufacture by FayV. Tooley:University 
of Illinois, 55 West 42nd Streed New York 36, U.S.A: . - ~ . \ ~. .. 
Making Glass. Glass Manufact~rers' Federation; '19 Portland 
Place, London WlN 4BH, U.K.' ' 

' c..~ ~ . I 1? t 

Modern Glass Practzce by Samu~l R. Scholes. Cahners Pvb"",,: 
· lishing Co., 89 franklin Streeti.· B~ston~ Mas~ .. 02110, U.S.A.·· 
• · .. , !' ~ # ~ 

Q. 

Meta~s ' ~ I• I 

Metals in th~ Service of Man by A.Jex~dcier and ~reet. Penguin 
Books Lt~., Bath Road·, Harmondstorth, M_idd~esex, __ l!B7 \. 

_ODA, U.K. \11 · ·-··.· · ~, 
. ' ' ' ~ 

,..., ·II 

~ ~ 
· . ..-.-' 
I .. 

Minerals· 11 

. ;1: '\ . ' ' ' 

\ ~ 

.Biastfurnac~ and Steel Slag by A.J~-· 1 Lee. Edward Arnold 
Publisher~ Ltd., 41 Bedford Square, London WC1B 3DP, 

/ l ,_ I , 
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A Survey of the Locations, D(sposal and Prospective Uses of 
the Majo~Industrial By-prodw;tsand Waste Materials. Build-:

. ing ij.esearch Establishment, Garston, Herts. WI>2 7 JK, U .K:· 
~ ' > " 1 ,. -

Paper I} • 
_.The Paper Chain byc,Christine Thomas. Earth Resources 

• Resear:ch Ltd., 40 James Street, London WI, U.I\.. •· 
' . c. 

Sma/1 Scale Paperinaking' by A. W. Western: Intermediate 
T~chnologl~Industrial'Services, Myson House, Railway Ter-
race·, Rugby, CV21 3HT, U.K. ,., ~ .. 

\ . 

~--

Use of Sewagei'Night~oil 
.. ~ 

Sanitation in Developing Countries by Arnold Pacey (Ed.)· 
John Wiley and Sons Ltd., ]3affips Lane, Chichestet;•.Sussex, · 
P019 IUD, U.K. . . . 
The Disposal of Sewage Sludge to Land. H.M .. S.Q.,Atlantic 

( ' 

House, Holborn Viaduct, London EC:l, U.K. -~ 

Recycling and Reclamr:ztion - general 

Form~tion and Use of Industrial By-produdts: A Guide _by , 
A. W. ·Neal. Business Books Ltd.~ 24 High bury Grescent; 
London:; N5.1RX, U~K.· . - · 
Industrial Waste by A. W. :Neal. Business Books Ltd. 
Materials Reclamation. 'Directory. Materials Reclamation, 
P.o~ Box;.t109, Davis House, 69 'High Street, C~oydon CR9· . ~- . 

IQH, UfK. . . ~ · 
The R __ .. --~-9~g and Disp.osal ofS~lid Waste· by ·fteru;_<.-to~k (Ed.) , 
~~if!~,!fJ~{ess, Headington Hill Hall, Ox.f~rg~ OX3 OBW, 

~~/Jyclil;zg Waste by Paul Slee Smith. Scientific Publications 
. ~ I . . . 

(G.B.)-' . .. 
~R?cycling, Resources\. Ref us(! by Andrew 'P.or.teous. Longman 
~qrorip Ltd. .;!'(.' · _: • _.. .. · 
~ecycling, Use ant[,kepair of T9,.ols by Alexander G. ~eygers. 
Van Nostrand R~\nhold Co. ~ 
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Material Gains by~ Christine' Thomas. Earth Resources 
Research Ltd. . 
Repairs, Re-use, Recycling- First Steps Towards a Sustainable~--~-
Society by Denis Hayes .. World watch Pape_r:. 23-, Woi-Tctwatch -~,"" 
Institute, 17 7 6· Mas.sach usetts Ave-nue NW -, W--ashingten D-.~'.: 
20036, .. U.S.A. 

" 

· and Small Indu~ry Research li).Sti.tute, P .B,. No. 2cio6,_ 4/4J 
Roop Nagrr-, Delhi 110007, India. · - : c .. , 
which is a source of several relevant iep~rts. ' 
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Abrasion 
ABS 
Activated sludge 
Activa1or 
Additive 

r Adhesio'n 
·Aerobic 
Aggregate 

./. ~ 

AlloJJ 
\. 

Amortize ' 
~~' 

Ana,erobic 

Analyze 
Anneal·- . ~ 

Anode 

Atom 
.. , 

Ha,l!_ast · 
Ballotini 

Batch 

Bead 
Berlins 
Binder 

Biogas 

Bituminous 
Bloom 

Glossary 

Wear,ing by rubbing 
A polymer 

\
. 

. 

' - ' 
' 

-~ 
\' \ 

\ 

Process for sewage·tn!atment 
Substance that starts off a process 

II Chemical added 'to oil fo improye its 
function-
Ability to stickto a surface 
Kind of bacteria that need air 
Filler used in concrete . 
Mixture of metils. ' 
Gradually write off initial costs of
Bacte;ia that can or must live without 
free oxygen from theair. 
Break down ·to ex.amine 
Heat and cool slowly to prevent crack-
ing of metal or glass· -~ · 
Positiv~ly charged metal or carbon plate 
.fo~ passing electricity through liquid · 
The smallest quantity of an element that - ~ . 

can exist 
Stones under a r;:til,}Vay line . , . 

. Ti~y balls o~ ·glass use9,: -~~refl,ective 
, pamts .. -... . . 

"' .. 
Single quantity of 'Taw materi~l, not 

· continuous 
. - Extra thickness at a rim 

·Knitted wool r'ags _ · 
ty1ateriai that holds fibres or particles 
together 

'-----· ' 
Methane, a gas thafcan be safely burn,ed 
in fhe''·home. , · "' 
Black, sti~ky '"and tar-like • 
Slab of metal for rolling or forming 

,, . ;,:• 
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Bolt croppers 
Brass 

·Briquette_ 
Burr 

Bus-bar 
Buyer 

Cadmium 
Carborundum 't 
Cardboard· 
Casein 
Cellophane 

Charge 

C.I.F. 

Clinker, 

' Cold woiked 

Combustion chamber. 

Comforters 
Compound 

Compound interest · 

Confidential 
Contamin.ated . 
Contingency 
Contrary 

Crates 
Crumb 
Cupola 
C,ure, 
Cutting oil 

384 

' I Thin plastic· sheet, used for sacks and 
bags • 
Tools for 'cutting ~teel bars or bolts 
Alloy of copper and zinc 

----£-om-pa-ct bloClco]a-roose substanc~e- . 
Rough edge remaining on cut or 
pt.inch.ed metal or paper . 
Copper bar for conducting electricity 
Person in a co~pany wh~ bdcys 'mat~:. 
rials\1'and goods 
A soft metal · 

, Hard, rough mineralused for"grinding .. 
Board made fro~ ·paper fibre · 

... ·<Organic substq,rrce pre~ent in milk 
' .'tr-ati~parent wrapp.,ing material made ' 

i.:"' 

ofviscase, . - ' .,.... ' 
~ppropriabe~n.:_~ity of material, to put 
mfo ·a receptacle~--
Cost, insurance and fr"etgbt. Commer
cial term for the price ?f go~~~m~te-
rials ""·•,, 

"'-'· 
L.umps of miiieFal left after a solid fuef''."< .. 
has:·been burnedQ . · '" 

Bent, twisted, hammered· etc~~· without 
being heated . . ~. . 

Part of a. furnace in ~hich the burning· . 
takes place · " 
Knitted woollen rags 
'sub.stance ·made· by combining other 
substances 
lrtt~rest added to the:original stfm, year 
by year 
Secret 
Dirty ' 

" :, 
Unexpected eYent " _ -'-'~~~~ 
Impurity in waste, notacceptabletoftie 
process in wpich 'the waste is used 
Boxes that hold bottles ·during transport: 
Small, solid shapeless particle 
A" kind 'of furnace for melting cast iron 

· Process to preserve or harden ~ material 
Oil used to assist ~utting of metal etc."' ,. 

!;;J 



Cutting· rooms 
' 

' ' 
Da)'light 

\ 

} 

" Workshop where-cloth is cut to pattern 
to m?-ke clothing 
Gap between the moulds m a rubber ' 
press 

d.e. .,._ ---"'f>irect current - electric current that ......__ \; 

I 

\-

Deposit account 

Detinnin'g 

Develop 

Devulcanize 

Diaper 
f' 

Di~ casting 
Digest 

·Digester " 
· Direct reduction . .• 

Disinfectant 

Doghouse 
. t .... 

Double entry 

Dross 

~-E~eetrol:t~c ~e-posi!ii~n 

"·" 

...... ,._ " 

·Extruder 
Feed-roii~S 

Fe.ed'stock 
Ferment .. 

Fettle 
Filler 

Fireclay 

.. 

.• 

• 

"~ ,, 

flows one way only i- : , ··: 

Bank account~ ~hich the money earns 
interest 
Removing th.e· tin layer from tin plated 
~-teel sheet ·· . · ' · 
·convett the light affected grains on a 
photographic film to silver ...... 
Process rubber to remove its elasticity, . 
make it mouldable [';-.~ / .-

• 
Baby's napkin 
Casting using a die (metal mould) 
Break down under the action of bacteria 
T,ank in whi<;h ·fermentation ta1es. place
~eduction.{of metal ores) without meJt-
1ng .. 

•" i 

Substance for prev~nting .infec'tiop by 
killing pacteria, commonly used' on' . 

• II--

wounds · · ·· 
.r' · Compartment of .a glass furnace into 

which raw material is loaded' 

·' 

"· 

" 

~ 

,. 

CSystem of'book-k~eping in.which.each 
item'is recorded twice 
Dirt apd-~lmpurities that floatto the top .. , 
of molten metal ,, 

_, Plating of a metal on tQ an elec.trode, by 
acti\n~ aLan electric CUrrfnt I 

· Machine for shaping mater-ial 
Rollers that pull .or push material 

"' . •' '· -

through a machine · · 
Rcn\r.:' mater-ial input to a proces~ 
Activity of bacteria on. organic mate-
rial,- giving.. off heat and gases 
Trim rough edge of metal casting 
Fine mat~ii~l that fills irt gap~ between 

" ' li 
larger particles "·' 

/Na·l'l1ral clay, co~taining alumina,, that · . 
can withstahd high temperatures 

t 

" . ,, 
./C 

• 

'j,' 
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··;,. \ 

, . ·• j . .... 

Flash 

,... ~ . 
Flash deh):dratQr .. · 

, I 

Float 
· Float 

'Flow path 

Flue. 

Fluting "' 
... Flux 

F .. o~·s .. 

/) 

Formulation 
. \ 

· · .. Fouttdry 
· Friabl'e 

Fr1C:tion 
"'Q' ·' . , •• 

" Gate· 

Grain 
Granulate ··. 

. • 
.•,. . 

~ "fhin'layer ofwaste mateii~l on a casting . 
.t ' l ~ • . ...... -

or moulding. at the mould. j'oint ,, 
A· devide 'for. removi.ng water '_from a 

. I ~ ' . . • f'. 

fluid 1,;.: ~" 
., J, 'r' 

Sum o;f ca,sh to start a petty.cash.fund ·~ 
To mpVe', fr~~ "fro~ ri&id'suppor'f·~~: . ~ 

.. Paph;~;hrough \~ich.gG)d,ds rpove with- f 

out dbstruction . · .,' · 
Pass_age througH wh'{ch s·moke·leaves a: 

. \furilq.c~. . , •• . . 
Cqfri:tgated centre of :cardboard 
Nqn-metal that cover.i a .molten· metat"' ~ 

- tofp~xeiH oxidation . · .·. . . . . . _: _ ~ ~ 
· Fre@ onbpard: commercial term. for the 

! It ~;, • 

pr~C:t;-·~qf .~xport goods nu.£. including 
instir~rrce~br freight'\ · · · 
Li~t of s~bs1,antes t.o be mi~ed tb make , 

\ ... -% . 

rub be( goads: -e; ., · :i ~-
• p • (;l. • ''. 

W:orkshnp where n'\etal ti'qasL 
~Easi.ly crumotd.'f .. · -, -~ ~· . 

1'- " • 1ft 

Rubbing against a" rough~ urfa~e 
··· ~: - Channel· in a mould alan whiCh ~olt.eh· 

·~ \:j ' ._, ·• . ... 

~. metal CElQ pass., ·'· .· .. . . .. . . .,. 
Round mass olmQlte· "'glass ready f6r 

~~ :moulding or blowing .(J' ..., ~ • 

L.evel of material q )ity 
A ~in all particle ~·· ~· -.. ,, . , 
Chop into small p' eces ;·::.:>D ';, ~.., : . 

. 'l' 

Granulator 
•"' • ~ ' . ,. . . . , . : ·~ ~·"?.", :· ~ n·""'. ~ '/ 

• ' I .. ~ Machin~ for gn1 ' l~ti~g:plas'tic;, metalS 
I' 

. . ,.. . . 'r 
Gravity die casting 

. 6 .. 

~eRr(} 

Grog 
" 

Gr~ss ~eight. ·. 
Half shaft 
Hand shear "\ 
Heat 

r \\ . 
' '·.l., 

.ffeat trea'trne·nt 
"· ...... , 

Hollander ,, · · · 
,, 

J8~ ·:. 
• . 
. ' 

" : .... 

- ' . :~lC~ ._: .. .-' · ·! . 

. . · -.~ · ·~as'il.n~:~~on- f~ r:ou~ ~·etal._o(p.lfstk ~y77,, 
'POupng ~~_t,9 che '" "~ "f ,~· '", · j.. 

· - . ~ Mixture or-··€ ushed, .~burnt fireclay in ·:.· 
" . ..,.., ·"' o~~o• . ~ ~- .~.- ·r·:· ·~ 

water/ ·· ·. · .: · ' 
Weight of v hicle p'fW$ loact . ..-- ,\).·.) .}' 

· Half the nt F~axle ota;hlirY or car · 1 
"· 

'" '. . . -':··._\ '· ,_· . ·'-.·~ i i' 

A huge sci sor with a le:~,.~rarm :. . . 
'· "" ' ' ·, -

A sedes melting opet,at_i,'ons without~ , 
the furna e coo.ti!lg in b,~ffr~en · .. --.~~', 
·H~~t PI?, c;!SS used to cha~Hg,eproperties 
of a met I . ~ 

., . 

';ryf)e o£ eater fo,rpl,llping waste paper·\~ 
' -· P, ..... -~ .. ·,· 6" • '"'~. ~ 

'•H." I .. _ _,. ~-. ' ~ - ; ·\.\ ' 

.. , ' .... , . , 

•. 

I 

I 



' \ 

H o't shortness • 

,.. Homogeneous 

Hydra-pulp.er 

"' Hy dranlic 
· Infla.~pn{able . · 
· Injt!~~ion .moulding·. 

') ~-~: ' ., 

. In series 

Integra ted mill 

. , • .... J e.rrican 

' ~nits 
Kraft 

\, 

l 
i 

~-

Lad It' 

Ladle. skuils 

Latex 

teac~/ 

LeJ~trhead 
// j 

/ 

.. Marl 
l !~ 

• 

Master batch 
J ' 

J ,. 
, 
' ~ 

i 
) 

Mesh size 

J ' 
Micron 

Mild steel j 

l\:l_i II 
Mini-mill 

•' 

,· 

. 
Cracking of stee~ during hof rolling tlue 

_to impurities such a~:,·~~i::'1,·~ 
Of the same ~ind.~~f:l·tflrqrl'~~~·l''; 
CyLinder w,itp F~~ti'll·g ·w~for pulping 

! ' ·,.."' ~ 'f,·.:(.6:ji .. .:\. 
\\astepaper~·· .. ··~'·.·i .. · ·:·'ftti'F. . · 

, Using Iiqu
1
i,q.::S"nowing,Jthrough pipes 

• 'Easilv catches fire · ' ' - . . 
Prm:ess for moulding piastres by fore~ 

.. ing the'm i~to a m.ould. 

\Vay of. connecting ele~trical CD11'1P,O

ne~ts end to end so ·that· the ·same 
f ... • -

current flo\~'s through them ~ll .~ . · .... 
f\1ill that both. makes and uses a mate~ .. 

/ ' 

rial like sreet~. textile etc. 
/ .\, .. .. . .. 

Can forearrymg··petrol or \Vater 
Kf1itte.d/ rags .• 
Stlrong brown chemical .wood fmlp 

//C'ont;iner ro;-., catrying- hot .liquid or 

, </ mbitcn metal ~ 
Sqiidifi'ed metal ['em<fi'~ing after a ladf~ .. 
is emptied 

0 

J~uice of''the rubber tree from which 
ru\:>.ber is made 
~\V~sh out or through ,with liquid 
Noi

1
tepaper bearing a ¢ompany's name::~ 

anq address · ' · 
.... A steel--loop i.nto which· a hook can· be 

inseped t0 lift a h<;_avy object ·" , 
RepJaceable Wear surfaces . 
A hard surface beside and higher than a 

I .. • • 

· road. to. assist In loadipg ve'hicles 
Mlxt'ure of clt:l.Y and Yimestone· 
Colouring added to pi"astic ra~ mate-

L ~ .. 

rials before ·moulding 
Sizes bf mesh or net through which a 

. j • . 

maten;al will and will not pass 
One th\ousandth pa'rt of a millimetre 

. Most. ~ommon 'form of steel, low in 
alloys 1,, 

Factory'\ that ~akes raw materials 
Small st

1
eel mill th'at rolls but does not 

' I 

.,,. make st~el 
\ 
I 387. 
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' . 
o· 

Misprint 
1-':: ~ 
' 

Molecule ' 
' . ' 

Mould 
/ 

/ 
/ 

' Muck out ; 

Mulching ' . " / . 
Multilayer board -o 

Needle fel( 

Nett monthly cash 
' ) . 

·<!· 

Nett weight .: 
Nightsoil . . 

" 

Noils 
,.( 

t;! Nutrient 

1:. Offal 
Opaque 
Outlet 
Oxide 
Pan 
Parasites 

Parison 

Pelletizer t - 'J 

.. 
pH 

0 

Picker 

Pile 
0 

flatten 

~ o·· 
rf 

() 

388 ~ 
,·' ·'-_,_ 

~ .. 
() 

\;!to 

J) 

,._, 

.. .. .. -· 

~ 

Item that is. scrapped due to incorrect 
printing . . 
The smallest· quantity of a substance 
that ·can exist alone 'M 

\); ~· 

Surface to give S!hape to a sOlidifying 
liquid 
Remove ,·excreta.:.soiled bedding_ from 
animal pen 
Mixrure. of wet . straw, leaves, etc., 
spread to protect roots of young plants 
Cardboard made frorri several'layers 
Felt made by compressing textile waste 
and' piercing with barbed needles .· ... ,.,,,,.,,, 

... Payrnent at the end of the month fol- ' ' 
lowing delivery-- .. -- ·- :-- - - ~: 

Weight of the load witho.uLtbe vehiGle 
Human excreta, collected from homes 
without their 'own means of dispOsal 
Short fibres left from combing wool 

·' 

-FartDrareed or feruhzerTfiat-has food ___ ·_ .. 
value 
Non-edible parts of animal ~arcass 

.Unable to 'be seen through 
Customer, selling,agent or retailer 
Compound of· a substance witn oxygen , ~ 
Wash ·gold-bearing gravel in pan · · 
Animal or plant living in: or on ·and 
drawing nutrjmer)ts from another."' : . ..... ' .., 

. A bubb'le of ,glass, the first stage, in 
· blowing _a-tf~s container 
Ma,9hiil~usedin theproc~ssing of waste· 

>--p{astics 
Number. that measure,s the acidity or 
alkalinity ~fa material ·· · '" .· 
Person who collects material ft~m a 
refuse dump 
Fibre that rises above the surface of 'a-'· · 

I ., .... 

textile . .. , . . ' 
Strong horizontal plate of ·a press ~(to 
w~ich the upper part of. ~ die' may ·be · 
fi.xed) that is. forced down when the 

·. press operates'. · 

)· ,. 



.. 

:r- ' 

Plough back 

Poling 

Polymer 
Porosit)' 
Precipitate 

Precipitation iron 

Pressure die casting 

Primary air 
Primary wood pulp 

Proje_ctions 
Pr·omote 
Proprietary 

~rote in 

Pull 

Pulp 

Pulping 

Quicklime 

' Quotatipn 

Reclamation 

. 
Reconcile 

, Recycle 
Red 'tape· 

,.,. 

Recluce 
Refuse 

".f,-. 

•t 

Use profit from a business to finance · ~ 
new plant or activities of the business 
Dipping green timl5er in molten metal to .. 
refi11e .the metaf ~ 
Plastic .y. 

' ' 
Ability to so~k up liquids or gases 

itr Solid tp.at ~r~~'!'s in a liquid due to .~h~m:-_ 
ical action{.;-~!"-

"· ·~)- ' .1- ,, 

Jron used to recover copp~r from its 
ore._ 
Method of ca~ting non-ferrops me.tals 
in which the molten metal is forced into 
the mould under pressure 
Air needed for the first stage of burning· 

I 

Pulp made direct from wood, cont(!in-
ing no recycled material 
Objects thaf stick out from a surface,,, 
Encourage the sale of a mqterial 
Material known by the -rriakers special 

------lla.m.e e.g. Pep~i C'ola-----------· 
Organic material c_ontaining 'nitrogen, a 
necessary p;:trt of the food of all living 
animals.. / 
·Separate knitted or woven textile fibres 
for re-us'e 
Mass of fibres m water from which · 
paper is niade 
Proce~s dffreeing fibres from~\Yhat it is 
that bin-ds them together _ 
Caldum hydtoxig_e yvhich is produced 
by burniog calciJJ.m carbonate in' air and ,. 

. 
' 

- becofQ,es- ~laked lime .w.b~ __ added.c.to::· ... ::.- ---~--~·-··- _ 

water . 
' " 

Statement in advance. itating the ·price 
to be charged for work done. ;!i 

• Recovery of waste material for further 
use .f < 

. Ma~e- two things_ agree · ( 
~Use a·second ti~e --

1 

.. . Official rules and paperwor~ 
Convert. into a simpler form 

. I 
Rubpish 1 

' .. \ 

I 
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.. 
-Reverberatory furnace 

Re,·ulcanize 
i 

Rip-top 

Riser 

I 
/ 

/ ... ,l 

I A furnace in which nearis reflected/off • 
. ', ~ : ~ . ' 

the roof on to the charge / 
Vulcaniz~ a sec'ond time 
Type of drink can that is opened by 
tearing the top. 
Passage in a mould that. holds mo.lteri 

/ 

... --~~- ._-,~-~ ·~··· -~-~~~-..metal~tO-~to.pE..upshrinkag~,~a !so .. known ~~~-·~=~-
as a "feeder" "' . -

Roughage_ Fib~~us part of food orcrop· 
Ruminant Animal, such as a cow, with two stom-

" achs that can .diges-t fibrous materia·! -: , \... ' ~ ... 
Rough human figure"(o frighten birds . 1 Scarecrow 
away from crops \ . 
People who live''by colle'6ting material 

.. \' 

0 

_ from rubbish dumps , \. , _; -~ 
Scavengers 

Scrap _ Waste material . )1 -; '· ·~ 
Screen' \(ibraring sieve for size-sortVqg materi~l 

..... . .... _::ndary air· . , -.. -~~!~!:: t:n::c~::t::j:::i:::~o~ -
Secondary pulp · Paper pulp made from ~.aste paper 
Seediness 
Septic 
Sewage 

.. 

Short circuit 
Shred 
Skeleton 
Skip 
Slab 
Slag 

Slip casting 
<.\ 

Sludge 

Spinning 

Sponge tin 
. Sprue , 

390-

q_ 

,. . I 

Small bubbles in· glass L ~ · 
,. Pojsoned · . .,. · /:: .. 

Human wast~~,materia!/carried·away by 
' \ I ., 

pip~s . ' - I , 
·A commonly ~sed m,i!asure of hardness 

•>t • I f >t 

Incorrect pas~age of electr-ic .current 
Tear-into smill pidces 
Framework of a foiid qbjeGt 

·A large cpntainet for waste· 
Rectang~lir 1 u,ihJ:,::~.. .. 

_J\Ion-,met4tllic/mat~rial- -t-hat -floats~ :Gn~- ~:~--~~ 

\ 

' . 
' 

molten rn,'etat to prevent oxidation ' --... 
Am.eth'dd.j{f:~aking-p8ts · · · ·. '"·.~-··" '"" ·· 
Wet, lolt(.l mat~Jial that settles 'from . 
sewa~ Gir other solution· 

. I . 

Pr.odes.s of twisting fibres 'tR produce 

Yar~
1 

--_ · -. ''---'---- --- ,' . ' "'-.. 

. Spb e-like·mass of impur~tin _ . · :.--- · " 
-~ _le or passage through whithmatenal:;; ' 
I -poured into a mould. Also useq for 

/. the solidified ~aterial lert by the pas;~ 
J '") tJ .f' '.:,)' ' 

'~ ){ - • t,,. 
_,I ·t;·-r~ 

---~-'~ - : __ - '" .. ~--' ' -~~ _c._:_ __ ~ -~·- - ,_,_--· 
·. 

,, II · , '.: fl 

:.'>' -

f 
·' 



-~--~-=rnrt·ex

• 
i. 

Accounting, 335~336, ~53-
355, 356-360 

Acid-clay process, 205-206 
Acid detinning, 86-88 
.,Advertising, 262, 298-299 

--------------+------·-' 

.. 
... ,, 

/ 

// .. _ 
----~- -~ __ ./ ____ ~~-----<-· 

,.// 

/ 

Budgeting, 335, ./ /337-338, · 
' ' 345-349, 351~353. . 

expenditure, 341-344 
sales, 338 

Alkal~ detinning, 82:--84 · . Cast1rou,._41-42 . 
Alka.h_ne electrolysis deHn-----cFtemicars-pot TestS~-97----- ---~--~ ·· -~·-

mng, 84- 86 Chutes 273 
Aluminium Collection carts 15 262-264 

~ans, 89-90 Collection dep~ts, '247-248, 
mgots, manufacture, of, 266-267, 269-271 

102 Compactor vehicles, 268 · ' 
sc.rap, 99-102 Containers, 274-276 
see also foundry Contniries, 12, 286-287 

-----· -- ···- Asphalted roofing sheets, Conveyors, 272-273 
33-35, 152 , ~opper, 90, 96, 98-99 

' ·, 

Baling· .Cost price,. 307 
importance, 279, 317 Cbsting, 16, 336,.363-365 
paper, 17-19 Crucible furnace, 72, 103 
plastic film, 124, 243~244, Crumber, 126 ·. 

265 Cullet, 173-'175, 196 ·. ·_ -_ _ _ 
_______________ J?rgc~~s~s ~nd~p_res~es, collecrion, ·172, 176~177 l 

· J 9-23.:- · · " · · ··· -- ----'"·~-- · ., _______ ·1Itarkets;--17T'-"'1~~ts-~--:-.- --·---· -- --;:-----~~- ----~ 

47--A'9 types, 175-176 · scrap, ~4-. 

textiles, 142, ·150 Cupola furnace, 66-70 
I . 

- tying of bales, 23-24' 
Biogas, 209-210 
Biogas digest or, 21'0-212, 

216-2F7 
Blast furnace slag, 200-_f-02 

, Bottle banks, 177 
Board, see paper 

392 

Detirill_ing, 81-90 " · 
prepk-atiorr of used cans, 
88-~ . 

Die-castirl~, .105, 106, 126, 
161 \ ' - .. 

second-Hand dies, 105 
1-



I• 

Step #}, 0 
Sub-contracted 
Substrate 

.su.sp,ension 

Tap 

'-"(. 

. . . . . . . . . ~-'""'-~ --· . ·.~.. -~- .~- -·· ·:~ ..... . ... 

sage when the·castil1g,'i~,withdrawn. ; .. 
Square corner ',, 

'"",, 
· Pass work on to -someone else_ to do ., ., 

Mater.ial on which bacteria or-~t~er 
organisms can .be grown · . ·· .. _ 

. " Even mixture of undissolved solid in a', · . -
·. -~·-~ 'flt:iici~~-·--"·_,-.·---:_~;:.: .. ..--- ~-~- · ~-.._-- . =·~--~ ~---"" 

.. _'--;, 
Press·down with repeated blows .of a. , 

; . . ' . 
stick · · IIi 

Open a solid· object or- conta1net to . ,, 
. allow liquid ,to fld\_\'QUt . -~-~~ 

Tare weight Weight.-cof-a·ve.hi_cle without load_ 
Thern}()set Plastic that cannot be reshaped · 

-- · 'Tfnsnips ,.. Er Small shears for cutting sheet metal 
Ultra-violet · Wavelength beyond viole-t end of visible 

--~--,----- .. -------------~-.,~·---~~-~--~--~:----~-~~peetr-um--eentcrirtttHn=the-sun,'s rays 

"'· 

Vibration 7 Rapid .movement to and fro 
Viscous Sticky. 
Volatile Evaporating rapidly. . . ~-· 

Vul~ize MaKe ruboer elastic bycombiriing with-----. 

Wet strength 
~oody 

· ·· "Work 

.:,sulphur · ~ 

Machine on to which venicTes can oe ~ -
driven to be weighed' · 
Paper tfiat keeps its strength when wet · 
Containing' wood that. has ·not been 
fully ·pulped ··' 
To shape by hammering, b~nding etc. 

Note , · .. · · . ····· · · }. ··· · .. ,;. 

For Feasons of sp~ce, the definitions of chemical names h·ave been 
_ ,._ . _qmi1 !~Q_, _R~ferenc_e_sho:uld .b.e .made to a.cheinistrytextbook.--- ... 

-----

\ 
\ 

.. -··-. ----+-

·. 

• 
-~ 

I·. -_.3'91' 

' . \\ 
' } 

I 



Electric arc ·· furnace, 
72-74 

.. 

43, 

Electric shock treatment, 334 
Electric wire c.uqing, 180-181 

see also cullet 
Granulator, 124,. 129, 243-

244, 279, 280 . 

Extruder, 126, 128, 156 Health rules, 326-327 
. Extrusion =="~=-=··-~""""""H""'"u-..U_.aH<i!€f~a-tel"';'·26~T,-~.,--~=-=-=;.-

- """~ - .C==---\Yfl5faSLI cs;-- f2'0-TL7, 16-1 3 3 ''' • 
of rubbex:.,~l61, 166 

I nd ucti,~-n~-f urn;~ef,- 74 -... ~~--~ --- --~-- ---~ 
Food waste processing of' Iron and steel ~ productJotr~ --- ::.: - - --' 

212-213 37-38 ' 
Forges, 60-64. Iron and ste.el scrap," 37, 38-

products from, 64 39, 59 
Foundries (Small-scale) collection 40-41 

~luminium, 103~105 . re-use.h.j.Q~SL-~~·~-·~~-
-~-~-~-rro~.and . .ste-e.l;-,6-~8~;·-91~~-~ ·sources, c:39-40, 55-57 

Foundry moulds, 74-78 types, 41-44, ~7"47, 49-50 
Foundry products, 79-80, I1DG 32 ·210, 

103 . ' ' - _"__ --~---' - ---------· . 
Furnaces, 43, 49, 66-74-, 99, · 

102, 106,,.107,-173,, 182-
183, 185-189 

Glass . 
bottles, re-use of, 178-J 79 
cutting, 180-181 

Glass ... making, 172-173 
advanced techniques, 

185-189 
annealing, 195 
blow-~moulding, 191· 
hand-blowing, 191 
marketing of, 195-196 
_screw-necked jar, 195 
semi-automatic blowing; 

191-193,194 
small-scale workshop, 
. .182-185 

- - Q[ass waste 
:.t as building material, 198 

i ~ -1i-s---0oerr-anct .. wall Liles,
. ·"' 196-198 

Labour, 250.""'251 
Lead, 107--108 

, Lifting equipment, 2'11.:_272 
Loading .dock, 249, 270 

_Management, 251-252 
Market research, 289-292 

diversification, 295-29~ · 
planning ahead, 294 .. 

> ~ .... IJ, .. .. .. . 
Middlemen,: avoidance· ·of;_ ... :<. · · 

.. 1 ., ' 

296-·297 . 
Mineral wastes 

·high cosrof transportation, ' 200 . . . 
types and uses, 199'-·:200; 

1 
~201 225 -' .. -· t 

Motor vehicles, reclaimation, 
10,__5_3-59__ __J -- - ----~-· 

Nitrates, 207-208 ·""·· 
Ncm-terrous metals identifi

cation, 95-97 

,. 393i 
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Oil drums, 51-5~ 
Oil waste . 

Paym'ents, 309-312 I. 

Pelletizer, . 126-128~ 
300-301 ' I 

244 . ,, 
collection, 203-205 
-~~'fuel, 206 ,.,.. · Phlotography" ch_emistry, 108 · 
marketing, 206 Pig Iron·, 37-38·, 91 · 

·.,-,-,~-~== ~-==-~re~~ctatrnatrun "Zt>Z:""2f)FT3"=·-~-~-~~-Rlas-~iGS-. . .. , _ 
' ' - -~~~~ 

205:-206 polymers i
1

d_ ·entifict!fio.n\ 
Organic wastes, 121-12-Z , ·- .. . 

~s animal feed, 209 recyc:!~ng ~~-_ture, 119 
biogas production, 209-21.2 _ recycling problems,· 
improving -soil fertility·, - 122-]23 ---~ .:. . f""' - _,__ 

207·, 208 typ~s, 119_:_121,:243 

;"l. 

'! ·'' 

... 
' Oxfam, 90 Plastics waste . 

Oxy-acetylene c'utter~ 42, cable strippi~g, ~8~ 129 
. ·~ .. ~~-·-"·-~·-··----~4A:::-A6~---·--- . ~o-llectiort, 123-124 ,, 

··-·-·-----~~~-~-~--~ •. c~.~ maHcets ~1:-ts 

, '" 6-'?'· 

. ·' 

Paper 
coated, 5 
chemical pulp, 4 
wood pulp, 3~4·. 
hydra-pulping, 4, 5 
industry, 6 __ 

processing, 124-130 
re-use, 130-131 

:Polyethylene, 120-121, 124, 
<.131 ~-

Polypropylene, 121 
Pot funiace, 182-183 
Pric~s, 307-309 
PVC, '121 

mechanical pulp-, 4 
printed and coloured, 5-6 
s.econdary pulp, 4-5 

Paper~makil)g, 3~4 . Refuse derived fuel, 35-36 
by hand, 26 Reinforced steel, 52-53 
small-scale plant, 26~29 \ .. Reverberatory furnace; 66., · . 
Super Melbourne· plant, 32 ~ 103, 107 , 

Paper waste, 4-6 Reverzer machine, 129-130 
· as building material, 33-35 Rotary oil· fired furnace, 39, · 

•. 5,cartons,..re-use, 31-32 70-72, 103 "" 
-. collection; 5, 14-17 · Rubber, LS~ -

contraries,)~· devulcanization·, 154, 
as fuel, 35~36 156~157, 160 
illfirkets, 6-12, 25, 29-36 ) moulding, 160-163 
shredding, 29-3.1; 35 problems' ' of reclaiming,· ·· ~ 

sources,·t-3 - ~-- -15.4-ill 

\ 

•storage, 24-25 I .. reasons for reclaimin&~~--~---~~-

j,P'.':->'I"t.ypesandvaJue,)i-1~ __ --·~ . 155-156 
see also· baling r-~cTaimator proces·~;'-

Paperwork, 319-321 156-159 

394 
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, I 

. revulcanization, 154, 159 Sbil, 207~208 
shoe soles moulding, 164 Swarf, 49 · • , A 
sponge rubber, 154 · · 

1 
• ·.. " 

synthetic, 154 Tank furnaces, 18'5..::187, 188 · 
1 " 

treacf:. crumb, 159., 160, Technology, 240-241 
· ' · 163-166 ~problems of, 242-243 

~-~;-ulcaniza_ tion,- - -~I5Lr~~UeS:-"-~c~~~~~~·~~,_~~• 
' ' ' . •• '!? 

163 1 industry, 134 ' 
see also tyres ~~natural fibres, 133-134 

, I , ; man-made fibres, •133 
Saf'ety .niles, 327-333 . · Textiles waste 
Scavengers, ,1 I . ·as activated carbon, 152 

communily"conditions, . collection of, 140-142 
221-223; 257-258, comparative value of, 139, 

ideas for q:ssisting_, 223-225 i9entification of fibres, 
=~~ ;··--~s--erap=metal,~~,-4&-39.~.-~ ~-~~:~ ·:·· ::~ .1.43.,; 146· ' · 

. heavy melting,· 43-44 > markets for", 137-140, 149.," 
medium,46:_47 .,' '· 150,151,152.,. •'" 1

-

. "light-, .47 :;·· . .. re-u~e wit~ho!ft processing, 
rerolling., 49-50 ·.· . 142 : 

Selling·, 301-"307- · . . . ,as roofi~g"'"felt, 152 
Sewage, 214 : · ... ;.shoddy -production, "'I 

digestion,2·lq..:.21T. 146-150 '. , 
,home com posting of night-. types of, 134-137 

soil, 214, 217-219 wadding pr:oduction, 
nightsoil as fish f~ed, 216, 1'51-15.2-' ·~ 

220 " :vipers proquct'ion; 
treatment, 215--:-216 ' "-'· ,,. 150-151. -;U.· e 

use, 216.:_:·21.7 1 Thermq~astic~, 119::._120 
.' ¥alue, 214-215- ' · ' Thermosets, 119-120 · 
'· • A . 

se~ a.l~o biogas . '· Tin plate ·carts, 81 " 
Shredding, 29-31, 279 , ~markets, 90-91 ~ 
Silver recovery from plrp~o- re-us~, 93 ..... 94 .:.-., • 

..., · · graphic waste,. 108-117 · Town refuse, 233, 257-258 
. " 

by burning, 115-116 tompostin~{, 11·, 225-227r:-~-
- continuous flow unit, · disposal, 220-221 . ·· · " 

r' 

· . 112-.113 _ futw~e of composti~g, 
eUectrolysis, 109-111 ·- 227-228 · 
epzyme tLeatment,_ 116 marketing of compost, 227 
njletal exchange, 111-;-112 recyCling, 220-22 ~-
profitability of, 1 L6, 117 Tyres, 153, 155 
silver borohydrid_,e''~ 114 rec!aimation_,!J 56-159 
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retreading, 159-160 
re-:-use, 166-167 . " 
rubber re-use, 167-170 

occurance;254-258 
sorting~ -n ,-282--283 · 
trg,nsportation, 244-245, 

f47 ~ 317-Jl9 
\Vaste material who owns it, 261-~62 
_ 5ol!;~~~n~ 25~260~· ·~~.p/'~ci__gQ~ng scales, _276-2·79 

Lu ..... ..... 6:._ ,. 
exporting, 315-316 Zinc, 106 ' 
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