G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

= =
E

Nill-

2 [l \Hl\ L

1llﬂu,







UNITED NATIONS INDUSTRIAL DEVELOPMENT
ORGANIZATION

UNIDO

J1032

Organic Fertilizer Plant
Composting Town Waste
of Conakry/Guinea

Feasibility Study

Final Report

Prepared by

®

AGRAR- UND HYDROTECHNIK GMBH
Consulting Engineers

Essen/Germany - December 1970




TABLE OF ooqrppnre

INTRODUCTION

EXECUTION

1.1

[
L 2 ]

W W W W
*

i e
*

» »

W B e

1. Raw material for composgtin:

Present situation

Evolution of urban area ani 2omilation
Present method oF warbane treatment
Present and future guantitics of

waste material

Composition of the waste matorial

Evaluation of th» vrosent carbace

treatment

Hyaienic aspects

2 Technical and economic asnects

Proposals for waste treatment

Preparation of agarbage
Transport of waste

Garbage disposal

Present and furture costs of
garhage disposal

2. Possibilities for the Compost Market

2.1
2.2
2.3

Qualitv and evaluation of the compost
Possibilities for the sale of compost

Review of the nresent conditions of
agricultural production

Page

18

18
22

24

25
26
28

3o

33

33
35

38




2.3.1 Area of inveat iaat oy 19
dodod sorl oand clarmeat 4.
.31 Agrarian struact ire 44
2.3.4 Marketino of wary 0 Lt sl o bty 4%
P 3L S The Markot for o arry it ur a. 0 oatw

S opradact o 4%

2.4 Proaluat oo NS S SRR U B R

s compose e g a0 56

1 The orice fixat oty et e

B B

s

4
4.4 Areas gsuitalle ¢
4

L%

.3 The feasib.olon ¢ ~omuease g 1y cariun
to diffeorernt oy o &

oo ertenalorn ho

P

2.4.4 The 1mportance ' grr . 0¢
2.4.0 Transpors 1 b Lo # 1

3. The compost :lant 64

3.1 Selection  * ¢ sorrowr 00 method 64

3.1.1 The rprincinles 2f composting nrocesses 64
3.1.2 Possible methods ~f composting 66
3.1.3

Technigque of winarow comnosting 68

3.2 Selection of the plant site 71

3.2.1 Essential local reauirements 71

3.2.2 Examined plant sites 73

3.3 The lay out of the compost nlant 78

3.3.1 The lay out of the Lechnical equipment 78
3.3.2 Construction lay out 81




111

v

1.4 Fatimatc of o atse

i.4.1 Investment costs

1.4.4 Uperation costs

-

4. The economy of the compnst plant

4.1 The casr o 7 an raanlzed tarbage

hisposal

4.7 The ooonoumic e tormanose of

compost oy Larnt

4.3 The financial 1rmract ot the

post clant o the oneral eo

4.%.1 Gencral occonomice vala oF tn

nutritive matori gl

4.3.2 Influence ! the Compost plant

the foreian currency buadaget

4.3.3 Economic evaluation from the
point of view of food production

4.3.4 Private economics of compost

application

4.4 Conclusions

SUMMARY

APPENDIXES

Appendix 1

813

84
87

90

91

91

95

loo

lod

103

105

106

Annual costs of the present garbage treatment,




Appendix 2

Annual costs of the proposed agarbage

treatment 1in 147, 1975 and 1980

Appendix 3

Annual operatiorn costs of the composting

plant

Appendix 4

Calculation of the internal rate of return

Appendix >

Cost - benefit calculation from 1980 to 1993

Appendix 6

Engineering specification




I. INTRODUCTTIOMN

The feasibility study in question was carried
out by Agrar- und Hydrotechnik GmbH, Consulting
Engineers in Essen, VYest Germany, at the re-
quest of the Government of Guinea and the Uni-

ted Nations Industrial Development Organization.

The task was to determine whether the installa-
tion of a garbaade composting nlant in Conakry

is feasible nr not.

The solution to this nroblem can be linked with
the hygiene problem resulting from the current
method of garbage disrosal and a common solution
will prove nrofitahle. The answer to this auestion
will helr the aoverament of Guinea in solvina tle
existing public health nroblem caused by the pre-
sent method of garbace disncsal. It is understood
that compostina mitht even allow a nrofit.

Three essential criteria had to be examined for
the execution of this task in order to make a con-
crete statemant on the feasihility of a comovost

plant for the waste material of Conakrv.

- current method of garbace disnosal
- nossibilities of comnost marketina

- aeneral encineering of tha compost nlant

Two exverts (an exnert in refuse treatment and an
agricultural economist) were sent to Conakrv for
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two months to collect the existing basic data and
to amnlify them by their own investications carried
out in close cooperation with the government of
Guinea and the reaional government of Conakry. The
analvsis of the investiagations and the comnosition

of the report were done in the home office,

The feasibilitv study shows that

- the nublic health rrobler car be snlved
satisfactorily bv the nrocessinag nf the

town garbage of Conakrv into comnogt,

- The compost nlant project will be fea-
sible from the point of view to national
and private economies. This 1s shown by
examination of the factors concerning the
others mentioned 1in the course of this

study.

Last but not least we wish to thank again all the
authorities concerned, esnecially the Direction
de 1'Industrie and the Administration Reaion of
the Special Zone of Conakryv with the Governor

Mr. Albert Kourourma for their active help in
obtaining the basic data for the realization of
this study.




1.

1.1.1

1. EXECLUTION

Raw material for compostina

A pre-reaquisite for the succesful runninag of an
industrial plant 1s the economic and resular sunnly

of raw material.

As the solid waste material (nroducts) of the
communal refuse collection of Conakrv will sunply
the raw material to the comrost ~lant in aquestion,
it 1s necessarv to examine its quantitv and com-
nosition as well as 1ts method ot collection, It
is necessaryv not only to examine the vresent si-
tuation, but also to submit nroposals for a re-
organization c¢f the entire treatmen: of town-

waste with respect to the future development,

The collection and disposal of the waste material

is a hygiene problem,the solution to which is essen-
tial to public health. In most cases, however, it
incurs important financial charges on the Municipal
budget and this infers that the technical and eco-
nomical aspect must also be considered.

Present situation.

Evolution of urban area and nopulation.

The region of Conakry comprises an area of 308 sz

and extends in a south-westerly direction from the
mainland onto a peninsula. It lies between the 9th
and loth northern degrees of latitude and the 13th
and 14th western degrees of longitude.




4.

The entire territorv »f the district is divided
into 8 Arrondissements; six of which come within
the municipal area.

The IV Arrondissement comprises the Los-isles
off-shore with the nrincival island of Kassa.
The VIII Arrondissement is an extensive rural
area with a low ponulation density. In the
urbanisation nlans on hand, the covernment has
planneri the VII1 Arrondisserment not only as a
residential district, but also martlv as an in-

dustrial area.

Conakry consists of Conakrv I, the commercial and
government district (Arrondisserments 1, I1, III)
and the "Banlieue" or Conakry II +hich has been
listed as residential district hut also as an

industrial area.

On 31st August 1964 the total ponulation of the
Conakry region was estimated at about 172.500 in-
habitants and at the natinnal census of 19th -
21st May 1967 it amounted to 197.267 inhabitants.
The annual increase in population of 4,6 % 1is

1,6 3 higher than the averadge increase for the
entire territory of the Renublic of Guinea. This
above average increase of population can he attri-
buted to the heavy immigration from the extensive
Hinterland, especially into the outskirts of Conakry
II. If the above average increase of population is
concentrating in the "Banlieue" area - which was
confirmed by the official government agencies -
the increase shown in tabie 1 1s expected for

the future.
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Table 1.

Movement of nomulation 1n the reagion of Conakry,

Arrondissement 196”” 1‘97@‘“’} 1@752) 198(3‘}”)
IV (Los-Isles) 4.89] 5.350 6,200 7,200
VIII (Rural Area) 2.44¢6 9,.2%0 10,700 12,400
I, I1, II1 (Con.I) 54.61317 He.500 72.500 B4, 000
v, VI, VII (Con.II) 129,293 148,702 193, o0 250, 4o
Total 197,267 225.800 282,700 354 . 0

1) National Census from 19th - 21st May 1967,

2) Estimates,

Source: Direction Nationale de la Statistique et

de la Mécanoaraphie, Conakry.

In the 14 years from the national census in 1967, to
the year 1981, the nopulation of the town may have
been doubled. It 1is obvious that aiven this enor-
mous 1increase in population, the resulting quanti-
ties of solid wastes and their disposal will pre-
sent a serious problem to public health. Therefore,
the responsible authorities should take the measures
necessary to guarantee the hygienic and sanitary con-
ditions for the town population.




1.1.2 Present method of garbage treatment,

The administration of the reagion of Conakry 8
responsible for the cleanliness of the roads of
Conakry as well as for the oraganization of the
garbage -~ollection, and 1ts sanitary disposal.
For the execution of this task they have created
a public institution which has been ~harged with
the responsibil ty of strectcleanine as well as
garbage transrort and disposal. However, the so
called "Voirie" 18 only a 7araage and rernairshoo
which provides the vehicles and is repairing them

if necessary.

It has delegated the task of the actual collection
of agarbace to the administrations of the individual
arrondissements. There the vehicles are kept and

the assignment of scavengers i1s arranaed,

While "domestic refuse"” generally means waste pro-
ducts from dwellings and households, such as left-
overs and remains of fruit and vegetables, broken
pottery, dust, old papers and packina material,
like cartons, bottles, tins etc., it also in-
cludes here the waste products from the domestic
refuse from public buildings and commerce. Street-
sweepings, waste »roducts from public parks and
garbage from the markets are accumulated toagether
with the rest of the waste, which is deposited in
heaps on the sides of the roads by the population,
and cannot be collected seperately from the domestic
refuse.
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ool rdave . Ol o viart e  tra vehicoles consist
of spacial it ror hagt-free vemoval of refuse
with compress: o eagurrment and a loadinag volume
capacity of 9 o oom oeach. The maximum nermissible
loading cara 1 % these vehicles 18 7 t, each.
The remainir s vhiacles are oren dump-type hopper
trucks with fume cavacity of only 1 cu.m each,
Tabile ¢ grves & rreral view of the distribution
of the truck sl merysonne l an the individual

Arrondisgerns.

A comparieon Lot Jgeen container volume available

for daily trano rt toaether with personnel,and

the numbey t -nabitants to bhe geyved 1n the
individual Ary 0 lyssements shows a marked differ-
ence between 'nc centre of the city and the "Ban-

Jieue” . This <tors ‘rom the fact that the special




trucks carry out 2 drives ner day and theyv reduce
the garbage volume by halt, while in the dumn trucks
the garbage volume 1s not reduced and they must

carry out 4 drives per Jday.

Calculations relating to the oresent and future

amounts of garinge, are shown in table 3.

Numbers of truck: and versonnel for the collection

and disposal o rarbaage 1n Conakry,

Arronisse- ooy of vehicles number of labourers

3 .
ment 9 3 m3 Total garbage street Total

disrosal cleanina

37 46
17 3 , 15 3o
111 ' f 22 3l
Conakry 1
Y
VI
VIT

Conakry I1

Total

Source: information from "Voirie" of Conakry

from 28th “March 147n,




Table 3.

Transport capacity and labour assianment rer l1o.o0oo0o

inhabitants ner dav.

Arrondisse~ inhabitants transrort cavacitvy labour assianment

i, L
ment 1970 mC 1o inhomoday carbaage streot

transport clearing

28, 4

Conakry 1
46,400
49, 300
52.600

Conakry II 148. 700

Total 211. 200

Table 3 clearly noints out, that as distance from the
centre of town increases the container volume and la-
bour provided by the municipal garbage transport also
decrease. This can be partly explained by increased
production of garbage per head of vopulation in the
centre (more commerce and market garbage). From the
volume ratio of 3 : 1 between Conakry 1 and Conakry
IT it can be concluded that waste material collec-

tion in the suburbs i1s neglected.




1o.

A regular transvortscnedule for anlividual jour-
nevs in the arrondisscment does ot oxist, Afrer
on the spot observaticons an! inrdiries an diffe-
rent gquarters an'd with the drioors of tne tarbage
trucks it was found that 1n ohic oo F the town

transport is Jdaily arnd

On the other hand, 1n “oaberrps owaste 13 oollected
I to 3 times ey woaek, o0 ;oattribatable not on-
ly to a shortaace of vehicles bur also to the unsatis-

factory assignment oL sCavonuers

Hyaienic asnects apatrt, there are techinlcal and
economic factors concerninag the productivity of
the garbage loader to be considered. The calcu-
lation showe! that at ‘ull wage rate of the dump
trucks the dailv nroductivity of a loader varied
between 4,0 and 4,3 r per dav. However, when

working cn the special garbage truck this nro-

- , 3
ductivity increased to 6 m” ner loader ver day

or by almost 5o ©.

The collected wastc material 1s transported either

to tiae public dumrinu place in Kénien - about lo Km
from the centre - shere 1t is dumred in a disorderly
fashion in a former stone-pit or 1t 15 taken directly
to the country side around tne VIII Arrondissement
where it is distributed haphazardly by the 1nhabi-
tants as a fertilizer on fallow grounds. It was
learned from drivers -f the garbage vehicles that

1/4 to 1/3 of the tcral amount of garbage goes to

the country side without control. The possible dangers
of this kind of garbage disposal will be dealt within
the next chapter.
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There are no existina data concerning the costs
of the present garbage transnort and disposal.
Although the "Voirie" was created by the region
and works more or lessc as an autonomous insti-
tution with its own administration and office,
no fixed sum is listed for it on government's
budget . Therefore the exwverts had to arrive at
their own estimates. Further detalls are agiven

in section 1.4.

Present and furture dquantities of waste material.

The aguantity of town waste is the most imnortant
item for the solution of the disnosal nroblem.
This is valid not only with respect to the vo-
lume but also in respect to the welght. The
amount of waste material nnt only determines

the collection and disposal system but also
relevant to the possible recovery of the usable

waste to form compost.

Besides seasonal fluctuations in the cquantities
of waste material the amount also differs accor-
ding to the structure of the town, the living
standard and habits of the inhabitants of differ-
ent countries and even between those of different

towns.

Whereas seasonal fluctuations in Conakry occur

they are of only minor sianificance. However,
it can be seen from table 3 that the quantities
of waste material in the individual districts

of the town do vary to some extent,
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The nonnlation i1ncrease is not the only irnortant
factor in the fature Jdevolorrent of the annual
quantity of wasto raterial. s o tho nonulation
density increases tie SR B RS N Dot tharodar-
bage utiitzation de Coar e rasiny livina
standard reslting “ror the growing rurchasing
nower of the nonnlation Jives risc Yoo anoincrease
in the garbadc taant 1t rcer boad. The exports
assumc 1 oan inoreasc inorer car it nroduction of
1,2 ¢ mer oannur ot fartior oaloalarions,

The present wasto mareriar joant ity per head

is low in comrariscrn with hoanly e loped in-
dustrial countrics | e aniad orease will

e Bianer than 1n 17 st rialisod oourtrias

Under “hesc cir ‘ Hheoe fallowing £o-

ture prosnects arc rroe Coin o rtable 4.

Table 4.

Projected develonrent of aarbase nroduction
] !

in Conakr-.

Year () 1975 1980

Number of
inhabitants

211,200 260 .800 344.400

per capita pro-
duction 1in Kq

Total amount of aar-
bage in tons

Daily collected gar-
bage gquantity 1in tons

1) at 300 workino lave por vear.,
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It is assumed that the weight volume of the aar-
bage will not change within the noxt lo vears,
So for transvort an uncomvressed garbage, a vo-

lume of

550 m~ per working dav in 1975

- 3 ‘ :
720 n” per workina day in 1980
will have be handled,

To arrive at the area reaulred for the garbage

deposit it is assumed that the garbage ~an be
3
compressed tc 8oo ¥g/m”,

Therefore the necessary dencsit volume

for 1975 about 53,000 wafvear

for 1980 about 69,000 m3Xyear

Assuming that the size of the area for organized
denosit is about 5 Ha, this area would be covered
with a garbage layer of about 30 m hiach in the

course of the comina 20 years,

Composition of the waste material.

The garbage quantities are of bhasic immortance for
the organization of refuse collection and disposal
as well as for planning the size of the installation
for recovery of the usable components. The compo-
sition of the garbage is a further important basic
factor for the determination of the recovery rate

at composting.




The waste material of Cnnakry defined in section
1.1,2 can b subdrvidesd anto ~omoounds whiich are
comnostable or not commostable |, derendiing onoits

quality., Compostable comonopents aroe malrn v

- kitehen and oo
- styaw an

- maner and

non=-comnostable comnonor e

- stones,
- yood, leatae cohber arst Surthotic nroducts

- ilron and non=-1von

Moreover, the waste material »f a town contains an
element which carnot be defined eoxactly in a sor-
ting analvsis hecanse of 1ts ‘ine oranulation. It
contains a commostable fraction to be added to the

z

other compostable material, which consists of finely
granulated oroanic material such as food residues

and parts of nlants.

In both weight and volume the largest vart of the
waste material of Unnakry consists of veagetable
matter such as leaves, parts of nlants, fruit-

peels and fruit-rests.

Street sweepnings and market refuse contain more

than 90 * leaves and vnlant parts. Sand and other fine

particles remain on the unpaived sidewalks and road-

gsides,
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Plants and veoctal e 3| 1w omain vart
cf e sarbays o b Pt Cat « Adopostyico
reofuse 1n the

lcoroasing O

ghare with

carthonware

rubboer P ] et

The commercial rnon-housenold vastos finally con=
sist of packina materials, wastos of Landiicraft
enternrises s:oh as taylors, halrdrossers oto,

As a reagular aralvsis could not be carried oot
hecause the lack of time, nersonnel and resources,
the composition of the aarbaae of Conakry was
estimated by raniorm sarnle 1nvestitations as

follows:

nlant-, fruit- and food residues
paper and textile aarbaage > % 85 % com-

, ‘ nostable
fine waste material

alass, pottery
wood, leather, rubber, plastics E 15 % non-
_ ‘ o compostable,
iron and non-iron metals
In the composition of the waste material-about 85 %
compostable material and about 15 % non-compostable
material- no essential change will take nlace in the
near future. The share of packing material surely

will increase, but on the other hand also the share

of the food and rlant rests will increase with the

rising living standard.
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Composting of the town waste of Conakry will aive
a good compost recovery because of the especially

high share of its oraanic matter,

At »resent griin the near faturc there 13 no mar-
ket for the non-compostable puart of the waste
material. The vovulation in the nelcbbourhood of
the present Aumr collects some raterials and ob-
jects for their oun use such s Tire caoct, tins
for oil lamps an'd bottles to store various li-
quids (oi1ls, vetroleam, uaint otoy, Industries
such as iron-rills, ilass-mills and vaperrills
which could use hv=nroducts of composting as

raw matcrials, do not exist, Tevertneless the
government's nlanring offices are considering
the recovery of iron- and other rnetals and to

have them pressed 1n a sScrap-nress.

So when installatina a compost olant it must be
realized that about 12 % of the total waste ma-
terial must be devosited at a dump. This should
be an ordered ani hvaienically accertable de-

posit. Accordina to conditions mentioned in the
preceding chavter the followina volumes are to

be deposited:

1975 6400 m3 of a total of 53.000 m3/year

1980 8300 m3 of a total of 69.000 m3/year

Evaluation of the present agarbage treatment.

Hygienic aspects.,

Generally spoken the present treatment of waste

material in Conakry is most unhygienic.
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1.2.2 Technical ani ccononic asnect §y

The hydlenic nulsances, o ~ent ioned above, of

the garbage treatnent in Conarr’ are caused by

a4 lack of adequate techni-al means as well as

by 1nadequate Sraanization. Carbage Jdisvosal

is more or less readarded as ar nnevitable evil,
costing much moner ant not rendering much vi-

sible benefits. Lack of information or nerhans
misunderstanding ~f the bia threats to the

health of the wvopulation miaht be reasons that

in the State and District buduet no funis are
reserved to be used for the organization of an /
unobjectionable wast. disvosal. It must be borne
in mind that in the hivthlv-industrialized countries
about 20 % of the rnunicinal budaets 18 spent for
the collectionn and denosit of solid waste material
only (WHO-technical revort series No. 367, Geneva
1967).

The lack of suitable technical equipment as well
as an inadequate organization because nf too much
decentralisation, are the actual reasons for the
efficient and expvensive waste disposal . That means,
that with the same expenditures for the town's
cleanness and for public health tnere could be done
more than at present. It is possible to organize
an acceptable waste disposal at even lower costs.
(See section 1.4 and table 5). For the analysis

of its technical and economic aspects one should
start with the present presentation of the garbhage

for collection and transport.
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From the garbage nroduction in the house-holds till the
loading on the collecting trucks the garbage 1is heaped
three times:

- by the inhabitants themselves, getting rid

of the garbage 1n this way.

- by the scavengers, sweeping together the

heaps spread by wind and animals.

- by the dustmen, filling their baskets with

the heaps and emtying them on tae trucks.

More than a half of these activities could bhe
avoided by the provision of a sufficient number
of dustbins to be filled with domestic refuse
and street sweepinas and to be emptied directly
into the trucks. These household's work would
remain unchanged. Labour productivity of both
scavengers and dustmen would be higher and then
work more effective. That means that the same
personnel could clean the streets daily, in-
stead of the actual 2 or 3 times a week. The
threat to the health of population and cleaning
personnel would be limited essentially by the
use of garbage bins.

The lack of a sufficient number of special gar-
bage trucks and of spareparts for the existing

special trucks (of a total of 20 trucks only

5 are more or less usable) has lead to the fact

that for the carbage ccllection and transrort
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totally unsuitable lorries are used without a
compression installation and with a too srall

loading wolumn.

As these trucks arc ot it tnr Jdustfree transports,
they have to re ryojeor ol trom hytienic point »f view,
apart from their tocher cul oand economical dicavan-
tages. The scorore of v S ling nrganizat ion hecomes
especially cloear byt fact that a swecial rarbade

truck of the foro asedd

-~
~

carries - 7 times

as much waste as o smallor lorry, Hut 1ts narchase

price is only twn tarca the vrice of g honror triacks,

Given theo 50 Bratey loa i canacity of the dast -
men (sec soctinn 1.1.20 4o the rodaction of trans-
port kms to less than 2o tr the same garbaae volume,

even an outsider Ccunoan loratand that financial means

could be saved b usinag rropor cauipment ant by strona
centralization. The ~bhtainod savinasg could be used for
financing the lusthins ant for the sanitarv installa-

tion of the dumn site,

Because at nresent rothing is done for the maintenance
of the public Jum =i1+< and hecause no financial means
appear on tne buiagetr no 1nvestigation of the technical
and economic aspects 1o necessarv, But it should be

mentioned that concideorable investments are needed for
a controled and order '+ waste denosit and composting

in order to fulfil tho hvsienic exigeances,cspecially

with regard to the fas: 1rowing population.
Proposals for waste troatment,
A reorganizaticorn of *the oarbace disposal and treatment

is proposed givinag biotter nealth protection and not

overcharging wvublic funds.




The main princinles of the prorosals are:

- an organisactional ant toechnical Tentras
lization of the aarbadge {isposal of the

whole town arca.
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- a daily refuse cc

the town.
- a AdAustfree transeort of the wasto ~aterial.,

- a hyaienicall s aocernsal le sy sal 0 toe

garbadae.

1.3.1 Preparation of gariacc.

The municival authorities have alreat’ naie an
encouragina start witn trne Sonsetuent arvrlication
of the above mentioned rrincivles. In the citv's
centre they have vlaced about f0o dustbins to be
used by households and scavencers for a temnorary
deposit of waste. These dustbins are oil barrels
cut in halves. They are equined with simple handles
and have a volume of about 115 1. They are especially
suited for the disposal of bulky materials because
of their diameter of 55 cm and thev can be easily
emptied into the openings of the special garbage
trucks. The purchase costs are low and the con-
struction costs of the bhins alsc remain within
limits.

Given the dailv armount of waste (shown i1n table 4)
and a volume weirant of about 200 Ka/m3 then it is

concluded that
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Together they perform 72 daily journeys from various
districts of collection to the dump site,but a regu-
lar daily garbage collection in all streets is not
guaranteed. At an average distance of 7 km between
the collection district and the dump sites the

total number of kms. daily covered amount to about
looo kms. This total decrease to 280 daily kms,

- i.e. less than a third - after changing the pre-
sent collectinag system, and warranting a daily
garbage collection for all parts of the town. In
fact the transport costs do not decrease propor-
tionally with the covered day-kilometers to drive,
but yet cost savings of 28 % are quite interesting
(compare section 1.4 and arpendixes 1 and 2).

Garbage disposal.

There exist three prinicpal methods for the hygienic
and sanitary handling of the collected waste:

- the organized, controlled dumping
- the incineration
- the composting.

The first two methods consist of more or less
simple disposal of the waste, whereas by the third
method the organic matter can be returned into the
natural growth circle. Undoubtedly, the organized
and controlled dumping is the cheapest solution.

However, in order to be acceptable the method has
to fulfil the following conditions:
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- The dump should not influence and contaminate
ground- and surface water.

- The dump should be isolated from neighbour-
hood and planned outside the living areas,

- The dump should be fenced off against people
and domestic animals. To prevent flyina of
paper, development of dust etc. the dump
should have suitable windaquards.

- The area should be pnrotected against insects
and the annovance of smell and the danaer of
fire. This can be done by brinaing up alter-
nate layers of the waste material and soil.

Without being able to investiagate all the facts,
it is clear that the conditions for an organized
and controlled dumping do not exist.

With regard to the strong increase of population,
however, a solution for the waste problem is ur-
gently needed. Now the question becomes important,
whether the needed reorganization of the garbage
disposal can at the same time imply a more econo-
mical use of the organic matter present in the
garbage. Because of that the composting method
needs to be analyzed. However, the auestion is
only then of interest when the additional ex-
penses for composting as compared with the other
methods are be covered by the sales revenues of

the compost.

Since the construction a compostplant will eli-
minate the necessity for a garbage dump, it is
of course acceptable that the amount reaquired
the alternative of an organized waste dump be
accounted to the compostplant to cover the ex-
penses.




1,

This is justified in so far as the comnost plant ,
takes over the task of a sanitary and hyrienic

dispnsal of the non compostable materials,

However before a final conclusion is made,

the auestion has to be cleared 17 actual markets
oxist for the cormnost, at sales nrices usti-
fyving the high i1nvestment costs of the comnost

plant,

1.4 Present and future costs of agarbage disnosal.

As stated above the collectinn and disnosal of
the town's waste 1s 1in the first nlace a oroblem
nf hygienic. However, as 1ts sclution is linked
with considerable charges to public funds hand,
the problem should be sclved in the economically

most advantageous wav.

At present the exrenses for jarbage disnosal are
not especially indicated 1n the budget of Conakry.
The region's administration assians financial
means to the individual Arrondissements which
snend them accordina to their most urdent needs.
Therefore concerning exnrlicite expenses for gar-
bage treatment no data were available in spite
of repeated efforts at the different offices.

So the current yearly exploitation expenses

nad to be calculated at the basis of data on
or2vation costs and average wages, cdathered on

the spot. (see appendix 1).
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In the same way the annual operation expenses were
estimated to be incurred after the nroposed reor-
ganization, as well for the nresent year. (See

appendlx 2).

By the uniform evaluation in table 5 for the different
vears it is possible to make a first comparison of
costs, although the fiaures as such cannot pretend
absolute completeness and exactness,

Table 5 shows the result of these calculations,

Table 5.

Annual costs of garbage treatment for the opresent and in

the future {(in looco FG ver year).

Year 1970 1970 1975 1980
Phase of present
treatment si1tuation after reorganization

PREPARATION OF

waste material 50,370 51.795 64.575 83.840
COLLECTION AND

transport 57.191 41.281 52.539 67.55%0
DEPOSITION - 4.746 5.121 8.185
Total ~  ~~ 107.561 97.822 122.235 159.575

Specific costs

per ton of waste

(FG/ton) 3.504 3.186 2.981 2.901

per inhabitant and
per vear (FG/Inh./Y) 509 463 460 477
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By changing from a 7-dayvs' week to 3 - .ot reek,
for which the number of scavenaers 1. + D fn-
creased accordingly, and bv tho inst " o n of
more dustbins it abpears that costs - .o msloni-
ficantly with less than 3 =, Collecti v 1 voqnr =
port costs will be reduced with 28 . ‘i 2 SR S TS
of the obtained costs savings will hav. S ST
for an orderly dumping of the waste, or Yoo ose
of the construction of a commost plant w1 % e

be accounted as shar~ of costs at the va 3t o
waste material. Still real cost savinas Ao o
annually result,

The change of the entire Tarbage disosa. wil
considerably improve the hyaieric circumetinc: s
and cleanness and will beautife the ARSI SRS Wt

of Conakrv.

The later can be obtained, when the means sav: 4
by the change are used for the nurchase of cor.-~
post and for the imbrovement of the public narcs
and squares. More than a third of the rlanned

compost production could be used for this func-

tion.

However, the larger nart of the future compost
production has to reach a market. Pherefonre in
the following vart of this report the marketina
possibilities in agriculture will bhe axamined
more in detail.

o
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Possibilities tor the Compost Market,

.

Bofore Jdiscussing the possibilities for the future
coMpost arket 1to1s necessary to oxarine the quali-

N

tyoand raantcto o0 the combost o to be vroduced an

£

4 ¢
i

Conak: w in orler to pake g econoni T evaluation
mossible. ol wen raality o oand the reaioagri-
Sutural calue ¥ rhe coonocers are ddetermined,

1t owi1ll e resspb lo t 0 gmalrse apnlication possl-

bilities and totonttal mar<ots,

Ouality and evaliiaty o of the comnost,

Generally sveaking cormost is a broduct used for
cmil conservation and 1ororosorment . Because of 1ts

high content of oDroanis mat ter 1t

- imuroves the so1l stracture

- inc~reases the air sunply into the soil

- ircreases tne wWater-holding canacity

- decreases erosion

- decreases the loss in so1rl fertility
caused by climatic irnfluences

- 1rproces the “ixation of the nutritive
substances from the application of chemi-

cal fertiliizerss.,

The content of real nutrivive substances in compost
is not very important in industrial countries but
it should not be undercetimated in the developing
countries, where chemical ferrvilizers are scare
and expensive. Furthermore continiously to the
plants than cherucal fertilizers do and has there-
fore a more profound influence on the quality of

the crops.
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In Guinea no research resalts arce avatllable on the
s01l 1mproving effect ot Lost oandd ats yvield in-
creasing offect, and thorofo o thcae faothrs cannot
be considered hers et ¢ et aocort ain dea about
DT UM st wome roslte ror ather oouns
pe state . [t o1s rerortesr tor example
from Maltos toat AN toar lrotatacn 1 an oxXnerie
ment withooJo tros f g g vl v e b a wield
increas: SN AT S Sooromvate st by owe
clusio use f cremioal Cortilizors oy v Tarst
year. Hrdab pelde aroore wEen by gy arter
application of onorrooet g Car R arce]
without any ortilize v freforen intoa Aty
of the Lang and Wato to cooartment b Agri-
culture, “lalta 1968,
Accordinag German lata the 1eod sarvlus value for

+

different crovs

(reference: Dr.
tion of town gat
19681 .
rape see
Boalttal b

Jheat

notatoes

Only the yvield s

But 1t surely ca

be obtainci 1 ¢

DEY o ton oot e oas s llows:
sticokelboeraer: Treatment and utiliza-
bage, "ol. 3 page 13, Herlenheim
o g, eorvesnonding with 630
et R EE K h " 670
1,0 " 990
B i " 1540
areloas o tae firsr vear was reported.
ool oassume D that oa yield surplus can

ne yoears as well.,

FG
FG
|
FG




An other way of ovaluating compost s the estimation
the market value tor the gttt ioe sabstances con-

tarned 1n compost

Table & g1ves 3 Joner 4| e ot e main nutritive
compost substan e IR B analyses from

frfferent cooant e

In Juinea n reses: T jat 4 oexist o fhe ant lication
of compost, as alreas by e, Theretore the eco-
nOMIC evaluat s o L o . s based on the orices

o Julvalent ity ~uubat ances contained an
the chemical fertii-zors 2 st reaariing the soil
improving effect of comeoast . The reasult of this
valuation 18 shown Cotarle 7L The alue of nu-
tritive gubstances 206 TG ey torn of compost
forms the basis ‘or fartter calculations and com-

D&Y 1 SONG

Posgibi1lities for the sale Y cormpost,

The transports of cornpost 18 very expensive espe-
cially because comnast has to he anplied 1n large
quantities to be effective. So the market area 18
limited by the high transport costs. The railway

transports on the contrary are relatively cheap:

about 7 FG per kr. But because of the lack of

Wwagaons compogt transport on rail cannot be re-
commended. The farmers have no means of trans-
ports at their disposal. Therefore the compost
transport will have to be done by hired trucks

at a vrice of about 25 FG ner tor./km. By these
high transport costs the maximum delivery distance

i reduced to 25 - 3o km as will be shown later on.
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So the potential compost nurchasers live only in
the area of Conakry and the region to produce the

agricultural products lies within the maximum distance.

The possibility of compost purchase by the municipal
administration was already mentioned in section 1.4.
The Governor of the reaion of Conakry affirmed his

willigness to nurchase anil use compost in parks and

on public squares.

But it should be realized that even #rough compost
abplication in order to beautifyina the town view
forms a nroduction outlet, this is an unproductive

use from the economists voint of view.

The compost used in aariculture will have a hiaher

productivity to private and national economv. Thus

compost can be used for the augmentation of croo

yields because of its capacity to improve the soil

structure and because of its nutritive contents.

Review of the present conditions of agricultural

production

There exist unfortunately only very incomplete
data, in particular almost no statistical material
is available for an analysis of the present pro-
duction conditions. The few available data have
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been completed by own inquiries, by interviews

with the authorized organizations and persons

concerned, and by journeys into the area of in-

vestigation,

Area of investication

It has already been concluded that compost can
only be sold within limited distances from the
compost plant and considering the fact that waste
material of the Carital must be mam actured as
near as possible to the town, it results that
only the near surroundings of Conakry is suit-
able for the compost nlant. As elaborated in
section 3.2.2 the optimal location of the compost
plant is at the naticnal road, no. 1, km 19. The
market of compost will conseauently be limited

to a distance of 25-30 km from the factory
(compare fig. 1). The following observations

are furthermore limitina the area of investiga-

tion:

- The output of a compost plant is limited
by the amount of collected waste or by its
compostable components, thus determining
the area to be supplied regularly with com-
post.

Compost is heavy and voluminous with regard
to the contents of nutrients, so that the
resulting high transport costs per kg of
nutrients and per km make long transnort

distances uneconomical.

By the use of compost a certain increase in
crop yields is expected, which could be advan-

tageously exploited not far away from an ex-
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The climate of the area is the typical hot and

humid tropical climate with a dry season of

about 5 months and intensive rainfall during

the rest of the vear. The occurring heavy
showers (350 mm in 24 hours) are in nart the
cause of strong soil erosion of over 2o T/Ha and
per year. Data on rain distribution and monthly
temperatures for the surroundings of Conakry

may be taken from table 8.

The utilization of compost could improve deci-
sivelv the water holding capacity of the soil,
so that the vegetation period could be extended
up to the first months of the dry season. Given
climatic soil and conditions, erosion and a per-
manent deterioration of the soil fertility and
crop yields could be mitigated by the apvlica-

tion of compost.

Agrarian structure

In this report the aqgrarian structure is of in-
terest only in as much as the existing manage-
ment and property forms in agriculture would
react to the introduction of the new means of
production (i.e. the compost) or in other words,
in as much as the farmers can be considered as
potential purchasers at all. Statistical data
on farm sizes, on the property and cultivation
methods of the soil, are not available, so that
in this respect the analysis is limited.
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In the following we will shortly describe the

nresent form of manaaement

The most genecral form of acrioilture in the area
ie subsistence farming, the oxtont of the cul-
tivated surface devording on the family size and
the available mannower. The surface the more fer-
tile river wvallevs ‘with nermarnent agriculture
such as bananas, malze, votatoeos) 1s relatively
limited. On the hicher situated lands and on the
slopes manioc, mailze and mountaln rice are main
crops. The system ot busn-hurning 1s practised
after every 3-4 vears of oroduction during a

5-6 vears of fallow rerioi, However, because

of the increasina vonilation the fallow time

is constantly becominy shorter which 1s leading
to permanent deteri-ration of the soi1l fertility

in the area of 1nvestigarion.,

The soil is cultivated only bv means of a hoe.

Un to now the use of chemical forvilizers is

unknown. lowever, the use nf leaves as organic

fertilizer 1s nenerally krown, althouagh the
practice has hecome isss irnportant. This is
caused by the orevailina shortenina of the
fallow time with 1ts conseqguent more limited

supply nof leaves.

Accordina to nur own estmations about 8o % of
the total aagricultural surface of the area is

cultivate? on subsistence base.
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The largest part of the exnected comnost auantities
must be supplied to these farmers, Supbnosedly the

farmers will react nositivelv unon the use of com-
nost since the importance of the orcanic substance
has already been understood (Sce use of leaves and

fresh waste).

Concernina the fixation of the ~omnost nrices

attention has to be naid to the necessary €i-

nancial requiremenrt -, From the few inuiries,
made in several villages, it could be conclu-ded,
that about 60 % of the subsistence farmers reo-
ceived an additional income from non aaricul-
tural activities, i.e. occasional emnloyment

in handicrafts and industries in the region

of Conakry.

About 1o % of the remainina surface is cultivated
with permanent cultures (rnanco, oilvalm, citrus).
The existing farming is that of the nlantation
tyve, developed from the subsistence farms. Often
these plantations are less eroded "islands" in the
higher situated areas.

Actually organic material is only used in the
plant holes. As this cultivation practice and
its economic value are becoming more imoportant
it is to be expected that part of the comrost
could be sold to these farmers.
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A part of the remaining surface is cultivated by

a special form of aaricultural management the so-

called "Colleae d'Enseiugnement Révolutionaire"

(C.E.R. - fermes scolaires). These are state-

schools and which should influence positively
and directly the surroundina form of agricul-

ture by demonstrating more modern methods.

In the area of investiuvation other forms of agri-
culture do not exist or don't have acquired any
importance, as e.a. agricultural production co-

operatives.

Marketing of agricultural products.

As on the one side the use of compost must lead
to the increase of the agricultural production,
and on the other the cost of the utilization of
compost can only be covered by the proceeds of

the marketable products, an analysis of the

supply and demand situation is required.

According to the very few data which are avail-
able, it is almost impossible to present a guan-
titative picture of supply and demand, (neither

for local need nor for the export market).

At the local markets, especially in the area

of investigation in Conakry, only the occasional
surpluses of the surrounding traditional farms
are offered and there it was not possible to
find examples of cash crop production for the
Conakry market.
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more profitable ways of earnina meney apart

from farming.

These questions will even become more rmnortant

if the agrowth of Conakry will continue 1n 1ts

actual way. In the near future the arowing de-

mand for agricultural nroducts, cultivated in
distant areas, will create increasina transoort

problems.
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The increasing market demand will certainly

have its impact on the area of investigation

but will only then lead to a production increase,
if the soil capability (which is actually poor)
can be ameliorated by the application of means
of production (compost, fertilizer). One should
be aware that the farmers know how to profit

from the occurring market nossibilities. This is
concluded from the following observations. The
export price for certain vproducts has been fixed
by the government and is valid for the whole year
indepently of offer and demand. However, at the
local markets the prices for the same products
are fluctuating considerably as shown in table 9.

Table 9.

Prices of selected products at the export and
local market.

Prices in FG/KG

Product export prices 1) price on the
Harbour of Conakry local market

2)

bananas 35 3o-70
pine-apple 90 3o0-130
citrus 23 15-60
mango loo 125-150
avocado 55 3o-80

1) price fixed by the state.
2) own inquiries.
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The fluctuations on the local market are leading to
the fact that also the products of export quality
are offered at the local market, as soon as local
prices are risinag ahove the exnort price. Also the
reserve is true. The sale on the local market is

carried our partly directly (producer - consumer),
partly via agents or throuah the Stateorwuanizations
O.C.A., (Office 1o Unmmercialisation des Produits

Agricoles) and ALIMAG (Entervprise Nationale pour
l1'Alimentation Géneraile) which also take care of

the transport (e,a. Findia - Conakrv).

The export of agriculitural products is exclusively
in Lands of CGUINEXPORT which as a government's
company, is subordinated to the Ministry of
Commerce. The proiucts destined for export must
comply with a certain standard quality. Table lo
gives a picture of the actual exports.

The market for aaricultural means of production

Contrary to the inland trade of agricultural pro-
ducts, the trade of aaricultural means of pro-
duction is comnletelv in hands of state companies.
All the agricultural ~eans of production are im-
port products (chemical fertilizers, pesticides,
equipment etc) as far as the distribution of
these means of vroduction state-, semi-state-
school farms and cooperatives are favoured in
such a way that for the individual farmers nothing
is left. Apart from this, the individual farmer
can hardly act as a nurchaser

because of liquidity problems.
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This doesn't mean that the effect of fertilizers
is unknown to the farmers. If a sufficient quan-
tity of fertilizer would be at their disposal, a
small part of the farmers would spend money for
fertilizer. (See point 2,3.3).

In table 11 the quantities of fertilizers are
shown which have been imported in recent years.
The quantities shown in table 11 are not com-
plete because the imnorts of large customers,
as well as the quantities received from Tech-
nical Assistance, are only partly included.
Any way it is clear that the imported ferti-
lizers are neither in composition nor in quan-
tity in accordance with the real demand.

Evaluation of marketing possibilities of
compost in agriculture.

The market possibilities of compost are depending
on a number of factors. Especially the price of
compost, the relevant areas, its effect on pro-
ductivity and the organizational problems, like
extension and transport, are of great interest.

The price fixation for compost.

In this case the fixation of compost prices plays
a keyrole and therefore has to be considered from
different angles.
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- The pnrice must be low enough to draw the
attention of the farmers csvpecially during
the introduction period and mav not exceed
the financial possibilities of the culti-

vators,

- The price must be high ennugh to cover the

total costs of the compost plant,

- There must exist a reasonable relation
between 1ts nutritive value and 1ts vyvield

increasing effect,

Apart from this it should be taken into consideration
that using compost means hicher adiitional costs for
the farmers (distribution, storina, auxiliary means,
transport ctc). Concluding the descriptions in chap-
ter 2.1 of the nutritive value ner ton compost can

be evaluated at 2.260 FG, which 1s comparable to

the prices of chemical fertilizers. However, for

the individual farmer the compost should be chea-

per, so that he will be able to b @2ar the necessary
additional expenditures for distribution (esti-

mated at about 300 FG/ton of compost) and trans-

port. For transport costs one should count upon

25 FG/ per ton/km. Up to a distance of 22 km,

transport costs amount to 560 FG per ton, 8O

that the price ex factory could amount to 2.260 FG

- (560 + 300) = 1.400 FG/ton of compost.
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This price of 1.400 FG/ton of compost seems rea-
sonable to be recommended also from the view of the
compost plant's economy. In the first jears of
operation, production costs per ton of compost

will be above 1.400 FG/ton, but when the onera-
ting capacity increases the production costs per
toyr of compost will decrease below 1.400 FG so

that soon an equalization of the accrued losses
will be reached and later-on a profit can be ob-

tained (see table 15).

2.4.2 Areas suitable for comnost apnlication. |

The apnlication of compost is not unknown in “he
investigated region. Numerous farmers asserted
that they would buy compost if the possibility
was there as the existing "comvost niratery"
shows. This expression comes from the State
Hygienic Service and means the illecal utili-
zation of various solid waste material from the
refuse-dump. For one truck-load (4 tons) of this
not quite decayed material in which many metal
and glass pieces up to 4.000 FG 1is paid. Main
consumer are the Municipal Parks Service and
owners of private gardens. Newly gathered waste
is sold by the garbage truck drivers to diffe-
rent farmers around Conakry. As the compost sure-
ly will be more expensive than the illegally
bought and relative poor waste, there will remain
the liquidity problem for the farmer.
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According to our own investigations, the agri-
cutural acreage suitable for compost application
is relatively small and will hardlyv exceed 1o %
of the total area, the remaining 90 % not beinag
cultivated.During the dry season, 50 % of the
existing agricultural acreage can be reached

by trucks.

In order to underline the influence of the com-
post application on the crop viclds and at the
same time not to exceed the financial capacity

of the farmers. An amount of comnost of 3o tuns/ha

is recommended for a three year neriod,

The areas accesible by trucks nearly corresnond
with the areas in which commost aonlication is
needed. With the increasing general development

it can be assumed that the traffic accessibility
will improve, or else that the compost application
per ha could be increased in the course of time.
Besides 30 tons/ha in a 3 year term is considered
to be a minimum. Table 12 contains a comparison
between the compost quantity and the disposable

acreage.

The required areas stated in table 12 must be served
otherwise possibility of an economic application of
compost is hardly possible. If it will be necessary
to include the more distant regions for compost
utilization, where transport costs will increase

and automatically the compost vrice will rise.
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1f, during the first period the amount of compost
consumed in agriculture would be less than its
supply, we propose to make usc of the nossibility
of comnost application in the municinal reaion

fas shown in the chapters 1.4 and 2.2).

The feasibility of compost aprlication to

different crops.

For the feasibility analvsis it 15 necessary to
know the specific vield increasinu effect _f com-
post application to different crons (net vield
surplus of compost). In spite of intensive efforts
1t 1s 1mnossible for the expert toam tn state

any data from research or local experience con-
cerning the use of fertilizers. The competent
institutions do not dispose of such data. The

only results of research come from a rice-project
in the alluvial ccast plains but they are of no
use for the compost apvlication in higher situated

regions.

In table 13 the inverse way is taken. On the basis

of data of some selected crops, it is shown which
minimal vield surplus has to be obtained in order

to comoensate the surplus costs of compost application.
A comparison is made between cultures such as rice

and maize, as well as cash crops like potatoes and
pine-apples, which are not yet cultivated on large

scale in the investigated region.
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Amount of comrost and rogquired aoricultural acreaqge

fsupnly and Jdemand)

1974 1974 1975 1980
Garbage production
Tons/vear 16500 18, hoo 41,000 55,000

‘ . 1)
Compost production
tons/vear 2%.200 24 . %00 26100 35,000
Required arca
tha)
applicacion = 3o tons/
ha/3 vears 2.320 2.460 2.610 3.500
application = 50 tons/
ha/3 vears .39 1.47% 1.570 2.100
Potential arca
(ha)
5
existing af@aﬁ“) 4.600 §.600 4.600 4.600
. 3 - ) ,
accesible for trucks }2.400 2.500 2.600 3.500
1) Amount of compost = amount of town waste minus 15 % (non
compostable ratio), rest minus 25 % composting losses.

2) At present according to own estimations and in accordance

with the acoricultural institutions, not more than lo % of

the total investigation of area can be used for agriculture.

At present about half of the agricultural area can be

reached by 5 tons trucks at least in the dry season.

assumed that with continuing general development the

traffic situnation will improve,

It is
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Tabl+ 13 should not be regarded as an exact eco-
nomi s comparison bhecause each crop poses different
femands on foi. fertility of the sl and amount
Ot work. Yet it is shown which facts must be taken
inte consideration with regard to the application
ot correst under the circumstances 1n the investy-

datn roegion. The following conclusinns can be

- tor the compensation of the costs of cCompust
«flication a considerable 1014 surrnlus must
i obtained. Taie surplus differs according to
the various crops. It should be 411 the higher,
the lower the nresent gross yields tv1eld x

nrice) are,

- bspecially the substerce cuitures demand ex-
tremely high y eld surplus to compensate the
costs of compost application. But if for com-
pensating compost costs a vield surplus above
trnan 25 % is needed, the compost anplication

45 a single measure scarcelv will suceed.

- The application of compost could be feasible
~specially for cash crop products. But “hese
Crips are not vet generallv cultivated in the
higher situated regions (potatoes, tomatoes,

cucumbers, carrots, lettuce otce).

So the problem arises that f.i. for 1975 about
870 ha f‘sce table 12) will be needed to take
care of the produced amount of compost, (26.100

tons of compost : 3o tons/ha = 870 ha/vear).
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But the laragest part of this arca is still culti-
vated with subsistence crops for which feasibility

hardly can be reached (according to table 13).

At this place it is useful to discuss the market

situation once more.

According to our numerous discussions with the
competent institutions we can conclude that at
present the market of Conakryv is not sufficiently
supplied with and that therefore the high trans-
port costs from Kindia (a distance of about 150 km)
become profitable. The high population increase
(4,6 % ver vear) will especially accentuate this
tendency for those producsts already supnlied in
unsufficient quantities such as notatoes, toma-

tnes and carrots,

The cultivation of these products at na:ural con-
ditions can only be expanded in the investigated
region when soil improving measures are executed.
The application of compost comes in the first
place because of its simultaneous fertilizer and
soil improving effect. Apart from this :he water-
holding capacity is increased and the soil erosion
cortroled. In other words the marketing possibili-
ties of vegetables can only be realized after the
application of compost. Likewise the apnlication
of compost becomes profitable by the cultivation
of vegetables. In this process of change the
extension service will be of great importance.
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2.4.4 The importance of aaricultural extension.

An intensive professional advisory board of the
farmers by an extension service {nos not exist
or else has newly been establishicd (the really
useful extension work done by the municinal
officials cannot replace the nrofessional coun-
seling by an expert team). Its actual staff

and its provision with means 1is so lLimited,
that a change of present farmina behaviour

can hardly be expected. However, indications
exist that the population is 1n fact extaension
minded as the rice nroject at tiho manarowe

coast of the Conakry peninsula 1s showvinag,

As far as the anplication of comvost 1s con-
cerned it will be inevitable to have a small
expert team study this nroblem. Such a group
should start with experiments 1n order to get
expertence and to make the application of com-
post more popular. In this way right after the
start of the compost nroduction there will be

an actual compost demand.

Apart from their professional nreparation the
farmers should also financially bhe enabled to
buy the compost. As the experiments with fer-
tilizers will show, the avnlication of compost
will be more a licuidity then a feasibility

problem.
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Several possibilities exist:

1. The compost can be subsidized at a decreasing
rate by the Government of Guinea during the

first 3-4 years, For instanco:

lst yvear : The farmer navs loo PG/ ton "Appro-

val tax” plus transnort costs.
Znd vear 600 Fh/ton plus trarsport costs.

3rd vear : 1l.ooo FG/ton plus transyort costs,

4th vear: all costs included,

2. The compost 1s delivered wholly ~r nartially
on anvernment credit. The farmors will there-

fore be obliced to

agree to a detailed cultivation programme

o

bh. effect repayment by delivery of nroducts
at harvest time or by cash vayment after

the harvest.,

For the first few years the state will guaran-
tee the nurchase of the products at fixed mini-

mum prices and assure viability for the farmer.

The introduction of compost use will be means of
field demonstrations, nilot-nlots and a general

extension service.,
Transport problems.
Current transport costs of 25 PG /ton/km are in-

cluded in the calculated purchase price of the

compost .
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Table 14 shows that 4-6 trucks are needed for the

transport of the compost. It is assumed that trans-
port is possible 250 days a year if well organized.

Table 14.

Transport volume for compost delivery.

Qty of annual covered raod number of number of
compost/ required distance per trips/day trucks
year (in trucks-loads year (35 km (250 days (5 trips/

Year tons) (&3 5 tons) per trip) /year) day

1973 23.200 4.640 162.400 19 4

1975 26.100 5.250 184.000 21 5

1980 35.000 7.000 243.000 28 6

Inquiries have shown that at present no private enter-
prise exists which is capable of supprlying the re-
quired transport capacity mentioned above. There are
sufficient private transport firms which would accept
longterm transport orders - even for less than 25 FG/
ton/km, but their trucks are in such a bad condition
that they cannot be relied upon for permanent use.

For these reasons the experts propose to leave the
sale of the compost to the plant which should distri-
bute it with its own vehicles (a minimum of 2 trucks)
at least partially and give temporary limited con-
tracts to local transport firms.
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In this way the risks of delivery shortages
at peak periods will be minimised and at the
same time private transport enterprises will

be able to participate.

The marketing of the compost is essentially a
transport and extension problem. It should be
solved by the compost plant in cooperation with

the regional agricultural instructions.
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3.1 Selectinn of tia st i met hod,

3.1.1 The principles of commasting 1 rocesses,

The composting of the waste materials can be com-
pared witn the ratural ecorn . csgtron of organio sube-
stan~cs theroby thev are broken down under the in-
fluence of bactoria, alaac, funal and other soil
micro organisms and transfeorrod into a stabilized
form. From this torm thev can be reassimilated into

the natural covele »f orvaganio matter.,
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Two courses of the natural decomposition process
can be distinguished, An aerobic decomnosition

and an anaerobic vutrefaction. In the aerobic
decomposition process the organic matter of
facultative aerobic and mainly thermophilic

micro organisms is transformed intc a stable

form of humus. Considerable quantities of oxy-

gen and energy are respectively assimilated and
vroduced. The oraganic matter 1s not obiectionable
since it is rendered aseptic, under the i1nfluence
of the developed hecat and can be used 1n aariculture

with excellent results.

In the absence of oxvuen the dead organic matter is
transformed by arserobic nutrefaction whereby the
organically fixed nitrogen 1s transferred into or-
ganic acids and ammonia. A considerable vart of

the organically fixed carbon escanes as methane.

At the same time the unnleasant smelling gas hydro-
gen sulnhide is formed. Only a small quantity of
heat 1is produced under the anaerobic putrefaction
process and bacterial 'purity' of the material

cannot be assured.

Compared with the natural process of decomposition
of organic matter composting has the considerable
advantage that the decomposition process can be
controlled by bioloagical and nhysical measures.
Therefore the purnoses of composting town waste

are:

- to make the material aseptic by controlling
the tempnerature range.
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- to produce a high quality product for agri-
cultural use by controlling the decomposting

process.

- to acced~ the natural decomposition and

fermentation process.

3.1.2 Possible methods of composting.

All of todav's composting methods can be fundamentally

traced back to two main systems:

- The systern of windrow compostind

- The system of comnosting in closed fermen-
tati-= cells with the control of temperature,

moisture or air.

The advantage of the fermentation cell compostina
lies in the system's independance of the external
climatic conditions, in its small spatial redquire-
ments and in its comparatively limited labour re-
quirements. In addition, the processing of substan-
ces normally slow to decompose is speeded up. The
control of the decomposition process requires con-=
siderable technical expertise, since complicated
technical equipment is necessary, requiring a
corresponding investment. Th~ minimal duration

of the waste material in the cells is governed

by the time needed to sterilize such material.
Therefore the capacitv of this type of nlant can
only be increased by the installation of additional
fermentation cells, with all the required technical
accessories.
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The technical requirements for windrow composting
are essentially less. This system uses natural
climatic for the decomposition process. The slower
operation of this composting process gives rise to
a greater spatial requirement than that of cell-
composting. Material left to decompose in windrow
requires frequent turnina which gives rise to a
comparatively higher labour reguirement. The ca-
pacity of windrow composting does not depend so
much on the duration of the actual composting
process but rather on the capacity of the pre-
paration plot. However the cavacity of these

plots could be doubled or even tripled without
installing additional units by a change to shift-
work. Labour requirements will increase accordingly
which may be favouable in countries with underem-
ployment.

For the selection of the most suitable method for
a certain town there is a number of criteria, to
be considered. The most important are:

- the composition of the waste material

- the prevailing climatic conditions

- the area available for the foundation
of plant

- the availibility of labour

- the potential extension capacity.

Most of the Conakry's waste material consists of
plant residues, which are easy to compost in na-
tural way, after adequate preparation and decom-
posting.
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The warm humid tropical climate contributes to
the comparatively rapid decomposition of the or-
ganic matter. Even in the dry season when the
humidity, necessary for decomposition is approa-
ching minimum, the process can continue. Low
population density and low soil fertility in

the Conakry area make available large areas of

land for the process.

In the future the unemployment now prevalent

in Conakry, will increase through intensive
immigration from the Hinterland. The industria-
lization meant to absorp the immigration flow
in the region is developing only slowly so that
the creation of additional employment is always

welcome.

Given the general shortage of foreign currency

in Guinea, the degree of utilization on im-
ported equipment is of special importance and

it is advantageous to future imports of machines
and equipment in favour of local and labour. All
mentioned criteria and local conditions support
the choice of using the windrow composting system
for the town refuse of Conakry.

3.1.3 Technique of windrow composting.

The proposed composting system for Conakry-
town the actual compnosting process is preceded
by the technical preparation of the waste ma-
terial. Its purpose is to separate from the
town waste those elements which cannot be com-
posted.
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By reducing the dimensions of the compostable
matter so that a large contact-surface is offered
to the microorganisms, the decomposition activity
of the material should not be reduced to such an
extent that it will compact in the compost win-
drows and thereby exclude the oxyaen needed for

the decomposition activity of the microorganisms,
It this happens the aerobic decomposition process
will change into the anaerobic putrefaction process

with its disadvantageous and unpleasant symntoms,

The separation of the bulky, non-compostable ele=-
ments e.g. wooden and metal parts, bottles, heavy
stones etc. can very well be done by hand at a
conveyor belt, so that the succesive units are
not overloaded. Tins and other small iron bparts
can simply be separated by electro-magnets and

made into parcels by small scrap-nresses.

Although no sales market for by-products exists
at this moment (compare 1.1.4), the Government

of Guinea considers it desirable to collect the
pressed iron scrap and non-iron metals for
occasional sales (either for export or as raw
material for future ironsmelting works in Guinea).

The preselection of material obviously unsuitable
for composting is followed by the pulverization
of remaining material and the screening of the
larger, non-comrostable elements. Finally after
screening the heavy and non-compostable elements
e.g. stones, glass and of china pieces are se-
parated (by means of a centrifugal machine) for

storage.
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The screened material then consists almost
exclusively of compostable organic matter, ‘
which has then been prepared for the actual

composting process.

The composting of the prepared material takes
place on the composting grounds 1in the open air.
The material 1is piled up in windrows of 1,5 m to
1,8 m high and anvy lenath with triangular cross
sections Here the first decomposition process
takes place and the heat generated renders the
material aseptic. It is aenerally sufficient

for temperatures of 6o - 70°C to he maintained

for 4-5 days. a

The decomposition activity of aerobic microorga-
nisms requires a quantity of oxyden which infil-
trates into the looselv piled windrows with the
air. However, during the storage period the ma-
terial is compacting more and more and this affects
the absorption of oxygen. As an oxydgen deficiency
can lead to a change from aerobic to anearobic
decomposition with its unpleasant by-products:
formation of methane, hydrogen sulphide, and
ammonia) it is necessary to turn over the wind-
rows periodically, so that the material is
supplied with oxygen. As the decomposition
process causes a reduction in volume, 2 wind-
rows can be piled together to make one single

windrow,
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After having turned over the organic substance 2-3
times is decomposed enough to produce a stabilized
numus, which can be used successfully in agricul-
ture. Depending on the season (dry and rainy sea-
son) in Conakry the period for the active sta-
bilization of compost should take about 4-6

weeks. However, as the compost cannot be utilized
reqularly over the whole year, it 1s necessary

to construct a compost storace arca next to the
composting ground, where the compost remains un-
til final sale.

Selection of the plant site.

Essential local requirements.

Selection of the composting procedure automatically
raises the question of a suitable site for the
plant. However, before solving the site problem

the necessary ground space requirements have to

be determined.

Gotaas (Harold B. Gotaas, Composting, Sanitary
Disposal and Reclamation or Organic Wastes, WHO -
Geneva 1956) states that ground space requirements
for windrow composting with a daily canacity of

50 tons consists of a minimum of o,6 ha for
buildings, factory' and roads and 0,4 ha for
composting. For each extra 50 ton of daily
capacity local requirements for buidlings and
streets will increase by o,1 ha and for com-
posting grounds by o,4 ha.
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Stickelberger (D. Stickelberger: The waste material
of a settlement, its disposal of utilization, trial
of a representation of the relations, Heidenheim /
Brenz 1966) arrives at similar results, suggesting
that 0,15 m2 is needed per kg of waste-capacity per

day.

However, these data should be considered minimum
requirements. In the data no area is included for
the sanitary storage of non-compostable elements.
When the storage of the remainina non-compostable
substances is projected on the site of the com-
posting plant, as planned for the city of Conakry,
this deposit area must be added to the local area
requirements for the composting nlant. Further-
more the annual increase of waste should not be
neglected in the vlanning. As the capacity of

the plant proposed for Conakry, could be doubled
by the introduction of a second shift, the
corresponding additional composting and deposit
area should be projected, although the final
layout of the planned area can be designed la-

ter on.

When one accepts the norm of 0,2 m2 per kg of
delivered refuse per day for the composting

plant including deposit area for non-compost-
able substances, then a surface of about 2 ha

is enough for the tune being. However, the
requirements will increase with the increase

of the town's refuse programme (compare Table 4) :

for 1975: 2,8 ha
for 1980: 3,7 ha.
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To have enough available snace for the future, an
arca of about % ha should be reserved to be pre-
pvared for the foundation of the composting plant

for Conakry.

Fxamined vlant sites,

For the installation of the comnostinag nlant 3

locat tons were proposed by the government of

Guinea for a clusor investiaat 1on:

- the area of the rresent refuse durp in

Kénien,

~ a surface depression in the neiahbourhood

nf the village Koloma.

- a site 1n the provosed industrial area in

the neiaghbourhood of the village of Matoto.

The acreage of all 3 locations would be sufficient
for building the composting plant as well as the
installation of a well-ordered deposit for the

residue materials during the immediate future.

The site is characterized by an excellent location
for the collection of the waste material. The maxi-
mum transport distance for waste material does not

exceed lo km, and the roads to the refuse dump are
in good condition. The services necessary for the

composting such as electricity and water are avail-
able in the immediate neighbourhood thus minimizing
service investmentcosts. The only technical disad-

vantage of this location is the comparatively long

distance to the compost consumers.
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The road to this site over a distance of 6,8 km,
is in such a terrible condition, that it only
can be used durinag the dry season by cross
country vehicles. During the rainy season the
access cannot be guaranteed at all. Compara-
tively high investment would be necessary to
eliminate this disadvantage if the traffic into

and out of the factory is to be gquaranteed,

In addition the site is on a 15 % incline
towards the river which supplies the villages
of Kolo, Caloum, Hamdalaye and the state re-
search farm of Ratoma with drinking and do-
mestic water. About 200 m downstream there is
a line of wells for the minicipal water supply
with a pumping station which 1is pumping the
water from the wells to the town-network of
Conakry. Pollution of river and well water
cannot be definitely excluded because of
possible high daily rainfalls and the in-
stallation of a refuse dump and a composting
plant cannot be recommended at this site.

The third possible site, proposed by the
Government of Guinea, is situated in the
VIII arrondissement of the Conakry region
and planned to be an industrial development
zone. The exact location is not fixed yet.
The proposed industrial area lies south of
national road No. 1 and starts directly be-
hind the airport G'Bessia at km 16. It is
about 8 km long and about Soo0 - looo m wide.
In the south east the industrial area is
bordered by extensive swamps which partially
comprise an inundation zone of the Atlantic
Ocean.
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As far as km 19 the industry has already been
installed and the sites are reserved and for
two more industrial projects surveyed. The re-
served areas are destined for the installation
of pottery factory and the new municipal ga-
rage buildings. Because the pottery factory
will be built at the side of the national road
and does not need the whole width of the in-
dustrial zone, the southern neighbouring area
is well suited for the installation of a com-
post plant and the aeposit of the non-compost-
able parts of the town waste materials.

The conditions for the installation and the
management of the compost plant are almost

ideal:

- The road and traffic conditions are very suit-
able for traffic into and out of the factory.
The approach to national road No, 1 is good
as far as the pottery factory. An approach
to the compost plant is planned at the west-
side of the future pottery factory. This
street will serve only the traffic to and
from the compost factory, so the intensity
of use will be low. Although the bearing-
capacity of the soil is sufficient (rocky
subsoil covered by erosion material), a
bitumenlaver is proposed because of the dust
problem during the dry season. At a street
length of 150 meters, a one-lane approach
will be sufficient with a lay-by halfway
down.
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- The supply of water for the factory is guaran-
teed by a water-pive (diameter 300) traversing
the northern vart of the proposed plot, coming
from the Kakaelima district. Although this ori-
ginally surface water is not chemically pre-
pared, it has been filtered,

The comparatively small quantities of water
needed for the factory (for cleaning nurposes,
occasionally humudifyving the compost and for
fire-services) can easily be taken from this
pPlpe. Originally the pive was made for the
water supply of Conakry, but a few vears ago,
it was replaced by a vire with a higher pro-

duction capacity (diameter 700) .

- The electrical power can be taken from a draw-
off cable from the main circuit from Grand Chutes
to Conakry. This circuit passes only Bo meters
from the west border of the factory plot and has
a voltage of lo.ooo. The carrying capacity is
more than 500 kVA, which is much higher than
needed for the compost plant. The alignment
of the feed cable to the factory can follow
the inspection road for the water pipe. Ori-
ginally the draw-off cable to the factory was
meant for a quarry plant. The latter olant has

been taken out of operation.

- No direct danger to man and animals exist by
soil- and surface water pollution from the
compost plant. The so1l is very permeable

and auickly absorbs the rain-water.
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The waterflow direction follows the aeneral
inclination of the area: north scuth to the
Atlantic Ocean., The area otween the rlant

and the ccear i1s o swamb area ant aninnabited,
Problems of smell ani lust are not exnected

at the plannct siz0 of the vlant and method

of composting,

The advantages an ! disaivantadges of the different
locations were discussed toagetner witn the Ministry
of industry, the Healtn Service and administration
of the region Conakr, and 1t was adecidecd that the
location 1n the ini.strial zone should be reserved
for the instaliat1or »f the oornost nlant as the
most suitable site. At the same tirme the topo-
graphic devartrent was charagced with the surrey

of the location. The mar ani crossz sections of

the field proposed for the comrosgt tlant are

shown in figure ¢ and 3.
The layout of the comnost plant.
The layout of the technical eguipment.

The criteria for the layout of the compost plant

are:
- the size of the available lot.

- the required caracity of the compost plant.

The size of the area which had been reserved by the
Government of Guinea for the compost plant is about
6 ha and will be sufficient for comnosting in the

next decades as well as for the derosit of the non-
compostable residue.
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In regard to the increasing quantity of waste
material it is proposed to plan the compost
plant for a shift capacity of 150 tons of refuse.
Then the total exploitation of the shift capa-
city will be reached in the year 1977. If the
quantity of waste material increases in sub-
sequent years a second workinag shift will have
to be established. The preparation of the gar-
bage for the composting should be done in two
parallel process-lines in order to quarantee
that there is no halt to the whole treatment-
process if single machines are temporarily
defective. A corresponding flow sheet is shown
in diagramm 4.

On arrival at the plant the total waste material
is weighed on the weigh-bridge and the weigh re-
corded. These records of garbage quantities form
the basis for all further investigations by the
management. By weighing the compost which is lea-
ving the factory one can obtain a good measure
of the compost yield. At the same time the record
of the weights form a basis for the cleaning system
between the compost plant and the administration
of the region. The compost plant reauires 140 FG
per ton of town waste (see section 4.1).

After recording the waste materials are dumped
from the collecting trucks into the deeper gar-
bage bunker. The garbage bunker forms a stabili-
zation reservoir between waste material supply
and waste material processing.
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With its aid it is possible to control the waste
material supply which is spread unequally over
the whole day intc a continuous flow for the
treatment (as mentioned before the treatment

of the waste material for the proceeding com-
posting is carried out in two different parallel
processes with a capacity of lo tons waste ma-
terial per hour each). The volume of the garbage
bunker must be sufficient to contain a whole

day supply of garbage. On the other hand the
waste material bunker must not be too large,

as the garbage will rapidly start to ferment
under the local climatic conditions if left

in the waste material bunker for some days.

A waste material bunker with a volume of

3

about 400 m~ will be sufficient for the waste

material quantity in Conakry.

By means of an excavator which can reach every
spot in the bunker the garbage is brought into
the dispatch funnels of the two process-lines.
Under these dispatch funnels shaker conveyors

or other similar distribution elements are

placed, which supply the sorting conveyor-band
with an equal and continuous guantity. Solid

waste material parts can be removed by hand.
Iron parts can be removed by electro-magnets

fixed beyond the end of the sorting conveyor
belts and via a chute they reach the filling
funnel of the scrap press which is the same
for both treatment lines.
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From the sorting conveyor belts the sorted

waste materials reach the pulverizer and
screening installations which form the main
part of the real preparation nrocess, Larger
parts of the garbage are partially pulverized
and sevarated as non-componstable residue ma-
terials. The screenings from 6-8 cm diameter
pass a second screening device where narti-
cularly non-comnostable solid materials such
as stones, aglass and earthern-ware are sepa-

rated from the compostable material.
Construction lay-out

The soil of the areca rlanned for the compost
factory consists of rocky- and coarse-grained
material with a satisfactory carrving cavacity.
The contructional arrangement can be divided
into 4 main(elements excluding supplementary
constructions for the plant-area such as fen-

ces and roads).

- The weigh-bridge-house

- The waste material bunker

- The machine hall

- The compost deposit.
Technical notes and details are to be found in appendix 6.
The weigh-bridge-house should be situated right
at the entrance tc the proposed plant area so
that the whole administration of the compost
plant can be housed besides the weigh-bridge
room, The night watchman's hut should also be
located here. The proposed construction is
a one floor building, possibly made of pre-
fabricated parts and with a basal surface

of about 200 mz. {dimensions 1o x 20 m)
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The garbage bunker is situated in front of the

machine hall and occupies the whole width., It
should be contructed as deep bunker with re-
inforced concrete, Its denth must be calcu-
lated so that the required volume of about
400 m3 is lying beneath the supply ramp where
the waste material trucks dump the garbage.

(dimensions 20 x 6 x 3,3 m)

The support constructions for the grab excava-

tor, which supplies the two treatment process-
lines with waste material will have to be above

the garbage bunker. The operational area of the
excavator reaches over the entire bunker surface
and is sheltered by a roof and side shields against
the weather.

The treatment process machiries must be placed in
a substantial buildina which can be of steel con-
struction. The size of the machine hall must be
such that the central control stand of the whole
plant, a transformer, a small work-shop, a
washing-toilet and a recreation room for the

crew can be situated in the machine hall. The
surface area of this part of the plant is about
600 mz. (dimensions 20 x 30 m)

The largest part of the area of the compost plant

is taken up by the composting place where the com-
post sections are built. While the proposed area
of the compost plant consists of solid ground, a
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level, bituminous layer is planned for the com-
post place so that the production can be main-
tained fully during the rainy season, and "drowa-
ing of the compost section will not occur. The
total area to be leveled is about 20.000 n\z,
including streets. The compost place must have
an inclination of at least 2 % to guarantee the
run off of surface water.

The arrangement of the whole compost plant, in
the area porposed by the government of Guinea,
is shown in diagram 5.

Estimate of costs

For the feasibility calculation of the compost
plant an estimate of the investment and opera-
tion costs is necessary. In order to complete
this calculation the costs of the composting
must be compared with the expected amount re-
ceived at the compost market plus the amount
paid by the region to the compost plant for the
removal of the twon waste. The cost estimates
are based on costs and prices pertaining in
Conakry as well as on the experience of the
experts arising from the installation of si-
milar plants. The building costs, salaries,
wages and prices of the necessary resources
are derived from local conditions in Conakry,
the costs for the technical equipment of the
factory from experience.
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It 40 cooumed thet the teshnicel equipment for
the festery con be imported tax-free. The Nimeitry
of industry of Guinea does not empect difficulties
in weiring impost tan oince the compost plant i
on installotion whioh will benefit the country &8
‘MO

3.4.]1 Investmant cests.

mwuwwmum
nmmmmmmwmm
aseded for the installation of the factory eea
be cbtained on the free market of an annuel rete
of § V., Different vedenption pericde must be

considored in evder to caloulste the annval -
nmmdmm,xmuamm
the investment csete were detailed as follewing:

= gEnstsuetion part
o soshaical equipment of the fastesy
« \nteornal meoane of transport.

The conotrustien part of the compoet plast
esnsiste of:

tensing_of the plent
Right 3m. longth appresx. 900 a ineluding
ons MEENSe

facth_remeval

for garbage bunher ond weigh-bridee foundation
appron. %00 ou.n. (digeing and transport)

soeping pite for processing vall and adninietre~

tion tolilete approx. 50 ou.m. (digoing and trensport)




approx. 4o cu.m of re-inforced concrete
(delivery and construction)

Watchman's office (including house)

possibility in pre-fabricated construction elements
single storey buildings, approx. 1o x 20 m completed

approx. 160 cu.m reinforced concrete
(delivery and construction)

gantry for crane (delivery and montage)
roofing material approx. 120 m
(delivery and montage)

outside-wall surfacing approx. 3oo m

. Nachine shed

. steel construction including roofing material,

. wall surfacing, space sectionning, floors
and machine foundations, measure circa 20 x Jom
(complete construction)

2

Site- and road improvement
approx. 20.000 nz (levelling and bitumen layer)

Blectric power

power connection of approx. 8o m from high voltage
powerline to plant site (loocoo V, Soo kVA, 50 Hs)

water supply from city water NW 300. Construction
of water distribution network on the plant site.

Total costs for above mentioned con-
structions estimated at 88.150.000 FG




Although the execution of the constructions
can be in the hands of local firms, it should
be realised that apart from some basic items
all of the construction materials have to be
imported and therefore be paid in foreign
currency.

Labour is present in sufficient quantity.
Wages at 6 working days a week, 7,5 hours

daily,
skilled labour approx. 20.000 PG/month
unskilled labour approx. 1lo0.000 FG/month

Additional costs amount to 940 FG/month and child.
Annually 3o days of paid vacation should be included.

Prices of construction material as indicated by the
Department of Industries

sand for construction 3 So0 !’tmu3
cement 4 oo0 !‘G/n:l
corrugated roofing material 14 do0 m/a’
and wall surfacing 1 o000 l‘G/n3

For complete building construction
including delivery of materials following
data were presented by the same source:

housing 35 - 40 o000 m/-’
industrial buildings appr. 25 ooo !'G/Iz
halls and wall surfacing " 20 000 rs/u’
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The equipment of the factory consists of all
technical installations necessary for the

operation of the whole plant; for example
weigh-bridge, excavator, feeding devices,

conveyor belts, sorting and pulverizing ma-
chinery, electrical equipment etc. The total
investment including installation amounts

to FG 160.850.000

Technical details can be found in Appendix 6.

The means of internal transport will be trucks

and loading machines which can be used for the
internal compost transport as well as for the
loading of the compost and to deposit the re-
sidue materials.

The amount needed is: FG 13.000.000

Total investment costs amount to: FG 262.000.000

Operation costs

The operation costs of the compost plant can be
divided into fixed and variable costs. Whereas
the fixed costs are the same amount each year
regardless the garbage quantity handled, the
variable costs differ according to the garbage
quantities processed annually.

If a single operation is maintained, fixed costs
will be:

- maintenance and repairs
- salaries and wages.
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The variable costs are concerned mainly with
the costs of the means of operation (water,

electricity, fuel and lubricants) which were
calculated on the base of the garbage quan-

tity manufactured.

The Ministry of Industry has indicated that
the land for the compost plant can be used
free of charge. The calculations of the
operation costs are based on this supposition.

The calculated fixed costs are:

capital expenditures FG 23.719.350/year
maintenance and repairs FG 5.502.000/year
salaries and wages FG 5.190.000/year

FG 34.411.350/year.

The costs of the means of operation included
under variable costs amount to 202 FG/ton of
garbage.

A detailed statement of the operation costs
is shown in appendix 3.

At maximum exploitation of the given plant
capacity in a single shift operation (= 150
tons of garbage per day) the annual opera-
tion costs amount to:

fixed costs FG 34.411.3%0

+ variable costs
(202 FG/ton x 15 ton/day
x 3oo days/year) FG 9.0%0.000
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Total operation costs at
a capacity of 150 tons of
garbage/day FG 43.501.350

So the processing costs per ton of garbage
amount to 967 FG.
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4. The econcmy of the compost plant.

The handling and removal of domestic waste is
essential for hyogiene and must be considered
part of necessary are government expenditure.
Its economic aspects may be considered secon-
. dary. At the same time it is clearly under-
stood that the tight national budget calls
for economic solutions. As the application
of ‘.he principle of profit maximisation is
not possible for the public sector, the prin-
ciple of cost minimisation should be applied.
In this case it should be first determined
which system of garbage removal will be
cheapest and economically most advantageous:
- simple wasce destruction or refuse conversion.
The necessary economic analysis must concen-
trate on the following aspects:

- The cost of organized garbage dumping

- The economic viability of a compost plant

- The impact of a compost plant on the na-
tional economy also with regard to im-
ports of fertilizers etc. (foreign ex-
change problems)

. - The private economic benefits of compost

utilization in agriculture.

The costs of garbage collection are not con-
sidered here, because these costs are unavoidable.
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The cost of an organized garbage disposal.

Section 1.4 shows the problems of garbage collec-
tion, and in appendix 2 (c) the costs specified
assume that garbage should be dumped in an appropri-
ate way.

From table 4, and appendix 2 the following cost are
estimated:

1970 1975 1980
Garbage (tons per year) 3o0.700 41.000 $5.000
Dump cost per year 4.746.000 5.121.000 8.185.000
Dump cost per ton 155 125 149

The operating expenses will increase slightly in

the years 1970 - 1979, whereas the amount of garbage
will increase considerably. The cost per ton of gar-
bage is therefore decreasing. From 1980 onwards a
second bulldoszer will be necessary and the cost per
ton of garbage will rise to 149 FG/ton. After that
the cost per ton will decrease again.

For purpose of simplification an average price of
140 FG for the dumping per ton cf garbage will be
used. The annual variations of this figure can be
considered small.

The economic perfomance of the compost-plant.

The calculation of the economic outcome of the
compost plants arises from a confrontation of
annual costs and benefits. The presentation of
annual current costs and capital expenditures
were done in chapter 3.4.2 and appendix 3 and
repeated here.
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Por the estimation of the receipts the market-
price per ton of compost is the critical detws.
The explanation for the price-level at 1.doo PG/
ton 10 given in chapter 3.4.1.

The presented coets and prices are based on the
proceeiing econonic caloulation for the conposting
plant. It vas supposed that the composting plant
could start its production not before 197). Teble
1S shows that the operation costs of the composting
plant con be completely covered at the asswmsd
prices, costs and compost volume to be sold. Thie
msans that for the current operation of the cen~
post plant no exntre subsidies are neoded. Nowever,
enploitation surplus is sufficient to cover samwel
capital ewpenditures fully from the start. As o
sesult a Gefieit on paper will be obtained the
tivet ¢ yoars' weried, Givea this fect suffi-
ciont arguments cen be found for concrete ne-
gotiations for finuneing by the inclusion of

o grese peried or by phasing capital empendi-
turzes. When the csnpest plant reslises the
estimations of ccete and benefite as shown in
table 1S the internal rete of return will be
about 0,5 ¢ based on an redenption periocd of

20 yoars not considerating cemntributiona to

the nstional eecenony.

This figure returns are under rather thea ever-
ostinated for on the benefit side the swbstite-
tion effects for fertilisers and feod imperte
are not considered.
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These effects will be discussed later on. On

the other hand, on the side considerable re-

placement investment will have to be made during '
the last 5 years (see appendix 4).

Furthermore it may be of interest to the regional
administration of Conakry how the alternative costs
per ton of garbage on the waste material deposit
plan compare with those of the composting nlant.

In section 4.1 deposit costs per ton of garbage
were fixed at 140 FG/ton. These costs can be con-
sidered to be constant though certain minor
fluctuations occur. Since waste material quan-
tities increase, constantly total expenditures
for an orderly deposit are expected to increase
accordingly (see table 15). A comparison has to
be made with the decreasing processing costs per
ton of garbage minus the deposit costs and the
proceeds of the compost sales fixed 1400 FG per
ton.

It is shown that the garbage disposal by means

of the deposit would be cheaper in the first

three years. But from 1976 on the garbage treat-
ment in the compost plant would become very pro-
fitable. By increasing the plant's capacity after
1981 and by the resulting increased sales returns,
the compost plant will become even more profitable
as compared to the garbage deposit. The above cal-
culations are based on accounting procedures con-
cerning the economic performance of the compost
plants.




9%.

Table 16.

Comparison of disposal and composting costs per ton
of garbage.

processing costs/ minus surplus /
ton of garbage 1) ton of garbage
deposit- sales pro-
Year costs/ton ceeds/ton 2)
1973 1145 140 895 -1lo0
1974 1095 " . - 60
1975 lodo ! . - 5
1976 lo00 . . + 35
1977 985 " . + So
1978 945 " " + 9%
1979 890 . " + 145
1980 845 . " + 1%
1981 825 " " + 210

1) data taken from table 15
2) 1 ton of garbage = 0,639 ton of compost, at 1.400 FG/ton.

As the compost constitutes at the same time a home produced
fertilizer a further comparitative economic calculation can
be made with regard to imported fertilizers and food quan-

tities produced as a result of their use.
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4.3 The financial impact of the compost plant on
the general economy. '

For the general economic evaluation of the compost
plant two starting points can be found.

From the fact that the increase of agricultural
production in Guinea is of utmost importance in
the future, it is obvious that the provision and
application of nutritive material for plants is
one the first and most important measures to be
taken by the government.

In this respect the only alternative consider-
ations therefore should be

- whether the necessary nutritive material
can be produced within the country or
whether imports are cheaper.

- whether imported food is cheaper than
home produced food.

The problem of foreign currency is an important
element in these considerations.

4.3.1 General economic value of the nutritive material.

The value of the nutritive material obtained from

1 ton of waste material is equivalent to 1l.440 FG
(value of the nutritive substances of 1 ton of com-
post = 2.260 FG, see table 7).
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Because the eliminated deposit costs should be
oounted as returns, the value of the produced
nutritive material (including the saved deposit
costs) shows a surplus over the processing costs
per ton of garbage (as shown in table 17).

Table 17.

Processing costs compared with the value of the
nutritive material at import-prices.

Processing costs Deposit- Value of the value-surplus of
PG/ton of garbage costs PG/ nutritive sub- the nutritive
ton of stances PFG/ton substances as com-

garbave of garbage pared with oro-

Year cessing costs
1973 1148 140 1440 (3}
1974 1098 . . 40
1978 lodo . . S4o
1976 looo . * S0o
1977 s . . 598
1979 943 . . ()
1979 8% . . ¢%
1900 s . . 738
1981 [ ] . . 758

Table 17 clearly shows that the economic velue of nutritive
compost material valued at import-prices for fertilisers ie
greater than the precessing costs per ton of waste material.
T™his retio becomes even move favourable with an inoreased
emploitation of the given capecity.
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Table 18 relates the »roductior. ~osts per loo k«
~f nutritive material in compnost to the costs of
100 kg cf comparable vlant nutritive olemants in
imported fertilizers. This calculation lcads to
the conclusion that the nutritive material can
be produced more chcanly in Torm nf comoost than

b- the imvort of fertilizers,

Real economical savinas would be ohtained if the
imported ‘ruantitizs of nlant-nutritivae elerents
soull ba reducadi by the eauivalent Juantitias

of cnmrost, 350 the 4i¢ferential value »f pro-
dquetion and imrort costs per loc ka of nutri-
tive @lements, aiven the ‘v rojected) nrndiction
quantity, should e recgarded as a natioral eco-
nomic returr. The bhasic sunpnsi+tion is that the
nutritive elements containad in the compost
would have to be imported if not home nroduced.

According to takle 7, 1 ton of ~ompost contains
9,1 kg 7, 9,8 kg 9205, 10,1 kg K20 and 42,4 kg
can which agives a total of 71,4 ka of nutritive
substances for the nlants, In order to obhtain
loo kg of nutritive substances of the same com=-
position, 1,4 tons ~f comncst are recuired.
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Table 18.
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Costs of 100 kg nutritive elementsin compost and
in (imported) fertilizers.

kg contained production import- import-nrice

in 1,4 tons

costs of the price per kg of the same

compost nutritive sub-nutritive sub-auantity of

stances in stances in nutritive sub-
comnost FeG stances in FG
for

N 12,74 corresponding lol 1287

ons 13,72 production 50 686

xzo 14,14 values see 43 608

Ca0 59,36 table 15 lo 594

Total See table 19 3178

nutritive

substances 100

As the production costs per ton of compost will vary in the
course of time, the calculations in table 19 were made for
a comparison. Calculations are based on values per 100 kq
of nutritive elements as found in compost.
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The actual benefits from the compost production
must be assumed to be even higher, because the
ameliorating effect of the humus has not yet
been mentioned. Furthermore the nutritive ele-
ments of compost are not washea out as rapidly
as those in the form of chemical fertilizers.
The table above also shows clearly that actual
fertilizers price on the world market should
than 20 % in 1973 and in 1981 even more than
40 § to make fertilizer-imports more advanta-
geous than the compost production as far as
the prices are concerned (not taking into
account transport costs).

Given the existing market practices for ferti-
lizers the savings can actually be regarded as
savings to the national economy. At present ferti-
lizers are given free of charge to state-farms

and growers of export crops by a State purchase
and sales company which also buys the agricul-
tural export products. The company has to fi-
nance the fertilizer purchases from the difference
between export and producer's price.

At constant export- and production prices the
return for the state purchase and sale's company
will be increased when they can buy their ferti-
lisers more cheaply than at world market prices
in the form of compost. However, in reality the
compost will be in part intended for other pur-
chasers and above all it will be distributed
differently.
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Nevertheless its effect on the economy will be
the same or even more favourably, because the
private farmers will pay a compost price, which
will be at least covering costs. In addition
the state trade company need not buy the ferti-
lizers and the profit margin of agricultural
export products remains constant the same if
production prices are not increased.

It was not possible for the expert team to make
an adequate study of the price-cost structure

of the fertilizer distribution system and of

the marketing of agricultural products to make

a cost-benefit analysis part of which should be
the eventual taxing of different product groups.

Because of mentioned reasons only the savings
effect (as shown in table 19) can be considered
as concrete monetary value showing on the bene-
fit side and generally suitable to underline
the advantage of the compost plant.

A further point of economic relevance is the
influence of the compost plant on the foreign
currency budget.

4.3.2 Influence of the compost plant on the foreign
currency budget.

Table 20.

Shares of foreign currency investment expendi-
tures and current costs.




Invastment expenditurn

tntal in
mill. F3
Construction
costs 88,17
factory
equipment 1é0,835
means of
transport 13,n0
1)

Current costs.”

v

maintenance

costs + repairs 5,50
wages and

salarics 7,47
means of

ovaraticn 11,92

1cl.

share n{ canital commit-
“areinn ments in forcian
~urrency annuity in currency / vear
% mill.F3 % in mill. FG
50 44,08 6,5 2,87
a5 192,81 9,6 14,87
5 12,35 19,6 2,42
y’f"\() ’ 2 ‘ 9 ’ 96
50 2,75 2,7%
50 5,96 5,96
28,67
E 4 2 ¢ &+ 4 2 % ¢ 4

1) for the vear 1981 when full capacity exploitation
is ahout to be reached.

If the nutritives nroduced by the compost plant had to be
imported in form of chemical fertilizers, in 1981 the fo-
reign currency expenditure would amount to 85,3 mill. FG.
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In the same vear forelian currency expenditure for

the compost plant only is 28,7 mill, FG so that

savings of foreign currency of 56,6 mill. FG/year

are obtained by the installation of the comnost

plant.

Economic evaluation from the point of

food production.

According to the ropulation growth as
gection 1.1.3 a considerable increase
demand can be expected, which must be

production increase in the country or

view of

shown in

of food

met by

by increasing

imports. If the recalizable increase of the home

production by means of the compost vlant (ferti-

lizer effect !) is cheaver than the costs of

equal food imports, economic nrofitability can

be proved.

The problem which a calculation for increased food

production encounters, 18 the fact that in the course

of the data collection in Guinea it was not nossible

to obtain any information on likely increases in

yields (marginal yield) caused by the

comnost. The

only data of this kind concern an experiment with

swamp-land rice and mineral fertilizers which are

not relevant to the soil- and crop groups discussed

in this place.
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4.3.4 Private economics of compost application,

The private economic profitability is derived
from the comparison of marginal costs (costs
of nutritive substances + additional costs
for application and transport) and marainal
benefits (surplus vield x market price -
additional transport - and harvest costs).
This is fundamental and it does not matter
whether chemical fertilizers or ~ompost are
used.

As already mentioned in the preceding chapter
data about marginal returns are available for
the region therefore an analysis of the in-
dustries economics is not nossible.

Table 13 concludes that the application of
fertilizers or compost to subsistence cultures
as cultivated at present is not profitable from
the point of view to private economics.

On the other hand the population of Conakry
will increase from 211.200 to 344.400 in 1980
and will need an improved supply.

However, it should be remembered that

- the area used by agriculture in the
perimeter of the town is limited,
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- there exist a constant deterioration of
the condition nf the soils resulting from
the shortening of fallow time caused by
the already obvious ponulation pressure.

From the information already available it there-
fore scems that the reguircements for the near

future are that

- a change in the structure of the present
cultivation svster is necessary tc meet
the increased demands of Conakry espe-
cially for fresh veaetables etc. There-
fore fertilizers (compost) must be used.
An increased nroduction through the use
of fertilizers (compost) will only be
profitable for the individual farm with
a corresponding change from subsistence
farming to cash crops.

- The expected shorter fallow time will lead
to a further deterioration of the produc-
tion conditions which only can be stopped
by improved cultivation methods, especially
the supply of humus.
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4.4 Conclusions.

It is shown that the installation of the com-
posting plant should be promoted for national
economic reasons namely the conservation of
soil fertility.

In connection with the paragraphs above the
profitability for the individual farm will
be also assured although exact results cannot

be calculated at nresent.

The general attitudes of the farmers around
Conakry suggests that they are considering
the application of compost favouably for the
reasons mentioned above.

But it should be remembered that satisfactory
application of the compost can be reached only
in conjunction with an efficient extension service.
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ITII. SUMMARY

The present method of disposal of the town waste
in Conakry constitutes a serious sanitary danger
to public healths Taking into account the high
population increase of about 4,6 % per year and
additional increase of waste production per head
and per year of about 1,2 % the public health
problem in the future will grow more and more
serious. The solution of this problem, however,
is connected with important financial burdens

on the municipal budget. .nerefore, besides the
hygienic aspects economic aspects also must be
considered as far as is possible.

In the present study it is concluded that the
entire garbage treatment has to be reorganized
to meet the hygienic as well as the economic
demands. Before taking final decisions in this
matter it should be considered whether this re-
organization and utilization of the organic sub-
stances available in the garbage in the form of
hygienic compost is possible and feasible.

The investigations on the spot proved that a
weight ratio of about 85 % of the town garbage
is compostable. Because of the extraordinary
high proportion of organic substances the town
waste is a suitable raw material for composting.
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The market research for the compost indicates
that the soil, marticularly in the surrounding
area of Conakry, is in a very poor condition.
It has a considerable need for humus, which
under the predominant climatic conditions and
the present svstem of cultivation will be
permanent. The area suitable for compost appli-
cation is large enouch to absorb in the future
the total compost vroduction,

To sell the comnost 1in agriculture it will be
necessary to quote a nrice lower than the value

of the equivalent rutritive substances in che-

mical fertilizers. This is to enable the farmers

to bear the additional costs for distribution and
transport of the compost. These costs are estima-

ted at about 860 FG ner ton of compost. Therefore

the ex factory price of compost will be 1.400 FG/ton.

In the first vears the production costs per ton
compost will be above 1.400 FG/ton. But with in-
creasing use of the total capacity the production
costs will decrease so that a compensation for
the accrued loss can be met after a short period.

In order to make compost application profitable
it is necessary for the farmers to have an ad-
equate yield increase. Although no investiga-
tion results concerning the vield surplus for
different cultures are available, it can be
stated that the greatest success will be reached
through the cultivation of saleable products such
as potatoes, tomatoes, carrots etc. A demand for
this kind of vegetable occur on the local market
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in Conakry, and it will expand in the future
through the increase of population and the
standard of living.

On the other hand about 80 % of the area suit-
able for compost application is at present
occupied by subsistence farming and a change
to the cultivation of vegetables has to be
undertaken. In this process of change inten-
sive professional advising of the farmers

will be of great importance. In this field

of activity a close cooperation with the
Ministry of Agriculture is desirable.

Another handicap for sale of compost is the
actual lack of funds of the subsistence far-
mers. But if they have changed to market

crops they also will have cash to buy compost.
For the transition period several soclutions

of the problem are possible.

Concerning the compost plant the most favourable
composting method with respect to the prevailing
local conditions is the system of windrow com-
posting. This method is easy to handle and the
capacity of the plant can be doubled without
installation of further equipment by intro-
ducing a second working shift.

Also the hygienic requirements in the treatment
of garbage can be complied with by this com=
posting method.
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A suitable plant site for the construction of
the composting plant should be found outside
the town of Conakry. Within the industrial
development zone an area with about 6 ha is
still reserved by the government of Guinea for
this purpose.

This square area is adapted to contain the
compost plant as well as the dump for the
non compostable materials. Since the in-
dustrial zone is thinly populated annoyance
of inhabitants by the compost plant is not
anticipated.

The general lay-out of the compost plant

will i1andle a capacity of 150 tons of gar-
bage per shift. This capacity will be reached
with the waste production of Conakry in the
year 1977,

The investment costs for the construction
of the composting plant are calculated at
approximately 262 mill. FG.

The operation costs, including capital ex-
penditires, amount to 34,411 mill. FG per
snnum (fixed costs) plues 202 FG per ton of
garbage (variable costs).
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If the compost plant starts production in 1973 the

real operation costs will be completely covered by '
the receints of the first vear of production. But

the surplus chtained is not hiagh enough to cover

the capital expenditures. with incieasing emnloy-

ment of the capacity, the ranital will be covered

after 3 yvears of pnlant owveration ancd after 1978

the accumulated nrofit will exist.

For the national ecconomic evaluarion of the comnost
plant 2 main points are investicates. It czan ke
stated that the production 2f nutritive sulstances
for plants by comrostinag is cheaper than to imrort
chemical fertilizer. The augrmentation irn food oro-
ductioun by aonlication of compost is cheaper than

the costs of eaual fond 1mporis.

| These two facts i1n‘luence the foreian currency
budget in a favourable wal. Many savinags in €o-=

reign currency wiil be made .

Concerning tne profitaiility on farm jevel it is
found that the aurlizsation of corivrost w1ll bhe ad-
‘ vantagec'is Wittt «a correspondint chanae from sukb:-

gistence favwing o nariet crops.

Weighino &1l Facts resoiting fyor the i1nvestigations

timp o1 ton comost nlart ir Conakry is
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C Garbage disposal
At present there are no costs for the

maintenance of the dumping site

Total of annual cousts 107 50%Y oo ¥G

Specaific costs
costs per inhabitent and year 509 FG

costs per ton of garbage 3 04 FG




Copital service
Dust bins
1970: 4 700 pieces at 1 ooo FG each
19753 0 00 pieces at 1 ooo FG each
1Y830: & 400 pieces at 1 ovo G each
time of awortisation: 5 years
interests: ) ‘v per year
annuity: 23 % per year
1970 1 031 ooon FG
197, 1 449 o000 G
1980 1 932 o000 G
2. mMmaintenance and repairs
(2 » per year of invesiment costs)
1970 94 o000 FG
197) 140 o090 iI'G
19to 108 ooo0 FG
J+ 3alar: es and wages
19° 03 225 scavengers 40 j00 000 G
19°. 51 280 at eacn 50 400 oovo FG
19¢t0s juo 180 000 G per year ), 000 000 KU
Aouinistration (2, % ol wages)
19%0 1o 120 o000 iU
1995 12 voo o000 G
19¢0 1) 7,0 o000 rG
1970 21 795 ooo G
1975 v4 375> ooo FG
1980 33 d40 oovo FG
1. Capital service

Spescial trucks

19703 11 paeces

19758 14 at each
1980: 18 ; 7 ©ov voo i'u




time of amortisation: 0 years
interests: > » per year
annuity: 19,6 % per year

1970 16 817 ooo FG
1975 21 403 o000 )G
1980 27 >18 ooo FG

2. Maintenance and repairs
(8 % per year ot investment costs)

1970 6 804 o000 FG
1975 8 730 ooo FG
1980 11 232 ooo FG
j. Salaries and vages
1970: 11 drivers at 200 000 FG p. year
44 dust wmen at 180 ooo FG p. year
1o 120 ooo FG
1975: 14 darivers at 200 000 FG p. year
50 dust men at 180 ooo FG p. year
12 880 o000 FG
1980: 18 drivers at 200 o000 FG p. year
72 dust wmen at 180 ooo FG p. year
16 ,00 o000 FG
Aaministration (2> % of wages)
1970 2 5jo ooo FG
1975 3 220 ooo FG
1980 4 140 ooo FG
4., Msans of operation
(1 00 FG per truck ana per day)
1970 4 990 ooo FG
1975 6 3Joo ooo FG
1980 8 100 o000 FG
1970 41 281 oo0 FG
1975 Y2 349 ooo FG
1980 07 », 0 o000 FG

LYY 4 O3B DOVSS 4
1. Capital service
a. Fencing (3 ooo ooo FG)
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time of awortisation: 10 years

interests: ) . per year

annuity: 1J . per year

1970, 1975, 1980 390 ovo

b. Garage and lodging (1 230 ooo FG)
time ot amortisation: 20 years
incterests: , ,« per year
annuity: 8 . per year
1970, 1975, 1980 100 ooo

¢. Buildozer (7 800 o000 }G)
time of amortisation: ), years
interests: 5 .. per year
annuity: 2j w» per year

1970, 1975 1 794 ooo
1930 (installwent of a 2™Y
buildozer) 3 »88 ooo

2. saintenance anu repairs
a, rfencing (1,, ;. per year of
investment costs)
1970, 1975, 19380 45 000

b. Garage and lodging
(1 » per year of investwent costs)
1970, 1975, 1980 12 ooo0

€. Bulldozer
(10 » per year of investwent costs)
1970, 1975 780 o000
1980 1 500 o000

Jo Salaries and wages

1970: 1 foreman at 200 ooo FG p. year
! driver at 200 000 G p. year
J laborers at 180 000 ¥G p, year

1975: | forewan
1 ariver
4 iaborers

940 o000

1 120 o000
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19803 1 torewan
2 dravers
4 laborers 1 520 ooo FG

Administration (2, » oi wages)

1970 235 ooo FG
1975 280 voo FG
1930 jy0 000 FG

4. Means of operation

1970 1 ,00 Fu per day 4,0 o000 FG
197> 2 000 G per day V00 000 FG
1980 2 800 FG per day 840 000 ¥G
1970 4+ 740 o000 ru
1975 > 121 ooo FG
1930 ¢ 13 voo G

fotal o1 annual costs

1970 97 322 o000 G

1975 122 25, 000 rG

1980 ' 139 L79 voo G
L O -

3peciiic costs
1. Costs per inhabitant and year

1970 40, FG per inuabitant and year

w75 400 G per inhabitanu and year

1980 477 FG per inunabitant and year
2. Costs per ton ol garbuage

1970 3 13u FG per ton of garbage

197> 2 981 G per ton ol garbage

1980 2 Y01 FG per ton of garbvage




1. Capital service

a. Construction part
(investment costs 83 1,0 ooo FG)
tiwe oi awmortisation: jo years
interests: L » per year

annuity: 0,5 » per year
2 792 7,0 ¥G

b. Operating equipuent
(investment costs 1vo 8,0 000 Fu)
time o1 awortisation: 1) years
interests: » ,, per year

annuity: 9,0 j» per year
15 «+«1 voo 1G

C. ANtErNE4L transport means
(investment costs 1) 000 000 o)
tiwe of amortisatiomn: v years
incerestst 5 » per year

annuitys 19,0 5 per year
2 ,48 oo0 FG

w
a3 719 o ¥
2. Majntenance and repairs
a, Construction part _
(0,5 % of investwent costs per year) 440 750 PG
b. Operating equipment
(2,5 » of investwent costs per year) 4 o2) 250 FG
c. Internal transport wmeans
(8 % of investment costs per year) 1 oko coo PG
5 502 ove VU

M



!

J. salaries and wvages

! manager Sho oo VO
1 accountant 450 eve M
1 slectromechanician 260 ooe VO
2 foremen 490 ooo N
fo laborere ' 800 ovo MO
6 arivers ! 300 ocee MO
2 watohmen 240 eoe VO

5> 19e evoe G

Total of tixed coste Je 41 J53e W
M

4, Noans of operation
8, WALEY

0,0 w’ per tom of garbage at J¢ N per ﬂ)
17 MG por ton
b, olectricity
1o kWh per ton of garbage at 15 M por &k
150 VG por ton
s, fuel and lubricant Jo MG per ton

; ,

Total of variabie cesss 202 G per ton




Yoar Inavestasnts stafuing brut
oharges Preecesds receeds

- 302
19 5@

202 e0e

an
2)

Net presont value
discountra

2+ 1

23

a7 1.

Jo
3
27
Jo

Jo

”mmmmmmmmu
the yoar 9 (o 1981) oo table V5. Por the fellowing
yoars (1903 « 1992) see appendix 5.

e 1O 40
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Appendix 6

Engineering specifications for a
Garbage Composting Plant

using the windrow composting system for the
City of Conakry = Guinea.

1. Local facts and requirements

The Conakry town wastes will be treated by windrow
composting. The size of the projected plant area
{s about 6 has, so that non-compostable remainders
can also be deposited. Metals and scrap will be
separated, pressed into solid packs, and then
stored separately.

The capacity of the composting plant will be
150 tons of garbage per shift of 8 hours
or
20 tons of garbage per hour, {

and the specific weight
250 kgs per cu.m.

The following composition of the garbage is
assumed:

Remains from vegetables,
fruit, and kitchen waste appr. 70
Paper and textiles S
Ashes, sweepings, dust

Glass, stones, broken

Wwood, leather, rubber, plastic
Iron and metals

1o

= s s 3 s
o«
T Rt K X X X 4

100




6. 20

The soil of the plant site consists of rock
and coarse gravel, and therefore offers no
problems.

Electric power can be taken from a 10.000 volts
line running 80 meters away from the plant site.
Available power is up to 500 kVA.

Along the border of the site, there is a water
pipe line of 12" dia. The water comes from the
Kakoulima mountains, is filtered but not chemi-
cally treated, and its quality therefore is suffi-
cient for the operation of the plant. Drinking
water, however, must be provided for by an usual
domestic water filter.

The climate is humid-tropical with a dry season
of 5 months and heavy rain from May to October
which may be so much as 350 millimeters in 24 hours.

Average temperature over the year 26.3°
relative humidity (average the year) 80 %
yearly rainfall (average) 4350 millimeters

The site of the compost plant is shown on plot
plan Fig. 5. There is about 900 meters of fencing
to be erected and about 20.000 square meters to be
paved (roads and aprons) .




Labour is present at Conakry in sufficient quan-
tity. Wages at 6 working days a week, 7,5 hours ,
daily,

skilled labour approx.20.000 FG/month
unskilled labour approx.lo.ooo FG/month

Additional costs amount to 940 FG/month and child.
Annually 30 days of paid vacation should be in-
cluded.

Prices of construction material as indicated by
the Department of Industries.

sand for construction 3 So0 FG/m3
cement 4 ooo FG/m3
corrugated roofing material 14 400 FG/m3
and wall surfacing 1 o000 FG/m3

For complete building construction
including delivery of materials following
data were presented by the same source:

housing 35 - 40 000 FG/m
industrial buildings appr. 25 ooo Pﬁ/m2
halls and wall surfacing " 20 000 PG/nz




" ‘o

Three complex buildings will be erected:

1. Building with porter hall and weigh bridge,
administration offices and flat for the night
guard. Dimensions about 10 by 20 meters, one
storey, possibly from prefabricated parts.

2. Concrete garbage bunker with gantry crane
(grab), dimensions about 6 by 20 meters, capac
city 400 cu.m. Reinforced concrete plus sup-
porting steel structure for crane rails, roof
and upper walls from corrugated iron.

3. Processing hall including adjacent sheds for
transformers, switch gear, process control,
workshop, personnel and sanitary rooms, cars
for internal transport;
dimensions about 20 by 30 meters, steel struc-
ture with concrete filling; concrete flooring
and foundations for equipment, corrugated iron
roof.

The lay-out of the hall is shown on drawing Fig. 6.

Particulars may change according to dimensions
of equipment.

Inspections during manufacture of equipment, work
certificates, test runs and final acceptance cer-
tificates as well as performance tests at the job

site and guarantees for a certain operation period will
provide for good performance of the plant.
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6. 5‘

All electric equipment (insulation) must resist
the humid tropic climate and work at 220/380 volts
A.C.,50 cycles/second.

Process
The composting process is shown on the flow diagram
Fig. 4.

On the arrival at the plant site the garbage will

be weighed on the weigh bridge (1) and then dumped

into the bunker (2). From here, the rail crane will
serve the two processing lines (3 - 9) with garbage

at a rate of 10 tons per hour.

Each line consists of one hopper with rate control at
the outlet serving continously one conveyor belt where
unusable matter is picked out. An electromagnetic device
above the belt will pick up iron parts and take them

to a common scrap press (7). Each belt then leads to

a diminutor and a sifting device (8). The rejects from
the sifters are eliminated. The broken matter up to 6 to
8 centimeters size will then be conveyed to the separa-
tors (9) where non-compostable parts of hard matter with
high specific weight are eliminated, they, as well as
the rejects from the sifters (8), represent the uncom=-
postable part of the garbage and will be deposited se-
parately somewhere at the plant site.

The garbage treated for composting and leaving the se-
parators (9) will be taken, by means of conveyor belts,
on to the lorries and then to the composting place (10).




1 weigh bridge
1 rail crane with gripper

garbage treatment lines

at 10 tons of garbage per
hour each

complete electric equipment
incl. switch gears

water supply scheme

1 group of transport units

within the factory

1 workshop
1 fire extinguishing outfit
1 sanitary equipment




Maximum load 45 tons, weighing range O - 30 tons,
bridge dimensions appr. 10 x 3 meters

remote weighing (indicating and printing)
cubicle at a center to center distance from
the weigh bridge of appr. 10 meters in la-
teral direction
weigh bridge outer framework
supporting steel structure
set of bumpers

] spare set of toggle links

complete with installation and adjustment on

foundations made according supplies to drawings
by subcontractor.

gantry crane with railes and 1 grabd for the feoding
of the 2 garbage processing lines with 10 tons

of garbage each.

Load capacity of the crab 4 tons max. span

appr. §,5 meters

comprising

1 gantry, steel structure with rails appr.
20 meters long

1 mobile bridge with electric drive and wheele,
remote control




c.

1l complete crab with electric drive and grab
for max 4 cu.m of capacity, rope winch, re-
mote control

1 low tension switch gear and all connection
and control cables for full operation, and

) operator's desk
both switch gear and operator's desk installed
within the operator's room.

Complete with installation and adjustment on
foundations made according to supplier's drawings
by subcontractor.

identical garbage processing lines

each preparing 10 tons of garbage per hour for
subsequent composting,

ROLN COgecner comp *

2 garbage reception hoppers, capacity each
appr. 16 cu.meters, including supporting
steel structure

2 vibrating conveyors at the outlet of the
hoppers, with adjustable throughput around
an average of 10 tons per hour each, with
electric drives and supporting steel struc-
ture,

feeding the following

2 conveyor belts adapted to manual extraction of
refuse out of the garbage at a speed of 40 cu.m
of garbage per hour, with electric drives and sup-
porting steel structure,

and




6.9.

electromagnetic device above the belts which
pick iron scrap out of the garbage

diminutors combined with sifters which split up
the reduced matter in non-compostables bigger
than 8 centimeters and compostables smaller than
8 centimeters, complete with electric drives and
supporting steel structure

followed by

belt conveyors complete with electric drives and
supporting steel structure for the transport of
the compostable garbage from the sifters (smaller
than 8 centimeters) to the

densimetric separators where hard matter such as
glass, stones and broken ceramics are taken off

by means of horizontally rotating cylinders, complete
with electric drives and supporting steel structure

belt conveyors at the compostable material outlet
of the separators, complete with electric drives
and supporting steel structure

and

common lateral belt conveyors, reversable action,
for truck loading at both ends, complete with elec~
tric drives and supporting steel structure

common longitudinal belt conveyor for bulky refuse
from manual selection and coarse refuse from the
sifters as well as hard and heavy stuff from the se-
parators, complete with electric drives and supporting
steel structure




1 common lateral belt conveyor for the truck
loading with the above mentioned bulky, coarse
and hard refuse, complete with electric drives '
and supporting steel structure

1 hydraulic scrap press, with reception hopper,
electric drive, size of the compressed pack-
ages appr. 40 x 40 x 20 centimeters at about
20 kgs.

Complete with installation, adjustment and test
runs, foundations according to supplier$s draw-
ings by subcontractor,

- all electric drives resistent to tropical
conditions according to I.E.C. Standards

- all turn-overs for conveyors if necessary
- all conveyors with adjacent guides

- all scaffolds, platforms, railings, ladders
gangways a.s.o. for proper operation and
service

- the first oil-fill for all bearings, gears,
‘0"0'

- Inspections during manufacture of egquipment,
work certificates, work test runs, and final
acceptance certificates, whatever is appicable,
are required.
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D. 1 complete power supply scheme
comprising

1 high tension (10.000 volts) cable connection
between high tension line adjacent to the plant
site (see plot plan no.5) and the high tension
switch gear and transformer station in the pro-
cessing hall.

1 high tension switch gear unit in the processing
hall

2 identical transformers (one stand by) 10.000/220/
380/volts 3 phases, 50 cycles, each one 300 kVAs. ,

1 low voltage switch gear for the entire processing
hall including illumination

1 low voltage switch gear unit for the administration
building and porter hall

1 central control panel with all process controls,
monitors, interlock and alarm system for all drives.

1 telephone set, to be connected to the urban net-
work, with operator's desk and 10 extensions spread
over the plant, with all connections above ground

1 lot of cables, wires, pull boxes, switches, fuse
boxes, housings and other electrical material and
supports necessary for the installation of the elee-
tric power supply scheme and the telephone network
(For the individual lengths and locations, see

plot plan Fig. 5 and drawings Fig. 6).




6. 12.

Complete with installation, small installa-
tion materials, single test runs and accep-

tance test run.

Water Supply Scheme
comprising

1 6" galvanised steel screwed main line from

the tap on the 12" cast iron Kakoulima -
Conakry water main at the norther border

of the plant site to the water distribution
station in the processing hall (see plot plan
Fig. 5) with gate valve at the top, couplings,
flanges with bolts and nuts.

centrifugal booster pump, inlet flange 6", out-
let flange 4", differential pressure 5 atrmospheres
max. working pressure 10 atmospheres, cast speroid
iron, with electric motor 3 phases 380 volts 50
cycles tropical insulation, single throw switch
actuated by pressure switch, on common base plate,
with by-pass 4", by-pass gate valve, companion
flanges, 2 pressure indicators (inlet and outlet),
and check valve

surge drum of appr. 5 cu.meters, working pressure

10 atmoshperes, with 4" inlet and outlet nozzles,
flanged pressure switch, safety valve, manhole, gauge
glass and supporting saddles mounted at the roof

of the processing hall.




6. 13,

1 closed circuit main 4", 3" laterals spread
over the composting plot with 1" taps every '
50 meters,

1/2" taps in buildings, processing hall, sani-
tary and personnel rooms

3 nozzles for fire hydrants (2 on the composting
plot, 1 in the processing hall)

3 1" hoses, 50 meters long, with unions for the
taps on one end and sprinklers on the other, on
reels

complete with installatiun, small installation
material and fittings, and tightness and pressure
test.

All piping and fittings to be from galvanized steel.

for inner transport of compostable and non-com=-
postable matter and compost for sale

3 dump lorries, loading capacity each 5 tons

2 bulldozers, capacity of the loading shovel
appr. 1 cu.meter

complete with tools and spare wheels

G. ) workshop

The equipment comprises

1 work bench with
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2 vices

1 tool locker for mechanics

1 drilling machine, vertical on support
' for diameters up to appr. 23 millimeters

2 manual drilling machines for diameters up
to 12 millimeters

1 electric welding set for electrodes from
1,5 to 3,5 millimeters diameter, with ac-
cessories and welder's equipment

1 acetylene welding equipment unit with accessories

H. 1 Fire Extinguishing Equipment

comprising

1 mobile booster pump, centrifugal with Otto-
motor drive (gasoline), traction by hand, 3"
couplings and suction hose, for standard fire
hydrants, fuel tank

2standard fire hydrants surface mounted for 3"
couplings and hoses, together with gate valves
(for composting plot)

1 standard fire hydrant, wall mounted, with gate
valve

2 mobile fire hoses 3" with couplings at one
end and jet nozzle at the other, 75 meters long
each, on reel and small cart, traction by hand




6. 15.
6 portable extinguishers, each containing appr.
6 kgs of extinguishing powder, with wall moun-

ted supports

1. Sanitary equipment

comprising

a) in the processing unit
4 hand-basins
2 showers
3 WCs
3 urinals

16 lockers for wardrobe
1 first aid outfit

b) in the administration buildings

1 hand-basin

1 WC

1 urinal

4 lockers for wardrobe

complete with installation, installation material
(piping, fittings, supports)




Iv.

Remarks

on

Technical specifications

All equipment A through I must be furnished
together with

- 4 copies of all foundation drawings

- 4 copies of assembly drawings

- 4 copies of dimensional drawings

- 4 copies of ckeck list of all indi-
vidual items

- 4 copies of spare part list

- 4 copies of assembly instructions

- 4 copies of operation manuals

- 4 copies of lubricating instructions

= 4 copies of list of recommendable spare
parts for one year's operation
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