
                                                                                     

 
 
 

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 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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  

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


" ' 

i 

RESTRICTED I 60IT 
EXPANSION OF A COMPOST PLANT AT CUENCA 

SI/ECU/86/801 

ECUADOR 

DP/ID/SER.A/780 
3 December 1986 
E!<lGLISH 

Technical report: A feasibility study and design 
for the proposed composting plant 

at Cuenca - Ecuador* 

Prepared for th~ Government of Ecuador 
by the United Nations Industrial Development Organization, 

acting as executing agency for the United Nations Development Programme 

Based on the work of E.G. Hughes, 
expert in composting of municipal solid wastes 

Backstopping officer; a.o. Williams, Chemical Industries Brancti 

United Nations Industrial Development Organization 
Vienna 

* n1is document has been reproduced without formal editini. 

V.86-62782 



~--------------------.,.....-----------~·~- -

- ii -

u.s.s - 145 Ecuadorian s~cres 
C.R.E.A.• Centro de Reconversion. F.c:onomica Lel Az"'vn,Cona.r Y Y.orona 

Santiago. 
MSW = ~unicif<&l. Solid Waste 
t pd • tons per d8-)-
tph • tonas per hour 
tpy • tons per year 

This study was made 12.10.& - I}.II.80 

. ' 
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.A:eSTRACl' 

An ecollOOli.c and technical feasibility study of the composting of' municipal 

solid wastes including the design of a proposed plant in Cuenca,Ecaador. 

SI/ECJJ/B0/801/II-OI/32.I.I. 

The objective vas to carr,y out an economical and techni<:4il feasibility 

study for the establishlent of a .full scale municipal solid waste composting 

pl&.'lt followiiig on the operation of a r.:. : ot plant in Cuenca,Ecuador. 

After a great deal of discussion r'ei,"ardiQg the desien of the proposed plant, 

it vas decided to use the rotating drum type of pulveriser as !his vas the 

type in .JSe iJ:l. Q.U.to and the tya>e used for the pilot pla."'lt. 

It appears to be both economically azui technically feasible to build a 

lllUJU.cipal solid voste composti.llg plant ir. Cuei.ca,F.cuador and it is 

1-ec0111Dend~d tbat the project proceed. 
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INTRODJCTI0N 

The study,of which this report is the result,vas undertaken during ~he 

period 12.I0.86 to I~.II.80. 

The purpose of the stud,y was to find out if it vas economically and techni.calll.y 

feasible to build a lllU11ieipal solid waste composi.i.ng plant in Cuenca,Bcuador, 

to handle the total collected municipal solid wostes. 

A aai.r.or part of the study was to eee if it was possible to alter or improve 

on the collection service to increase the aucceas of the compost plant if it 

is bu.i.lt.At the ti.Dae of the study,the collection service vas about to uildergo 

a major challge, b,y more than dou blimg the size of tbe collection fleet so it 

was felt that the t:iae for such recommendations was i.noppartune. 

Tbe report is intended to give the relevant authorities the information 

necessary ~ to th& advisability of constiuct.illg and operating such a plant 

&Dd if an afii .. mative decision is taken, the technical and procedu.-al inform­

-ation to enable the project to commence and vhen completed,for it to be 

operated in a ~ that 'Will ensure its economic and t~c't.:!'..ical 8'.lccess. 

The report vae undertaken after a pilot plant had been built and operated. 

b,y CHE.A in Cuenca. 
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The Y.unicipal Solid Waste Collection System In Cuenca. 

Prom discv.s&iODS vi.th CREA am Dr.Pena,tbe Director of tbe Sanitatic.n Dept. 

&:ad JU.a staff ,it was established that currently Cuenca bas a fleet ot 7 
refuse txucks and 3 akip containers that are used for marke·' rubb:· sh. 

I or 2 txucks are normally undergoing maintenance and the others work from 

8aa to 2pm Ko~ to Friday and 8am to IIam OIL Saturdays. 

iiiach truck ba& a driver and 5 collectors,i.e. 6men per vehicle and each truck 

makes 2 trips per ~ to the dwnp at Vallee. 

There is a bolllls system in operation whereby the truck operators get paid 

2 hours per ~ t:J clean and maintain tbeir vehicl"!. 

It was stated that the populcation of Cuenca is 160,000 and tt.at they produce 

a total of 135 tonnes per do.y of refuse of vt.ir,h 85 tormes per day ar~ 

collected and delivered to the Vallee du:z.p.Private scaveDging and riwer 

dumpi.ag ap~a.rs to account for t~ diffenmce. 

Tbe refuse collected is from households that put tLe refuse imto plastic 

bags that they iN;. 

The position is caaplicated by the fact that tbe President of Ec.'1.wlor is 

supplyii:g ~encca vith a further II new collection vehicles which are due to 

be deliv.ered in !iovember 1980. 

I feel tllat ~ euggestiona re6ard.iag the collection Jervice will be pre­

-mature at this time. 
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Cuenca city lamdf'ill site.It is about 360Qn above sea level 

ScavE>ngP.rs surround an incoming refuse collection vehicle. 
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IBFOHMATIO.N RFX:EIVED mCft THE MUNICIPALITY OP CU-..JlCA 

Resu•e oC Samples 

Nu•ber od domestic samples: 
Number of population 
Weight of rubbish 

211t 
1195 
95t.22kg. 
951.22 • 222.04~ 
4.28,0 m3 

Average density of rubbish: 

• 222 kg/•3 

GENERATION OF M.S.W. IN CUE~CA kg/person/day: 

ECONOMIC CLASS ~VERAGE GENERATION POPULATION 
FRON THE SECTOR SECTOR 

V2C: Middle clas• o.61tkg/inh/day 29104 
plua commerci.t 1 

Vt: High clasa o.83kg/inh/day 23724 

V2: Middle class Oe75kg/inh/day 58796 

Y3: Lower cla•• o.65kg/inh/day 45966 

TOTAL 157590 

Average generation in Cuenca: 

112292.38 kg • 0.7125 kg/inh/day 

157590 inh. 

WEIGHT 
GENERAT£D 
PER DAY 

18626.56kg 

19690.92kg 

44097.ookg 

29877.9okg 

112292.38kg 
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RUBBISH GENERATED IN THE MARKET 

Average weight 0£ the rubbish generated Cro• the market: 

808 60.97 kg • 1 1552 kg/day s 12 ton/day 
7 days 

Average volume 0£ the rubbish generated Cro• the •arket: 

229.160 •' s ,2.7~ •3/day • ' ' •3/day 
7 days 

TOTAL AMOUNT GENERATED DAILY IN THE CITY: 

WEIGHT 

Domestic rubbi•h 117 ton/day 

Market rubbi•h 12 ton/day 

TOTAL 129 tonldal 

VOLUME 

528 •3/day 

'' •3/day 

561 •3/daz 

.. 
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Collected Amount: 

Domestic collected amount: 

Data Cor the calculation: 

Population in the central zone : 'uo25 inh. 

-
Population in the Peripherftl zone: 44%58 inh~ 

Generation~ 0.7125 kg/inh/day 

Average density domestic rubbish : 2~2 kg/m3 

Frecuency oC collection : each 2 or 3 days 

The amount collected in the central zone ia about 95 ~ 
Crom the total generated and the 5~ ie taken by the 
ateert cleaners, with garden waste. 

In the peripheral zone the amount collected i• approxi 
matly 95~ 0£ that generated Crom which 75% is taken by 
collection vehicles, 20% is deposited in skip and it -
is emptied into vehicle and 5~ it ia thrown into the • 
river or cultivated terrance. 

The collected amount ia: 

MONDAY 

TUESDAY 

WESESDAY 

THRUSDAY 

Friday 

SATURDEY 

. . 

. . 

. • 

. . 

lt1025 x 

lt'tlt58 x 

41025 x 

lt't't58 x 

41025 x 

ltltlt58 x 

0.7125 

0.7125 

0.7125 

0.7125 

0.7125 

0.7125 

Average &mount coll•cted daily: 

x 3 x o .. 95 s: 

x 3 x 0.95 :s 

x a x 0.95 = 
x 2 x 0.95 • 

x 2 x 0.95 s 

x 2 x 0.95 = 
TOTAL 

l_7't938 • 62490 kg/day • 62.5 ton/day 
6 

Volume:6i:io • 281 •3/day 

83306 kg. 

90273 kg. 

55538 kg. 

60185 kg. 

55538 kg. 

~0093 kg. 

371t938 kg/week 

Domestic.amount collected with no regular •ervice: tbe 
probable •ervice Cor population is aproxim~tly 1011~inh • 
.Ar.d the percentage service i~ abc,ut 80% 

A~ount collected: 101tlt x 0.7125 x o.8 • 5765 kg/day 

• 6 ton/day 
Volume: 5765 a 26 •3/day 

222 
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Amount collected trom_~~-:_tippi.ng _!_r~: the two un­
covered tippin~ trucks takl? an approxi•u~tely a111ount or 
7 mJ daily 

Amount collected: 

7 x 2 x 222 c 3108 kg/day • ' ton/day 

Volu•e: 14 •3/day 

Amount collected Crom the •arket: the ftmount collected 
rrom the market is the same,in generald.s produced in 
the containers" they collected every day. Froc the 
rigurc 12 ia obtained: 

Amount collected : 12 ton/day 

Volu~e : 33 •3/day 

Total Amount collected in the City: 

Domestic rubbish 
62.5 ton + 6 ton + 3 ton • Zl.:.i. ton/day 

281 •3 + 26 m3 + 14 m3 = 321 m3fday 

}1arkct Rubbish: 
12 ton/day or 33 m3/day 

Total collected 

CHARACTERISTICS 

Domestic Rubbish: 

Economic Class 

Y2C 

Vt 
V2 

Y3 

83 ton/dax 
354 m'.!/day 

Avera1e ~en~ity or Domestic Waste 

(kg/m'.5) 
211 

2,6 
219 

228 

We ••• there i• no 1reat ditterence between tbe diffe­
rent sector. Tbe den•ity of t~e rubbish i• estimated -
in thHhole city, d.a 222 k1/•3· 
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Market Rubbish : 

Densitr.: the den•ity Crom the •arket ia: 

MARKET DENSITY (kg/•3) 

9 de Octubre 376 

12 de Abril 381t 

10 de Agosto 337 

D Del Otorongo 273 

Average density Cro• the •arket is 344 kg/•3 

The average density Cro• the domestic is lower than the -
market rubbish because oC the organic material is higher, 
and also the rubbish •upported a co•pactation in the con­
tainer11. 

CHARACTERISTICS PHYSICAL CHEMICAL: these values correspon 
ded to the nrganic material Crom the market recuse, and = 
is obtained from the teis "OPTIMATATION RUBBISH PROCESSING PLANT 
OF CREA"• 

SAMPLE No~ 1 2 3 It 

Ago•-84 31-Agoa-81t 
.., 

DATE 13 1-July-85 15- uly-85 

Moisture 59.10" 59.82" 84.80" 89.43" Ash 50.51t" 51.51" 11.92" 9.81" Valatile Solid 49.ls6" lt8 .1t9" 88.08" 90.19" Carbon 51t.54" 48.70" 1,5 .11" ,,.62" Nitrogen 0.70 " o.86" 1.78" 1.29" Potash (k20) 2.69" 3.17" 2.92" 2.05" 
Phoaphate(P205) o.40% 0.35" o.4o" 0.13" C/N Ratio 77.91 56.63 25.34 27.61 
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RESUME . . 
1.- Organic Material 61.9" 

2.- Inert Material 12 .85' 

3.- Paper 6.3" 

It.- Plastic lt.6" 

5 •• Toilet Paper '·'" 6.- Others 2.9" 

7·- Textiles 1.9" 

8.- Glass 1.6" 

9.- Metals 
1. "" 

10- Carton 1. t" 
11- Wood o.8" 
12- Bone 0.7" 
13- Leather 0.5" 

tit- Tires 0.2" 

From the resume we can observe the organic material in 
the domestic refuse including the products of domestic 
activity. The inert •aterial mainly con•i•t• or con•· 
truction and road cleanin1 materials. 

The amount of paper and plastic found i• mainly packa• 
1ing. 

The other component• exi•t only in small amounts. 
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MARKET REFUSE: --
1.- Organic Material 85.7" 
2.- Inert Material '1.8" , __ 

Paper 
It. 1" 

"·- Others 
2.3" 

5 •• Plastics 
1.9" 

6.- Carton o.6" 
1.- Metals 

0.2" 
8.- Glass 

0.2" 
9 •• Wood 

0.1" 
10.- Textile 

0.1" 

The Higher contents of organic material in the •arket 
is justified because Of the types Of productae 

The figure of inert •aterial is due the refuse of 
•treet cleaning, is deposited in the •kip Crom the -
market 
The amount of the other component is lover. 
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UNIT COST FOR THE FINAL DISPOSAL 

DESCRIPTION NUMBER UNIT COST 
S/. TEAR 

Coat/inh/aerved 85.1t83 inh. 26,17 
Coat/ap~rt/aerved 17.097 apart. 130,83 
coat/ton/collected 83 ton/day 73,83 
coat/mJ/collected 35lt •3/day 17,31 

RESUME OF COSTS: 

• For street cleaning: •I· 21t•922.096 
• For collection 37•571.%99 
• For f'inal diapoaal 2·2~6.zs~ 

6%•730.378 
REVENUE: 

Local tax should produce 23•000.000 
Actual tax co!.~ected 20•000.000 
DeCic:l.t s/. ltlt•ooo.ooo 
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THE PILOl' PL&lfr 

'I'm pilot plant commenced operation :ia June 1984 and consists of a teed hopper 

leading dow to l rotar,y llil.l.'l'be crushed material vas feel onto a conveyor 

belt which loaded the material into 'UiP. rotating dnml.Tbe feed bopper vas 
manually loaded. 

Tbe dzum is u uact copy of the Dano 4rua installed ill Qli.to in 1955 which 

is still operational. The Q.ienca drua is IO metres lcmg,l.1 aetres in diameter 

&Dd i:~ driven by an .Jlectric 110tor am Vee belts 'ria an autoacio.ile gear box 

at 6rpa. 

l vaa told by Dr l'.epi.Doaa that the orig:i nal residence time of the material 

in the drum was e cla.Js am the t•perature within the drum sed to reach 70°e 
vDell lie was in charge of the operation. 

On tbe cia.J that l saw the pilot plant,Tues~,20 - IO - 1986,l 1f8.S told it 

had beea 1'UJllWlg the pi.-erioua ~.'l'he drum vaa cold and the material (a 

bagasse based .U) bagged \II> for sale consisted of balls of material which 

were clue to rotating a too vet mis. When t.be balls were broken apart tbe7 

showed no sips of having been composted. Bapase is a notorioualy difficult 

material to compo-,t because of its high content of cellulose and li.gnia. 

'l'he ball• conta.iud a veey high proportiou ot fibres of bagasee and these 

would aot bave been present if tbe organic material• bad been broken dovn 

by tbe composting process. 

J>iring tu retea.tioa ti.lie ill the drum tbe atmosphere in tbe drum was supposed 

to be kept aerobic b;y blovimg air into the dZUll -- the fa. 110UDted on tbs 

inlet eDd and allowi.Jag tbe air and the Bl'HOUS products ot tementation to 

exit at the cliscUx'ge end of tbe drum. 

The plant Aad officially beeD at dovu in ])ecember 1985 due to objectionabl• 

odours causing Mj.pbour)M)od opposition. 
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Tlae feed l:aopper is 11Mnall,J' loaded 

Tne material tall• fraa the teed bopper into a rotary II.ill 



- 13 -

Tbe 11&.teri.al is taken f:na the rotary lli.11,b,y COD'W8,JOr belt to the dzim. 

Tbe rotating drua i• IOm loag by I. 7• diameter and hu a tan on tbe 

iAlet uad. 
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The drua support rollers are tractor wheels without the tyres 

Tbe drull drive is an electr:.c motor vith Vee belts via an automobile 

par boz 
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At the CNtlet end tbe too-vet material has clogsed the screen and f'ol'lled 

balle 

Tbe c.tput troa tbe drum 
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The material bagged and ~ fol.' Hle. It is not composted and the 

Carboll llitrogen ratio will be eo high as to strip the existir.g nitrogen 

frca tbe soil 
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Av•rage Composition of Rubbish in the City of Cuenca. 
Salvage 
Rate 

Organic Material 
Paper and Cardboard 
Metal and Drin~ containers 
Glass 
Textile• 
Plastic and Rubber 
Bone 
Inert Material 

Daily Product~on of Rubbish 
Efrective Collection 
Delivery to the Valle 
Population 
Daily Production per person 
20 collection vehicles 

in Cuenca 135 
65" 
as 

0,71 

61 " 
15 " 
It " 

' " 2 " 
7 " 
1 " 
i " 

13% 
50% 
6.77. 

25'7. 
144 

150 Ton/ day 

95 " tlt2,5 Ton/day 
190.000 

0 1 79 kg/day 

Average Composition of Compo•t Produced en the Plant of 
Cuenca. 

Organic Material 
Phosphate 
Nitrogen 
Potaah 
Moisture 

Density of >!SW 

Density of Compost 

Moisture i-JSW Winter 60-65" 
Summer 50-55" 

lt5 " o,s " 
1,1 " 
1, 1 " 

25•30 " 

260 kg/m3 

800 kg/m3 
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DATOS METEOROLOGICOS DEL VALLE 

ALTITUDE 2.600 m.s.n.m. 

ANNVAL PRECIPITATION 850 ..... 

AVERAGE TE~lPERATt:RE 12.50 

RELATIVE Ht'l-aDITY 

HOURS OF SUN 1729.7 Hours 

CLOUDY 6/8 

EVAPORATION 1259.'1 m.m. 

POTENTIAL TRANSPIRATION 918. m.m. 

'­
NOTA: THIS DATa IS THE AVERAGE OF THElYEARS. 
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The entrance road to the sHe is centre picture going off to the right 

.eft }--

General vie~ of the site 
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Ge:aeral View of the proposed site a'i 90°to the previous one.The city of 

Cuenca is v:isible in the centre 

Aboat I,eG0,000 m3 remain for tipping the rejects froa the proposed 

compost plan'i 
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DESIGN CA1CUL&.TI01CS lOR THE PROPOSED Coo>OOT PLA1'1' 

DRUM 

INPUT 

INPUT/HOUR (8 hour day) 

Input density 

Output density 

Average der.sity 

Volumetric Input (tO/o.438) 

2 Hour retention 

Drum 2/3 full. Vol of drum 

Diameter of drum 

CSA of drum 

Length o~ drum 68,49 

7,07 

SAY 10 meters in length 

• 80.2 tpd 

10 tpb 

= 260 kg/•3 

= 6t.5 kg/•3 

= 438 kg/•3 

= 22,83 •3 

c 68.49 •3 

3 m 



- 25 -

FERM~NTATION AREA 

IC there ia a 28 day retention ti•e, the coaposta­
ble material will be produced by the drua in 24 -
days. This is due to the aix day working week. 

Amount oC cCJ9post to be Cermented (65x2%). t 1 560T 

Volume ~t 6t5kg/•3 

IC windrows are 3• high s 7m wide 

cross aectional Ar~a 

Total windrow len~th = 242 • 

Say we have 5 windrows 50• long plus additional -
area Cor turning (2x7x50) 

Area Cor windrows ( 7x242 + 2x7x50 ) 
=1694 +700 
•2 1 394m2 

MATURATION AREA 

Volume of co•poat to be •atured 

I~ •tacked 3• high, area 

All the above area• are Cor the material only and­
do not include any areas Cor roads or acreaa. 
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SCREENDG 

30.63 tpd equals }.83 tpb on an 6 hour day or 7.65tph on a 4 

hour o~rating dif¥ ~o save on aachine ti.me. 

S'rORAGE AREA 

24.5 tpd at 700 k&/•3 • 35.a.3 
At 311 higb area required per day • II • .,.2 

If a 30 diq storage time is requi.red,area - 351 a2 

'J'his is for caapoet only and does aot include access or road 

ft34EN'l'AT101 .ABEil,MATURlTION .&BEA JJU> STORAGE AREA. 

The foregoi.Dg calculations are for the •inimm areas to hold tbe 

cmpost.The areas need to be increased by 2°" to allow for angles 

of residence and llOYement etc. !hat is i-

Peraentatioa area should be increased to 

Jllat.uration area should be i.."lcreased to 

Storage tore& should be increase• to 

2873 • 2 

1015 m2 

421 m2 
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TRANSPORT 

Compostable •aterial to Cermentation area 

Tonnes per day 65tpd 

2•3 bucket hold• at 6t5kg/•3) 
No oC trips: 65/t.230 
Average distance and return 
Machine operates at 10k•/hr 
Seven Cold tor loading, unloading and 
turning 

Fenaenting area to •aturation area 

1,230kg 
5.3 

100• 
0 1 53hra 

-3-71hre/day 

Approx hale the weight ot the •aterial to the Cermen 
tation area will be traneferred to the •aturation -
area - 2bre/day 

Maturation Area to Screen 

Avera1e distance and return 
No ot trips 
Time involYed 
~reen to Stora1e Area 24.5 tpd •ay 
Compost turning 

100 • 
2lt per day 

1 1 68 hour 
2 hour 

All co•po•t to be turned 4 ti•e• in termentation pe­
riod and once per week • 1,560 tone/week 

One 2•3 bucket will turn about 800 tonne• per daya16bour 
per week• 2.7 hour/day 

Loadin• teeder Hopper and dealing with Reject•• 1 ••­
chine. 

Total •achine hour per day tor tranapor ot •aterial -
to termentatic~ area, transport to maturation area, ecreenina 
and ecreening to storage area • t2.09bpds2 machine• 

Feed hopper and rejects 1 •achine 

Therefore a total ot 3 1 2•3 tront 9Dd loaderswill be 
required. 
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Jml'HOD OF <PmATION 

'l'he 1".SW- collection vehicle enters the plant and the contents are veished. It 

proceeds to the recept:ion area. where the content& are emptied onto the floor. 
Arq large or non - compoatable items are removed klld put on one side to be 

ta.ten to the landfill site. 

The fr0?1t end loader loads the materie&l onto tne plate feeder which transfers 

it to ti.e pickiag bdt vbere recyclable materials are removed.It then passes 

over the 111&8Jletic drum which removes the ferrous aetC&ls.The paper,cardboard, 

and textiles go to the press for baling. The ferrous 11~tal is baled in a seperate 

pre&s. 

T.ne material is discharged from the picking belt into the feed hopper of the 

d1'Ulll.lt remain& in the drum for approximately two hours where it is shredded 

by attrition and becanes a r.cxnogenous mixture.At the discharge end of the 

drw: it pass•s onto the screen.The particles over 65nn pass over the screen 

and go by conveyor belt to the reject ~ fraa where they are ev""1~11)' 

taken to the land!ill site by front end loader.The compostable materials that 

&re less than 6;mm pass through the screen onto the compost conveyor which 

transfers tnem to the compost ~. Pran there it is talc.en, by front end loader 

11nd formea into a 50m long vindrov,of triangular croes section 3m high b,y 7• 
vi<ie,in the fermentation area. It remains in this place for one week vhen the 

temperature will ~ve risen to 70°c and the composting process will be very 

active. After one week it is taken Md made into a new vindrov,alongside its 

origiaal position,by front end loader.This is repeateci twice more at weekly 

intervals by which ti.mt the active fer.aent.tion will be much reduced. 

Tbe material i• then tween by front end loader !rm the fermentation area Uld 

.formed into • pl•teilU 3m high in the maturation area. It remains here,unde:t' 

cover,.for 4 veeka azad matures as the aelf' gener•ted heil.t drie• it <Jilt to 

about ,o;. moisture. 

Prom this are• it ia tc.ken to tile final acreen.Tbe oversize rejects are taken 

to the landfill aiw and the COdlpost can be put into the stor• are~ ready 

.for aale. 
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ECoNaucs 

FINANCING 

It is i.'ltended that the proposed project will be jointly finai,ced by the 

Y.unicipality of Cuenca, CREA and the Development P.ailk of EcUdor. 
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Constructioa 

Im! J Unit Cost USS Total Coat USS 

Reinforced Concrete 

Asphalt 

lbildi.Jlgs Office 

li"""aetory 

Drainage and septic taz:ik 

Weighbridge and off ice 

Plate feeder 

C"'nveyors 

Magnetic aeperator 

Drum 

Front end loaders 

Metal baler 

Paper baler 

Stone seperator 

Final screen 

Switch gear 

Roofed,vall-less buildi!Jg 

Total 

Th~ .bove costs do 110t include the following:­

Electrical installation, 

Trar1eport,duties 8Dd. ~es 

Site work 

Screen structure 

Office .t'urniture 

Prof essioaal tees 

Erection. 

I25/m3 

7/m2 

IIO/m2 

68/m2 

15,000 

68,666 

48/m
2 

The non included coats are partly dependant on the site survey. 

The over&l.l coats could be in the region of USS 1.5 - I.8 m.illioa. 

46,IIO 
60,000 
IO, ,IJO 

31,000 

7,450 
13,000 
63,000 

45,000 
4,500 

349,000 
206,000 

30,000 
15,000 
1,500 

30.000 

101660 

49,000 

984, 760 
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ANNUAL OPERATING FIGURES 

BASED ON 300 DAYS PER YEAR 

REFUSE INPUT 

COMPOST (UNSCREENED) 

COMPOST (SCREENED) 

REJECTS (SCR~ENED COMPOST) 

TEXTILES 

PAPER AND CARDBOARD 

METALS 

GLASS 

PLASTIC 

ORIGINAL VOLUME OF REFUSE 

AT 260 kg/m3 

VOLUME OF REJECTS 

AT '.520 kg/m3 

VOLUME OF COMPOST 

AT 650 k1/m3 

TONNE 

25,500 

9,189 

7,350 

6,390 

128 

510 

510 

51 

255 

·98,077•'.5 

19,970•'.5 

11 1 308m3 
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ANNUAL INCOME 

MATERIAL TONNER PRICE PER TONE 
nst 

COMPOST 6,1t26 :55' .. 

Ti.XTILES 128 

PAPER AND CARD 510 70 
METALS 510 35 

GLASS .51 15 

PLASTIC 255 25 

TOTAL 

ANNUAL COSTS 

PF.RSONNEL 

ADMINISTRATIVE COSTS 

OPERATING COSTS (fover,t'uel,cleaning etc) 

MAINTENANCE COSTS 

TRANSPORT AND REJECTS 

CAPITAL AND INTEREST 

PROJECTED CASH FLOW 

Total Income 

Annual Coats 

Income over Costs 

TOTAL 

INCOME 
Ti~-c 

226,:500 

25,500 
17,850 

765 

6,:575 

276, 790 

USS 

49,538 

20,000 

16000 

276, 790 
85,538 

+ 191.252 

Thie ie the amount available to repay the C&pital am InteTest 
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STAFFING and CCSI'S 

STAFFING ( 8 hour running) 

t Manager 

1 Maintenance Engineer 

In Thousands 

•I· 612 

50't 

1 Secretary/Clerk 336 

t Weigh bridge Clerk 408 

3 Drivers 972 

It Pickers 960 

t Presa Operator (metal and paper) 276 

1 Electrician 300 

1 Mechanic 300 

2 Labourer/Cleaner 480 

1 Screen operator/cleaner 264 

1 Receiving hall attendant 26% 

1 Plant Supervisor 444 

Plue whatever guards ore required 360 

TOTAL USS 44.689,00 
Plus Tues 4,849. 8° 

S/. 6.480 

Total plus taxes USS 49,538 

T.bis is the minimum nuJDber required with ao allownce 

for abaenteeism,sickness or holidays. 
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Ia order to '!nsure the succeas of the project the unager,uintenance 

engineer,mechanic,electrician and the oper&tiClll8 auperriaor llhoul.d 

be present at the plant frm the •ta.rt or the installation of the 

mechanical. and electrical. equipment. 

During this period the personnel sbauld spend three or f'our clqa 

at the Q.Uto composting plant. It is realised that tbe operation 

of' the Q.llto plant is quite different frca tbat propoaed at Qienca 

but as the aachiner,y is ao si.lllilar it will give tbe staff experience 

alld confideJJCe in the plant operation. 

A U.li. expert or an upert appointed by the aain CCGtracto:r,vho i• 

f'ully uperienced with rotatimg dru1I composting and tbe composting 

processshould be at the plant for a period of four aontbs,c~enciag 

one month bef lire product.ion st.arts. This is to ensure tbat the 

cc.missioning is done correctly and also it will gin suf'ficient 

time to train the staff in ma.teriir.ls recycling,operation,planned 

maintenance and compost productic•n. 
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Iaple.entatioa. Prosramae 

Jgree f:inancillg 

am pilot plant as a contiDUOU& feed,vindrov plant to coa1'ira 

desi.p data. 

Surve7 site 

Draw plans 

Oroer drum 

Ortie:- couveyors,loaders and all electrical and mechanical parts 

Prepare site 

Start civil wons i.Dclwli..Dg roads 

Complete foundations 

Install mechanical am electrical plant caaplete with controls 

and li.ghtiDG etc• 

Asphalt require~ areas 

Establish stores II.lad wrkshop 

Coaaission mecbanical and electri.eal pl.all~ 

Commence productiOA 

Establish markets ror all recyclable aaterials 

Eat.bliah markets for compost which will lie available approximate17 

eight veek.s ai"ter produc1.ion starts. 
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Rotes for t.he preparation of the temer docuaent& 

The City of Cuenca,in conjunction vi.th CREA.,bias decided to build a aolid 

waste cmposting plant.Tenderer& are invited to IRlbli.t full detailed tend.era 

i.DclwH ng el\gi.neeri.Dg deaiSR, ai te preperation,conatnactioa,erectim,operation 

and traini..ag of ke7 pereonnel. 

The capacit:f o! the plant shall be 85 tonnes per 8 bour vorkillg ~ vi.th the 

poaaihilit.¥ of i.llcreasUag U. :running hou.ra to 16 per cla.,y.The plant vi.11 be 

operational for 6 vmki.Dg ~· per veek. 

The tenderer vi.11 take into account the •tu.re or the refuae,the clillate,tlle 

level or the •ite,the .ailltenance am~-

Tender ~nts. 

Tbe tender d.ocUllients mat contain at least copies of the belov ment-

-ionecl dOCl''N'Dte :-

Pl.av di&.grall illdi.CAting full deacriptio11. of the propoaecl plant 

General plant l~out. 

Project drari.nga shoving l~out. am aectional vieva. 

Project drari.nga aboving l~wt. and eecticmal views am the front.a of all 

builclillgS. 

Specificatiou of all the propoeecl equipaent including but 110t li.lli ted to:­

- lue of aanufacturer, 

- Place of origia and. 

- Tec~cal apeci!icat.io11.. 

A 11&8• balance for the proposed plant i.Dclwlillg water ad dry aatter balancee 

as well as t.be MOURt. of coapoat. Md rec7clable aateriala and reject.a. 

iliat or •p&r• part• together with intonaticn about tbe expected vorki.llg 

lite at tull load. 

Deta.ila or t.be penmmel awl tbeir qualificatiou to run the plant. for 8 

bour• per day and 16 hour• per day. 

Tr&.inilll' progrwe tor key perscxmel 

Detailed t.iae acbedul.e tor tor tbe execution of tbe plant. 

Dail)' cOUU11pt.iOD or elect.ricity,vat.er,tuel,oil and ciraJ.nap as well as 

total couwapt.ioa for the vhol• plant. at tull load. 
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Preventati'ft .a.intenance sched"1u and estimated annliel ll&intenance and 

operating costa. 

Tenderer& qualilicatiCD ad experieace in tbe constru.ction of &iai.lar intemedia:te 

tecmology windrow systeaa. A refereace liat of' composting pleata executed in 

the last f'i ve yea.rs shall be gi:nn. 

General 

Thia tender ahall be in accordaace with the la.vs am regulations goweming 

adjudi.catioaa ill Ecuador and the following provisions:-

All quatatiou ehal.l be based on tbe aupply of all tl:e equipmeat neceasar,y 

.f'or the project and executing all tbe cinl and erectioa writ needed for the 

correct 1'uncticmi.Dg of tbe plant complete with all ite.e stated in the 

technical. apecificaticm. 

Cuatom.a duties and aay other expenses shall be paid by the coRtractor. 

The contractor will be respmaible f'or receivi.JJg all tbe illported equipmellt 

and tnnaportiltg it to the aite at his coat. 

The cORtractor shall be responsible for supplying the site vith pover and 

water meeaaar,y tor conatructioa.,erec tioa and coma:issionilJg at hi.a coat, 

including colLSUlllption. 

Tbe contractor ahall be resposible tor the safety ot the equipaent and the 

peraonnel during tbe cOD&tructi01L,COllllisaioning and ~atiag. 

The cORtractor aball provide an on-site office for the clieat duri.JJg construction. 

Bidders an requested to 1\irniah a bid guarentee amounti.JJg to per 

cent of the td .al bid price which guarentee should be valid for at least 

three llODths !'rom tbe date of tbe bid opening. 

The bi.ci guarentee or WllJUCCessful bidders vill be releued after tbe award 

is issued to the successful bidder. 

Tbe successful bidder will be released from the bid guarentee upoll receipt 

of the perfOl'UllCe bolld amouati.JJB to per cent of the total price. 

A copy of the apecification,dra.viQg& and catalogue& 1bould be 81.lbaitted with 

the offer. 

Q.iotea shall iaclude all ahippiag and iuurance costs,cuatCIU dutiea am 
all other expenses tor all imported equipnent. 
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lii.dden mu.st state in their o!"f e:-s all the necessary catalogues stati.ag tlle 

type and specification of the equipment and specifying c~.early the procedures 
of productiOD of tbe ®mpost • . 
Bidders shall state t.he ter11& of ~nt for both the local and imported 
ccapone!lts 

All the requirsents for the provision&! acceptar.ce ehall be taiten ~ the 

contractor i&S the client will onl,y be responsible to supi>ly the plant with 

• the necesaar;y solid -.ue. 
The coanactor shall guarentee the whole plant tor one year starting from 

the date o£ prcvieional· acceptance. 

Final acceptance ab&ll be &.ft.er oae year from the date ot tile provisioaal 

acceptance provi.d.iag the pl•t is perto:moi&ig as required and no outstanding 
jobs reaain. 

Tbe perf ormace bond will be released alter .final acceptance. 

Local Mazwtacturi.J!g. 

The bidder shall have ll&ml.factured locally as mch of the plant as ill possible. 

ill locally made equii-ent shall remain at the responsibility of the bidder. 

Refuse Characteristics 

J:tf3 iDfol"ID&tion gi.vell in this tender regarding refuse characteristics are 

givell merely ae a guide and tbe client. is 110t responsible tor the accuracy 

or reliability or tbis information. Azq plant or process failure resulting 

from di.f.fereat characteristics of tbe refuse vill be the responsibilty of 

the contractor and 8f"3 repair, ... lteration or remedial vork shall lie 

at the C<.1ntractor. cost. 

Tbe techniaal ITocess 

The plut is to be a moderate technology windrow composting plant provided 

with tacllities for tbe hand sorting of recyclable materials. 

The following stages are offered as a guide1-

Weighing the incoming trucks by using a •ct.anical beam scale 

Unloading the vehicle in a receiving station when large non cmpoatable 

materials can be r•oved. 

Con·.•eying th~· refuse !.o a picking belt for ha.n~ r.ick:.:ag -jf recyclabla and 

non caapostable materials. 

Removing of f erroua metals by a maenetic pulley 



- 44 -

llixing,hmogenizil4g,pulverieiag and acreer:ing through a rotating drum. 

Tran&port of the coapostable aaterial to a compost bll.y fraa where it ia 

tra.Daported by a front end loader to tbe fenentation area. 

Transport of the oversize d.rwa rejects to a reject blQr frm. vhere tlle,y will 

be traa.&ported to the tippiug ai te by fr.mt end loader. 

Constructing the 4i.ctclrovs .for aerobic .fenentiltiOll in adequate areas. 

Periodic turning of tbe vi.Ddrovs 1'>' front end loader&. 

Traaaport.iJrC the feraented compost to the •turatioa area by front ad loader. 

The 1'enentati.:xi and maturation periOli eba!l be at least eix~ da,ye. 

Tbe 11&turati01L area shall be aa c>pen,:roofed structure. 

Tbe ll&'bae compost sb&ll be .fine screened on a flat bed oscillating screen 

and t.ben passed over a etoae aeperator to l'ellO'ft particles of glass 8lld 

atone&. 

Performance Specification For Mechanical Eguiment. 

All equipmeat shall be of good qualiy and Mde frOll new materials that are 

free from defects and rust.Surface treatment and painting shall be :includecl. 

'fbe plant components llhall require a mi.n:imm of adjwstllent ud ll&iatenance. 

All bearillp and dri vi.Ilg aeehaai.8U must be dust proof. 

All lubricatiug oils and greases specified ehall be easily obtainable ill 

Cuenca. 

:.CCeas 11Uat be pruvided for inapection and adjl.letllent. 

Truck Scale 

'l'be truc:k ecale &hall be a mecha.nical beaa scale.It Ghall have a capacity 

of 30 tmmes ud the bridse size shall be at least 8 I. 3 mt.ens. 

It sball be of pitleee form a.ad the foundatioDS shall be reiuforced codtete 
#> 

vith approacbiDB rampa.T.be equipme11.t will indicate and print or et.amp out 

the vehicle weight on scale tickets.The offar •hall incl~de tickets for 

oae year operatiom. 

Fla.te Feeder. 

Incoming wastes u.11 be diecharged from the retuee truck onto the floor of 

the receiving Wilding. '!'hey eball be transferred by front encl loader onto 

a plate feeder. The plate feeder ehall be~- .•. a vide Md ot Tari&ble •peed. 

The mid point 011 the variable apeed gear box •hall be auch that IO tonDes 

per hour of refuse shall be delivered to tbe pickiag belt. 

Picki¥ Belt 
The pickiag belt'ehall be conatruct.ed or fire reailtant u.teriala. It ahall 

be plMCed horizo~tally at a suitable level for efficient and easy hand pickiag 
from 'both eides oi the belt.Tile llelt •ball be of variable •peed betveea 
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9 and 18 -~· per a.illlte. 'l'be effective length or the belt ahal.l !le 

app~tely 20 aetres loag and I metre wide. The cODwyor abal.l be 

ec;,uip,Ped with a teDSioaillg device,acrapera top and bott.ca and aide Hilla 

to ~ennt apillap.Tbe rollers and :ret\ml idle~ ahall m cf ateel tube 

with sealed for life bearings.The pulleys aball be self cleamng. 

Metal Baling ?ress 

The metal balillg pre&& &hall have auf'ficie11t capacity and pressure to bale 

the extracted aetal to a size siutable for safe,eas7 handlillg without the 

need to use baling vi.re.The ha.ling aecbani.aa ebD.11 be b.Ydraulic operated. 

The Paper and Textile lBliag Press 

The paper and textile bi&ling p:resc shall be electrically operated and tlae 

bales m;q be tied vi th vire or ribbon. 

Mynetia Seperator 

The aaanetic seperator shall be of the permaneut magnet rotatillg pulley 

type installed at the discharge end of the picking belt. It will discharge 

into a suitable hopper close to the metal baling press. Tbe pulley aball lie 

of sufficient aaanetic power to ensure efticent extraction of the ferrous 

aetal. 

The MixingaHomosenising,Pulveriaing and Screeni!lg Drum. 

The purpose of the drum is to reduce the size of the refuse by pulverising, 

tearng crushi.JJg and mi xi ag the matierial to obtain a hClllOgeDQUS mixture 

that is 8ui. table for fermentation in windrow. 

Tbe drum sball be of tile closed rotating type that is driven by an electric 

motor ard Vee 'belts via a searbox that is capable of rotating in tbe reverse 

direction vhen the electric 110tor is stopped and the drum reverses ite 

airection prior to coming to rest. 

The drwD abould baw a feed hopper at tbe statior..a.ry inlet end and the 

inlet end shoul~ 'be held in close contact with the drum ~ tensioning rollers 

to allow the ai.nimwa amount of apillage • 

The dZUlll ~d %'W1 on support rollers tut cazi be adjusted to ensure tbe 
c!rum runs true.T.he .upport rollers ahould be of su!ficie1it strength to 

twee the weight ot tba. drum all4 its coaitents through two liTe riap. 
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Positioning rollers ehould be tittet to the ~et plate to eDSUre rotational 

accuracy the inlet em plate ehould be eupported Oil aoveable spring 

loaded tensiolliag colUlllUJ to protect the end plate and drum against aey 

eccentricity that ~ have been built in or ~ occur due to temperature 

..ariations. 

'l'be loagi tudi na) play shall be cQntrolled to vi thill stated liai. ta - a 

locating roller situated on each aide of the liw ring nearest to tbe feed 

end. 

'l'be a.it em or the dnlR shall i.Dcorporate an exit door with a a.riable 

opening. 
Internally, the dnull sholl have vearplates at the inlet and exit end and a 

system of wear bare t.o prevent the refuse caaimg in contact with tbe •tal 

of which tbe drum !a constructed. 

At the exit end of the drum the refuse should discharge through the exit 

door onto the rotatiilg screen that is attached to and part or the drum.The 

screen should couist or screen platea with 65nn holes. 

'l'.be i.A&ide or the drum should rJ.so have sharp spears tor the openi..ag or 

platic b&Bs· 
At the discharge end,the ovenize aaterial (rejects) ahould be dichareed 

onto a conveyor and the UDdersize material should be discharged onto a 

conveyor that transfers it to the compost ~. Tbe design or both or these 

discharge points are of t.be utmost importance as blockages can occur here 

due tb tbe high moisture content ot the material. 

Allowable eccentricity or vibrations &ball be stated. 

The driving unit shall be covereci. 

Compost Belt 
The cmpoetabl2 material discbarged !ram t.be -.drum shall be transferred to 

tbe compost ~ by a conveyor belt.Thi.a belt aball be In wide.Scrapers eball 

be titted top ud bottaa,tbe pulleys ahall be self cleaniag,the roller 

bearings al:lall be seal.e'1 tor life 8lld a temsioning dnice eball be titted. 

Reject Belt 
The oversize reject• discbarged from t}le screen •.ball be trauternd to tbe 

reject• ~ by a co'Aveyor or the .... specification as tbe Compost Belt. 

• 



• 
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Pront Erid Loaders 

Three front end loaders vill be required.These ehould be standard production 

uchiws capable or operat.i.Dg at high altitudes.All ep&re parts ebogld be 

available ill Ecuador.The)' should lie ¥heeled machines powered by nomally 

aspirated,vater cooleci diesel engines.Tbey should be two or four wheeled 

drin. The bucket capacity should be 21n3 &ad the duap height should 'be }a. 

Pinal Screen 

A teed bopper should be proYicled to teed the matured compost Tia a conveyor 

belt to a !lat bed,inclined,oacillating screen llith a capacity or 8 toDJ1ee 

per bour.The rejects ehall be discharged into a bay and the compost shall 

be discharged onto an inclimed belt at.me seperator and then into a storage 

~. The screen shall be supplied vi th easily interchangeable screen plates 

of 25,12 and am.. bole size. 

Spare alld Wear Parts 

The supply shall include necessary vear and spare parts for one years 

normal operation in two shifts. 

The quantity and value of theae parts must be sul:mitted in the tender &ad 

the workimg life for these EUSt be stated. 

Compost '4.!eli ty 

The process offered eh&ll be guarenteed to produce cmpoet tbat:­

ls sate am free of pathogens 

Does not contain material that is harl!lful to the soil or to plant ar 

animal lite. 

Has bf'en through a temperature of 55° for three days and bas received 

a mi ninmm of three tW"Dillgs durillg tbe viDdroviJJg period. 

Has a Carbon J Nitrogen Ratio of 20:1 or lover and in which the emergence 

of nitrates has commenced • 

Performance Specification For Electrical !ouipment 

Material &lld works shall be in accordance with laternational Standards 

taking into consideration t~ elevation and climatic conditiona of Cuenca. 
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The installations shall be vell arranged to permit eG&y aai.ntenam.ce and 

opera.ti OD. 

All materials used stall be obtainable in Ecuador. 

Transf or.ners 

Standard oil i.DSU.lated transformers shall be supplied. The rated output 

ehall include a suitable excess over the power requirements of the plant. 

l'.ai.n Svi tchboard 

The main svitcilboard &hall be placed in a &eperate room. A circuit breaker 

with the necessary overloads and protection relays shall be provided. Th~ 

switchboard shall be metal enclo&ed and shall include all the meceeaary 

protection for each item of equipaent on the plant. 

A system of intertripping shall be in.eluded to prevent material being raseed 

on to a piece of equipment that l:las become non 1\mctional for any reason. 

Cables 

All cables shall be of copper conductors covered with plastic insulation. 

Underground cables shall be at a depth or 60ca. Other cables are to '1e placed 

on tra.ys or m steel pipes ana protected against mechanical-themal 

efi.'ects.For motor and control components i.'lexible pipes shall be used. 

Power ~tor Correction 

Automatic power factor correction shall be supplied to car.pensate cos ' 

to: 0.9> cos ' ( 0.95 
Earthing 

A suitable earthir.g system is to be provided for all the electrical equipment, 

Motors 

Motors shall be accordiag to international standards and suitable for use 

in the tropics. 

Mainten&.nce 

Isolation switches shall be placed at all motors and emergency stop bii.ttoas 

shall be placed at all operating places. 

:ivil F.ngineering 

To the normal F.cui:idorian standards. 

• 

• 
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CONCLUSIONS 

It is economically feasible to operate a compostir:lg plant in Cuenca. 

It is possible to build thAt pla."lt 1vith the exception of the drum
1
uairig local 

perso11nel. 

The equipment to build the drum is mt available in F.cuador. 

'l'he drum is of proprietary design. 

RECC>Jl".MENDATIONS 

It is recommeniled that:-

I) The fi.Aancial &rr81J6e1Dents be agreed upon by the involved parties. 

2) Ecuadorian penonnel and compames Wldertake the construction or the 

proposed plant,vith the exception of the rotatir..g drum. 

30 The rotatirig drum should be purchaeed,complete,from one of the international 

companies specialising in the manufacture of these drums. 

4) An engi:i.eer from the manufacturing compan,,y should be respoJ18i ble for the 

erection,adjustment and commissioning of the drum so that the guarentees 

remain valid. 

5) The Implementation Programme should be put into operation. 
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