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PREFACE

In response to a request from the Government of the Federal Democratic
Republic of Ethiopia, the Government of Japan decided to conduct a basic design
study on the Project for the Improvement of Waste Disposal Equipment in Addis
Ababa and entrusted the Japan Intemationai Cooperation Agency ( JICA ) to
conduct the study with the assistance of the Japan International Cooperation System

(JICS ).

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our iwo countries.

1 wish to express my sincere appreciation to the officials concarned of the
Government of the Federal Democratic Repubhc of Ethl{lpla for their close

cooperation extended to the team.

" February 1996

Kimio Fujita
President

Japan Internationa} Cooperation Agency
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CHAPTER 1 BACKGROUND OF THE PROJECT

The municipality of Addis Ababai.c., Region 14, is the capital and the center of social and cconomic
activities of Ethiopia wilh a population of 2.42 million. It is generaling about 1,600 it of solid

wastes per day. Its population is increasing at a rate exceeding 4 %, owing to the high birth rate and

influx from rural arcas. Conscquently, the rate of generalion of solid waste is forecasted to reach

2,600 pi® per day in 10 years.

The equipment for collection, transportation and landfill, possessed by the Health Bureau who is in
“charge of solid waste management, arc mostly old and not enough in number. The city is collecting

only less than 50 % of generated solid wastes.

About 30 % of houschold of the city lacks toilet, An cstimated 200 tons of human waste is excreled in
the open areas, causing health and sanitary problems. Public toilets arc playing an 1mp0ﬂant 1o, but
collection of waste from public toilets is not adequately done duc to insufficient numbcr of collection

| vchlclcs owned by the Health Bureau, who is in also responsible for management of pubhc toilcts.

Under these circumstances the Government of Federal Democratic Republic of Ethiopia rcquested the
Goveriment of Japan to implement its plan for improving the waste collection cquipment for Region
14. The plan was made with an objcctwc of improving the urban cnvnronmcnt ihrough reinforcing the
* collection capacny for solid wastes and human wastus The plan also aims at improving the landflll ‘

: wOrks at the dlSposal site.

A preliminary study was conducted during the period of October and November, 1995, in order to
clarify the following with regard to this plan; (1) master plan of Region 14, (2) present slatus of
waste management, (3) organization and management capabilitics, and (4) demarcation with the

World Bank.



CHAPTER 2 CONTENTS OF THE PROJECT

2-1. OBJECTIVES OF THE PROJECT

According to the target set by the Municipality of Addis Ababa, the rate of collection of solid waste

will be raised to 70 % and incrementally to 90 %. The target also aims at no more overflowing from
~ public toilets, and extending frec human waste collection services to the poor comprising 5 % of the

population. The objectives of this project are to achieve the above target through procurement of

equipment for collection, transportation, and disposal of solid wastes and human wastes.

2-2, BASIC CONCEPT OF THE PROJECT

2-2-1.  Preliminary Study to Review the Content of Request _

The study team for the 'prcliminéry study has conferred with the Ethiopian Side about the contents of
the Project. Finally the components classified for prioritics were confirmed as shown in Table 2-'1._
The priority #C*, meaning an cquibnlcnl that can be virtually deletcd, was assigned in view of the

following.

(i) At the beginning the Ethiopian Side had an intention of allocating equipment to the newly
planncd landfill sites. Qwing to the inadequacy of the new planned sites and lack of adefinite
plan, the request was not responded by this project. Thus, bulldozers, backhoes, and weigh

bridges were considered to be climinated from the list.

(i) . Sanitaty landfill is a preferred method. For the following reasons, however, it has been agreed -

- (hat cquipment for sanitary landfill were not introduced;

- The methods of sanitary landfill has not been presented.
- Lack of technology.
- ‘The Ethiopian Side considers that natural buming is also a form of cffective landfill

use.
Then, backhoes and dump trucks were removed from the list.

(iii) Considering the demarcation with the World Bank, it has been seitled that weigh bridges, i.c.,
truck scales, and two pickups arc to be procurcd by the World Bank credit.

" (iv) Excess two units of cesspool empties, i.c., vacuum trucks, were eliminated from the list.

2



Table 2-1 Requested Items

Q'ty/Priority
Item Spec. — Remarks
A B C | Total
Multi Loader {8 micontainer i0 10 {Compatible with the existing containers
Conlainer 8nf 160 10 |compatible with the existing vehicles
Side Loader I 20 20 - |Equivalent o the existing vehicles
Packer §20s 10 10 Bough .road specs. are 1o be developed. Safely
precaution.
Bulldozer 1 1 2 |To be used only for the existing lindfill site.
Backhoe 1 2 2 | To be uéed for sanitary Jandfill.
Dump trock 7t 6 6  |To be used for sanitary Jandiill
Jel Cleaner 2300 1 1 To bc used for cleaplstg public toilet axjd. landfill
_ equipment. To be reviewed after returning to Bank

Weigh Bridge 1 1 | 2 |Installation in included. Redundant with World Bank
Cesspool 8uid 4 2 | 6 |coliection of public toilet
Eniptier . ' :
Pickup : Double cab 471 4 8 . |Patrolling.
Spare Parls Isel | 1sel }25% is requested.

2.2.2  Scope of Cooperation by This Project
This project aims at expandmg the sohd wastc collcclu)n capability of the Municipalily of Addis
iAbaba(chlon 14) to 70% of an cstnnatcd total solid waste generation in the year 1997 when the

project is complclccl by providing nccussary collcclmn VCthlCS

Cesspool empticrs will be procured to provide complete collection services to all of the 69 public
toilets in the city. Cesspoo! emptiers will also be scrvicing poor houschold and communitics which
can not bear the fee for collection. Directly benefited population of Addis Ababa in 1997 is estimated
as 2.65 million.

This project is only dealing with solid wastes generated by private homes and installations, and night
soils. Medical wastes and industrial wastes are not considered by this project. Equipment used for
sanitary landfill, i.c., carth cover, cxcavation, and trans'portation, are not included duc to

unpreparedness on the side of recipient.



2.2.3  Determination of Vehicles

Based on the framework of preliminary study, this study has determined the combination and number
of vehicles as follows, perusing the collected data, and taking the project objectives and preparcdness

of the Ethiopian Sidc into consideration.
() Detormination of the Target for Solid Waste Collection Capabitity

The'target sct by the recipient ranges from 70 to 90% of the total generation of wastes. If a
target of 90% colleclion rate is set, too many number of equipment will overload the
maintenance and operation cost. The lower bound of 70% was then set as an appropriate target.

The target quantity of collection is 1465.8 m3 per day at the time of project implementation.

The project assumes that all the vehicles of more than 10 years old are scrapped. The target will
be achieved with the Temaining vehicles plus the five collection vehicles purchased by the

World Bank credit in the next year in addition to the vehicles procured by this project.
(if) * Combination of Waslc Collection Vehicles
" The requited number of vehicles was determined by assuming the following conditions;

-« he holding capacity of containers and: vehicles are cqﬁél to the exisling oncs as

request.
- The working hours are the same as the current practice, onc shift for 6 days a week.

- The data obtained fromn the previous analysis were used for determining the rate of
* operational days and the number of trips made by each type of vehicle. No.
- opcrational strains arc introduce by this assumption of the same ongoing conditions

~ in this study.

< The number of containcrs is 100 as proposed by the recipient. The number of multi
loaders, i.e., container lifters with two arms, for {ransportation’ of containers was
determined as 10, so as to keep the same vehicle to container ratio of 1 to 18 after

implementation of this project.



)

i)

- The quantity of door to door collection is the balance of the target total colicction
guantity and the quantity by container collection, Door to door collection will be done
by a combination of conventional side toaders and compactor type loaders, i.c.,
packers. If it is comprised all by side loaders, the number of vehicles will becoms
large due to their small loading capacity, resulting in increasing the maintenance cost.
If all arc consisted of packers, some difficultics in durability may be encountered in
the rough road areas becausc of their more complex mechanism. An optimum
combination of vehicles could be made if as yet (o be Spccified arcas of door to door
collection are indicated. The atio between the two types of vehicles is 1 1o 1,
considering the gencral road conditions. Assignment of cach type of vehicle to each
particular collection arca will be made after procurcment. Consequently the vehicles
for door to door collection comprise 16 side loaders and 8 p'ackers. Although the
total number of vehicle is six units less than the rcqucst still sufficient collection

capacily will be provided.
Equipment for Landfill

A bulldozer will be procurcd for sPrmdmg and compaction of sohd wastes at the landfill site.

* The number of bulldozer was determined by !akmg thc operational cfflc:cncy and the life of the

cxlstmg ones into consideration. In spite of the request from the Ethu)pnan S!dc the WCIgh

bridges were tcmovcd from the list for the following reasons;

. - In {hc drawmg of Phase 1 L'mdﬁll Development Plan by the World Bank mslailal:on
of wc:gh bridges is indicated. Weigh bridgcs should be procured by the World Bank ‘
credit in order to have consistency of equipment with design and construction.

- The consultant for the World Bank credit is including weigh bridges in his proposal
for Phase 2. .

Cesspool Emplier

Six units of cesspool cmptier as requested by the Ethiopian Side was.rcducc'd to four as a result
of discussion with the recipient during the preliminary study. Four units arc enough for
collection of tetal amount of human waste of 67,242 liters from the 69 public toilets on the
basié of assumed 103,449 users per day in 1997, Thice more units are required (o extend free

of charge collection services lo the poor comprising 75,554 people or 5% of private toilet users.
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Though exact number and actual conditions are not known, some number of public toilcts are
inaccessible for collection. Some excess collection capacities ate derived from this. These
excess capabililies can be directed toward this free scrvices, This reduction of vchicles
concurred with the opinion of recipient that more number of units will only increase the load of

maintenance.

(v) Other Equipment

- Most public toilets have an unlined pit; Scepage of water into the ground will
increase the viscosity of night soil. Unless the storage tanks are cleaned, collection of
night soil is difficult.

- The landfill site is extremely dusty. Periodic cleaning of cquipment will prolong the
life of landfill equipment. Thesc are the reasons for the introduction of a jet cleaner.

- One cacﬁ pickup will be distributed to cach Zonc for the nceds of patrolling and
transportation of pcrsc)nnel; materials and equipment. Six Zones of the city will

* require six pickups. Two pickups which are to be procured by the World Bank arc

also counted among the six.
224 ~ Calculation of Required Number of Equipment
Foregoing térgét and combination of cquipment were calculated as follows. .

§)] S(;]id Waste Coilccti:cm Equipment
t)] 'l'argct Quantity of Solid Waste Collcclioﬁ _
Parameters assumed for the calculation are; .
- Population in 1997: 2,651x10% -
Generalion rate of domestic waste: 0.17 kg/man/day - |
Density of waste: | 0.31 ton/n®
: 'i‘ypc of waste: - - ' 81% of domestic and 19% of inslitutions
Amount of solid waste generated in 1997, ni*

=(population)(per capita demestic waste generation) / (Density of wastc)
={2,651 X 103)}(0.17) /(0.31)
=1,453.8 ni/day



Since domestic wastc is 81% of the total, the total solid waste which have to be collected by the

Health Burcau is;

Total solid waste generation=1,453.8/0.81=1,794.8 m'/day

Therefore;

The target amount of collection
=(Total solid waste generation}(70%)
=(1,794.8)(0.7)
=1,256.4 wi/day

Assunnng 6 days a week working days;

Target collection per working day (1,256.4)(7/6)=1,465.8 m!day

(iii) Number of Container Collection Vehicles

. Parameters for the calculation are; -
Number existing containers:

Number cxisting vehicles:

container
4 units of 1976 model

Operational efficicncy of vehicles:

Operational efficicncy of vehiclés in 1997:

393

21 units of 1993 madel

{21 units oul 28 arc used: for
container collection)

919 for 1993 mode

67% for 1976 modc!

60% for 1993 model

80% for thc new vchicles :
procured by this project

(1976 trucks arc scrapped.)

Vehicle efficiencics are assumed as 80% for 0 to 2 years old, 70% for 2 o 4 years old, and

60% for 4 to 6 year old.

‘The assumption of the same vehicle to container ratio before and after the procurcment is

expressed as;

(Number of existing container)/(Number of cxisting opcrablc vchicles)

=(Numbcr of containers after adding new ones)

ANumber of operable vehicles after adding new ones)

7



where the number of operable vehicles equals the number vehicles multiplied by the efficiency.
Then;
Number of existing operable vehicles

=( Number existing vehicles)(Operational efficiency of vehicles)

=(21)(0.91)+(4)(0.67)

=21.79
Tﬁcrcfore, the number of containers per cach existing operable vehicle is;

393/21.79=18.04
Assuming that 10% of the existing containers arc scrapped, the total number of containers after
adding 100 new oncs will be;

(393)(0.9)+100=453.7
Then; :

Number of operable vehicles after adding new ones=453,7/18.04=25.1
While on the other hand the number of newly added vehicles, x, will be expressed as;
Number of operable vehicles after adding new ones=(x)(0.8)+(28){0.6} |
Solving abovc two cquatmns for x;
x=10

(i) Number of Door (o Door Colleclion- Vchicles

Parameless required for the calculation arc;

Container capacity" | S 8ot
_Volumcmc cfficrency a conlaincr: ‘ 90 %
Number of trips for container collection: 4.4 (imes/day/iruck

'(Calculatcd from the operation record of Octaber 1995)

Holding capacity of a side loader: . 9
Volumetric cffrc:cncy of aside loader: 90%
Number of trip§ for door to door cellcction: | , - 2.8 times/day/truck
Holding capacity of arotary type loader: 12
* Efficiency of a rotary type loader: 90 %
Number of trips made by a rotary type vehicle: 2.6 times/day/truck
Holding rapacity of a packer: 12wt
Volumetric cfficiency of a packer: 150 %

Number of trips made by packer:

2.6 times/day/funit

Asa packer compresses the density of waste from 0.31 to 0.5, the volumetric efficicncy of 0.9
s replaced with (0.5/ 0.31){0.9)=1.5.



Ten units of new container collection vehicles will be added by this project, Them,
Number of operable container collection vehicles in 1997
= (Number of new vehicles)(Operation efficiency in the first year)
+{Number of existing vchicles)(Qperation efficiency in 1997)
= (10)(0.8) +(28)(0.6)
=24.8

and then;
Total quantity of container collection
= ( Number of operable container collection vehicles in 1997)
% {Container capacity)(Volumetric efficiency)
% { Number of trips for container collection)
= (24.8)(8)(0.9)(4.4) |
= 785.7wi/day

" Therefore; _
Target quanlity' of door to door collection
= (Target total collection) — (Container collection)
21,4658 - 7857 '
= 680.1 m'/day

As lhc World Bank is supplymg fi vc(S) units of rofary type vchiclcs
Quanhty of door to door collcct:on by the World Bark vchrclcs
=(Number of units)(Efficiency of vchlclc)(Capacuy)
X (Volumetric cfficiency)(Number of trips)
=(5)(0.8)(12)(0.9)(2.6)
=112.3 pi/day

Therefore;
Target quantity of door to door collection by the this project
= (Target quantity of door to daor collection)
. -~ ( Quantity of door to door collection by World Bank vchicles)
= {680.1) — (112.3)
= 567.8 wm'/day



Half of this quéntity is collected by side loaders. Then, the number of side loaders is expresscd
by the cquation below;
567.872
=(Number of side loaders)(Operation cfficiency){Capacity)
_ | X (Volumetric efficiency)(Number of {rips)
= (Nuniber of side loaders){(0.8)((9)(0.9)(2.8)

Therefore;

Number of side loaders=16
While on the other hand, the humber of compactor type vehicle is expressed by the equation
below;

{(Number of compaclor type vchlclc)(Opcratmn efficiency)

% {Capacity)}{Volumetric cfficiency)(Number of trips)=283.9

“Therefore;

Number of compéctor type vchicle=8

(2)  Equipment for Landfill

- Bulldozer o

- Onc of the two cmstmg bulldozcr is considered to be scrapped, becausc madc ' in 1963,
cconomical life has been long cxpircd The othcr bulldozer, procured by the World Bank in 1993 1s
rc:poﬂcdiy opcrating at an cft" iciency of 50%. Thcrcforc supplcment by anolher bulldozer is
necessary. In accordance with a general’ standard shown in Table 2- 2 the proper bulldozer for the
(arget waste collection rate of 1465.8 m3/day, or 1465.88~0.31::454 t/day, is judged as a 225 HP
class. '

" Table 2-2 Wasle Disposal Rate and: Proper Bulldozer Size

Waste |- | S ‘ : :
disposal 0~50 | 50~150 ] 150~250| 250~350 } 350~3500 | 500~750 750~
(ton/day) | P S : : . : '
Butldozer 70 HP 80 HP 126 HP 165 HP 225 HP 285 HP 370 HP

(3)  Equipment for Human Waste Collcction

(i)  Target Quantity of Human Waste Collection

The parameters required for calculation are listed below;

10



Number of persons who use the public toilet in 1995 97,550 men/day

Ratc of population growth: 4.6%
Total quantity of collection from June 1994 to May 1995
11,192 ki
| 70
Number of public toilets: (onc of which is a
flush toilet)
Number of toilets serviced for collection: 31
Number of years; 2

Assuming that the number of persons who use the public toilet will increase with the same rate
of population growth;
Benefited population
=(Number of public toilets less flush toilct)
X (1+Rate of population grow(h)n
=(97,550)(1+0.046)2
103,449 (mcn/day) -

‘where n is the number of years.

' The quantity of human waste generation by this benefited population is expressed by the
equation below; ' - '
‘ Quanmy of human waste gcncmnon

={ Bcncfltcd popu!ah()n)(Umt rate of human wastc gcncrallon)

-According to the Health Burcau the unit rate of human waste generation is 0.3 liter/day, whilc
“in Japan it is gencrally assumed as 1.4 liters/day. The difference between the two is too great. 1L
was then determined as follows, based on the actual Health Burcau colleclion data for a year,
Unit rate of human waste gcncraﬁbn ' :
=(Average daily quantity of collection)

/ ( Number of persons who use the public toilct)

As a total of 11,192 kit was collected in the past onc year, the daily collection rate is calculated

with a volumetric efficiency of 90%;

Average daily quantity of collection=(11,192 x 103)(0.9)/365
=27,597 liter/day

11



As 31 out of 69 or 45% of public toilcts are serviced for collection;
Numiber of people who usc the public toilets serviced for collection
© =(94,550)(45/100)
=42,548 men

Using the above figures;
Unit 1ate of human waste gencration
= 27,597/42,548
» == (1,65 literiman/day
Then;
Total daily quantily of human waste generation
=(0.65)(103,449)
=07,242 liter/day

. (i) Required Number of Collection Vehicles
- Parameters for calculation;

Tank capacity: 8m’

Volumetric cfficiency  90%
Number of trips + 2.9 trips/day/truck
(Based on the operation record during June 1994 and May 1995.)

 The required number of vehicles for collecting all of the 69 public toilets is calculated as
 follows; _ _ - | ' |
chu.ircd number of vehicle _
= { Total daily quantity of human waste gencration)
7/ {(Opcrational efficicnicy) {Tank capacity)
X (Volumetric cfficicﬁcy) (Number of trips) }
= 67,242/ {(0.8)(8,000)(0.9)(2.9) }
=4.03 -

24 tracks

The above discussion considers that only those who usc the public toilets are the bencficiarics.
The Health Burcau is rying to extend its services to the paor who can not afford the collection
fee for private or communal (oilets. The statistics says that 57% of the city population is using

the private or communal foilets, and 5% of which arc the poor class. Then the following

12



number of people have to added as beneficiaries;
(2,651 X 103)(0.57)(0.05)=75,554 men

With increased number of beneficiarics, the total quantity of night soil will be increased to;
(103,449+75,554)(0.65)=116,352 Liter/day

The requircd number of vehicles will become;
116,352/(0.8 % 8,000 X 0.9 X 2.9)=6.97 =7 trucks

As mentioned before, the Health Burcau was content with four vehicles, which do not cover the
added beneficiaries. At the time of implementation of this project, not all the public toilets are
serviceable for collection, though not known for their cxact numbers. For the time being the

excess collection capabilitfcs for the public toitets will be used for the added beneficiaries.

2-3. BASIC DESIGN
2-3-1, Design Concept
(i)~ Concept for the Natural Conditions

. As Addis Ababa fs situated at an clevation of about 2,400 m, vehicles hévc {o be tuned to
this elevation,

« Vehicles have td withstand the rm:gh road, Most door to door collection arcas are unpaved.
Rocks arc exposed énd iafgc potholes arc found. The road bccomés muddy and slippé:y
duﬁr’;g ‘réinsv $easons. ;PaVCd roads arc not well ‘maintained. Large polth'olr.;s'arc found all

~ over. Carcful consideration has to' be given to réiljfo'rcing the suspension’ and chassis,

minimum ground height, and protection of overhangs.

(i) Concept for the Special Necessities

" Observe the vehicle standards of the Road Tran5p0rt Authonly The: standatds ar¢ now
’ bcmg revised, and may be ready at the time of detail design. -

. Watch for the diffcrence of waste dcnsﬂy and chardctcnsucs The dcnsny of sol:d wastc is
greater than those of advanced countries. The viscosity of night soil is higher owing to loss
of water by secpage and evaporation. _

. Pay aticntion to the safety of loading operation of the waste. Solid wastes arc loaded
manually by the resident themselves.

Consider the inaccessibility of certain public foilets duc to narrow roads. Vehicles have to be

13



cquipped with distant collection from secluded toilets.

« Paint the vchicles in the standard color of orange

(iiiy Concept for the Local Agent, Equipment and Material

. The local fabricator of containcrs can not be used, because their production capacity is too
low.

- Most large trucks owned by the Health Bureau arc supplied by the third countrics. The
setup for maintenance services provided by the local agents for those vehicles ate better than
Japanese manufactuics. There won 't be any concem for maintenance, should third country
vehicles are purchased. The mechanism of a packer and a jet cleaner is complex. It is safer
10 choosc Japanesc products, unless sufficicnt information about third country preducts is
obtained in the detail dcsign.

. The local agents for the Yapancse bulldozers are superior. Little merit is found in choosing
third country producis. o _

+ Japanesc pickups with superior quality arc dominating the local market, Theic is no need for

the third country products.

(iv) Concept for the Maintenance Capability of the Counterpart.

+ “The maintcnance ‘capa‘bility.bf.lhc Equipment Scivice of Region 14 is sa'lis'factory. This
installation can managc‘m:aintcnamic of the vehicles which are 1o be introduced by this
- project. Cdns_id_cring, _how‘cvcr'_, introduction of new type vcﬁicfcs and the strong request
from (he Equipment Service, i.t is necessaty to proﬁidc sufficiént trainiﬁg ai the timec of

~ delivery. | | | _
. . The budget for maintenance is not necessarily abundant, Secing that 10 or 20 year old
vehicles were steadily maintained, they scom lo satisfy the minimum requirements. Supply
of excessive amount of sparc parts would rather spoil ticir self help efforts and should be

- avoided.

. (v)‘= Concept for Determining the Type and Specifications of Vehicles

. ‘The basic specifications zdhere to those of the existing vehicles with regard to the multi
loaders, side loaders and cesspool empticrs. Especially the interchangeability of containers
is conditional. The rotary type loaders arc replaced with the packers which are mechanically
supcrior and produced by many more manufacturers.

+ " Existing bulldozers arc not cquipped with waste disposal options. So that troubles with dust
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. Existing bulldozers are not equipped with waste disposal options. So that troubles with dust
and othess are frequent. The bulldozer has to be provided with appropriate waste disposal

options,

(vi)  Concept for the Schedule

. This is a single fiscal year project. Attentions have to be paid to timely execution of
procurcment, paticularly for the complex vehicles which rcqmrc scven to cight months for
oulfitting. Guidance about strict observance of on schedule clchvcry is mandatory to the
third country manufacturers, who do mnet have the expericnce of grant aid by the
Govemnment of Japan, Unloading and customs clearance at the port of Assab in Eritria have

to be well prepared so as not to invite any interferences.

{vii) Specifications for the Vehicles and Equipment

‘Concepl for determining the vehicle and equipment specifications is given in Table 2-3.

Table 2-3 Concept for Determining the Equipment Sp’_ccificalio_ns

No, Equipment Guideline
225HP class is appropriale for disposing 450 Yday waste. Wasle dssposal oplion. Protection|

1 |Bull
ulldozer against dusl angd shock.
Multi Loader “| Compatible with the existing containers.
3 |Container Compatible with the existing muili Joaders.

9 m3 trapezoidat bin similar the existing vehicle. Hoppcr height should be fower than 1.6]

+4 |Side Load -
e Hoadkr | m for casy manual loadmg Steps have to b provided.

Rear loading with internal compactlon Re.ar unloadmg by ejection. Spec:al oonmdcrauon 1
rough road to profect the complex hydravlic syslem Safcly shutdown. device for the hopper
to prevent from gefiing caught. :

Review the holding capacity of 12 m3, similar to the cxnslmg rolary ly pc if it is nol too
Jarge at the time of detail design,

Compaction E Type
Vehicle

Hose Jength should seach the toilet located back of the  streel. Nozzle type lo suil the
purpose. Used also for cleaning the equipment.

& {Je1 Cleaner

_ The water conleﬁi of the wasle is less than the advanced countries. Lasger kose diameter: of
7 |Cesspool Emplier [4", The rear gate of fank is “full cross section. Hose lenglh should rcach the lon!et Iocaled
back of the streel.

8 |Pickup Most cotnmon type locally

2-3-2  Basic Design
(1) Overall Plan

Vehicles for solid waste collection, multi loaders, side loaders and compactor type loaders, and
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cesspool empticts will be parked in the prospective central depot which is going to be prepared by the
Health Burcau. These will be used for collection and transport of solid waste and night soil in the
Region 14. Containers will be placed along road side according to the plan made by the Region 14,
The bulldozer will be used in the existing landfill site for spreading and compaction of the disposed
wastes. Pickups will be disicibuted to the four Zonal Health Departments, primarily to be used for
monitoring the collection activities, patiolling the streets for instructing the residents, and

transpoitation of personncl and maintenance equipment.

(2 Equipment Design

Principal specifications and uses of equipment are shown in Table 2-4,

Table 2-4 Specifications and Uses of Equipment

No.| Equipment Specification Oty " Users
1 |Bulldozer ?'25“? l;las.s with ripp er: Mfrs 1 Leveling and compaclion of solid waste.
_ standard oplion for waste disposal. _
2 |Multi Loader | Sof containers. Double arms. 10 - | Transportation of a large container.
3 |Container About 8n. ' | 100 | Collection of solid waske.
f_' . E : . ‘ : : .
4 |Side Loader ¢ | About 9ni. Trapezoidal bin. 16 {Collection and transportation of solid waste.
=S Contpaction Abéul 8ot Com: action iype. | & |Collection il transportation of solid waste
* | Type Vehicle o P YPe : ' 4 P S
6 |let Cleaner - { About 5,000-6,000 liter. | 1 {Cleaning of cesspoo) and equipment. -
.| Cesspool . ' . ~ T : :
7 P About 8,000 liter. : 4 |Collection and Iransportation of human waste.
Emptier . _
8 |Pickup 0.5t payload. 2WID) double cab. 4 | Pairol and transporation of matecial.

| Compaclor typc. loaders and a jet cleancr with complex mechanism and’ pickups should not be
subjected to pracurement: from the third COUI.‘llI)" manufactﬁrcrs. The fleet of Health Burcau consists
of German and Swedish vehicles. Both have a fully equipped workshoi) locally. The Health Burcau
ratés the German higher than the Swede: Though Jtatian vehicles are not included in the fleet, their
“'ofkshOp is as good as the former. Only German among thrce submitted both vehicle specifications

" and price proposals. Thercfore, only German is chosen for solicitation of procurement,
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Table 2-5 List of Bquipment for the Third Country Procurement

Equipment Country (Excluding Japan} Reasoning
Muolti Loades Germany Record of delivery and experience io mainienance.
Containet Germany Record of delivery. Better marine transpout.
Side Loader Germany Record of delivery and experience in maintenance,
Cesspool Emptier Germany | Record of delivery and experience in maintepance,
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3.1,

3-1-1

CHAPTER 3 IMPLEMENTATION PLAN

IMPLEMENTATION PLAN

The implementation schedule is shown in Table 3-1.

Table 3-1. Implementation Schedule

ST TS5 176 (TS 9 [0 )i [ 12

Detail Enginerring ~ {Contract
(Apper.4 months)

on/Contract

Procurement - : Mill inspeélion
(Apper. 8 months)

Fabricalion/Procurement

3-1-2

. Trans%mtalion
[~ oomesic

Obligations of Recipicnt Country -

: (1) General Obligations Related to Implementation of Grant Aid

@

®
(1)

Prompt execution of unloading at the port and custoins clearance.

Yxemption of custom duties and domestic taxes en the equipment procured and on the

* activities performed for the procurement.

(i1)

(v)-
W
iy
(vii)

Providing necessary convenicnces for disembarkation and stay of Japanesc nationals who
cngage this procurcment, _ | ‘

Béaﬁ_ng of all the necessary fees which arc not covered by the _G:ra.nt‘Aiid .

Assignment of a cduntcirparh I o

Proper mainicnance and operation of procufcd cquipment,

Conclusion of bank agreement.

Specific Obligations Related fo Implementation of the Plan

@)
Gy

Giii)

" Budgeting for the cost of maintenance and operation and employment of personnel.

Adeguate management of the cxistihg landfill sitc and complction of unfinished civil

- works, including garage, fence and others.

Proper response to the health and environmental issuces causcd the increase in the quantity

of human wastcs which have ta be disposed.
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(iv) Completion of central depot.

3-2. OPERATION AND MAINTENANCE PLAN
Costs of mainténance and operation of cquipment for waste disposal after .1997, which require
budgeting, are shown below. Major cost items include fuels, mainicnance services including sparc
parls and consumables, and labor. Calculation of costs of fuels and 1haintenance scrvices arc based
on the Health Burcau data of nine months in 1994 as given below.
Total tiuck days: 6,662 truck - days
Total fuel consumption . 230,089 liters
Total 0il consumption 5,507 liters
Maintenance service 525,939 Birr (1 Birr = 3.16 US$)
(1) Fucl and Oil Costs
Annual fucl cost is expressed as;
{Fuel consumption rate, litcrftfuck- day)
* x (Number of operating irucks)(Annual operating days)
X (Unit price of fuel, birt/liter) |

~ From the data abovc the DISSCI fuel consumption rate per truck«day is calculated as 34.5 lllcrs

Similarly 0. 8 liter per truck day is calculated for oil. T hese values arc apphcd 16 the vchicles of tlns

plan mcludmg a jet cleaner, because their sizes are oomparablc 0 the existing ones. Assummg lhat a

psckup is dnvcn SO kma day with a gas m:!cagc of 8 km/liter, the fuel corlsumptmn tatc is calculated
" as 6.3 Literftruck day Rcfemng to Table 3- 3 52 Iargc trucks and 4.8 plellpS arc Opcratmg Thc |
annual operating days on a 6 days a week basis is 365 X 6/7 313 days '

Table 3-3 Operating Vehicles in 1977

‘ . | Operating Number of

Category Number Lfﬁmcncy Operating Vehicle

93 World Bank 28 0.6 16.8 |
Large Io6 wordBank | 5 | . 0.8 40
Trucks :

This Plan 39 0.8 312

. 96 Warld Bank 2 0.8 1.6

Pickups :

This Plan 4 0.8 3.2

In the absence of field data, it is assumed that cach of the cxisting 320 HP bulldozer and the new 230
| 19



HP bulldozer of this plan'arc operated 1,000 hours per year. The standard fucl consumption ratc of a

bulldozer is 0,133 liter/hour/HP. Then the total fuel consumption rate of bulldozers is

(3204230)/2 X 0.133=36.6 liter/our.

The estimated total annual fuel consumption is calculated as shown in Table 3-4,
‘Table 3-4 Rough Estimate of Annual Rate of Fuel Consumption

Fucl “Number of | Number of .
. . ) . . Unit cost .
Vehicles  { consumption| operating | Operating : Sum Fotal
X of fucl

rate vehicles days
Large Trucks| 34.5 l/day 52.0  313day | 1.5 Bin/t | 842,283 Birr
Pickups 6 liday 4.8 313day | 1.5 BinAl | 14,198 Bir | 911,380 Birr
Bulldozer | 36.6 Wday 1.0 1,000 hr. | 1.5 Bir/l | 54,900 Birr

Only oil is calculated for the lubricant cost. The cost of oil for large trucks is calculated on the basis of -

0.8 lites/truck » day at a unit price of 12.9 Bin/liter.
(0. 8)(52)(313)(12 9)=167,968 Birr

The cost of oil for pleupS and bulldozers is calculatcd on the bas;s of standard oil change
requirements as shown in Table 3-5.
"“Table 3-5 Cost of Ol for Plckups and Bulid{)zcrs
| AwmmvalTotal o e | Number of| Ot tank | Towmloit | UM |
Vehicle distance or . freaucncy | oil change | - capacity | consumption | P1C¢ Amount
' operating hours _q_ y ' g_: Apacty PSUMPHOR - of ol :
(4.8 vnits) N : i E .
L (50km)><(313 PBRvery e e | e 1129 .
Plcl\upis days) =75,120 - | 5,000 km lb.Q l_nncs : S_IIZYCIS. 75 liters - Bire 963 Birr .
L km a " L
' ‘ Every . PO L rs 129 {1,290
Bulldozer 1,000 br. 200 hr. 5.0 times | 20 liters 10 liters Bicr Birt

Thus the cost of oil is 170,226 Birr, making a lota[ of 1,081,606 Bimr for fucl and oil. This
concsponds to 1.7 limes the 1994 data.

(2) ‘Maintenance Scmcc |

- The cost of maintenance consists mainly of spare paits, tircs, other consuinables, and the labor. From

the prvious data, the cost of maintenance is 78.95 Birrftruck - day. 1t is assumed that this cost is

simitarly applicd to the new trucks procured by this project, then, maintenance of large trucks

© 1equires,
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(78.95)(52)(313)=1,284,990 Birr.

Generally the cost of maintcnance is proportional to the price of vehicte itself. Then the maintenance
cost of a pickup and a bulldozer is assumed to be one fifth and four times the large truck cost,
accounting for a total of 23,723 Birr and 98,845 Birr, respectively, Al of these make a total of
1,407,558 Bimr, which corresponds to 2.2 times the 1994 data of 637,214 Birr. During the first few
years the actual maintenance cost would be less, owing to the spare parts procured through this

project.
(3) Labor Cost

Drivers and assistants have to be employed. One cach driver for each vehicle including pickups has to
be provided, making a total of 57 drivers. One each assistant for each multi loader, cesspool empticr
and jet cleancr, and two each assistant for each side loader and oompaf;lor type loader will have to be
: .prowdcd making a total of 76 assistants. Considering the absentceism of 15 % i in 1994, at least 67

drivers and 89 assistant, a total of 156 personncl, have ta be cmploycd This number is below the
number of 237 persennel planned o be cmployed by the Health Burcau. No new addilional operators

‘are requited for the bulldozers.

Rascd on the average monthly salary of 328 Birr inclusive of various compensations and insurance,

the annual cost of labor is calculated as;
(328)(156)(12}614,016 Birr

" The present number of drivers and assistant is 138 men. The difference of 18 men is 70,848 Birr.

“The differences of cost between the foregoing expenses and the 1994 data are, 441,021 Birr for the
fucl, 770,344 Bimr for the maintenance, 70,848 Bim for the labor, and 1,282,213 Biir as a total.
Assuming that other expenses remain the samc, the total required budget’ of Health Burcau is

8,231,461 Birr, which is lower than the cstimated lower bound of budget in 1995. -
{4)  Organization for Mainlenance

Maintenance of the vehicles owned by the Health Bureau is done al the Equipnent Scrvice of Region
14. At present the Equipment Seivice has about 60 mechanics, seven of which are qualificd for the

highesl rank of senior mcchanic. Deterioration of the facilities can not be denied, but the skill of
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maintcnance is satisfactory. Spare parts for the repair have to be supplied by the Health Bureau, and
nominal amount of fec is charged to the Health Burcau.

Some of the workshops run by agents of major manufacturers are better cquipped and manned than
. the Bquipment Scivice of Region 14. Generally, the stockpile of spare parts is not so large.
However, it is possible to reccive the overseas supply in less than three months. Unless too minor
manufactures arc chosen, niaintenance can be done without much trouble. The outfit manufactures do -
not have local agents. The agents for the vehicles are to be responsible for repairing the outfit,
whereby some troubles may arise. This has to be reaffirned during detail design and before

concluding a contract.
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CHAPTER 4 PROJECT EVALUATION AND RECOMMENDATION

4-1. Project Effect
(1)  Increased Capacity of Solid Wasic Collection
Waste collcclion capacity of each vehicle is expressed by;
(Number of vehicles)(Operational cfficicncy)
X (Loading capacity)(Volumetric efficiency)(Number of trips)
‘The waste collection capacmcs at the time of project implementation arc summarized in Table 4-1. The

values of operational cfficiencies, volumetric efficiencics, daily number of trips given in Section 2-2

are used.
| Table 4-1 Collection Capacity of Each Type of Vehicle
| World Bank , :
Phasc 1 & 2 This Plan n:‘gtglr Loading Vol | Number| Collect.
Vehicle| Number | Number | Number | Number 1O | capacity | " | of trips | capacity
- - ~ | of oper. . |cfficiency 3 -
of | of oper. of |ofoper.|  ,: {rt') 7| per day | (i’ /day)
. . . \ vehicles _
- | vehictes| vehicles | vehicles | vehicles
Multi | o0 | 468 | 10 g | 2481 8 | 09 | 44 [ 7857
loader : . .
Side - 0 16 | 128 | 128 o | o9 | 28 | 2003
loader o . . . |
Rotary| ¢ 4 0 0 4.0 12 09 | 26 | 1123
loader : : -
Packer| 0 0 8 64 | 64 | 12 1.5. | 26 | 299.5
Total | 33 20.8 34 | 272 | 480 - | - 11,487.80

‘As six days a week opcralmn has becn assumcd thc avcragc collcchcm rate is;
e 487. 8)(6/7) 1,275. 3 mi/day.

The daily rate of solid wastc gcncration in Addis Ababa in 1997 is assumed as 1,794.8 ',

hnpicmentation of this project enables collection of 71 % of solid wasles. If it is operated on a seven -

da'ys a week basis, the percentage of collection would be raised to 83 %.

Whilc at present, the rate of solid waste collection is 753.3 ‘ni/day or only 46 % of thé total of
1,639.1 né/day in 1995, Without implementation of this project, the rate of collection would drop to

602.6 m'
loaders supplied by the World Bank, (112.3n7)(6/7)=96.3 ni/day, the ratc of collection becomes

fday duc lo loss of cfficicncy of the vchicles. Adding (hc'oollcciion capacily of rolary lype

745.4 n/day, which is still at the low level of 39.8 %.
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'(2) Enlarged Collection Areas and Increased Frequency of Collection

Addis Ababa is divided into 6 Zones, 28 Waredas, and 328 Kcbeles. Each Kebele has a population
ranging from 5,000 to 10,000, Current data of collcction frequency indicate that 120 or 37 % of
Kebles are not subject to collection by containcers. 112 or 34 % of Kcebeles are serviced for container
collection for fess than once a week, Even more number of Kebeles are not serviced by door to door
collection. No door to door coliection is donc in 207 or 63 % of Kebeles. The door to door collection
is don for lcss than once a week in 99 or 30 % of Kebeles. Implementation of this project witl not
only improve such siluations but also climinate Jittering of wastes or foul odors arising from

‘infrequent colléction of less than once a weck.

(3) Improvement in Night Soil Collection
All of the cxisling cesspool emptiers are not expected to be used for a long time. Assuming that only

four cesspool empties supplied by this project are available, their collection capacity is calculated as
follows like in the case of solid waste collection by using the same parameters;
(4)(0.8)(8,000)(0.9)(2.9) = 66,816 (liter/day)

Currently the vehicles are operated on a seven days a weck basis, so that this rate is the daily
- collection rate as it is. The average daily collection rate for the past one year from June 1994 to May
1995 is 25,597 littcrs. Therefore (he collection capacity will be improved to 2.4 times the current

capacity by implementation of this project.

In 1997, the number of beneficiaries will be 179,603 men/women, combining the number of daily
 users of public toilets, 103, 449, and the number of peaple covered by free collection service, 75,554.

| As discussed in Chapterz the number of vehicles was limited to four, 1mplcmcntal10n of this pro;cct .

will achicve 57 % collection rate of daily gcncrdhon of 116,352 litess. If the vehicles are concentrated

on public toilets only, 99 % colléction rate is achicved.

At prcscut the ratc of oollccttor; is'as low as 45 % of the dally gcncrahon of 61 ;458 liters, bascd on

94, 550 public toilel users with a unit ralc of 0.65 lltcr/day/man

~ 'Some of the inaécessible toilets are discharging the cfftucnt to the river. Introduction of cesspool
cmptiers, however, does not necessarily mean that all public toilets are serviced for collection.
Therefore it is possible to divert the excess capabilities to the free collection of the poor. I it is
assumed that only those public toilets which are now serviced for collection are to be serviced by the
new vehicles. The cxcess capacity is calculated as 36,557 liters, considering the quantity of
collection, {67,242)(45 %)=30,,259 liters. This will cover 74 % of the generation b) the affected
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poor or (75,554)(0.65)=-49,110 liters.

(4) Others
Extensive improvement of utban health and envirommental conditions is expected as a dircet effect of

factors stated jn (1) through (3). In addition to improvement of strect scenes and bencfiting the
residents duc to cxpansion of wastc collection services, contribution o toward suppressing the
infectious discases, regarded highly by the Health Burcau, Infemational Grgans and NGO, is a

femarkable effect of this project.

4-1-2  Adequacy of Execution of Grant Aid
The adequacy of execution of this grant aid by the Govemment of Japan was proved as shown in

Table 4-2.

Table 4-2 Proof of Adequacy of Execution of Grant Aid
Items to be Proved Proof of the ftem

The plan is aimed a1 the general public
1' |including the poor, and a great number
of people are affectod '

2.4 million residents of Addis Ababa are affecied., 65 % of which are
the poor. Particularly, the poor are affected the night soil collection.

The objectives of plan should meel the
requirements of ' BHN, education and
human resovrce programs, Or the plan
“Ihas 1o meet the wrgent requirement off.
slabilization of civil administration and
improvement of citizen life. '

Improvement of health and eavironniental condnl;ons is the basic
requicement of BHN. Replacement of detedorated old existing vebicles
is urgently requlred

As a principle  mainfenance and
- |management of . the plan shouvld be
3 [sustainable by its own moncy, human
resources; and technology of the
recipient. T

Cost bearing by the Ethiopian Side is confirmed by a documen!.
Estimated cost is within the budget shown by the recipient. Vehicles
are manageable because the types are in commion with the existing
Ones.. : :

| The plan shanld conbribuie {0 achieve
4 {objectives of the middle and long term
development plan of the recipient.

Status of the plan’ in the national midde aﬁd Jong term plans is not
clear. Bul the Master Plan of the City gives high priority to this plan,

As a principle the plan should not be

prf)fii onemefl. 'I‘hg: plan i’orl a. pm.ﬁ H Atmost all of the managenien! ¢xpenses are paid by the tax money.
oriented  project  should  Hmitl  its -

o . R Caly a limited number of businesses are responding to fee colleclion,
objective to festing, wodeling, or .o . . . i
. , No fee collection is planned affer imiplementation of this plan.
financing - of  mainlenance  and} )

replacement,

No il effect to the environment. Take]Some possible effects to the environnicn! are seen. Improvemient of the
6 |necessary measures to remove i1} effect] urban health and eavironment, will offset this effect. Improvement of|
io the environment. disposal methods may be nooded in the (utore.

_ It is possible. Considering the type of equipment that require longer
The slandard procedures for the grant aid detivery period, the key is smooth management loward concivsion of]
7 |by the Government of Japan is|contracl with suppliers. Due 1o recent goveramen! reorganization, some
workable for exceution of the plan, difficulties are expecied in adminislrative procedures and exccution of
obligation by the Ethiopian Side.
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4-2  Recommendations

(1) Technical Cooperation

The head of the Health and Environment Department, the virtual counterpart of this project, and
persons in charge of waste management arc well qualified for implementation of this plan. If proper
training or education by a specialist is provided even more effective use of cquipment could be

cxpected,

(2) Improvement of Door to Door Collection Method

Currcﬁlly, arrival of the door to deor collection vehicle is known by blowing the horn, Then cvery
resident tushes 10 the vehicle with a basket full or bag full of solid waste: This may be good for the
resident living along the coltection route, but not so for the people back in the alley. It is inefficient
when people have (o be standing by for the arrival of vehicle. Improvement of this situation has to be

tried by initiation of scheduled callection or placing accumulation points in the block.

(3)  Plan for Augmentation of Door to Door Collection

This plan will reinforce the door to door collection vehicles. No definite plan is made yet about
colicction route and arcas as Well. as distribution of threc types of vehicles, i.e., sidc loaders,
compactor typc loaders and rotary type loadess supplied by the Werld Bank. It is desirable to develop

- a plaln that takes characteristics of cach type of vehicles and peculiarities of each collcction arca,

(4)  Collection Plan for Densely Populated Arcas’ | |
. Duc lo illégal dumping of wastes, the health conditions are not good in the arcas where the y’chicles:‘ '
are madc ' inaccessible by narrow streets. ln such arcas a carcfully thought out plan ;f(:)r wastc‘; '
collection system has to be developed based on participation of residents. '

Steady cfforts including sanitary cducation of the people have to be continued,

© (5) Development of New Landfill Sites and Sanitary Landfill
Equipmént to be used for the prospective landfill site ha.vc been removed from the request, as a result |
of preliminary ‘study that it is not quile ready yet for the development of new landfill sites and
application of sanilary'lan‘dfill. At present the city has only one landfill site that forces a long trip for
coltlection in the far side of the city. It is ideal to develop multiple number of landfill sites in the future
in order to use collection vehicles more cffcctivlcly and to increase the collcction capabilitics. Sanitary

~ landfill is a desirable methad, and then cfforts should be made for its carly application.
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(6) Completion of Waste Disposal Facilitics and Garage under the World Bank Credit
As mentioned before, the suspended works at the existing disposal site have to be resumed as soon as

possible. Comp!élion of garage before the implementation of this project is desirable.

(7} Disposal of Night Soil

The Addis Ababa Watcr and Sewerage Authority(AAWASA) of Region 14 is the competent authority
for the disposat of night soil. At present the collected night soil is discharged without freatment. It is
desirable to develop a facility in the early stage in order to store, decompose and dry the collected

night soil.

(8) Improvement of Public Toilets
Some of the public toilets are directly discharging their efflueni to the stecams. Some of the damaged

pits are not repaired. These public toilets have to be improve'd in order to achicve 100 % collection

tatc.

(9 Orgamzahonal Bulldup _

Suddcn increase in the number of flect by this plan will Substantlally raise the burden of maintenance.
ESpcmally from the period of three to five years after implemenlation of this project, mechanical
troubles are expected to become frequent. Then the management capability buildup is compelling in
order 1o ensure budgeting for the maintenance cost and te improve the work efficiencics lest the

collection capability should decline. -

‘ (10) Tee CO“CCUOI] and anahzdhon .
Prcscntly waste collection fee 'is not collected cxcep! for some busmcss cntcrpr:scs Under lhc
forecasted incicasc in the financial burden, studies have to be made for mcrcasm,g, the income, as for

instance by collection of fee from businesses and residents in the wealthy districts.
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