





The Study on the Solid Baste Managemeint JICA
for Dar es Salaam City in the United Republic of Tanzania KOKUSAI KOGYO CO., LTD.

15 Weighbridge Control System

15.1 Description of the Installed Weighbridge

The present final disposal amount is one of the most important information to
understand the present actual situation correctly. Based on these data we can estimate
the present refuse collection rate, the present density of waste, the performance of refuse
collection vehicles, etc. To continue to monitor them let us to perceive the change of
refuse compositions. They can show us lots of valuable information in solid waste
management. Therefore, a weighbridge was installed at Vingunguti where sole landfill
for Dar es Salaam exists.

A electric load cell type weighbridge was installed at the corner of Nyerere road and
Vingunguti road. '

Figure 15-1 shows the general plan for the weighbridge installed.
The main features of the system are as follows.

¢ Road vehicle weigilbn'dge: 50,000 kg x 10 kg

o Platform size: 12mx3m

+ Digital weighbridge indicator system

¢ Ticket printer system

The specifications of the weighbridge installed are also included.
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15.2 Findings from the Weighbridge Data

a. Findings from Measured Data

Through a:nalysis of the disposal amount measured by the weighbridge installed at the
Vingunguti disposal site, the Team obtained the following findings:

¢ The data measured by the Vingunguti weighbridge between 11 and 28 February 1997
shows that the amount of disposal waste at the Vingunguti Jandfill site is 145
tonnes/day on average, corresponding to 8.2% of the total waste generation amount,
1,772 tonnes/day. The amount of disposal waste estimated in the first phase of this
study based on the number of refuse trucks carrying waste into the landfill was 167
tonnes/day, equivatent to 9.4% of the tolal generation amount.

o DCC s using 4 tonnes of waste per 8 ton truck and 3 tonnes of waste per 6 ton truck
as conversion factors to convert the number of trips to waste disposal amount in
tonnes. The average refuse collection amounts carried by trucks measured with the
Vingunguti weighbridge were 3.2 tonnes per 8 ton truck and 2.2 tonnes per 6 ton
truck. The difference between the estimated waste amount in the phase one and the
actual amount measured this time is considered to be mainly because of the errors in
the conversion factors.

o The breakdown of waste disposal amount according to carrier was DCC: 46 %,
authorised private refuse collection companies: 35 % and direct hautage waste from
dischargers: 19 %.

&2
&

=

7

» Although the number of private refuse collection companies was increased from one
to five in July 1996 with expansion of private collection areas, one of these five
companies had stopped its operation before February 1997. In addition the area
serviced by Multinet Africa which had been working since 1994 was reduced from 10
to 5 wards, which is exactly the same number of wards they had been servicing until
July 1996. Therefore, the increase in the waste collection amount achieved by the
private refuse collection sesvice expansion plan was found to be only 6 tonne»lday,
equivalent to 4 % of the total refuse collection amount.

b. Technical Feasibility

Discussion was made when selecting the type of weighbridge to be installed. Although
mechanical type of weighbridge is dominant in DSM, we could identify three electronic
weighbridge in DSM. Since we predicted that electronic type of weighbridge would get
more popular in future, we decided to installed an electronic type of welghbndge We
found the following facts. :

*  An electronic type of weighbridge could be operated by staff in DCC.

»  Operation of the computer control system associates with difficultics for stafY in
DCC because of too few staff having knowledge on computer.

»  The weighbridge system including computer system should have stand by batteries
for emergency and a stabiliser because electricily supply is not so reliable. It is
intermittent and its current is not so constant.
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¢  The number of weighbridge to be installed at a landfill site should be one even
though the total number of incoming refuse trucks exceed the capacity of one
weighbridge. In this case, only spot checking or weighing only direct haulage trucks
should be done. To attempt to weigh all incoming refuse trucks precisely is
considered to be too high standard for Dar es Salaam taking general situations into
account.

o The actual number of incoming trucks of Multinet Africa was expected to be 1.5
times of the measured number at the weighbridge office because the operation hour
of weighbridge does not cover the working hour of private coniractors. The
weighbridge control office should be open to cover the working hour of private
contractors so that all incoming trucks will be recorded.

o Exit of some trucks which entered the landfill site could not be identified. They
seemed to exit from other routes. These happened because the weighbridge locates
1.2 km away from the landfill. The weighbridge should locates at the just entrance
to the landfill and be guarded safely.

15.3 Operation Manual for Weighbridge Control System

The operation manual for weighbridge control system is attached.
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3 System specifications
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The computer system of control for waste registration was developed to serve purpose as
follow:

o ‘Tocreate a database of all movenient in the landfill.

e To know the exactly amount of waste which is brought to the dump site.

¢ To analyze data which are potentiat for planing of solid waste management.




Heightbeidge system

Il First

A To begin
s Inthe DOS prompt type WB and the press <ENTER>, and then show up the next screen

The Study Oa r'ﬁ?e Solid Wasle Management—ﬁn
Dar Es Salaam City
in
The Repubdlic of Tanzania

Date{dd/mm/aaaa) Do Y
Operator o
Date{dd/mini/aaaa)

1. Enter today data and press <ENTER>.
2, Enter code of operator and then your password.
3. Show the main menu of the system.

Ill. Main Menu

|Control | Abmc | Today I Report | Tools | Quit I .
A Control
“‘Control 3] Abme | Today | Report | Tools | Quit |
IN/QUT(Manual)
INOUT(Auto)
Cancel(IN/OUT)
Vehicle{ Without exit}
B, Abme
[ Control | -Abme | Today | Report | Tools | Quit |
Qperator :
ser/Vehicle
Tare weight
C. Data
| Control | Abme | Today JReport| Tools | Quit |
Report
Copy 13
Modify e
D, Report
[ Conwrol | Abme { Today | Report | Tools | Quit |
Daily
Monthly
Vehicle
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Weightbridge sysiem

E, Tools
[ Controt | Abme | Data | Repont [+Tpolsti] Quit |
Reindex
[Fite

F, Quit :
[ Control [ Abme | Dara | Report | Tools [ it~ ]

V. Databases of the system

A. DAY DATA.DBF

Nante DAY DATA.DBF
Detall | Registrations of daily trucks movement.
Flelds
Name Type Widih Descelption
M PLATE Character 10
M CODUSER Numeric 2
M DATE Date 8
M TIME Character 8
M WGROSS Numeric 5
M WTARE Nomeric 5

HIS DATA.DBF

HIS DATA.DBF

Nante
Detall Registrations of historical movement .

R ' Flelds _

Name Type Width Description
M _PLATE Character 10 ~
M _CODUSER Numeric 21
M DATE Date 81
M TIME Character 8 ]
M WGROSS Numeric 5
M WTARE Numeric 5
OPERATOR.DBF
Narie OPERATOR DBF
Detall Registrations of the operator. ]

Felds -

‘Name . Type Widik Desceiptlon -
Q COoD Characler 2
O NAME Character 35
O ADDRESS Characler 35
O PHONE Character 17




Weightbridge systernt

D,

QUTL.DBF
[ Nawte OUT.DBF
Detall Exit regnstratmn; of the truck.
Fle!ds o
. Narte Type Widih ___Deseription
OU REG Numeric K
QU PLATE Character 10 -
OU DATE Date 8 T
OU TIME Character | 8 £
OU OK Character 1 %‘;
USERS.DBF
Name USERS.DBF
Defall Regnslrallons of the wsers.
_ Fl'lds N
Name | 'T}'ﬁé CUWdik | Description
U cop Numeric 2 . -
U NAME Character 25
U ADDRESS Character 15
U PHONE Character 17 .
VEHICLE.DBF
| Nante VEHICLE.DBF
Detall Registiations of the every vehicles.
- Flelds - B
Nawnte Iype Width Desceipiion
V PLATE - Character 10 )
VvV TYPE Character 20
VY MAKE Character 20
vV MODEL Character 20
V YEAR Numeric 4
VY CAPAC Character 16
V_WTARE Numeric | 5
V CODUSE Numeric 2
V DATE Date g
VY USE Character |

V. Control of the movement of vehicles

The control of vehicles movement refers to the control of every vehicte entenng to the duniping site.
The identification code of the vehicle is the no. plate.

If the vehicle is new to the dumping site it will be registered while going to dump and when back from
the dumping and then it will be registered.

If the vehicle if already registered then it will be registered during lhe entrance only.

Select <Control> from the main menu and then selfect <IN/OUT (manugi)> and (hen show up the
next screen.
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Heighibridge system

The Siudy On The Solid Waste Management In
Dar Es Salaam City
in
The Republic of Tanzania

[ weight  [E74770055)] Kes |

PRSI <ouT>

Enter the weight and then select; <IN>, to register the entrance or <QUT>, to register the exit.

Regis!mt:‘o_n of the velt fcles entrance

A S

To register the entrance select <IN> from the previous screen, and thes show up the next

sereen.
T - IN .
[ Gross Weight 3470051 Kg  TareWeight #70-Q%:% Kg  MNetweight [7:00%3:3 Kg |
No.Plate ;:§MI2ISH Type
' Make
Model
Year
Capacity
Users’ Code- - -]l Name DCC

<0OK> <TICKET > <QUIT>

Enter the no. plate of the vehicle and then press <Eater>, the system will verify if the
vehicle has been registered.

If the vehicle is not registered it must registered afler dumping to abtain the tare weight .
If the vehicle registered it not necessary to register after dumping ..

a) Tare weight will not be more than gross weight.

Enter the code of users. ' -

a) If you know the code you can enter the code and press <Enter>.

b) You can get the users code from the name by pressing <F7>.

Verify every data and select < OK > and press <Enter>, to save the data.

Select <TICKET=, and press <Enter> if you want a ticket.

To end select <QUIT> and press <Eater>, and go back to the previous screen,

Registration of velicle exit

To register the vehicles exit select <QUT> from the previous screen, and then show up the
next serecn.

15-13




theighitbridge system

' OurT
[ Gross Weight & 47001 Kg_ Tare Weight £:300071 Kg  MNerweight  FH700:° kel

No. Plate - SMI235.¢ Type
Make
Model
Year
Capacity

Name DCC

Users® Code  § 4%

<0OK:> <TICKET > <QUIT >

1. Enter the no. plate of the vehicle exit and then press <Enter>, the system will verify ifthe
vehicle is new and has been registered at the entrance.

2. Verify cvery data and select < OK > and press <Enter>, to register the vehicle.

3. Select <TICKET>, and press <Enter> if you want a tickel.

4. To end select <QUIT> and press <Enter>, and go back lo the previous screen.

C. To verify the new vehicles which have nof registered for the exit

. Select <Control>, from the main menu then select <Vehleles(Without exit)> and press
<Enter>, and show up the next screen. To end press <Esc>.

No. Plate Date Time N
SM1235 17/02/1997 13:05:56 g%
T <Bse=Quit> T

bD. Delete new vehicle without exit
) Select <Controb>, from the main menu then select <Cancel(IN/OUT)> and show up the
next screen.

No. Plate  :SMI1213: : Type
Make

Model
Year
Capacity

Users’ Code 53 5lios: Name DCC

<0OK > <QUIT >
1. Enter the no. plate of the vehicle you want to eliminated then press <Enter>, the system
will show the every dala corresponding to the vehicle,
2 Verify every data and select < OK > and then press <Enter>, to delete the new vehicle

without exil.
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a} This process is done when the vehicle has been registered during entrance and the lefl
the site without exit registration..
3. To end select <QUIT>, and then press <Enter>.

VI. Operator

. The operator is a person authorized to utilize to use the system.
s Select <Abme>, from the main menu and then select <Operator> to show up the nexi screen.
'} OPERATOR
Code
Name
Address :
Phona

<SAVE> <DELETE> <CANCEL> <PASSWORD>

<Top=Home, Botiom=End, Next=Pgdn, Previous=Pgup, F7=Find, Esc=Quit>

A. Te register new operator

1. Enter code of the new operator and then press <Enter>.

a) Enter the name of the operator.

b) Enter the address of the operator.

¢} Enterthe phone of the operator,

Verily every data and then select <SAVE> and press <Enter> to save.

a} The system will request the password for the new operator. Enter password with a
maximum of 8 characters and then press <Enter>.

b) Then will request the conlinmation of the password.

¢} If the password is correct, the system witl accept the new operator.

3 To end press <ESC>.

!\J

B. To delete a operator

I.  Enterthe code of the operator (o be eliminated and then press <Eunter>.

2. Verily every data and select <DELETE> and then press <Enter> (o delete,
a) The system will request the password of the operator to ba deleted.
b) Enter the password and then confirm to delete,

3. To end press <ESC>.

C. Modification of operaters’ data

i, Enter operator code to be modifted and then press <Enter>.

2. Go to the fields of operators’ data which have o be modify.
a) You can modify the name, address, and phone.

3 To end press <ESC>,

D, To consult

1. To consult the data of the operator refer as follows.
' a) Enter the code of operator if you know it.

b) Goto the first operator by pressing <HOME>.
¢) Goto the last operator by pressing <END>.
d) Goto the next operator by pressing <PGBYW=>.
e) Gotothe previous operator by pressing <PGUP>.
f) Press <F7> to find by name.

2. To enad press <ESC>.
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Heighttridge system

VIl. Users
¢ Sclect <Abme> from the main menu and then select <User/Vehicle>, and then show up the next
SCEcen.

¢ Select Users and press <Enfer>

Abnic: ﬂ USERS - H

Code Name | Address Phane ]
| D.CC.
2 Multinet Africa Lud.
3 Mazingira
4 Allison’s Traders
5 T.CC Lid.

< F5=New, F8=Delete, F7=Find, Esc=Quit >

A.  Register new users
L. Press <F5>.
2. Enter the new code and then press <Eater>.

3. Then enter the name, address, phone etc,
4. Toend press <ESC>.

B, Deleted
|3 Press <F8>, and the users will be eliminated.
C.  Modification k4
I Go to the fields of users’ data which have to be modify.
a)  You can not modify the users code.
D. To consult
i You can consul users by pressing <Up>, <Dn>, <Pgup> <Pgda>.
2. Press <F7>, 1o find by name.
Vill, Vehicles
*  Select <Abme> from the main menu and then select <User/Vehlcle> .
*  Press <Enter>, and select Vehicle, -
Abmc: || VEH[_(:JLES H
' Plate Cod. | Users Type Make - | Model - g’
SMI1235 {1 D.CC.
SMI236 | | D.C.C.
TZ1234 | 3 Mazingira
TZ1235 | 4 Allison’s Traders
TZ£1236 | 5 T.C.CLW,

< F7=Find, Esc=Quit >
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A. Modifications

1. Go to the ficlds of vehicles® data which have to be modify.
a)  You can not modify the no. plate.

B. To consult
1. You can consull by pressing <Up>, <Du>, <Pgup> <Pgdn>.
2. Press <F7>, to find by no. plate.

IX. Registration of vehicles

+ I you know the tare weight of the new vehicle you can register within this program.
s The tare weight of the registered vehicle can be modify when there is change.
s Select <Abme> from the main menu and then select <Register Vehicle> and shiow up the next screen.

Register vehicle

[ New tare Weight: £9.000 .

Plate

Type

Make

Model

Year
Capacity
Tare weight :
User code

. <SAVE> < CANCEL >
< Esc=Quil >

A To register new vehicle

Weigh the truck without wasle.

Enter weight of the vehicle and then press <Enter>.

Enter the no. plate and the system will confirm if the vehicle if new.
Enter the detai] of the vehicle. _

Selecl <SAVE>, and then press <Enter> to register the vehicle.
To cancel select <CANCEL>, and press <Enter>.

SN N e

B To modify the tare weight of the registered vehicie.

1. Weigh the vehicle without waste. ,
2. Enter the vehicle’s weight and press <Eater>.
3. Enter the no. plate of the vehicle and the system show the data cortesponding to the
vehicle.
P, 4. Select <SAVE>, and press <Enter> to modify the actual tare weight.

5% 7 5. To cance! sclect <CANCEL™>, and press <Enter>.
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X.

Daily data

¢ The system will registered daily movement in a database.

¢ Atthe end of every day the daily data will be copied ro the historic database.

A. Today report

* Tooblain today information, select <Today> from the main menu and then select <Report>

and then show up the next screen.

Today Report
Date: 17/02/1997
(+) Alltrip
( ) Summary
(*) Screen ( ) Priater
<0K>=>

< Esc=Quit >

l. Select the type of information you want by pressing <Enter>.

a) Allwip, isa detail information of every today registration.

b)  Summary
2. Select the dispositive where you want the information.

()

4. Toend press <Esc>,

To copy today data

Select <OK>, and then press <Eater> to obtain the information.

+ o copy all the daily data, select <Today> from the main menu and then seleci <Copy> and

then show up the next screen.

Copy
Date s i ;71?2/1997‘ i
Code RSEIEE:
Password : Lo Sl

w

' I

<COPY>  <QUIT>

< Esc=Quit >

—

Eater today date.

a)  You can not the today data when there is a vehicle without exit.

2. Enter the code of operator and then the password.

3 Select <COPY> and press <Enter> and confinm to copy.
4. Press <Y> or <N>.

5. To ¢nd select <QUIT>.

Modification of daily data

»  Youcan modify the error of the daily data.
»  DBe careful when you modify the data.

15-18
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Weightbrudge system

Xl

E¥)

« . Sefect d‘o:da)b from the main menu and then select <Modily> and the show up the next

sercen.
Modify data
Date 2 17021997
Code S
Password: - .- 7}
<MODIFY=>
Piate | Usercode | Date | Time ross Tare Net
SM1235 1 17702197 12:0%:12 4,000 2,300 1,700
< Esc=Quit >
1. Eater today date.
2. Enter the operators' code and the password.
3 Will show all the data in the screen,

a) Youcan modify: User code, date, Gross y tare.
4. Verify the modification.
5. To end press <Esc>.

Report

4.

You can obtain daily, moathly and vehicle information.

Daily report

¢ Select <Report> from the nrain menu and then select <Daily> and then show up the next

séreen.

Daily Report

Date(dd/mnvaa). : 17/02/1997 -.
<SELECT>
() Altrlp
{ ) Summary
(+) Screen ( ) Printer

| <OK>

< Ese=Quit > -

1. Enter the date of the inforniation and press <Enter>.

2. Select the type of information you want by pressing <Enter>.

a) Allteip, isa detail informatien of every today registrafion.

b) Summary
3 Select the dispositive where you want the information.

4. Select <OK>, and then press <Enfer> to obtain the information.
5. To end press <Ese> Select <SELECT> and then press <Enter> to select data.
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Monthly report

Select <Report> from the main menu and then szlect <Monthly> and then show up the next

SCregin.

Year: 1997  Month: I[January |

Daily Report

User " D.C.(_f. : ]I

<SELECT>
(*) Screen { ) Prinoter

<OQK:>

< Esc=Quit >

NS e

Enter the year.

Seleet the month by pressing <Enter>.

Select the users by pressing <Enter>.

Select <SELECT> and press <Enter> to select date

Select the dispositive where you want the information.

Select <OK>, and then press <Enter> to obtain the information.
To end press <Esc>.

Vehicles report

Setect <Reporé> from the main ntenu and then select <Vehicle> and then show up the next

SCreen.

Vehicle

Report of vehicle:

(*) byUsers
( ) byno.plate
() Screen () Printer

<OK>

< Esc=Quit >

N

Select the type of information you want by pressing <Enter>.
Select the dispositive where you want the information.

Select <QK>, and then press <Enter> to obtain the information.
To end press <Esc>.
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Xll. Tools

o In this section you can Reindex databases and create databases to be used by other application

A. Reindex
o Select <Tools> from the main menu and then select <Relndex> and then show up the next
screen. .

Daily Report

<REINDEX>

1. Sclect <REINDEYXG and press <Enter> to reindex database.

B. Create file

+  You can create database of the daily registration, vehicles and users.
¢ Select <Tools> from the main menu: and then select <Create file> and then show up the next

SCreen.
g Create ﬂ!é_.
_ Type of file: HﬁData L mﬁ
‘:“ From: {7 To: I
<SELECT>
< Esc=Quit >
i To create registered data file.

a} Select <Data>, and then press <Enter>.

b) Enter the initial date.

¢} Enater the final date.

d) Select <SELECT> and press <Enter>.

€) The system will create { DBF) type file, with the name “DATA”, in the directory
CASYS\DARWBWILEL

f)  This file you can read with other applications(Excel) to analyze and create specific
information,

g2) Toend press <Ese>

2. To create a vehicle file.

a) Select <Vehicle>, and then press <Enter>.

b) Select <SELECT> and press <Enfer>.

¢}  The system will create ( DBF) type file, with the name “VEHBICLE”, in the directory
CASYS\DARWB\FILEL

d) This file you can read with other applications(Excel) 1o analyze and create specific
information.

¢} Toend press <Esc>.

S S 1S
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3. To create a user file,
a) Select <User>, and then press <Bnfer>.
b} Seleet <SELECT> and press <Enter>,
¢} The system will create ( DBF) type file, with the name “USERS”, in the directory
CASYS\DARWDBVFHLEN
d) This file you can read with other applications{Excel} 10 analyze and create specific
information.

Xill. QUIT

+  Toend the system select <Quit> and press <Enter>.

XIV. Installation

»  Toinstall the system follow this procedure:
1 Creatg the follow directory
a) CASYS\DARWDBIDATA. and copy follow files.

)] DAY_DATA.DBF
(2) DAY_DATA.CDX
(£))] HIS_DATA DBF
(G HIS_DATA.CDX
(5) OPERATOR DBF
{6) OPERATOR.CDBX
N OUT.DBF
{8) OUT.CDX
% USERS.DBF
(10 USERS.CDX
(i) VEHICLE.DBF
(t2) VEHICLE.CDX

e

=
3.
¥

b} CASYS\WDARWBVILE.

¢)  CASYS'IDARWBPRG, and copy follow files.
th WB.EXE
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16.1

16.2

16.2.1

Master Plan based on the Financial Case
Studies for the Concession Type of Contract

Introduction

The master plan proposed in the interim report was formulated based on the strategy of
using concessionaires for refuse collection services as much as possible.

The basic concept of the master plan was: the waste collection services in Area A will be
provided by concessionaires; and the services in Area B will be provided by DCC.

This chapter includes the result of financial evaluation conducted for the five cases after
cost estimation.

Conceptual Design and Cost Estimation

This section estimates costs required of the master plan. They are as follows.

1) Storage and discharge system

2) Primary collection System

3) Secondary collection and {ransportation system
4) Final disposal system

5) General expenses of DCC

6) Expenses for the monitoring agency

7} Subsidy for NGOs and CBOs

Design Conditions

a. The Period and Projects in the S\WM Master Plan to be examined

The period and projects in the SWM Master Plan to be examined here is all projects
which are planned to be implemented or operated from the year 2000 until 2005; in other
word, all SWM projects after the existing disposal site is shifted. :

b, Key Design Data

¢ ASG of waste when it is transported by refuse vehicles without compaction:

, 390 kg/m’
¢ ASG of waste when it is transporied by refuse vehicles with compaction:
' ' 585 kg/m’
¢ ASG of waste when it is compacted at a disposal site: 900 kg/m’
s Average waste transportation distance: 18 km
¢ Operation rate of refuse vehicle: 08
e Operation time of waste collection time: 7.5 hours/day
- 6 days/week
¢ Life Year '
¢ Human handcart 3 years
¢ Skip containers: 7 years
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e Tipper trucks, skip !rucks and heavy equment 7 years
o Machinery: 15 years
» Building and Civil works: =~ - . ) 30 years

d. Remained Life Year of Existing Equipment

The life years of most existing equipment which is being operated By DCC have been
expired. It was therefore assumed that exisling equipment would be operational until

2000 F
e Waste Collection Amount
Table 16-1 shows the waste colIectlon amount per day based on 7 days collectlon per
week.
Table 16-1: Waste Coliection Amount per Day based on 7 days per Week
o . . unit: tonslday
“Household 1 Comiidreial | Instittion | Market | -~ Streel: |- Iaformal
1996/DSM 185 20 8 27 1 55 297
Area A 181 19 8 20 1 55 285
Area B 4 1 - 7 0 - 12
1997{DSM 217 25 8 35 1 62 349
Area A 198 25 8 26 1 61 319
Area B 19] . - - 9 0 1 30
1998/DSM 280 31 ) 42 2] 73 437
Area A 240 31 0 33 1 70 384
Area B 40 - - 8 0 3 53
1999]DSM 355 37 ol .~ 51 2 85 540 o
Area A 291 a7 ) 39| . 2 81 459 5
Area B 64 - - 12 0 4 81
2000[DSM 492 61 14 70 4 105 747
Area A mn 46 10 . 48 4 98] : 582
Area B 115 18 4 23 0 8 165
2001|DSM X EZ 15 82 5 127 946
Area A 474 54 ¥ 56 4 116 716
Area B 172 18 4 25 - 0 i1 230
2002{DSM 817 82 17 93 5 151 1,184
Area A 581 83 12 65 ‘5 135 862
Area B : 235 19 5 - 28 0 15 302
2003[DSM 1,046 o7 18 109 5 181 1457
Area A 728 75 14 77 5 160 1,058
Area B 319 23 5 32 0 21 39|
2004|DSM 1,303 13 20 124 8 214 1,780
Area A 891 87 15 88 5 187 1,274
Area B 412 25 5 36 0 27 505
2005]0SM 1,587| - 128 21 140 6 251 2,133
Area A 1,073 89 16 100 6 271 1,511
Area B 514 29 5 40 0 a3 622

o

16.2.2 Storage and Discharge System

In Area A, plastic sacks which are given for items by a shop when shopping are proposed
to be used for storage and discharge in the Master Plan. Hence, no cost for storage and
discharge in Area A is involved.
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In Area B, skip containers are used for communal containers. The number of required
containers and the cost are estimated in the section of secondary collection and
transportation because they are related to the required number of skip trucks.

16.2.3 Primary Collection System

a. Introduction

In the skip truck collection system, people carry and discharge waste in skip containers
placed beside streets. People living near places of containers can easily carry waste to
containers for discharging by themselves; however people living away from places of
containess have some difficulties to do so. Therefore, the people living away from the
places of containers require primary collection services which carry waste from people’s
home to containers, People who are willing to pay for the better services such as door-
to-door collection will probably use primary collection service as well. Therefore, the

- cost of collection service is estimated.

- The Master plan pro'posed that 1,572 containers will be placed in the area where waste is

collected by skip truck system. The are covered by the skip truck system consists of
approximately a half of Area A and whole of Area B. Supposing 1,572 containers are
distributed and placed evenly in this area, the density of containers was estimated in
about 10 containers per square kilometre, as calculated as follows. '

1572 % 09
932 + 2 + 947

= 10.0 nos per squ. km

Therefore, the waste catchment area per container was estimated as 0.1 km?,

Assuming the shape of waste catchment area of a container is circle, its radius will be
178 metres. In other word, the direct distance which people have to carry waste for
longest distance is 178 metres and this can be walked in 3 minutes and 34 seconds. This
distance is likely to be accepted by most people for co-operating to carry waste to
containers. C

However, this will not happen actually. In DSM the sites for containers will be restricted
by the accessibility of the road, and therefore the distance of the primary collection and
transportation will be much longer than that.

b.  Basic Assumptions
b.1  Productivity per Day

Since the average transportation distance of primz'uy'collection is too difticult to be
determined, the conditions were assumed as follows.

60x1l-12x kK
D+V +£3+14

1r

Tr: Number of trips per day (trips)

D: Travel distance per trip (in): 1000m
V: Velocity of a vehicle (kavh): 30m/min
t1: Working hours per day (hours): 7.5 hours
12: Time of daily meeling, etc. (min): 30 min
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t3: Time of loading waste (min): 4 min x 12 = 42 min.
t4: Time of unloading waste {min): 10 min
E: Work efliciency: 0.8

Hence, the number of trip per day is 3.6 trips. Say it_ 3 trips.
Qd = 105kg x 12homes x 3frips = 318kg / d

b.2 Number of Users

Taking the condition described in the introduction in this section, it is assumed that 25 % o
of dischargers will use primary collection.
c. Cost Estimation
Table 16-2: Cost Estimation for Primary Collection
it 121959 12000 $:2001 520022003
1.Waste collection amount
Collected by skip trucks t/d 81] 1650] 230.0f 302.0; 399.0] 5050] 622.0f
Coliected by primary colleclion{25%)|t/d 41.3] 57.5| 755] 99.8] 126.3] 155.5
Coltected by primary by 6 daysiweek]t/d 48.1] 67.1] 88.1) 1164| 147.3] 1814
2.Invesiment
Required number of push cart units 127 177 233 308 350 480
Procurement schedule units 127]) - 50 56 202 132 146 245
Purchase push cait M.Tsh 23 9 10 36 24 26 414
Unit investment cost Tshion 600 476] 1,320 652 570 781
3.0 & M Cost
Worker M.Tshly 79 111 145 192 243 2499 ©
Repair, maintenance, ete. M.Tshly 5 ) 8 i1 14 17 £§
TolalO & M M.Tshly 84 117 154 203 257 317 i
Unit O & M cost Tshfion 5681 55681 5581 5581] 5581] 5,581
4.Total Unit Cost TshiAon 6,181 6,057] 6,901 6,233] 6,151] 8,362
Table 16-2 shows that the approximate unit cost of primary coliection is about 7,000
Tsh per ton of waste.
16.2.4 Collection and Transportation System
a, Productivity of Refuse Collection Vehicles
This section compares six different refuse collection trucks in terms of unit collection
cost.
at  Equation for Productivity Calculation 7
The following equations were adopted for computing their productivity. g

60xfl-12xFE

r=———e—

D+V+i3+14

Tr: Number of trips per day (trips)

D: Travel distance per trip {(km)

V: Velocily of a vehicle (knvh)

t1: Working hours per day (hours) ' :

t2: Time of daily service for inspection and fuellmg, etc. (min)
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t3: Time of loading wastc (miin)
t4: Time of unfoading waste (min)
E: Work efliciency

Od=gxdx fxTr

q: Volume capacity of a skip container or a tipping truck (')
d: Density of waste when it is being transported (ton/m’)
f: Wok efficiency

a.2 Proposed Collection System

The proposed collection systems are as follows.
o Area A: Curb collection by 6 ton tipper trucks
e Area B: Container collection by skip trucks

This factor was taken into account in the time of loading waste.

a.3 Productivity Determination

Table 16-3: Productivity Determination

- apacity g 4 8 10 4 6 8] - 4
E Capacity in volume I i 5 8 12 el 10 15 8
e One trip distance km 35 36 36 38| 38 36 36

Velocity of vehicle km/h 40 40) 40 40 40[ - 40} . 40
Density of waste when transported tm® 039] o039] o038] 039 039 039 - 0.585
t1:Working hour h 7.5 7.5 7.5 7.5 7.5 7.5 7.5]
[t2:Daily service time min 30 30 30 30] 30 30 30
t3:Loading time per trip min 5 5 5 66] 110] 165 64
t4:Unloading time min 5 5 $ 10 10 i0 10
E:Working efficiency of transpoit 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Work efficiency of transportation 0.8 0.8 0.8 08 08 08 0.8
Nos of trips per day times 525 5925 6.25] 2.68] 1.93] 1.47 2.63
[waste cariied per day t/d g819] 13.10] 19.66] 4.84] 6.02| 6.87 9.83
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b.

Cost Estimation

.t Area A

Table 16-4: Estimation of Waste Collection for Area A

3] (e = aurlts ] Me9d ) 2000 | S2001: | 2002 |k X 2004 252005 ¢
1 [Coltection arnount per day td 582 716 862 1058 1,274 1,511
(7aysiweek) : : -
Tipper lruck, B ton i/d 582 716 862 1,008 1,219 1,451
Compactor truck t'd - - - 500 55.0 60.0
Total ' 582 716 852] 1058 1,274) 1,511
12 JTipper Truck Collection :
Coliaclion per day (7dAveek) [Vd 5820 7160] 8620] 1,0080] 12190] 1.451.0
Colleclion pet day (Bdweek) |Vd 679.0] 85353] 1,0057| 1,176.0 1,4222 1,692.8
21 [Investment
Required number of truck units 1128 133.8] 1671 1953 238.2 281.2
Procurement Schedule units 113 26 28 28 41 45 46
[Invesiment Schedule 6870] 15831 3,702 1702 2493 2,736 2,797
22]0& M Cost
Required Quantity
Labour, one driver perid 113 139 167 195 236 281
Labour, six collectors perid 565 695 835 975 1,160/ 4,405/
Diesel Vd 3277] 4031 48431 5655 6844 8,149
Cost
Labour, driver M.Tshiy 81 100] 120 140 170 202
Labour, colietlocs M. Tshiy 271 334 401 468 566 674
Diesel M.Tshy 282 347 417 437 589 701}
Lubricant M.Tshyy 28 35 42 49 5¢ 70
Mairtenance and repayr M_Tshdy 844 1,033 1,244 1,455 4,760 2,094
Total ' M. Tshy 1,503] 1849 2224] 2520 3144 3742
3 [Compactor Truck Collection
Cofiection pet day (7diweek) [Ud - - - - 50.0 55.0 0.0
Collection per day (6dAweek) [Ud - - - - 33| . 842 70.0
3.1 |Investiment -
Required number of truck units - - - - 59 65 [A
| Procurement Schedule units 80 1.0 1.0
Investrnent Schedule th USD - - . 435 81 - 81
32|00 & M Cost
Requirsd Quantity
Labour, driver per'd - - 6 7 7
Labour, collectors perid - 18 21 21
Diess] d - - 174 203 203
Cos{
Labour, driver M. Tshy - - - 4 5 5
Labour, collectors M. Tshiy - - - 9 10} 1}
Diesel M.Tshy - - - - 15 17 17
Lubricant M. Tshy - - - 1 2 2
Maintenance and repair M.Tshy - - - - 74 81 851
Tctat M.Tshiy - - - - 103 115 123
4 [Summary for Area A
4.1]Investment
Tipper truck th UsD 6.870] 1581 1,762 1,702 2,463 2736 2,787
Compaclor bruck th USD - - - 435 81 - 81
Total th USD 6,870] 1581 1,702 2,188] 2574 2736 2878
4.2[0&M _
Tipper lruck collection M.Tshiy 1,154 1,503 1849 2224 2599 3,144 3,742
Compactor lruck coliection  [M.Tshiy - - - - 103 115 123
Total M .Tshiy 1,184 1503 1,849 22241 2701 3,259] 3,885

16-6

&
LESE
—



T
e

Kt

¥

The Study on the Solid Waste Management
Jor Dar es Salaam City in the United Republic of Tanzania

JICA

KOKUSAI KOGYO CO., LTD.

b.2

Arcea B

Table 16-5: Estimation of Waste Collection for Area B

i £ Lo ltemiE e £1999=] 72000 - | 2001 =] -2002 -1--2008+ | - 2004 | - 2005 -
1. [Coileclion amount per day td 81 165 230 302 399 o205 622
(7dayshweak)
Skip 8lon td - 165.0 2300 30290 393.0f 5050 622.0
2. [Skip Truck Collection
Collection per day (7dweek)  [Ud - 1650, 2300 3020 399.0] 5050 6220
| [Coltection per day (6dweek)  |ud - 1925] 2683] 3523 4655 589.2 725.7
2.1 |Invesiment
Required number of truck unis - . 14.7 205 26.9 355 45.0 55.4
Procurement Schedule ’
Skip truck units 15 5 7 9 ) 10 5
Cortainer, Bm> nos 150 50 70 %0 90 100 50
investment Schedule )
Skip truck th USD 1,283 428 599 770 770, 855 428
Container, 8m> th UsSD 1,095 365 511 657 657 730 365
Total 2,378 793 1,110 1,427 1,427 1,585 793}
22[0& MCost
Required Quantly
Labour, driver perd - 15 20 27 36 45| 55
Labour, colieclors per/d - - - - - - -
Diesel Vd - 735 980 1,323 1,764 2,205 2,695
: - ]
Cost :
Labour, driver M.Tshy - 11 14 19 26 32 401
Labour, collectors M.Tshiy - - - - - - -
Dicse] M.Tshy - 83 84 114 152 180 32
Lubricant M.Tshy - 6 ) 11 15 19 23}
Maintenance and tepalr M. Tsh#y - 154 215 282 3720 4N 530]
Tola} M.Tshfy - 234 322 426 565, TAF 875
3. [Summary for Area B -
3.1 [Investrnent .
Skip truck th USD 1,283 428 599 770 770 855 423
Conlainer th UsSD 1,095 365 511 657 857 730 365]
Tolat h Ush 2378 793 1,110 1,427 1,427 1,585 793
3.210& M : . : :
Skip truck collection M.Tshy - 234 322 428 565 712 875
Tolat - M.Tshly - 234 322 426 583 712 875
c. Summary of Cost Estimation
Table 16-6: Summary of Investment Schedule
“Desanpion - Vehicle: - |- ound, | 199071 2000, | 20012 - 2002 | 2003 ] 2004 -] 2005
Schedule Tipper lruck 113 - 26 28 28 41 45 45
Compactor bruck unils [ 1 1
B [Skiptruck units 15 - 5 7 g 9 10 5
| Skip container units 150 50 70 90 90 100 50)
Irvestment A | Tipper truck 1000 USD 6,870 1,581 1,702 1,702| 2493] 27361 2797
Schedule Compactor truck | 1000 USD 485 8 81
Sub-total 1000 USD 6,870 1,581 1,702 2188 2574 2738] 23878
B |Skip fruck 1000 USD 1,283 428 599 770 770 855 428
Skip container | 1000 USD 1,095 365 511 657 657 730 365
Sub-fotat 1000 USD 2,378 793 1,110 1,427 1,427 1,585 793
Total 1000USD| 9428] 23741 2812 3615] 4004 4,321 7,342,
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Table 16-7: Summary of O & M Schedule for Refuse Collection

CCAves s oanito | 2199850 | S200010 520010 22002 f 2200330 ] 20045 ] 2005 -
Area A IM.Tshfy 1,503 1,849 2,701 3,259 3,865
Area B {M.Tshty - 234 322) - 426] - 965 712 875
Total M.Tshly - 231 322 426 565 712 875

16.2.5 Final Disposal System

i

Iy
T

i
oy

a. Master Plan of Final Disposal System

A sanitary landfill is the essential element for modern solid waste management because a
considerable quantity of waste has to be disposed of even if efforts are provided to reuse,
recycling or utilise (incineration, composting) waste. As a first step towards modem
solid waste management, DCC is recommended to strengthen the fandfill activity to
minimise environmental impacts. Having the requirements for the sanitary landfill
clarified and proper design and operation implemented, it is possible to draw the
attention to other treatment method.

The Master Plan of final disposal system is summarised as follows.
s Until the end of 1999, the existing Vingunguti disposal site will be operated. .

¢ At the beginning of 2000, the new disposal site to be constructed in Kunduchi New
MECCO quarry will commence its operation. It will receive all wastes collected from
DSM from 2000 untit 2002.

o At the beginning of 2003, the two disposal sites for llala and Temeke districts will
commence its operalion and each site of the three will receive ali wastes collected
from its district.

» The sanitary opesationat level of new disposal sites will be designed and operated in
accordance with the requirement of the 3rd sanitary fevel which consists an
elementary leachate trealment system.

b. Conditions for Cost Estimation

This section presents the conceptual layouts and cost estimates for [andfills in
accordance with the concept of the alternative plans.

b.l  Commencenicnt of operation of disposal sites

o Kinondoni district: after 2000
¢ Hala district: afler 2003 : : g
* Temeke district: after 2003 -

b.2  Sanitary level of proposed disposal ocperation
Level 3, sanilafy landfill with elementary leachate treatment.
b.3  The ratio of coverage soil volume

The ratto of coverage soil volume to the waste volume was set up 12 %.

16-8



=

)

Fh
A

The Siudy on the Sofid Waste Managen:ent JICA
Sor Dar es Salaan: City i the United Republic of Tanzania KOKUSAI KOGYO CO., LTD.

b4  Required Capacity of Disposal Sites

Based on the waste disposal antount forecast, the volumie of waste received for each
disposal site was estimated as follows.

~Table 16-8: Yearly Waste Amount Received at Disposal Sites (1)

Diapods

- 108,040

) 127,385 - - 127,385

1998, 43,070 90,155, 26,260 159,505] 159505 - - 158,505
1999 55845] 106,945 34310 197,100] 197,100 . - - 197100
2000 82,125] 137,970 52,560 272655 - 272655 - - 272655
2001] 108215 169,360 69,715] 345,200 A 345,200 - || 345200
2002{ 132,495 204,035 88,330 424,850 Tl 424850 - -| 424860
2003] 163,885] 255,135] 112,785 531,805 - 183885 255435 112785 531,805
2004] 198,195 3I,710] 139785 649,700 -1 198,195] 311,710 139,795 649,700
2005] 234,330] 374.490] 169360] 778,180 - 234330] 374490 169,350| 778180

Table 16-9: Yearly Waste Volume Received at Disposal Sites (2)
_ grene

- 383,656 - | 383,656
2002 - 472,057 - - 472,067
2003 - 182,094 283,433 125317 590,894
2004 - 22027 346,344 155,328 721,889
2005 - 260,367 416,100 188,373 854,644

Table 16-10: Accumulated Waste Volume at Disposal Sites

. - - 1,816,483
2003 - 657,811 1,340,767 283,483 125,317 2,407,378
2004 657,811 1,560,983 629,828 280,644 3,129,267
2005 657,811 1,821,350 1,045,928 458,822 3993911
2006 N 2,003,485 1,150,521 515,704 4,393,302
2007 , 2,203,834 1,265,573 567.275 4832632
2008 2,424217 1,392,130 624,002 5,315 896
2009 2,666,639 1,531,343 666,403 5,847,435
2010 2,933,302 1,684,477 755043 . 6432734
2011 3,226,633 1,852,925 830 547 7.075.457
2012 3,543 206 2038217 913,602 7,763,003

The capacities of proposed disposal sites were therefore set up as shown in Table 16-11.
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Table 16-11: Pr0posed Capacmes of D:sposa! Sites

Kinondoni

2000 - 2008

Hala 2 8 2003 - 2010
Temeks 1 3 2003 - 2010
c. Cost Estimate

- el Investment

¢.1.1  Construction of Disposal Site

The estimation for the mmal investnient cost for the dtspmal snte is presented in Table
16-12.

Table 16-12: Estimation of Initial Investment for Disposal site for 2.64 million
tons of Waste

Hence, the initial investment for the disposal site was estimated in 1,170 Tshs per ton of
wastc.

16-10

] Earthwork : -

1.1 |Site clearing m 700 250000 175,000

12 |Enclosing bund m 150,000 1,660 279,600

1.3 | Divider m 17,000 3,535 60,095

2 Dralnage ) - -

2.1 |Side drain m 13,000 3,000 39,000 =

22  |On-site surface drain m 1,875 4,000 7,500 B

23  |On-sHe culvert drain m 60 44,000 2,640

3 {Access . .

3.1 |Tarrnaced access road m 86,100 500 43,650]

3.2 _|Gravel atcess road pAWV=6M) m 28,600 1,200 34 550]

3.3 [Subgrade work m 12,500 1,700 21,250

§ Environmental protection facilites -

4 Buffer zone {w=10m) m 20,000 100 2,000

4.2 {Litter prevention LS. 1,500,000 1 1,500

4.3 |Gas removal nos 350,000 E§ - 30,960

4.4 iteachals collection m 30,000 8,000 240,000]

45 |Elementary feachate treatment plant LS. 120,000,000 1 120,000}

4.6 |impermeabile botlom clay m2 2,700 200,000 540,000

4.7 |Sand layer m2 1,70¢ 200,000 340,000

5 Buiding and accessories : -

5.1 [Sie office m2 500,000 150 _ 75,000

5.2  [Weigh bridge L.S. 60,000,000 1 © 60,000

5.3 |Slorage m2 300,000 100 30,000

5.4 {Fence lin2 - 5,000 20,000 100,000,

55 |Gate nos 1,000,000 2 L2000

36 _|Moniloring facilities nes 6,000,000 4 - 24,000

3.7 [Carwash LS. 8,000,000 1 © B,000;

58 |wel LS. 10,000,000 1 T 10,000 ‘g
Total Direct Cost 2 245 555 w3
General Expenses and Qverhead 25% 561,389
Tolal Constructon Cost 2,806,944
Design and Supervision 10% 280,694
Tolal Profect Cost 3,087,635
Unit Invesiment Cost (Tsh per ton) 1,176
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Based on this unit initial investment, the initial investment of disposal sites are estimated
as follows.

Table 16-13: Estimated Investment for Disposal Sites

Temeke

c.1.2  TInvestment for Equipment for Disposal Operation
Work capacity of bulldozer and tipper truck are calculated below.
Buildozer, 210 Hp class

Bulldozer will work for pushing, spreading, levelling and compacting wastes at disposal
sites. Its productivity is estimated below.

Probable cycle time (Cin}

Pushing: 15 m @ 60 m/min =0.250 min
Returning: 15 m @ 80 m/min = (.188 min
Fixed time, loading and shifting gears = (0,320 min
Total cycle time =(.785 min
2 QOutput
3
Qh==60qufXE
_ Cm
Qh: Qulput per hour {m'/h)
~ q: Output per pushing {m’/h)
f: Conversion factor of waste 1.0
E: Operation efficiency 0.5
Hence, Qhis 133.6 m’/h.
Qd = 133.6 m’/h x 7 h/d = 935 m¥%d
=935 m’/d x 0.39 tons/m’ = 365 tons/d
Tipper truck, 8 fons
A main task f‘_or tipper trucks at dispbsal sites is to carry soil for covering wastes from
% Gutside to disposal sites. Its productivity is estimated below.

Probable cycle time (Cmt) _
Carrying: 1 km @ 15 kn/60 min = 4.0 min

Returning: } km @ 20 km/60 min = 3.0 min
Loading: = 5.0 min
Dumping: = 1.0 min
Total = 13.0 min
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Cutput

60xCx f =kt

Oh = SOxCxfxEl

Cmit

Qh: Output per hour (m*/h)
C: Output per trip (m*/h)
f: Conversion factor of waste 1.0
E: Operation efliciency 0.5 <

Akl
{

e

Hence, Qh is 40 tons per hour.
Qd = 40 tons/h x 7 h/d = 280 tons/d
Based on the estimated productivity of equipment in principle, the required number of
equipment were estimated as shown in Table 16-14.
Table 16-14: Required Number and Procurement Schedule of Disposal
Equipment
391 200021120

:Disposal Si
Vingunguti
Kinondoni Bulidozer
Tipper truck
Excavator
Pickup

[lata Buildozer
Tipper truck
Excavator
Pickup
Temeke Bulldozer
Tipper truck
Excavator

) Pickup
Total Bulldozer 2
Tipper truck
Excavator
Pickup
Procurement Bulidezer
Scheduie Tipper truck
Excavator
Pickup

- W
- W
- a0 )

g

W e b N) N[k b N GOt b PO
W0 D) e e NN b B GO e BN

- g
- W

[N (AN AN, W1, ) I LI FFEINTL I XY ey XY

—h O
NN WK = = W

2 Interim Investment

Sanitary landfill operation requires some construction works intermittently, for example
extension of gas removal, extension of leachate collection, provision of impermeable
clay layer for slope, etc. These costs are regarded as a part of operation and maintenance g
cost since its characteristic is similar to them. =

c3 Operation and Maintenanee Cost

The required pumber of equipment and staff were summarised in Table 16-15.
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Table 16-15: Required Number of Equipment and Staff

: Year. 22000 5] 2001 ]-52002 72003 7 | 2004 1 12005 -]
Equipment |Bulldozer 3 3 3 5 7 7
Excavator i 1 i 3 3 3
Tipper truck 3 3 3 8 6 6
Pickup 1 1 1 3 3 3
Labour L.andfil manager i 1 i 3 3 3
Foreman 2 2 2 5 5 5
Operator 8 8 8 17 19 19§
Weighbridge statf 6 8 6 18 18 18
Mechanic 1 1 1 3 3 3
General worker 10 10 10 - 19 19 18
Walchmen & 8 - B 18 18 18
Material  [Diesel 640 640 640 1,272 1,560 1,660
Others Leachate and gas removal 1 1 1 31 3 __ 3

Table 16-16: O & M Cost Schedule
' L ' ' * unit: 1000 USD

§ F1E2000 ) 20025] 200958 2004 5452005
Waste Amount Disposed 272665| 345 200] 424,860] 531,805] 649,700] 778,180
Equipment |Bulidozer 210 HP thou USD 105 105 105 175] 245 245
Excavator 0.7m3 thou USD 3 31 31 92 g2 92
Tipper kruck 8 ton thou USD 35 35 36 73 73 73
Pickup thou USD 3 3 3 8 8] &
Sub-total thou USD 175 175 175 348 418! 418
Labour Lardiili manager mill Tsh | 1 1 4 4 4
Foreman il Tsh 1 1 1 4 4 4
= Operator il Tsh 6 6 = 12 14 14
R Weighbridge stafl il Tsh 3 3 3 9 9 g
Mechanic mill Tsh 1 i i 2 2 2]
General worker mill Tsh 5 5 3 9 9 gl
Watchmen mill Tsh 3 3 3 9 9 ol
[Material Diesel mill Tsh 55 55 55 102] 14 13
Lubricant oil nili Tsh 6 6 € 11 i3 13
Othars Leachate and Gas Removal, etc. |mill Tsh 27 35 42 53 65 78
Total mill Tsh 457 465 473 218] 1089 1,112
thou USD 175 175 175 345 418 418
Total O 8 M Cost fnill Tsh 565 572 580 1,13 1.355] 1,368
Unit Cost Tshon 2070 1656] 1,365 2127 2086| 1,758

¢d.  Schedule of Investment and O & M for disposal

The investment and O & M costs to be required for disposal by the master plan were
summarised in Table 16-17.

" Table 16-17: Expenditure Schedule

¥
== unit: mitlion Tsh
i 4089 11 2000 | -2001 | 2002 0 2003 | D 2004.: ] 2005
Invesiment . ) :
Equipment . 1,060 958 350
Landfil for Kinondoni 3088
Landfill for llala ) 2,059
Landtdl for Temeke e - - 1,030
Sub-total 4,449 - e 4,274 502 . : :
O&M . 565 572 580 1,131 1,355 1,358
Tolal Expenditure 8,597 565 572 8,902 1,883 1,355 1,368

16-13



The Study on the Solid Wasre Management JICA
Jfor Dar es Solaam City in the United Republic of Tanzania KOKUSAI KOGYO CO., LTD..

d. Unit Disposal Cost

The following two kinds of unit disposal cost are determined.

e Case 1: All costs are included.

¢ Case 2: Investment for construction of landfill and equipment for landfill operation

are granted.

Table 16-18: Unit Disposal Costs

ST ERE femi * Uit . Case S
lnvesiment for construction 1,170 0
Investment for equipment Tshton 422 0
Average O & M cosl Tshiton 1.855 1,855 |
Overhead for DCC Tshilon 172 93
Unit disposal cost Tshiton 3,620 1,948

e,
S

i
i

16.2.6 Maintenance of Vehicles and Equipment

The improvement of the existing Mwananyamala workshop is included in the Master
plan. The design conditions were summarised as follows.

Design Conditions

» Laocation: DCC Mwananyamala depot, Kinondaoni

Area of Premises: 10,200 m*
» Function of the workshop: Preventive services

o Number of refuse collection vehicles to be services:
160 units of 6-8 tons class vehicles

Cost Estimation

¢ Building Work: 600,000 USD
¢ Maintenance machinery: 200,000 USD
e Total 800,000 USD
16.3 Financial Evaluation
16.3.1 Objectives and Methods of Financial Evaluation

a. Objeclives

This evaluation process will be carried out mainly to assess the financial benefits of the
master plan based on estimated revenues and expenditures. The financial evaluation for
area A, where waste disposal services will be provided by concession by tendering, will
be separately conducted from the evaluation for area B, where services will be provided
by DCC with the caoperation of the recipient local communities. There are currently 39

16-14
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wards in the study area, as shown in Figure A-1, and the basic features of area A and B
are illustrated in Figure A-2.

In area A, financial evaluation will be conducted to identify the commercial viability of
the concessionaires. Although several concessionaires might be contracted for the
services, the evaluation was made assuming that DCC will only grant the services to one
enterprise. On the other hand, financial evaluation for area B will be conducted to
identify the economic viability of DCC.

h. Methods
b.1 FIRR

The financia! viability of the master plan shall be determined using the financial internal
rate of return (FIRR) as a parameter, Table 7-21 shows the 5 cost assumption case

studies for FIRR conducted for area A and B.

Table 16-19: Five Cases for Financial Analysis

Final All cosls included X X

Disposal  jAll investment costs granted X X X
Collection & [All cosls included : X X X X
Transport  |First 3-year invesiment cosl granted X

b.2  Sensitivity Analysis

Sensitivity analysis was performed on the three risk cases assumed from the above 5 case
studies (base case).

Table 16-20: Sensilivity Analysis for Area A

anfl = Tsh: 1400 aniff = Tsh: 1200

RCC Coliection Rate = 80% Base Case Risk 1

RCC Collection Rate = 60% Risk 2 Risk 3

Table 16-21: Sensitivity Analysis for Area B

sk - - Tariff = Tsh:1100:

“REE Collection Rale = 60% Base Case T Risk1

RCC Collection Rale = 40% Risk 2 : Risk 3

The FIRR of the following 20 cases will be financially evaluated.

AT (Base Case) JA2 (Base Gase). |B-1 (Base Case). |B-2 (Base Gase) |B-3 (Base Gase)
(Risk 1) " (Risk 1) (Risk 1) {Risk 1) (Risk 1)
(Risk 2) (Risk 2) (Risk2) {Risk 2) (Risk 2)

(Risk 3) (Risk 3) (Risk 3) {Risk 3) (Risk 3)
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16.3.2

¢ Financial Planning

It is necessary to create a balance between the revenues and expenditures to make SWM
in area A and B financially sustainable. Accordingly, the financial plan should be
designed based on this premise. A financial planning table shall be made to illustrate the
calculation of the cash balance from the following costs and revenues.

c.l Cost

This category covers the following investment cost and operation and maintenance cost
in Phase I and Phase 1L

Table 16-22: Summary of Project Costs
Un_i_l_: millipn_ _Tsh

Colleclion and Transport Area A 6,219 4,592
Improvement - |Area B 2,663 2,805
Final Disposaf Sile Kinondoni 4,449 0
Conslruction llala ) 3,184
Temeke 0 1,592

Maintenance Shop 442 0]
Totlal 13,773 2,173

Labour
Area A |Fuel 2,468
Repair 6,796
Labouws (Primary + Secondary) 996
Area B |Fuel (Pdmary + Secondary) 756
Repair (Primary + Secondary) 1,755
Repair Shep 128

c.2 Revenue

As will be discussed later, SWM revenues will be primarily derived from RCC for
household, commercial, institutional and market wastes. RCC will not be imposed on
wasles generated from the informal sector and from road sweeping services.

Parameters for financial evaluation
The following parameters are emplayed as major variables in financial evaluation.
a. Prices and Exchange Rate - |

All prices relevant to the financial evaluation will be converted to Tsh., and the rate of
Tsh. to the USD, in case the foreign portion for the expenses of the master plan is to be
converted, will be set at Tsh. 612.5 = USD 1, which is the mean rate adopted by
commercial banks as of the 31st of July, 1996.

lé-16
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b. Projeet Life Span

The master plan will start in 1999 upon the delivery of the first required number of
vehicles procured and will end in 2005 when these vehicles lose their residual values.
Accordingly, the project life of the master plan to be used in the financial evaluation shall
be 7 years (1999 to 2005).

c. Waste Amecunt and Waste Collection Rate

The estimated waste gencration amount, waste collection amount, and waste collection
rate for area A are respectively shown in Tables A-1, A-2 and A-3. Those for area B are
respectively shown in Tables A-4, A-5 and A-6. The tables suggest that the waste
collection rate in area A in 1999 is estimated at 33.2% and 70.8 % in 2005, In area B, the
rate is estimated at 7.6 % in 1999 and 41.0 % in 2003.

d. Tarill Setting

The amount of taniff to be imposed shall be determined based on the residents’
willingness to pay and the marginal collection costs in each area. According to the
results of the POS, areas A and B are respectively willing to pay Tsh. 1,445.6 and Tsh.
1,016.1/month/houschold for waste disposat services. Meanwhite, the unit marginal
cosis of the waste disposat services/month/household in areas A and B are estimated at
Tsh. 980.0 and Tsh. 781.8, respectively. Figure A-3 and Figure A-4 illustrate the
statistical distribution of the residents’ willingness to pay and the marginal cost which is
based on the operation and maintenance cost.

The figure indicates that, for area A, the tarift selting zone, which is supposed to be in
the duplicate zone of both the willingness to pay and the marginal cost based on the
operation and maintenance cost, should range from a minimum of Tsh.
1,057.6/month/household to a maximum of Tsh. 1,368.0/monthvhousehold, while for
area B, it should range from a minimum of Tsh. 625.6/month/houschold and Tsh.
1,172.3/monthvhousehold. On the other hand, Figure A-5 and Figure A-6 illustrate the
statistical distribution of the willingness to pay and the marginal cost based on the total
cost, indicating that area A and area B are tespectively willing to pay Tsh. 1,368.0 and
Tsh. 1,290.4/household for waste disposal services. Taking the above factors into
account, the level of the proposed tarifl for the household waste is fixed at Tsh.
1,400/month/household for area A, and Tsh. 1100/month/household for area B.

The tatiff to be imposed on area A for commercial, institutional, and market wastes, is
estimated to be twice as much as the tanff for household waste. In area B, the tanft is
estimated to be 1.5 times as much as the tariff for household waste. The tadfls for
household, commercial, institutional and market wastes are shown in Table A-10, Table
A-11, Table A-12 and Table A-13, and summarised below.

Table 16-24: Tariff Used for Financial Analysis

- Calegory = ‘Area AT jo cAréaB Gl
Household Wastes (Tsh/month/housethiold) 1,400 1,100
Commercial, Institutional, Markel (Tshfton) 36,000 24,000

Informal and Road Sweeping (Tsh/ton) Nil. Nil.
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e RCC Collection Rate

The RCC (Refuse Collection Charge) collection rate is one of the most important
parameters for FIRR. Taking into account the degree of willingness to pay in each area,
the rate is fixed at 80 % for area A and 60 % for area B, respectively.

f. Serap Value

The vehicles procured after 1999 will have some residual value in the completion of the
- project in the year 2005. The scrap value of these vehicles will be accordingly included
as revenues in 2006,

£ Indireet Cost and Tax

The percentages of the indirect cost and the relevant taxes to the total cost in cach
project year are estimated at 10 % and 5 %, respectively.

h. Cut-off Rate

A cut-off rate, also known as an opportunity cost of capital (QCC) is also one of the
parameters used to assess the financial viability of the project. As discussed in Chapter 4,
the rate is fixed at 13.2 %, which is equivalent to the real interest rate in the capital
market of Tanzania,

Financial Evaluation

a. FIRRs and Sensitivity Analysis
a.l Area A

The financial planning tables for Case A-1, together with the three sensitivity sub-cases,
are shown from Table A-14 to Table A-17, and the financial planning tables for Case
A-2, together with the three sensitivity sub-cases, are shown from Table A-18 to Table
A-21. Based on these financial planning tables, the FIRR for the base cases and the
sensitivity cases are calculated below. The cash flows for the calculation of the FIRR are
shown in Table A-34, Table A-35, Table A-39, Table A-40, Table A-44, Table A- 45,
Table A-49, and Table A-50.

Table 16-25: Summary of FIRR for Area A

----- ~ Case: 2 -] Base'Cas i
Case A- 1 . -14.97% -19 1% —24 88%
Case A-2 . -2.11% -7.97% -14.21%

The major findings are:

a) With an FIRR of minus 7.63%, Case A-1is not financially feasible because, with the
inclusion of the investment cost for the disposal sites, the project cost will be too
expensive. _

b) Only the base case for Case A-2 recorded a positive FIRR at 5.56%, which is lower
than the cut-oft rate of 13.2 %, indicating that the awarded concessionaires will not
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be able to provide their waste disposal services by borrowing the necessary costs
from banking institutions based on the commercial lending rate;

¢) Case A-2 proved to be the most promising. In order to compensate for the gap
between the FIRR and the cut-off rate, some kind of financial strategy such as leasing
of the municipal vehicles to the concessionaires will be required.

a.2 Area B

The financial planning tables for Case B-1, together with the three sensitivity sub-cases,
are shown from Tabte A-22 to Table A-25. The financial planning tables for Case B-2,
together with the three sensitivity sub-cases, are shown from Table A-26 to Table A-29,
and the financial planning tables for Case B-3, together with the three sub-cascs, are
shown from Table A-30 to Table A-33. Based on these financial planning tables, the
FIRR for the base cases and their respective sensitivity cases are calculated and shown
below. The cash flows for the calculation of the FIRRs are shown in Table A-36, Table
A-37, Table A-38, Table A-41, Table A-42, Table A-43, Table A-46 and Table A-47,
and Table A-48.

" Table 16- 26: Summary of FIRRs for Area B

Case B-1 “2047% T.24.43% " 27.55% T 20.02%
Case 8-2 12.61% 216.99% 20.48% 23.15%
Case B-3 -4.63% 14.23% 730.56% 24.90%

The major findings are;

'a) With an FIRR of minus 20.47%, Case B-1is not financially feasible because with the
inclusion of the investment cost for the final disposal sites, the project cost will be too
expensive; o , .

b) Since the FIRR for Case B-2 is still negative at minus 12.61 %, it is not financially
feasible even if it is subsidised by an organisation extending development assistance;

¢) Even in Case B-3, the FIRR was at minus 4.63 %, which is lower than the break-even
FIRR {0%) for the public, indicating that DCC will not be able to provide waste
disposal services.

d) Case B-3 proved to be the most promising. In order to compensate for the gap
between the FIRR and the break-even FIRR, some kmd of ﬁnanc1al assistance, such
as subsidy from Area A, will be required.

b.  Break-even Point Analysis

The FIRR calculations were carried out assuming that the RCC collection rates in area A
and area B are 80.0 % and 60.0 %, respectively. Table A-54 and Figure A-11 illustrate

- the FIRR under different RCC collection rates for area A, and Table A-55 and Figure
A-12 illustrate the FIRR under different RCC collection rates for area B.

b.1 Break—efén Point for Area B

The FIRR for Case A-1, the most promising case for Area A, fluctuates approximately in
proportion to the RCC collection rates as shown below.
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Table 16-27: Break-even Pqints for Area B

60% 70% 80%| 90% 100%
8.57% A7 % 5.56 % 1322% 21.28 %

The table indicates that the RCC collection rate under which the FIRR would be
equivalent to a cut-off rate of 13.2 % is 90 %. In other words, the concessionaires will be
able to independently provide waste disposal services if the RCC collection rate exceeds
90 %, otherwise they will require subsidy if only a rate of 80% is achieved.

b.2  Break-even Point for Area A

The FIRR for Case B-2, the most promising case for Area B that will not require
* grant-aid assistance, fluctuates approximately in proportion to the RCC collection rates
as shown below. :

Table 16-28; Break-even Points for Area A

80% 70% 30% 90% 100%
2047 % 16,65 % 264 % 8.48 % AT %

The table indicates that the break-even FIRR of zero percent for the public sector might
not be achieved even under an RCC collection rate of 100 %. In other words, DCC will
not be able to independently provide waste disposal services even with an RCC
collection rate of 100 %. DCC shall require a large subsidy to be able to conduct the
services at the given RCC collection rate of 60 %.

16.3.4 Feasible Options for Financial Arrangement

a. Reﬁuired Financial Assistance

Since both case A and Case B do require external subsidies, the required financial
assistance will be calculated by means of increasing the given tariff level as shown below.

a.l Area A

Table A-56 estimated that in order to achieve a 13.2% FIRR, which is the cut-off rate
for the commercial operation of waste disposal services, the given tariff leve! should be
increased from Tsh. 1,400/month/household to Tsh. 1,560/month/household, thereby
demanding a subsidy of Tsh. 2,709 million (USD 4,423 thousand) for Case A-2.

a2 Area B _ , L E

Table A-57 estimated that in order to achieve the break-even FIRR of zero percent for
waste disposal services by the public sector, the given tarifY level should be increased
from Tsh. 1,100/month/household to Tsh. 2,000/month/household, demanding a
subsidy of Tsh. 3,938 million (USD 6,428 thousand) for Case B.
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16.4

b. Possible Option and Conditiens
b.1  Peossible Option

One of the possible financial options in the master plan for area A is the provision of the
grant aid assistance required by DCC, thereby making it possible to rent out vehicles to
private concessionaires at a rate cheaper than the rate in the market, which is calculated
based on the actual cost of the procured vehicles. On the other hand, the option for area
B is through the implementation of a cross subsidy system with area A: the services for
area B shali be financed partly using the grant aid assistance extended to area A and the
revenues gained from the rental of the vehicles of DCC.

b.2  Conditions for the realisation of the options
However, the following conditions are necessary when implementing these options:

a) In case of the provision of grant aid assistance, the ownership and administrative
rights for the vehicles should be given to DCC;

b) The private concessionaires should use the vehicles only for waste disposal services;

¢) The tanifY should be fixed based on the subsidised leasing fees,

‘d) DCC, in cooperation with the private concessionaires, should strive hard to keep the

RCC collection rate higher than the given rate and to increase tarifl.

Financial Estimates

The financial estimates sheets prepared for this financial evalvation are included in this
section.
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Figure A-1 Location of Area A and Area B in the Study Area
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Figure A-3 Proposed Tariff based on Willingness to Pay (WTP) and
Marginal Cost (MC) (Area A)

30-0?/0 'f"'—'"_'"" T “""_""7"'__""_'"'?""""'"' et N S B I T T T 77:‘:‘""""
D Minimum Tarifl o Maximum Tarff
o Selting Zons ! o 4a--i  SeltingZone |
: 25.0% | =Tsh.1057.6 | /‘\ =Ish. 1368.0 i
2 20.0% / \
L& \
%3 2] ’
P 2 450% /
: @ : \
: (] Y S
! - i . & L ..
. 2 Pr%osed Tariff -{  \ L
- Zom  (fy Caso - \ Proposed Tariff
! 8 f -t e =
8 Fn1200) \ Tsh. 1400)
i a 50% /
|
; S /
i 0‘0%5— Sl B \ -
: &4 @ <+ o ® o @ ¥ O @ o o
! % g 3 8 8 8 8 &8 § 8 ¢ § § g
! 5.0% L T T T T.T.r
: Tsh. per month per household
f : sarmemecn \WT P —= == MC (O&M Cost Basis)

e Figure A-4 Proposed Tariff based on Willingness to Pay (WTP) and

=
Marginal Cost (MC) (Area B)
? 30.0% ¢ —— Proposed Tariff ~-- - (- e e
: (Risky Case = — - m» ]
’ Tsh. 900) ' L _
S Maximum Tanff

25.0% SN

-&- ---- - -SettingZone
=Tsh.1172.3

7Prc'>7poiséd Toriff

] - : (Base Case =
Tsh. 1100}

20.0% d

Minimum Tariff -
15.0% Setting Zone
=Tsh. 625.6

10.0% /

5.0% /

Probability Density (%)

0.0% T
23 < v «© ™~ <« [+3} [e3 — o o) ~ [y w I~ D$
L 3] P~ Ly o) — () o [Le] < 3] j] o w <<
8 8 5 8 8 B 8 8 5 & % & 8 § % §
&

-5.0% N et e e o e Tt i e o e o g m_,_“‘_ﬂ“,,i,,__._ 'y

Tsh. per month per household

= = MC(08M Cost Basis)

A-3



Figure A-5 Shift of Marginal Cost from O&M-Cost Basis to
All-Cost Basis (Area A)
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Figure A6 Shift of Marginal Cost from O&M-Cost Basis to
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Table A-1 Transtion of Waste Generation Amount (Area A) {Unit: ton per day)
Year | Household |Commercial} Institution | Market Street Informal Total
1996 715 19 8 20 1 204 967
1997 768 25 8 26 1 211 1040
1998 822 31 9 33 i 218 1114
1999 876 37 9 39 2 225 1188
2000 958 46 10 48 4 235 1300
2001 - 1040 54 11 56 4 245 1411
2002 1122 63 12 65 5 255 1523
2003 1252 75 14 77 5 272 1694
2004 1383 87 15 88 5 288 1867
- 2005 1515 99 16 100 6 30S 2041
Table A-2 Transition of Waste Collection Rate {Area A) (Unit: 95)
Year ] Household |Commercial} Institution | Market © Street Informal Total
1996]  25.3% 100.0% 100.0% 100.0% 100.0% S 27.0%] . 29.5%
1997}  25.8% 100.0% 100.0% 100.0% 100.0% 38.4%)  30.7%
1998}  29.29%| 100.0% 100.0%| 100.0%| 100.0% 32.1%|  34.5%
1999] - 33.2% 100.0% 100.0% 84.6% 50.0% 36.0%| - 38.6%
2000 39.4% 100.0% 100.0% 100.0% 100.0% 47.7% 53.2%
2001  46.9%| 111.1% 109.1% 116.1% 50.0% 51.0%]  53.4%
2002| - 46.2% 104.8% 108.3% 109.2% 60.0% 53.7%|  53.1%
- 2003] © 58.6% 106.7% 92.9% 105.2% 60.0% 45.2% 61.0%
2004 57.7% 102.3%]  93.3% 103.4% 60.0% 47.6% 60.79%
2005] . 57.59% 100.0% 100.0% 100.0% 66.7% 50.2% 60.99%
Table A-3 Transition of Waste Collection Amount (Area A) {Unit: ton per day)
Year | Household { Commercial| Institution | Market Street informal Total
1996 181 19 8 20 1 55 285
- 1957 198 25 8 26 i 81 319
1998 240 31 9 33 } 70 384
1999 C 2N 37 9 33 i 81 459
2000 - 377 46 10 48 4 112 691
2001 488 60 12 65 2 125 753
2002 © 518 66 13 71 3 137 809
2003 734 80 13 31 3 123 1034
2004 - 798 89 14 Nn 3 137 1133
2005 871 99 16 160 | 153 1243
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Table A-4 Transtion of Waste Generation Amount (Are'a B)

{Unit: ton per day)

g

Year | Household |Commercial] Institution Market Street informal Total
1996 702 8 3 13 0 78| 804
1997 747 10 3 15 0 80 856
1998 792 12 3 18 0 82| 906
1999 837 14 3 20 ¢ 83 957
2000 897 16 4 23 0 86 1025
2001 957 18 4 25 0] 88 1092
2002 1018 19 ) 28 0 90 1159
2003 1097 23 5 32 0 93 1250
2004 1176 26 5 36 0 96 1338
2005 1253 29 5 40 0 S H] 1425
Table A-5 Transition of Waste Collection Rate (Area B} ~ (Unit: %)
Year | Household |Commercial| Institution | Market Street informal Total
1996 0.0% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0%
1997 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1998 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1999 5.4% 35.7% 33.3% 135.0% 0.0%|  18.1% 9.7%
2000 19.1% 75.0% 75.0% 69.6% 0.0% 30.2%] = 22.1%
2001 22.4% 77.8% 75.0% 76.0% 0.0% 35.2%] - 25.7%
2002 25.7% 84.2% 80.0% 78.6% 0.0% 40.0%| - 29.2%
2003 45.4% 100.0% 80.0% 96.9% 0.0% 41.9%| . 47.6%
2004 50.1% 100.0% 100.0% 97.2% 0.0% 45.8%| - 52.3%
2005 53.5% 100.0% 100.0% 100.0% 0.0% 50.0%| -~ 55.6%
Table A-6 Transition of Waste Collection Amount (Area B) {Unit: ton per day)
Year | Household { Commercial| Institution | Market Street informal Total
1996 0 0 0 0 0 4] N -0
1997 0 0 0 0 0 0 -0
1998 0 0 0 0 0 -0
1999 45 S 1 27 0 15 93
2000 171 12 3 16 0 .26 227
2001 214 14 3 19 0 31 o 281
2002 262 16 4 22 (b 36 - - 339
2003 498 23 4 31 0 39 ' 595
2004 -S89 26 ) 35 0 44 700
2005] - . 670 29 5 40 0 49 793
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Table A-7 Transtion of Waste Generation Amount {Overall)

(Unit: ton per day)

Year |} Household |Commercial} institution | Market Street informal Total
1996 1417 27 H 33 1 282 177
1997 1516 35 i 42 1 291 1896
1998 1614 43 12 50 2 299 2020
1999 - 1713 51 12 59 2 308 2145
2000 1855 61 t4 70 2 320 2323
2001 1998 72 5 82 3 333 2502
2002 2140 82 17 a3 3 345 2680
2003 2349 97 18 109 3 364 2941
2004 2559 113 20 124 4 384 3203
2005 2768 128 21 140 4 403 3464
Table A-8 Transition of Waste Collection Rate {Overall) {Unit: 96)
Year | Household |Commercial] Institution | Market Street Informat Total
1996 12.2% 81.5% 81.8% 81.8% 100.0% 22.7% 16.7%
1997 14.7% 85.7% 90.9% 164.3% 100.0% 28.9% 21.9%
1998 17.0% 86.0% 83.3%| 220.0% 100.0% 34.4% 26.6%
1999 18.9% 88.2% 91.7%| 257.6% 100.0% 39.9% 30.6%
2000 33.6_% " 108.2% 100.0% 105.7% 100.0% 43.1% 39.5%
2001 35.1% 102.8% 100.0% 102.4% 100.0% 46.8% 41.3%
2002 36.4%| 100.0% 100.0% 100.0% 100.0% 50.1% 42.8%
2003 52.5% 105.2% 94.4% 102.8% 100.0% 44.5% 55.4%
2004 54,2%| ~ 101.8% 95.0% 101.6% 100.0% 47.4% 57.2%
2005 55.7% 100.0% 100.0% 100.0% 100.0% 50.19% 58.8%
Table A-9 Transirtion of Waste Collection Amount {(Overall) {Unit: ton per day)
Year | Household |Commercial{ Institution | Market Street Informal Total
1996 1731 22 9 27 1 64 296
1997 223 30 10 69 1 84 416
1998 274 37 10 110 2 103 537
1999 324 45 1 152 2 123 657
2000 624 66 14 74 2 138 918
2001 702 74 15 84 3 156 1033
2002 780 82 17 a3 3 173 1148
2003 1233 102 17 112 3 162 1629
2004] 1387 115 19 126 4 182 1832
2005 - 1541 128 21 140 4 202 2036
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