Part I Final Repor?

6.3.3 Equipmcent and Maintenance
(1) Objectives of the Plan

Current transport systein by switching from collection vehicles to large dump trucks
found effective and fits the geographical condition of capital region: final disposal site is
isolated from the residential arcas where the solid waste is generated everyday.  In this
system, eflicient reloading of waste is the key process to keep the waste siream free
from stagnation in residential arca.  Therefore the plan should have a component to
keep and improve the facility for reloading waste, namely a transfer station.

There is a transfer station in Male® City operating to reload waste once stored there to
dump teucks bound for Thitafushi island, however, the status of the facitity in occupying
the present site is unstable.  The present transfer station is located amid the area
designated as restdential arca by the authorized land use plan and is expected to
somewhere else as soon as possible. To avoid the conflict with the super-ordinate
plan, MCPW made a decision to relocate the facility to the other site which is
administrated by MCPW, existing depot of Public Works Section.

In this context, the major content of the plan is defined as the construction of new
transfer station al a designated site in Male’ City.  In addition to a new transfer station
in Male’, a wasle deposit site for Vilingili resideats are taken into consideration to keep
the sound function of waste transport equally in the island. The plan for Villingili
Island duly include the improvement of existing shipping facility now half broken.

{2) Construciion of New Transfer Station
a. Incoming Waste and Vchicles

Estimated volume and type of incoming wasle to the transfer station is presented
in Table 6-25. The transfer station will accept on average about 200 to 300 ton
everyday. Regarding some wastes segregated by gencrators are expected to be
brought separately into the station. Secgregated wastes need to be atlocated
exclusive spéces to store them separately from the others.
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Table 6-25 Estimated Incoming Waste Volume

Fart 1 Final Report

Note: (33%):Mixed waste out of residential , commercial , industrial and business waste-

Type of Waste Estimated Volume in 1999~2010(1/day)
Perishable Waste T 103.8~1722
Mixed Waste (3%) 100.2~167.2
Kitchen Waste T 3e~50
(hote!s and restaurants)
Non-Perishable Waste 77.2~106.9
Saw Dust T 4.7~65
Meotal Serap T 1.4~20
Construction Waste T 2258
{sand & concrete debris)
Constniction Wasle 18.7~39.7
{Other than sand &
conerete debris)
Hazardous Waste | 02
{Waste oil, Baltery , Hospital) )
e - Total 181.0~279.1 T

According to the above classification, the waste votlume to be reloaded at the
station is estimated as shown in Table 6-26. The average number of vchicles
coming and going at the station is forecast proportionally to the waste volume as

shown below.

Table 6-26 Estimated Vehicle Number Incoming and Outgoing

Type of Vehicle T Estimated Number (Trip Fer day)
1999 2003 0010
incoming 356 356 439
Hand cart N 63 63 63
Micro-bin 55 T8 0
Private car 268 251 EivA
| Compacior iruck 0 42 59
Outgoing(for Thifafushi) L 34 43
Dump truck 36 12 14
Compactor truck o 22 29
Total o 422 1) R S 1)
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b. Planning Concept

Planned site for new franster station is facing the south coast of Male’ Island and
entirely surrounded by streets on four sides.  The site has an approximate size
of 200 ft in cast-west and 400 1t in north south.  The planning concept for the
facility is summarized below:

» Capacity of stock volume is secured for an equivatent to 3 day generation
excepl perishable waste.

Perishable waste is removed in a day or two.

Facility is enclosed with fence which prevents waste and smicll dispersion, and

neis¢ cmission.
Entrance for transport vehicles is placed on the side facing the sca to miligate

the negative impact by traflic noise.
Entrance for collection vehicles is placed in the opposite cnd to the transport
vehicle entrance for the convenience of separate access to the station from the

collection area.
Internal vehicle passages are separately assigned to vehicles by their role of

-

collection, transport and administration.

Transfer station is accompanied by the same administrative function as is
currently provided to the Waste Management Section of MCPV,

Transfer station has the function of daily maintenance and minor repair for the
vehicles and loaders used or coming there. Major repair is expected to be
done by the special maintenance seciton of MCPAV, BCMW.

€. Selection of Reloading Method

There are three types of reloading method possibly applied to the new transfer
station, however, the first one, shovel loading method is most suitable because
of smallest investment cost and simplest operation skilt as shown in Table 6-27.

Table 6-27. Alternative Reloading Metheds

Reloading Method

Definttion

Investment
Cost

Operation
Skill

Shovel Loading

I.Collection vehicle unloads wastes on the ground.
2 Shovel loader loads the wastes onto {ransport
vehicle by scaoping them from the ground.

Smail

Low

Crane Loading

T.Collection vehicle unfoads wastes on the ground,
2. Vraveling crane loads the wasles onto iranspoil
vehicle by grasping them from the ground.

Medium

Medium

Compacior and
Container

[.Collection vehicle unloads wastes into the hopper

placed above the compactor fixed on the ground.

2 Compactor compress the wastes into a specially

designed container which can be loaded onto
transporl vehicle mechanically.

Large

High
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d.  Layout of Transfer Station

According to the planning concept and seleeted reloading method, the outline of
the new transfer station is planned as shown in Table 6-28 and Figure 6-5.

Table §-28

Ouiline of New Traunsfer Station

{5m high)

Facitity/Equipment Dimension Remarks
Perishable Waste A0m X 35m X | floor Storing and reloading of waste is carried out in the
House house. Floor is paved with concrete to prevent

scepage of leachate into the ground.

Non-perishable Waste
Yards

13m X 20m, 10m X
20m, 10m X 10m

Divided space by type of segregated waste with
concrete {loor

Repair House

13m X 15m, single
ftoor

Used for repair of vehicles and shovel loader

Garage for 52m X 8m, single floor | Used for 15 dump trucks for Thilafusta
Transport vehicle
Parking Space Used for administration vehicle with exclusive
entrance
[ "Truck Scale Capacity 30 ton,
2 unils

Truck Washing

able to wash 13- ton

Machine truck
Water Fank SmXSmX 5m high
Rest Room SmXSm
Adminisiration floor area 680 m?, office: 120 m’
Building 2 floors parts stock room: 120 0y

repair room: 100 m?2
lodgings for workers: 340 m?(2"d floor)
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6.3.4

(1)

Part]  Final Repord

Final Disposal in Thilafushi

Objectives of the Plan

The uimost function of final disposal is to store solid waste in the manner that does not
cause minimal adverse effect on lving and natugal environment. Consequently, solid
waste is stabitized and restored to the nature by using metabolism of micro-organism.
The master plan aims at realizing the function at Thilafushi Istand where the Tandfill
operation is now ongoing and will be continued for a cerlain time period beyond the
target year of 2010. The landfil} operation is conducted by forming ponds stepwise
with an interval of about on¢ month and is creating approximately 2 ha of land year by

year.

Therefore there is neither definite disposal site for the use of long term future

operation nor improvement plan of deteriorated environment in the island after
completion of landfill.  Thus the master plan for this aspect consists of the following
two target projects:

a.

b.

2)

iii)

Construction of New Landiiil Site
lmprovement of Existing Island

Construction of New Landfill Site

Sclection of Landfill Type O
Possible landfill types of final disposal site are the following three in

consideration of linancial capacity of MCPW. The characteristics of these

types are illustrated in Table 6-29.

Alternative 1: Anaerobic sanitary landfill

Daily soil cover is incorporated with present operation in Thilalushi

Alternative 2: Semi-acrobic landfili

This structure is, widely adopted in Japan, has advantages of quick stabilization,

cleaner leachate and less mcthane gas production. These advantages are the

effect of the installation of drainage system at the bottom of site, which enables

the veatilation inside parbage layer and promotes acrobic decomposition of

perishable organic matter. _ : 7 @

Alternative 3: Re-circulatory semi- aeroblc landfill

This structure is a combination of seim-aerobxc fandfill and some measun,s 1o
activate the function of leachate purification. The major features are:
- Installation of vertical vent filled with rubble connecting drainage 53. slcm
‘This enables to expand acrobic zone m the garbage layer.
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« Spraying leachate at the top of vertical vent, which promotes leachate
purification by activating bio-decomposition, reduction of leachate by
evaporation and transpiration, and reduction of methane gas production.

From the viewpoint of sanitary condition, it is recommendable to adopt Semi-
acrobic landfill with leachate re-circulation (Alternative 3) that enables more
active bio-decomposition, ecarlice stabilization of site, cleancr leachate and
reduction of methane gas production. However, it is very diflicull to acquire
construction debris, sand or other inorganic material in Maldives at cheap cost.
This difficulty suggests that altematives 2 and 3 are economically not suitable
because those alternatives nced enough volume of inorganic material to fill out
the gap under the water, which allows to form a semi-aerobic condition among
the waste above the water. Furthermore, the installation of pump unit for
leachate re-circulation pushes initial and operation cost much higher.

As a conclusion, the Alternative | {Anacrobic Sanitary Landfill) is the only one
choice of the landfitl type for the plan.  This type of landfill is the same as that
adopted in Thilalushi at present. Yo improve the sanitary condition better than
ever, the following measures are proposed to incorporate with the Alternative 1.
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b.

i)

ii)

iii)

Concept of Landfill Structure

Purification of Leachate

+ Installation of vertical vent with an interval of one per 40m’ to form an
acrobic zone.

+ Installation of vertical impermeable wall around the waste layer to prevent
penetrated rain water and leachate from direct seepage through coral base.

- Installation of retention ditch outside vertical impermeable wall to hold the
leachate coming out of drain through the wall.  The leachate is diluted and
acrated by sea water intruding over the seawall, consequently its perishable
organic content is transformed into such substance that aquatic plants can
absorb casier.

+ Instaliation of scawall filled with rubble around the retention ditch. The
seawall aows the sea water to pass through it in accordance with the tidal
fluctuation. During the time flowing out, leachate is removed perishable
organic malter by micro-organism adhering to the core rubble.

Depth of Bottom Layer

It is necessary to excavate the surface of reef within the planned landhill site in
order to take the material for the top cover and temporary bank to enclose a pond
for the waste filling. With considering the demand of the above malterial, the
depth of the bottom ayer is set at 2.5 m deep from the Low Water Level. Also,
this depth is reasonable to excavate by the excavator belong to MCPW.

Layer of Waste Filling

As explained in Depth of Bottom Layer, the bottom elevation of the waste filling
would be EL.-2.5 m. The minimum height of the first layer should be more
than 70 ¢m above the High Water Level including the carth cover, i.e, it
becomes E.L.4#2.0 m considering the filling operation amid rushing wave on the
reef. If the height of the final layer is required more than L.L.+2.0 m to meel
the demand of waste volume, there are two options, such as providing second
tayer over the first layer (multiple fayer method), and the fisst fayer covered with
whole solid waste (single layer mcthod). As the following conditions, the
multiple layer method above E.L. +2.0 m is reccommended for this waste filling.
+ Aspect of Environment '
: One Layer Method
As the disposed waste is left standing for a long time by final height, the
bud odor gencration and the sanitary measure to flies, ete. would
generated. '
: Multiple Layer Method
It is effective that the cover soil at the water level will prév‘cm the
“offensive odor and the increase of sanitary harmful insects. As the daily
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cover for the waste planned in the operation afler first layer (above sea
level), the daily cover soil would be effective for the prevention of the
offensive odor and flies as well as the preservation of peripheral
environment.
+ Aspect of Operation

: One Layer Method
The solid waste is filled up above the basement of the operation stage in
the first layer. llence, it is difficult to control the leveling and
compacting of the waste. The stockpile arca of the covering soil and the
banding material wauld not be kept until the completion of final filling of
a part of site. Hence, the area for the stockpile shall be kept at the another
site, and these transportation works would be added.

: Multiple Layer Method
The operation would be able to control the waste filling of layer by layer.
The leveling and compacting work is casier than the One Layer Method
due to the thickness of the layer for waste filling. However, the material
of the cover soil for middle part and these works are added as against the
One Layer Method.

+ Aspeet of Waste Stability

: One Layer Mcthod
The solid waste is filled up by the final elevation in the first layer so that
the suflicient compaction of the waste would not be able to be expected.
Hence, the settlement of the landfil} area will be continued for a long
period after the completion of the landfill.

: Multipte Layer Method
The solid waste filled under the seawater is compacted at the sca water
level after covering soil for the [irst tayer. Also, the waste filled above
the seawater is expected with the suflicient compaction on the cover soil
tayer by layer. Hence, the time for the completion of the scttlement is
shorter than the One Layer Method.

iv) Height of Waste Layer

The maximum height of waste filling layer is set at E.L. +6.0m for the allowable
fimit which sccures the workability over the surface and the stability of the
artificial hifl made of filling material. However, with considering the matertal
loss for the top cover and temporary bank to enclose a pond of waste filling, the
height of E.L. +4.0m is recommendable for this filling. The waste fifling shall be
divided into two layers, which is the first layer having 4.5m thickness up to E.L.
+2.0m and the second tayer having 2.0m thickness up to E.L. +4.0m. The
comparison of the cost for the waste filling height is shown in the following
table.. In order to reduce the construction cost to set, the height of EL. +4.0m
is the most economicat way. It would not cause impact on the acsthelic aspect
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of environment because the green belt of fast growing trees planted around the
filling arca would screen the operation of waste filling.  The fast growing tree
of local specics is expected 1o grow up over E.L. +4.0m in a few years as shown
in Figore 6-6.

Table 30. Scale of New Thilafushi

Fina! Elevation

item T EL +20m|BL +35m|EL +40m
Thickness of Second Layer of the Waste 0.0 m .Om 1.5m |
Required Arca 145300 m° { 117,600 m™| 105,000 m*
Length of Scawall 2,300 m 1.820m | 1,670m
*Construction Cost /Weight of Waste(t) | 320Mrf/¢ | 270 Mrl/t } 250 Mri/ 1t

*: Costs for the Seawall Construction only

v)  Stracture of Facililies

The basic feature of the new landfill site is reeommended as Figure 6-6. The

facilities around new landfill sitc are adopted on the basis of the concept
mentioned in this section and the following conditions are considered for the

ptanning of the facilitics.

Vertical impermeable wall (Steel Sheet Pile with Concrete Coping)

As the test results of the seawater quality around the existing Thitafushi
Istand, no significant deterioration of the scawater quality was clearly
indicated. This result could be interpreted as effective dilution and dispersion
of leachate due to sea wave, tides and current. However, the inncr lagoon of
‘Thilafushi Island is essentially a scmi-enclosed water body. Insufficient
dilution and dispersion of the leachate from the landfil arc perceived as the
cause of progressing eutrophication of this inner lagoon that also resulted in
coral disease and mortality. Therefore, the vertical impermeable wall (Steel
Sheet Pile Wall) is planned at inner lagoon side only.

According to the model test, it could be expected to have sufficient
impermeable eftects with the vertical impermeable wall as mentioned in the
Supporting Report. This vertical impermeable wall consists of the cantilever
stee] sheet piles and these piles should be driven up to 3.5 m in order to
hold the carth pressure as a function of revetment.

Coastal Protection Embankment with Retention Ditch (Channel)

(Seawall filled with rubble and armor stones)

This facility is not only to protect the shoreline but also to allow the wave
overtopping into the retention ditch. ence, the area to be installed the
facility is requested to be occurred the wave more than 1.0 m for
overtopping. The wave occurred inner lagoon is too low to expect these
functions. Consequently, this facility shall be installed at the outer reef side
only. For the retaining wall of the landfill at the outer reef side, the precast
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concrcte wall is considerable as alternative structure. However, the result of
the comparison of the construction costs for the both structures, the
protection with rubble stones covered by armor stones is cheaper than the
concrete wall. Therefore, the scawall and the slope protection with the stone
structure should be adopted.
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C.

Direction of Extension Plan for Future

Dumping arca has been so far extended to westward and southward. For the

future filling extension plan, there are three alternatives as indicated in Figure 6-
7.

Alternative 1: Extension to north reef flat.

Alternative 2: Extension to south reef flat. .

Alternative 3: Extension to both north flat and south flat and inner
lagoon (water depth: about 6 m)

Evaluation of each alternative of the extension plan is given in Table 6-31.

Since high swells are always approaching to south reef (Alternative 2 and 3),
construction cost of scawalls will be expensive. Corals along the south flat are
very active and there are many attractive diving spots such as Lion’s Head and
Old Shark Point. Therefore it is not recommendable to extend the filling site to
south reef from the technical and environmental points of view,

In addition, since water depth in the inner lagoon {Alternative 3) is about 6 m, it

is possible to receive more volume of solid waste. However, cost for the scawall

construction in the deep water will be twice compared with the shallow one. At

present i is not recommendable to fill the solid waste in inner lagoon. When
surrounding reef flat is completely filled, a feasibility study should be made i
inner fagoon should be fitled with solid waste.

Considering the above reasons, the Study team recommends that the Alternative
I is the most preferable extension plan at the beginning stage.




o
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© Extension

Alternative 1 '

Lion's Head

Alternative 2

Alternative 3

Figure 6-7 Alternative Extension Plans in Improvement of Thitafushi Final Disposal Site
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d.

Seawall construction and Filling Schedule

Until the commencement of the construction of seawalls (1o be expected to start
in 2000 in the ecarliest), present solid waste filling method should be
provisionally continucd to westward of north reef flat as illustrated in Figure 6-8.
Special care in excavating coral fragiicats should be given not to deteriorate
living corats along notth reef edge.

1999

To avoid contamination of water quality ef inner lagoon, it is recommended to
provide individual filling site (island) by providing channel at proper interval
instead one long island. Since there is a channcd dredged in 1998 near western
end of Thilafushi Island, future-filling site should be started after construction of
causeway with culverts. Filling should be carried out as narrow as possible in
width in order to maintain construction space for seawalls and to minimize the
adverse effect to live corals due to excavation of the reef tlat.

2000

It is expected in the earliest possibilily that the scawall construction for
Thilafushi 2 will be started in 2000. Solid waste filling work should be
continued westward in the samie inanncr as of 1999

2001

Whole scawalls for new filling site {Thilatushi 2) will be completed and a part of
seawalls for existing Thilafushi Island (Thilafushi 1) still continues. Solid waste
filling work should be continued in the same manner as of 1999 and 2000.

2002

Remaining seawall construction in Thilafushi 1 will be completed. Solid waste
can be filled anywhere in Thilafushi 2 with covering sand. Leachate treatment
system should be provided properly.

2003

Salid waste can be filled anywhere in Thifafushi 2 with covering sand, and
filling site should be formulated for final section and elevation in order Lo
maintain for several ycars.

It is recommended to start construction of scawalls for Third Island (Thitafushi
3) for Selid Waste Filling to mect the demiand up to 2010.

2004
Construction of seawalls in Thilafushi 2 will be continued. Solid waste filling on
Thilafushi 3 can be started.
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2005
Construction of scawall in Thilafushi 3 will be completed. Solid waste filling
will be continued in Thilafushi 3.

20062010
Solid waste filling will be continued in Thilatushi 3.
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Figure 6-8 Seawall Construction and Filling Schedule (2)

I. 6-53



Part 1 Final Beport

Thitafushi-3 " Thilafushi-2

&

Thitafushi-1

—

Dec. 2005
Thilafushi-3 Thitalushi-2 (‘9
__,__’—'-(——"
Thilafushi-1
|~ e
—ﬁ_ﬁ—x—’/‘_____‘__f‘m#f

Dec. 2006~2010

Figore 6-8 Scawall Construction and Filling Schedule (3)

1. 6-54



Part I Final Report

Capacity of New Landfill Site

Forecast of solid waste volume from 1998 to 2010 can be obtained from the
Table 6-33. Considering the fact that construction wasle can be re-utilized for
the construction of seawalls or other construction works and the coral mining
material costs at about US$ 30 in Male’, it is recommended to stockpile such
waste and to be re-used. In calculating the required area for solid waste filling on
new Thilafushi from 1999 1o 2010, volume for construclion waste is included
40% of it. The total required area is oblained in the Table 6-32.

Table 6-32 Required Area for New Landfill in Thilafushi

Amouat except Volume except
Anount . i Required Arca
construction construction
{tons) {m?)
wasle 60% (tons) waste (60%) {(m’)
19992003 | 410,990 328,000 402,000 105,000
3004-20 10 167,595 629,000 786,000 180,000
Total 1,178,585 957,000 1,188,000 235,000

Yote 7. Revommended effective filling depth (D) of sohd wastc: 5.3 m as indicated in Figure 10.

The Government of Maldives started the solid waste dumping from the castem
north comner of Thilafushi reef in1991. According to topographic survey map
indicated in Table 6-7, reclaimed volume of present Thilafushi island from 1991
to July 1998 is estimated at approximately 141,000 cubic meter and the total
area is about 12 ha.

Proposed layout of new island to cover required arca up to 2003 and 2010 is
indicated in Table 6-8. Total length of scawall will be 1,710 m for 2003 and
2,100 m for 2010.

Typical scction of the scawalls for new islands is indicated in Table 6-9.
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I
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Figure 6-9 Existing Thilafushi (-1) Island
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(3)  Improvement of Existing Istand

According to MCPW, about twe thirds of coast tine of the existing Thifafushi Island arc
facing or occupied by the leasing lots as indicated in Figure 6-12, which are all
concluded contracts and the tenants have atready started operation in some lots, In these
arcas, it scems difticult 1o improve the sanitary condition which requires a line of broad
and continuous structure along the coast. In some leasing lots, there may happen an
overlapping of land between the leased lot and the structure for improvement. This
difliculty is originated from too wide landhil area compared with the space of reef Rlat.
There remains very small space outside the island where some coast protection facilities
are placed on. So the protection facility should inevitably go inside the istand already
forms a part of precious land.

Because of this restriction, there is very little option of imeasure for the improvement of
sanitary condition. It is difficult to identily what are the possible measures to be applied
to at this moment because the future situation of island can not be forecasted. At least it
can be said that the mcasure will be limited to affect existing business aclivities in the
island at minimum level. Therefore the Study Team proposes to construct new scawalls
of a length of 1320 m along the coast excluding STO site, harbor arca and slipway arca
as indicated in Figure 6-12.

Typical type of structurc for proposed seawalls to protect shore on the coast of
Thilafushi is selected from the alternatives shown in Figure 6-13. Since Type A is most
economical one, the Study Team employs this type for the shore protection facilities on
the existing Thilafushi Island. In addition, the utilization of the local materials such as
coral stone for the Type A should be taken into account for the Short Term
Development Plan. '

(4) Overall Plan in Thilafushi

Figure 6-14 indicates overall plan of Thilafushi islands. Proposed facilities can be
summarized as follows:

Target Year 2003 2010 Total
Seawall TS'[,)é;}’\-‘m(.S't.one Wall) -74{} hl 80(7)7m 1,540 in
Seawall Type-A (Sheet Pile) 9760 m 1,300 m 2270 m
Seawall Type-I3 1,320 m - 1,320 m
Causcway 50m 50 m
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Figure 6-12 Proposed Seawalt Construction Plan
in Thilafushi Istand :
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6.3.5 Cost Estimaie for Project Componcnts
(1)  Conditions of Construction in Maldives

In Maldives, local constructors are mainly performing building works and stmple civil
works, they have very litile construction experience for marine and ports works such as
small fishing jetly and dredging work by excavator. The large scale marine works are
conducted by foreign contractors from Japan, Denmark and New Zealand. Therelore,
local contractors could be performed for same aspects of the improvement of transfer
stations in Male’ and Viltingili istand.

I.ocal materials are limited to coral sands and rocks, however, these materials are also
restricted to gather from new source for the construction in Maldives. These materials
which is occureed by the construclions for other purposes, such as dredging work of the
port or channel and demolition work of the existing facilities would be allowed to utitize
for new construction. Therefore, in this Project, the coral sand and locks occurred by the
excavation for the solid waste landfitling in Thilafushi and demolition work woutd be
available.

Small and simple construction cquipment, such as small excavator, compactor, smatl
geunerator, forklift, and simple concrete mixer will be able to lease. The required
construction materials and large equipment for this project are almost imported from
foreign sources. In Thilafushi island, there is no water for the construction, so the
construction water for the project shall be prepared by the contractor.

(2) Basic Assumption for Cost Estimation

1)  Unit Price and Exchange Rate

The project costs are estimated based on the unit price as of 1998 and the foreign
currency exchange rate of 1lUS$ = 11.72 Rt = 130.0 Y.

2} Cemposition of the Project Cost

The composition of the project cost was composed as schematized below by means
of certain percentages of the direct construction cost. The ratio was obtained from
the cost estimates for the similar projects, such as the Seawall Construction Project
in Male’ Island and other construction project in Male” recently completed.

a. Construction Costi (C.C.)

- Direct Construction Cost (D.C.)
Seawall in Thilafushi
Revetment for solid west in Thilafushi
Quay walls in Thilafushi and Villingili
Transfer Station Facilities in Male® and Villingili
Related Utilities
Direct Temporary Construciion Cost
- Indirect Construction Cost
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Common Temporary Cost (= 10% of C.C)

Site Expenses {= 13% of C.C)

Overhead (= 8% of D.C)
Mobilization cost for materials and cquipment is including in the Direct Construction
Cost. (including in unit price of the works )

b. Procurement of Equipment

- Equipment Cost on CIF Male” basis {(E.C)
- {nstallation Cost (= 10% of E.C)
- Overhead (= 3.5% of E.C)

¢. Engincering Services (BD + DD + 8V)

- =8% of Construction Cost (C.CH 3% of Procurciment {E.C)
d. Physical Contingency

- =10 % of Construction Cost {C.C)

3) Contingency for Price Escatation

The contingency for the price escalation is not included because it is difficult to
predict this with accuracy, especially in the Long - range term, and therefore the

price escalation is generally estimated in detail design stage or just before the
implementation of the project. '

{3) Depreciation Period and Maintenance Cost

1) Depreciation Period

The facilities and equipment of the Project were assumed to be depreciated for a
certain period as tabulated below on condition that an appropriate maintenance
should be done.

Table 6-34. Life Span of Facilities and Equipment

Facitities/Lguipment | Life Span (Year) Remarks
Scawall/ Revetment 50 Rock / Concrete Type
Quay wall for Fesry 50 Steel Sheet Pile with Concrete
Buildings 35 Work shop, Oflice, Fence
Pavement of Yard 30 Transler Station Yard
Collection Car 5~7 Collecting in Male’
Compactor i0 Instalfation in Transfer Station
Transter Truck 5 Transfer Station to Thilafushi
Truck Scale 10 Installation in Teansfer Station
Container 10 Steel Type
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2} Maintenance Cost

Actual maintenance costs for these facilities and equipment have been appropriated
on the basis of the these actual conditions. However, in this study, it is difficult to
assume the conditions. Thercfore, the maintenance costs are estimated as a fixed
propertion rate of the construction cost and the procurement cost based on the
general conditions. The annual maintenance costs for the facilities and equipment is
shown in the following table.

'Table 6-35. Annual Maintenance Cost Proportion Rate

Facilities / Equipment Mamze}gz{:;e): Cost Remarks

Seawall/ Revetment 0% Rock / Concrete Type

Guay wall for Ferry 1% Steel Sheet Pile with Concrete
Buildings T 2% Work shop, Office, Fence
Pavement of Yard 1% Transter Station Yard
Collection Car 5% Collccting in Male’
Compacler 5% Installation i Transfer Station
Transfer Car % Transfer Station to Thilafushi
Truck Scale 5% Instalfation in Transfer Station
Container 5% Steel Type

{4) Project Cost

&

Based on the study results, niade in the previous sections relevant component costs for
the Long Term Development Plan {for 2010) were estimated on the basis of the
assumption mentioned on this section. The construction and procurement costs are
summarized in Table 6-36, and the breakdown of cost for the facilities are shown in the
Supporting Report.

L 6-60



Partl  Final Report

Table 6-36.  Swmmary of the Construction and Procurement Cost

Items Cost Cost Remarks
(1,000MR1) | (1,000U5%)
1. [Construction T i i
1) | Construction of Thilafushi (2) 97,457 8,315 [ (for 2003)
2) | Construction of Thilafushi {3) 109,505 9,343 | (for 2004~2010)
Construction  of  Existing
3 Thilafushi (Local Rock Type) 1,856 1,012 o
4) | Conslruction in Male’ 25,742 2,196 | FTransfer Station e
5) | Construction in Villingili 2,525 215 | Rehabititation
Sub-Total 247,085 21,081
6) | Engincering Services 19,767 | 1,686 il)wS)} x 8%
7) | Physical Contingency 24,709 2,108 § {1)~5)} x (0%
Total {I) 291,561 24,875 T
2. {Procurement
1 Innovation of Collection 12,539 1,070
Systein
1 2 Enhancement of Transport 24,489 2,090
System
3) | Male’ Transfer Station 11,033 941
Enhancement of Public Space
4) .
Cleaning
()] Dust Bin in Public park 141 12
[ (2)] Pori Area Cleaning 616 33
5) | New Landfill Site in Thitafushi 1261 620
Sub Total 56,085 4,786
6) | Engineering Services 1,680 144 [ (1)~35)) x3.0%
Total (2) 57,765 4,930
TOTAL PROJECT COST 319,326 79,805 | Total (1) + Total (2)

() Project Implementation Schedule

As explained on subsection 6.3.4 Seawall Construction and Filling Schedule, Figure 6-
7, the Project shall be taken the solid waste filling schedule into consideralion. Based on
the project components and the scale of the components, the implementation schedule
was described and distributed from 1998 to 2010 which is shown in Figure 6-15.
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6.4  Institutional Arrangement
6.4.1 Waste Reduction and Recyeling
(1) Trend of SYWM Plan

The world-wide tendency has been requiring the waste reduction and recycling in
formulation of the integrated SWM plan in the aspect of environmental conscrvation,
saving of finite resources and lighten the cost burden to the SWM scrvices as a whole.

Istand country like the Matdives, possibility for establishing effective waste recycling
activitics would be low in terms of the size of population and domestic market and
disadvantage of transportation cost for trading with overscas markets. However, the
Master Plan darc to take this step searching for establishment of appropriate plan and
procedures effective in Male” in order to chaltenge for implementation of the integrated
SWM plan.

Development of waste reduction and recycling plans under this section shall be
formulated based on the clear understanding of the role of the respective party
concerned, planing objectives, planning policies, and strategies to realisc consistency of
overall SWM planning. '

{2) The Role of Each Party Concerned
a.  The Role of Each Party Concerned for S\WWM

Because of involvement of the parly concerned, the role of cach party shall be
defined clearly to formulate the waste recovery/recycting plans; namely,

(D The Government and the Ministries concerned shall have responsibilities
for provision of financial sources, development of technology and
tegislative set-up; .

@ The local authorities, the implementation agencies including WMS and
Male Municipality, shall have be responsibilities for provision of
suflicient facilitics, regulations and guidance for SWM services; and;

(@ The wasle generators/polluters including residents, enterprises and
institutions shall have responsibilities for co-operating with the local
authority on the method of waste discharge and bear for the charges.

Especiatly, the rotes of Male Municipality and WMS are .{hc mos{ important and
defined in detail the following section accordingly. :
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3)

The Role of Male Municipality and YWMS in Operation of Waste Reduction
and Recyeling Systems

The role and responsibility of each party shall be clarified by the legislative
measures to establish cffective SWM system for Male’.

Under the legislation, the Male Municipality shall have responsibilitics for
public campaign and education, encouragement, assistance, co-ordination to
form a link between the communily based groups and waste recycling aclivity
groups. lmplementation of the programs by the community groups, PTA of
schools, the youth groups, mosques, etc., will be the most effective and practical
Means.

MCPW shall have responsibility to formulate national policy and planuing,
legistation and sctting standards concerning the wasle reduction, recovery and
recycling plans and give guidance to the Male Municipality for implementation
of the plans and programs. MCPW is responsible for the implementation of
overall waste reduclion and recycling plans as part of the national plan.  The
plan is envisaged to promote, encourage, assist, subsidise, regulate, contro} and
give puidance to all the parties involved in operation of the plans and programs
including promotion of forcign makess, recycling industrics, investors, buycts,
exporters, ete. related with manufacturing and circulation of consumer products
and recycling of recovered materials.

Based on the basic role of cach pariy defined, the objectives, planning policy and
strategy on waste reduction, recovery and recycling plans are formulated i the
foltowing section.

Objective, Planning Policy and Strategy
Objective

The objective of the Waste Reduction Plan is to lighten the cost burden and
minimising polution loading to the environment. '

The objective of the Recycling Plan is to save finite resources and encrgy and
minimise the landfill space as a result.,

Planning Policy

(@ The Waste Reduction Plan shall be implemented by performing the role of
Government, MCPW, Male Municipality, the beneficiaries/ polluters,
importers, and overseas manufacturers; and

I. 6-70



Partd  Final Report

<

C))

@ The Waste Recycling Plan shall be implemented by promotion,
encouragement and assistance of the community groups, interesting
patlics and the recycling industries

Planning Strategy

O Male” Municipality shall have the primary responsibilitics for operation,
promaltion, guidance and education to all the waste generators including
residents, shops, business cslablishments, institutions, etc. for Waste
Reduction Plan;

@ WMS shall have 1he primary responsibilities for promotion,

encouragement, guidance and assistance to the community groups,

enterprises, recycling industrics, cic. for organising and operating the

Waste Recyeling Plan; )

Waste reduction shall be targeted to domestic, commeicial and business,

industrial and institutional wastes;

Initial solid waste recycling shall be implemented for the recyclable

materials carried-in to the Transfer Station,

recycling technologies and marketing of the recycled products;
Composting of food waste and saw dust shall be carried out by the
appropriate technology and the scale of the facilities for Male’

e @@ & @

Waste Reduetion and Recovery/Recycling Plans

To implement the trying programs so called the waste generation source management,
the more practical and promising methods are proposed in the followings.

A

b.

(.l

Generation Source Control

Waste generation control shall be focused on the flow of consumable goods
from the activities of production, distribution, sale and consunption to restrict
and reduce the waste generation potential in each process.

Waste Discharge Control

Waste discharge control shall be practised to cncourage self-disposal, reuse of
broken equipment afler repair, exchange or sale of second hand goods to recover
reusable materials at the waste generalion sources to reduce the solid waste
amount o be collected and disposed.

Rccoveryfliccycling of Matcrials

Recovery of resources and recyeling shall be conducted 10 store separately the
recyclable materials at the Transfer Station.  Raising awareness and
patticipation of the society shall be promoted. For the praclical operation,

L 671
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encouragement of the reusable goods bazaars at schools and the activities of the
junk deaters will be effective in the initial stage.  Pilot plant for food waste-saw
dust composting will be also eflective alter securing the sales routes.

d. lmplementation of Plan and Programs

The proposcd plan and programs shall be carried out under the co-operation
between the Government /MCPW /Male Municipality and society/ residents/
enterprises through legislative measuces, public campaign, raising awareness
appealing to change the previous habit of the method of waste discharge.  The
scheme flow was summariscd in Figure 6-16.

Generalion Source Control ) Waste Discharge Control
/ -
- Production Control | Promotion of Self-disposal
_ | Distribution & Sale Control Reuse of Second Hand Goods
- Consumer Contro} Recovery/Recycling of 1\-‘Iateria!s1
o
Waste Charge Control Recovery by Junk Dealers &
> v Community Groups
_| Commercial Wasie Control | Recycling of Recovered
Materials

Figure 6-16. Operation Flow of Waste Reduction and Recycling Plans
{3 Establishment of the Special Task Team

A Special Task Team (STT) shall be organiscd'in Male Municipality by recruiting the
member of WMS.  Male Municipality as the implementing agency to study, develop,
organise, assist, and carry out the ptan and programs to enable the Waste Reduction and
Recovery/Recycling systems operated properly as intended wiihin the time frame.
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(©)

a.

Proposed Target Levels and Prospeets
Preposcd Farget Level

The expectable target level of waste reduction at sources is proposed to realise
the ratio of 5 % by 2005 and 10 % by 2010 in terms of the ration to the total
waste generatton amount in Male” by weight.

The expectable target level of materials recovery and/or waste recycling is
proposed at 5% in total for domestic, conunercial and other business wastes and
80 % for construction wasles by 2010 or approximately 30 % of the total amount
in average. The target ratio includes the amount of concrete debris and sand
recovered for disposal operation at Thilafushi.

Estimated Amount of Waste Reduction and Recycling

The expectable waste reduction and materials recovery & waste recycling was
estimated at the daily amount of 18.9 tons and 72.3 ton for the amount of waste
reduction and materials recovery & recycling respectively.  However it shall be
noted thatl the most of the amount is concrete debris and sand secovered for
construction of landfilt sitc and for covering soil. Table 6-37 shows the details
of the expectable amount of the Waste Reduction Recovery and Recycling
Plans.
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Table 6-37. Expected Amount of Waste Reduction and Recovery/Recycling (2010)

Waste Calegorics Domestic & Business & Censtruction Total
Commercial Industrial Waste
Wastes Wastes
Weight [Ratio |Weight [Ratio [Weight[Ratio [WVeight [Ratio
© ¢ O CLON () w0 | (*%)
1) Waste Generation Amount |
Total Organic Wasle 1096  80.0 465  900] 195 198 1756 61.8
Total In-organic Waste 27.1 193 5.1 9.8) 1786 80.0L 110.8 380
Total Hazardous Waste 0.3 0.2 0.1 0.2 0.2 0.2 0.6 02
Total Weight {ton) 1370 100.0 51.7 100.0] 982 100.0] 286.9 100
Total Waste Volume (m3) 646.3 3246 . 89.0 1,059.8
Bulk Density (tor/m3) 0.212 0.159 1.10% 0271
2) Wasic Reduction Antounf | Target 10%]| Target 10%%]Not
Total Organic Waste 1.0 800 46  90.0]applicable 15.6 827
Totat In-organic Waste 2.7 19.8 0.5 9.3|for 32 17.1
Total Hazardous Waste 0.03 0.2 0.01 0.2| construction 0.04 0.2
Total Weight (ten) 137 1000 52 100.0] wastes 159 1000
3) Waste Discharge Amount ‘
Total Organic Waste 98.7 800 41.8 900; 195 193] 160.0 59.7
Total In-erganic Waste 24.4 19.8 4.6 28r 186 80f 1076 40.1
Total Hazardous Waste 0.2 0.2 0.1 0.2 0.2 0.2 0.5 0.2
Total Weight (ton) 1233 100.0 46.5 1000 982 100.0] 268.f 1000
_ Total Waste Volume (m’) 582 292 89.0 263
Bulk Density (ton/m’*) 0212 0.159 L1104 0.278
4) Waste Recevery Amount Target 5%]Yarget 5%| Target 5/ 80%
Total Organic Waste 49 802 21 902 1.0 1.5 8.0 1.1
Total In-organic Wasle 12 198 0.2 9.8 629 935 64.3 §8.9
Total Hazardous Waste (1] 0 0 0 0 0 0 0
Total Weight {ton) : 62 1000 23 1000 63.8 1000 72.3 1000
5} Waste Disposal Amount (Male® & Villingih)
Total Organic Waste 937 800 398 9001 185 537 1520 56.7
Total In-organic Waste 232 193 4.3 9.8 157 457 43.2 16.1
Hazardous Waste Total 0.2 0.2 0.1 0.2 0.2 0.6 0.5 0.2
Total Weight (ton) 172 1000 442 1009 344 1000] 1957 73.0
Total Waste Vofume (m?) 553 278 89 L HY
Bulk Density (lon/m’) 0.212 0.159 1.1 0.213
Remarks : B

Due to utilization of recovered concrete debris & sand for covering material or temporary dike for fandfilt
operation, the tolal waste disposal amount in Thilafushi amount to 258.6 tons (195.7 + 62.9) in 2010.
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(7) Implementation of Waste Reduction and Recovery/Recycling Plans

a.  Action Plan and Programs for Waste Reduction

i}  Short Terim Plan

@
@

®

Special Task Team shall be organised to implement exclusively the Waste
Reduction and Recovery/Recyeling Plans,

Waste Reduction Plan shall be carried out by means of the “Generation
Source Comntrol” and “Waste Discharge Control” through public campaign
and education,

The Generation Source Control shall be commenced with two measures
i.e. “Distribution & Sale Control” and “Consumer Control”,

Waste amount reduction shall be realised by imcans of sell-disposal, repair
and reuse of broken appliances/instruments, and exchange/sale of second
hand goods carried out by the resident supported by the Male
Municipality,

Male Municipality shall commence the public campaiga and education.

ii) Middle/Long Term Plan

@
@

Pablic campaign shall be made continvously addressed to the residents
and business establishments,

The programs of “Production Control”, “Waste Charge Control” and
“Cominercial Waste Control” shall be implemented.

b.  Action Plan and Programs for Waste Recovery/Recycling

i)  Short Term Plan

@
@
@

Special Task Team shall take actions to collect information, analyse, and
study towards formation of waste recovery and recycling in Male’,
Recovery/Recycling of materials shall have started with the programs of
“Recovery by Junk Dealers”, |

Special ‘Task Team shall take proper measures to promotc, encourage and
support to set up the Buy-back Centre in the compound of Transter Station
in co-operation with WMS,

Recovery of materials at the Transfer Station shall be made to receive and
store separately the wastes carried into the station.

WMS shall start to make use of the recovered concrete debris and sand
properly for construction of dikes and for covering soil for disposal
operation,

Reeyclable materials from the resort islands such as glass bottles, PET
bottles, tins & cans shall be scparated by the resort islands and stored
separately by WMS at the Thilafushi,
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Speciat Task Teams in co-operation with WMS shall initiate a pilot scale
food waste - saw dust composting and test application of the compost at
the Thilafushi.

Mate® Municipality shall take proper measures for regular collection and
storage of waste dry batteries for safe disposal at Thilafushi in co-
aperation with WMS,

Special Task Team carry out study on recycling technology alter
collecting data and information of recovery and recycling activities in the
initial stage and formulate the futvre scheme,

Special Task Team shall take an action to urge, assist and support the
interesting investors to play an important role in future development of
waste recycling activities,

ii} Middle/T.ong Terin Plan

)

@
@
@

Special Task Team shall continue the waste recycling and recovery plan
based on the result of the study conducted in the previous stage,

Periodic base market for recovered materials shall be opened through the
close linkage between Special Task Team and the dealers/ exporters,
Special Task Team shall promote and assist the investor(s) to develop the
Recycling Centre and secure the sale routes,

The recovery and recycling systems and the activities shall be reviewed by
the Special Task Team to increase efliciency and cffectivencss for further
development of the activities

Figure 6-17 summarize the whole processes of the SWM from waste generation to

disposal.

All the details under this section is presented in the Supporting Report L
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6.4.2 Promotion of Public Awareness and Participation

)

Findings through the Surveys

The major findings obtained through the Public Awarcness Survey and interview survey
conducted in connection with execution of the SWM study are summarised as follows:

®
@

Almost all of the respondents are co-operative to the Public Awareness Survey
and interested in improvement of SWM system,

Housing problem is one of the major concerned of the residents in Male” due to
large housing population to accommodate for 14 persons per house in average in
addition to small room space, .

Total income of one house reach at 14,152 Rfs per month. Public service
charges to the income is comparatively high, i. ¢. payment for the electricity is
about 11 to 15 % while water supply spend about 4 % to the income in average.
In addition, the houses receiving waste collection services from the Municipality
or private scrvice providers pay 164 Rfs per month in average which is accounted
for about 1.5 % 10 the inconie,

Almost all of the house discharge waste every day collected by the Municipality
or private operators or carty waste to the near-by micro bins or to the Transfer
Station,

More than 30 % of the respondents are interested in waste recovery and recycling
plan and wish to participate to the activities as introduced in Male’ and 98 % of
the respondent agrecd to scparate wastes as the plan will be implemented in
future,

The residents expect of daily collection of kitchen waste and 3 to 4 times
collection for other types of wastes. More than 90 % of the respondent agree to
pay for the collection services and their replies to the willingness to pay was 149
Rfs per month in average,

Public education for solid waste is conducted occasionally by the Non-formal
Education Centre (NFEC) and WMS as one of the subject. NFEC has a weckly
radio program for public information including the environmental sanitation and
SWM;

Actlivities of NGOs® were not popular in the Maldives up to these years but their
activitics have extended to the environmental conservation including solid waste
management, ‘
Current operation of S\WM services are maintained through the efforts of the top
management person having the sole authorities and the directions ordered fo the
staff. Mandating fo the key staff will be able to increase efficiency of daily
services. N

WMS and/or Male Municipality have not yel implemented regular base public
cducation on SWM although the agencies make announcement to the public
through TV and Radio broadcasting as required for operation of the SWM system.
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(2)

Rt

Objective, Planning Policy and Strategy
Objective

The objectives ef public awarcness and patticipation is to rais¢ awarencss of the
citizens and all the parties concerned for promoting co-operation to the service
providei(s) and dircet pacticipation to sustain opcration of the improved SWM
system(s) in Male’.

Planning Policy

The improved SWM system for Male’, especially for the waste reduction and
recovery/recycling plans and programs, shall be operated and sustained through
participation of the citizens and all the parties concerned.

Planning Strategy

Raising public awarcness shall be made by mcans of conducting the regular
public cducation to adult and school education to children and students including
visiting the operation sites of SWM services. Thorough understanding of the
Master Plan among the stafY of the implementation agencies will be esseatial to
have a clear idea to which points are important to ask for the co-operation of the
sociely for successful implementation of the plans and programs.

Public Awareness and Education Plan

The plan for raising public awarencss is proposed to carry out the educational programs
set out in the following 6 programs.

Raising Awarencss within NMCPW/ WMS and Male Municipality

Raising awareness of the implementing agencies, WMS/MCPW and Male
Municipaiity, is a key issue to have effective and cilicient operation of the
improved SWM system and for its sustainability. It is strongly recommended
to study the proposed SWM Master Plan to understand the objectives, policics,
strategies and procedures for implementation of the proposed plans and
programs to raise their own awareness for the primary respounsibilities and the
roles for SWM services.

Public Announcement of the SWM Master Plan

In the process of studying the proposed Master Pla;i, it may be required to adjust
some part of the plans and programs to enable smooth implementation by taking
into consideration of the specific needs and features in the socicly. Following

 the mo’diﬁéal_iun and decision by the official processes, the outline of the
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improved SWM plan shall be announced to the public to urge interest and
participation of the citizens and the society.

Public Education

Raising public awareness shall be made through public cducation programs
assisted by Non-formal Education Centre (NFEC). The Special Task Team
(STT) proposed to set up under the Male Municipality shall preparc the
pamphlets and schedule for public education al the public centees, oflices,
mosques, PTA and any other places wherever convenient for the people
gathering. In addition, the public education shall be made through the mass
media from time to time.  The public education plans and programs is targeted
to the adult.

School Education

Raising awarcness for school children and students shall be made as one of the
curriculum for schooling. The Ministry of Education assisted by the STT shall
prepare the text for primary schools and for secondary schools. WMS and
Male Municipality take a part in school education to invite them tor visiting the
sites to see the actual field operation of S\WM services.

Participation to Cleansing of Public Arcas and Reduction of Wastc

The monthly sea cleaning operation has been tmplemented as the government

project called “Clean Maldives, Independent Maldives”. It is proposed to
expand and cahance this project in the ficld of SWM scrvices towards
implementation of the Waste Reduction Plan at the gencration sources.
Participation of more people in the project will be the opportunity for the people
to aware the importance of SWM services for protecting public health, the
environment and maintaining public cleantiness to keep public spaces
aesthetically acceptable for citizens and tourists.

‘Participation to Waste Recyeling Activities

‘the goal of raising public awareness and participation will be reached at
successful accomplishment of participation of the people to waste recycling
activities and continuous operation of waste reduction at generation sources.
The Special Task Team supported by WMS and Male Municipality prepare the
plan for waste reduction and recovery of materials, recycling and marketing the
recovered materials from the wastes, The plan shall be supported by all the
partics concerned, namely the governnient, SWM service providing enterprises,
and the most imporiantly by the residents.
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L)

a.

i)

Implementation of I'ublic Awareness and Education Plan

Action Plan and Programs

Skort Term Plan

®

“Raising Awareness within WMS and Male Municipality” shall be
iniliated to organise a comunillee to study, discuss, adjust or modily and
finalisc the most appropriate plans and programs for the S\WWM Master
Plan for Male’. The commiltce members shall be comprised of the
govermment sector, private sector and from academic sector chaired by
MCPW. The first commiltee shall be opened immediately afier hand-
over of the Master Plan by JICA

“Public Announcement of the SWM Master Plan” shall be made
immediately after the approval of the Government. The proposed STT
shall prepare the summary of the SWM Master Plan for public
announcement in co-operation with the Ministry of Planning, Human
Resources and Environment. The announcement shall be made through
the mass media and by the pamphlcts distributed through the community
groups.

“Public Education” shall be started following to the public announcement
of the SWM Master Plan.  The Special Task Team and NFEC prepare the
cantents of public education and schedule for the purpose to educate the
residents, commercial and business establishments, institutions and all
other waste generators including resort istands operators.  Contents of the
education shall include the specific requirements asking co-operation to
the public for implementation of the SWM Master Plan and the general
educalion of the envirommental conservation as well.

“School Education” shall be camied out continuously cvery year in
accordance with the schoaling subjects and schedule prepared by the
Ministry of Lducation in co-operation of the STT. The texts have to be
prepared visvally to have easy understanding of the contents wilh key
topics for discussion in the homeroom. Also it is recommended to
prepare the video programs as a effective tool for school education.
“Participation to Cleansing of Public Areas” shall be implemented in co-
ordination with the “Clcan Maldives, Independent Maldives” project “ to
raise awarcness of the citizens that participation to the public services is
essentially required to keep the country clean.
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ii) Middle/Long Term Plan

(O “Participation to Waste Recycling Activities” shall be implemented
following to the announcement of MCPW 1o notily commencement of the
Waste Recycling Plan and continuous operation of the Waste Reduction
Plan. Prior to implementation of the plan, the Special Task Team shali
set up the recycling system including preparation of the materials recovery
system, provision of the Buy-back Centre, marketing system invelving the
government, citizens, enterprises, domestic and forcign dealers to cnable
sustainable opcration of waste recycling activities in Male’.
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6.4.3

{1

(Regulatory Authorittcs)

Effcctive Management Organization
Demarcation of Tasks among Concerning Bodics
Regulatory body

The Institution of SWM of the region shalt be as same as that of the whole

country. -

SHTATIH
{
MAR] M T] T 1| MTT] FCPW, MICA [MFAVR |
i

(Excculil)n Authoritics)

(Male’ and Villingili) (tlic Function Islaiids)

iir\\?
|.

M. M ] Sclf-Management |
G G-

Self-Management |

M C r W

* Private Scctor Involvement

Note;

MUHARE (Ministry of Home Affairs, Housing & Environmenl )

MAA (Ministry of Atolls Administration)

MT (Ministry of Tourism)

M (Ministry of Health) @
MTT (Ministry of Trade & Industries)

MCPW (Ministry of Construction & Public Works)

MTCA (Ministry of Transport & Civil Aviation)

MFAMR (Ministry of Fisheries, Agriculture & Marine Resources)

MM (Male” Municipality)

Figure 6-18. Proposed Origanization Chart of S\WM in Male' and Vicinity
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Although those tasks shall not be limited enly in the capital region but also
should cover the whole country, those will be allocated to cach regulatory body
as presented below.

The MPHRE: -

Besides taking the responsibility of the secretariat of the proposed National
Commission for SWM, with the function as the lead organization of the matters,
the MHAHE should perforn: followings.

(1) Formation of a comprehensive SWM plan.

(2) Legislation of the proposed laws such as the National SWM Act of
Maldives, the National Waste Management Standard and the National
Waste Technical Standard.

(3) Co-ordination among ministries concerned.

(4) To provide nules and regulations about hazardous wastes and wasle oil
disposal

(6) To provide rules and regulations of construction waste disposal

(7 Legislation of the Thilafushi SWM regulation

The MT:
The MT will regulate the SWM of the resort islands as used to be.

(1) The MT should amend current SWM regulation of the Ministry with
corzesponding to the proposed basic faws.

(2) Establishment of the prescription regarding the application of waste disposal
to Thilafushi especially

3) Establishment of the prescription regarding the medical waste disposal
being generated from clinics of the resoits

l. 6-84



Partl Final Report

The M1

The MIT should review the waste management rule of the medical waste of
hospitals and clinics.

The medical wastes of the clinics in Male' should be carried to the hospitals to
be incinerated with their incinerators.

The MTi:

The MTI shoutd mainly ¢stablish the rules and regulations on the management
of manufacturing product wastes and observe them.

Those mainly are;

(1) Promotion of reeycling and reusiong

(2) Promotion of the reduction of excessive packaging

(3) Co-operation with the MHAHE in formation of the rules and regutations of
the disposal of waste oil, waste batteries and chemical substance wastes.

(4) Formation of the rutes and regutations on the SWM of waste houschold
electric appliances and waste automobiles

‘The MCPM:

The MCPM should regulate thie management of construclion waste.

The MCPM has responsibility for supervising and monitoring as to construction
waste. The MCPW has to guide the suitable collection and hauling system to
the contractors.  The contractors have to submit the waste hauling plan before
commencement of the construction work.

The MTCA:
The Ministry of Transportation & Civil Aviation should perform followings.

(1) Formation and observation of the rules and regulaiions regarding the
cleansing of the Male' harbour.

(2) Formation and observation of the rules and regulations on the throwing
away of wastes from ships and boats

(3) Establishment of the rules and regulations on the SWM of the airport island.

Exccution Body

Figure 6-20 shows simply the demarcalion between the organization concerned.
In Male' and Villingili, the demarcation shall be s¢t up between the collection
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and disposal of wastes. In those islands 3 way of collection methods, collection
by the Mate’ Municipality, by private sector involvement and by sclf-disposal
shall be aflorded. The demarcation in the function islands such as resori
islands and the Airport Island shall be set up belween transport and final
disposat.

The kind of waste Collection Transportation Final disposal
Municipal Waste o ot MM x

- P.S.1 *

MCPW
Industrial Waste ——1_——p | Sclf Management [ MCPW
Waste from Public Space - MM %
*
Waste from he Functional
Islands =P Setf Management

Figure 6-19.  Flow of SW)M

In this figure, points of (*) marks attached show the points that a transaction on
SWM services are carded out, and cause transfer of the management
responsibility from customers to supplicrs, dulics of customers to pay the
charges and right of the suppliers to receive the charges.

Maitters that shall be changed in existing practice with the proposal are;

{1) Enforcement of the said new collection service to all houschotds in Male';
The Municipality should be scheduled to carry out new collection service to all
houscholds in Male’.

However, this docs not mean that the Municipality shall collect all of the wastes
discharged from ihose households. [t may be the collection of a minimum level.
Therefore, the collection of the wastes other than it will be carried out with the
collection by private scctor invelvement and by sclif- disposal.

(2) Abolition of the refuse container operation;
The current practice of collection by the refuse containers should be abohished in
accordance with the move to the new collection system. '

Matters that the current practices on the WMS of MCPW shall be changed with
this proposal are: ' ‘
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(2)

(1) Disposal of the medical wastes;

The said wastes shall be incinerated in the hospitals in accordance with the
proposal concerned. Therefore MCPW will stop involvement in such waste
management at alk.

(2) Disposal of waste oil;

The waste oil shall be received by MCPW at the transfer stations and should be
incinerated with the incinerator in Thilafushi. The current incinefation located
inside of the transfer station should be abolished completely.

(3) Composting;
The MCPW shalt carry out the composting of wastes in Thilafushi.

SWM of Function Islands

In the resort islands, the Airport Island and Thilafushi, the SWM should mainly
be carricd by the self-disposal in accordance with the proposed laws such as the
Basic Act, the National Waste Management Standard, the National Technical
Standard and other laws and regulations of the Minisirics in charge.

Reinforeeinent of Function of Concerning Bodies
Reinforcement Function of MCPW

Under the new stage, the job of MCPW will require substantial reinforcement on
both levels of the management and operation. The biggest factor affected may be
the change of practice of the disposal of the wastes that is served at present on
free will become on charge. Deskwork and other relating jobs will increase
dramatically, to collect fairly the charges of SWM from the clicnts.
Accordingly, MCPW will nced to acquire an advanced information data
processing capacity besides excellent management and eflicient operations.

The new funciions proposed by the policy are presented as following.

+ Client management function;
The entities who will carry wastes to the transfer stations arc the Malc'
Municipality, private sector involvement, enterprises and houscholds. MCPW
will fairly impose to and colfect from those clients the waste disposal charges.
It will need 1o establish a client management function newly, to carry out this
job.

Thcjobs achicved by this function shall be as follows.
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(1) Contract procedure of the said service

{2) Matters relating charges

- Sefting up the table of charges

- Collection of the charges

- Cash management of the charges

- Client information management

- Claim counter and Client consultation counter

+ Operation of new undertakings;
Three new undertakings proposed will require, as a malter of course, new
operation techniques.  To carry out those operations, the stafls of the MCPW
will be required that they will master the operations praciices. For the operation
of composting, a special task team shall be organized.

(1) Material recycling
(2) Incincration of waste oil
(3) Composting

+  QOperation of information processing system;

The data processing is indispensable for the improvement of management and
operation. Therefore, the data processing by the computer system should be
adopted in the management and operation of the organization. This data
processing system will be utilized in the following fields including the
improvement of the execution of conventional undertakings.* Furthermore, the
operation improvement information and environment information regarding the
waste disposal undertakings will be able to be accumulated by this data
processing system. These matters will be surely availed as a key reliable
information for another SWM devclopment projects in the country in the future.

- Client information manageinent system

- Business information management system

- Operation information management systent

- Operation cost information management system

- Cash management system and accounting dala processing systen

+ Eavironment management;

That the WMS of the MCPW should contribute to the improvement of
environment is one of the most fundamental role among them.  Therefore, it is
necessary by all means to develop ‘the following functions with regard to

~ environmenl. An appropriale outsourcing of these jObS if possible, wilt be a
~ rational and effective altemative.
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(@)

(1) Environment monitoring
(2) Environment problem solving
(3) Environment information database

Also, the reinforcement of the conventional functions will be necessary. The
reinforcement of the conventional functions proposed will be conducted in the
following ficlds.

(1) Reinforcement of the truck transport unit
(2) Reinforcement of the vessels unit
(3) Reinforcement of conventional functions in Thilafushi

Reinforcenient of dManagement Capacity
* General management

Becausc of the dramatic increase of additional new jobs, the improvement of the
comprehensive imanagement capacity witl be necessary.

The director(s) of the organization in charge shall pay attention to the following
points to manage well the organization.

First of all, the management resources distribution should be balanced
appropriately. Especially the director(s) should avoid excessive investment in
plant and equipment as well as excessive employment of personnel. It will be
important to take care of the proper capacity utilization of resources.

Secondary, the managers should always examine the prioritics among the
management themes, and should tackle with  more important subjects.

Finatly, the management should keep the stance to aim at cost minimizing that
will be particutarly important goal of the organization. The final disposal that
is applied at present on free of charge shall be changed to be on charge under the
new order. Therefore director(s) should lead the organization will be able to

reduce the level of charges as much as possible, with continuing rationalization
effoits.

*  Operation management

The advancement of the operation management witl be more urgeat than the
said comprehensive management. '

The following threc aspects of aperation management presented betow will be
importance among them,

(1) The stafls should master the key elements such as knowledge, technologies
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{b)

and skills of the new ficlds as soon as possible.

{2) To carry out and effective operation. Stafls should particularly continue the
systematic efforts that shall bring improvement the efficiency of routine works.
To set up operational goal to be achieved to carry out the factor analysis of
efliciency improvemient performance, a  scientific method should be
introduced: Efforis should be made to scitle the said results into the routing
operations. '

{3) To improve information data processing capacitly, planning capacily and
business processing capacity of the organization by use of the computer system.

Organization

The organization of MCPW should be restructured in accordance with the
proposed function.
Figure 6-20 is the proposed organization chart of the S\WWM division.

MCPW

SWM Division

General Affairs Section

Opceration Seclion

Planning Unit — Operation Unit
Client Management Unit — Transfer Station Unit
Information Unit ] Vesséls Unit
Environment Unit —1 Thilafushi Unit

Figure 6-20. Proposed Organization Chart of SWM Division (MCPW)
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Based on the proposed policy, the Male' Municipality will introduce the
proposed new collection system by replacing the existing system, to whote
houscholds of Male'. Major work of the Municipalily is prescated in Table 6-7
of this report.

The job contents of the SWM organization of the Municipality shali be changed
to large extent. Reinforcement will be required not anly by the change of the
collection system accompanied by the expansion of service area but also by the
dramatic increase of the numbers of clients.

The rcinforcement of the function of the organization concerned shall be
provided as following.

+ Planning and Publicity function;

Decrease, sorting and other proper discharge of the wastes will become more
important subject in the future.
The Male' Municipality should be the most suitable authority among them to
play the role to the enfightenment of those. The Municipality should make effort
concerning the improvement of this subject thorough the public relations to the
citizens continually.

+  Function for Regal Provision;
It shall be necessary to legislate a new cleansing and SWM by-law of the
Municipality in accordance with the new state of the SWM. This organization
should cooperate with the legal unit of the Municipality on the provision of the
said maltter.
The by-taw shall be legislated with the People’s Majilis through the proper
- pracedure.

» Client Management function;

To offer the service of the new collection systemn to the citizen neatly, the
~ Municipality should conclude a contract to all households in the area. 1t will
fairly imposc and collect charges on the services assisted by the client
management function proposed.

The undertakings that should be achieved by this function shall be as follows.
(1) Waste collection service contracts

(2) setting and colleciion of the charges

{The charges will be set up propeily by the organization for SWM.  However,
as for the colleciion of the charges,  the cashier of the Municipality will bein
charge of coilection of the charges as same as the  present practice. Therefore,
The SWM organization will not take charge of collection of charges and the
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cash management of them.)
(3) Client information management
(4) Ctaim counter and Client consultation counter

« Operation of the Collection System;
By the abolition of the refuse container collection system and start of the new
service, the organization shall be resteuctured.
Smooth operation of the service shoutd be performed with standardization.
Service manual and operation manual should be provided to assist improvement
of the said services.
The siz¢ itself of the organization will become big as a whole. However because
of a uniform operation, the organization should consist of units that each of them
could operate based on own decision and responsibility of individual unit.
Therefore, the reinforcement and development of middle managc-rs will be an
urgent task.

+ Maintenance function;
The reinforcement of the repair and maintenance capacity will be required by the

. increase of the application vehicles.

+ Cleansing of Public Space;
The cleansing of public space of the Villingili will be succeeded from the
Maldives Housing and Urban Development Board. As tor the said function and
organization, it will be one of the best alternatives that the Municipality will take
over those from the Board.

»  Operation of the Information Management System;
The data processing. is indispensable to the improvement of management and
operation. This data processing by the computer system should be adopted.
This data processing system will be utilized in the following fields.

(1) Ciient information management system

(2) Business information management system
- Operation information management system
- SWM cost information management system

+ Setting up of a Branch Function in the Villingili

The organization will nced to set up necessary functions, in order to carry the
cleansing of the public space of the Villingili. _

Only the direct operation function will be set in there and indirect funciions such
as publicity etc., shall be covered by the headquarters of Male'.
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Reinforcement of Managemient Capacity

It is expected that the various problems will arise at the carly stage of the new
service execulion, because the services will expands at once. Pardicularly in this
stage, many difficult cases being required sophisticated judgement will be
charged on the higher management. As a person alone could not physically solve
problems from beginning to the end, the decentralization of the management
power should be introduced, first of all.

Sccondary, the director shoutd always examine the prioritics among the
management theme to tackle with more important subjects.

Finally, the director(s) should keep the stance to aim al cost minimizing that will
be particularly important goal of the organization.

The advancement of the operation management will be more urgent than the
comprehensive management.

The excellent result that the individual unit shall perform the highest efficiency
in operalions management should be requested. Therefore, introduction of
managemeint theory to give a goal to middle management class shall be
recommtended. '

Organization

The organization for the waste collection of the Municipality should be
restructured in accordance with the proposed functions.

Figure 6-21 is the proposed organization chart of SWM division.
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Chairman
Dircctor
| |
Male' Dept Villingiti Unit |
SWM Division
I
[ |
General Affair Section Operation Section
-—1Planning Unit ~[f)peraii0n Unit
—-{Pubtic Relations Unit -— Maintenance Unit
Client Management Unit —{ Cleansing Unit Cleansing Unit
—Information Unit
' Figure 6-21. Proposed Organization Chart of S\WM Bivision

(Male' Municipality}

(¢) Privatization of the collection service

Based on the framework of the master plan, another restructuring will be
required in the future. The Municipality shall be proposed to start privatization
of the collection service from 2004. The full privatization executed by tender of
private sector invelvement shall be completed in 2007,

Accordingly, as the Municipality will abolish the collection service, the

organization for SWM shall have to be reduced to targe extent. A large numbers

of staffs and tabours shall be re-allocated or fired. 1t wilt be one oplion to

transfer them to the private scctor involvement through buy out of the operation
@ depariment.
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(3)  Capacity Building of Staff of Concerning Bodies

Capacity building of stafl is a significant subject of those government bodies who
undertake practical operation in SWM such as MCPW and Male’ City. Most of stall
in charge of SWM in the said authoritics arc foreigners employed on yearly contract
basis. Capacity building should cover these foreign workers to secure minimum level
of daily operation in SWM.  On the other hand, administcative stafl, usually assigned
Maldivian officials, also need to be trained 10 manage the operation at a designated
efficiency and quality. A

To satisfy the necessily of capacity building, a serics of operation manual for each
process of SWM should be prepared and disseminated to all the workers involved in a
specific process. Draft of operation manual will be provided as part of output of
feasibility study that follows the imaster plan in accordance with the recommended
measures of treatment.  MCPW and Mate® Cily is expected to train their workers with
the manual as an essential part of daily operation by themselves.

As for administrative stalYf, they need to attend some {raining courses to acquire
advanced knowledge related to their responsible field. There are a few graduates in
Male’ from training courses for SWM in abroad. Thesc educated people can be the
instructor for the training course for the administrative staff.  Another opportunitics to
send some selected personnel to training courses offered by international assistance
organization or to invile some experts as lemporary inslructors are also effective way of
capacity building.

Both MCPW and Male’ City lack a skilled technician of heavy equipment and vehicles.
I is difficult for those authorities to create or train this kind of special technician within
their routine of SWM. There are two choices to acquire capable maintenance
technician, those are:

(o hire at special rate from ¢ither domestic or forcign sources
@to commission a capable maintenance company inctuding technician

Either way may cost higher than to employ the other ordinary \\.'orkers', however, it is
probably worth investing. The cost for expert acquisition can be recovered by the risc
of operating rate of expensive equipnient. '

(4)  Private Seefor Involvement
a.  Method of PSI

Private sector invotvement (PSI) may provide a solution 1o improve the delivery
of solid waste services which are either too costly or of poor quality. World-
wide experience as demonstrated this.  In this context, privatisation should be
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considered as a means: to improve the quality of services, (o enhance efficiency
and reduce cost, and to mobilise private sector capital for capital investment.

Waste collection is an experienced field for private sector and is considered most
likely converted to private activity. Meanwhile the proposed option of
collection system by private sector imposes entirely unacquainted operation on
Male’ Municipality.

However, the private companics have not enough capabilities to carry out the
SWM services at the preseat time in Male’. Therefore, the plan of SWM
services has to consider under the initiative of the services by Municipality and
PCMW.

The solid waste generated in Male’ is roughly categorised four kind of waste,
i.e. residential, commercial, business and construction waste.  The Municipality
is responsible to the collection & haulage of residential waste and supervising &
monitoring for collection & hauling of all other waste from private wasle
generation source.  And the Municipality make a collection plan to provide a
minimuim level services for residential waste in whole area.  The collection
service will cover the almost residential waste that share 46 % of total generated
waste excepl construction waste.  The vesponsibility of collection and
transportation of commercial and business waste which share 54 % of the tolal
waste belong to the waste gencrators. The Municipality will enhance supervision
and monitoring of these waste’s management.

There are two ways for promotion and introduction of PS|I for collection
services;

PS1 for High Quality Services

At the present, the privale waste collection companics and the Municipality
collect approximately 8.64-ton/day (ILIF 1.22-ton/day, Handcart 6.36-ton/day,
the Municipality 1.06 ton/day), and collect service charge from the waste
generators.  The collection coverage ratio of the door to door collection
services by the service providers amount to 12.5 % of the total generation
amount of municipal waste,

The new waste collection services by Male’ Municipality will provide minimum
tevel of services, which was is called by “Vehicle station — go round collection”

-and the collection, made for the waste carried by the residents.  The existing

collection scr\{icerprrovi_der_s will be able to continue and increase the more
contracts wilh the waste generators since the pcople who discharge waste
through the collection service providers still need the high quality door to door
services.,
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ii) PSI for Minimum Level Services

Male’ Municipality has the primary duty of SWM in the City, however, this
daes not necessarily mean that the Municipality has to collect the waste by itself.
Hence, it is considered the private companies will not have a budget capability
to purchase the collection vehicles to provide minimum level service to whole
the collection area in near future.

To purchase required nurnber of vehicles for the minimum level services would
not be difficult for the government organisation due to larger scale of financial
ability comparing with private sectors. This means that the ownership of
equipment for collection service inevitably belongs to the government.  Though
the ownership of vehicle lies in the government, the practical operation by using
the vehicles can be transferred to private sector is equally required efforis to
adopt to the new system, so that the attempt to promote privale sector
involvement can be stacted in this field at any time. The following scenario is
presented for reference to Male” Municipality to step forward.

Preparatery Action for PSI

Considering the introduction of PS1 in near future, the existing waste collection
services by the private service providers must be regulated by the Male’ SWM
By-law including the provisions at least with the following conditions.

+ Male Municipality has primary duty for collection and disposal of the waste
generated in the municipal area,

* No one can collect, dispose and charge the waste generated in the municipal
area except permitted by the Male” Municipality,

* Male’ Municipality can provide high quality collection services by the
request of all parties upon full recovery cost charge,

* Male’ Municipality can contract out the collection scevices to private
companies through competition among the companies.

The By-law suggested above allows any private person or companics can
provide waste collection services by charging.  In order to run the initial PSI,
registration/permission of the service providers and monitoring of their activities
will be required.  The service provider have to run the business on the
conditions p.,rmulo.d by the Municipality and the reglsirallonfpenmssmn will be
nullified for the service provrdcrs do not comply with the xondlllons

Introduction of PSI requires the preparatory actions and considerable time span
for commencement. The major preparatory actions to proniote PSIinclude in the
followings shall be prepared and executed prior to 1mpiementat|0n of the
improved SWM system. '
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Table 6-38. Major Preparation Work and Implementation Work

[ 1999 ~2003

Year

Activities

+ Capacity Building program

+ Restructuring of SWM organisation

+ Legislation of Male’ By-law on S\WM

+ Introduction of regisiration/permission system of private service
providers for waste collection services

+ Establish the monitoring system

2004 ~ 2007

service to private sectors

« Revicw the monitoring system

+ Preparation of the contract system to contract-out the collection

2008 ~

« Make a contract with the private sectors for minimuwn collection

services

» Review the monitoring sysiem
« Revicw the contract-out cost
+ Review the waste charge

¢, Switchover Schedule and Waste Amount to be Collected by Private Sector

‘The shortest switchover schedule to PS! is shown in Table 6-39 and Figure 6-22.

Table 6-39.  Switchover Schedule to PSE
Year ~2002 2003 ~ 2007 2008
Main body of | Tefal Municipal Waste I pociential waste Residential waste
collection -Generator 57.5% -The Municipatity - NewPS!
work -PSI 1% Commercial Waste | (The Municipalily)
-M.CV. 1.5% -Existing PSI (1% | Commercial Waste
-Micro-bin 30% of total waste) -Existing PSI (11%
-Generator of total waste)
-Generator
Note B Existing SysleTn Micro-bin system New PSI will start
will be abohished for collection of the
municipal waste

Considering the above factors, the total amount of waste collected by The
Municipalily is estimated as follows.
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Table 6-40. ijcclmn of Total Waste Amount Collceted by the Municipality

year Mudicipal Wastc T ColleeTion MEtha: B
"olal [ Residential T Commercial | Generaltor | PSITTMCIV] Mimtﬁn
19991 1768 5IQ 2181 7 4106 S0 1.1 310
2000 [ 712 T2 230 44317 8.5 1.2 37
2001 IR A STAT 243 B Y I R X 1.2 335
2002 86.6 608 258 48T TI3T 13 360
New Résidemtial Waste ) Commercial Waste o
System — Genicratio | Momicipalit [ New PSI Génerati | Generat Existing
n (vd) y {(¢/d) (vd) on (t/d) or {t/d} PSI (t/d}
[ 2003 643 Rl 0 2713 17.2 10.1°
2004 T 880 T 68.01 Y 289 18727 10777
2005 73 I%AE 0 304 19.2 iT.27
2006 754 754 [V 320 02— T8
— 2007 1973 751 o 330 2121 T 124
20087 | 829 0 8291 3572 2272 130
2009 8577 ol 867 63 2327 I3
2010 90.6 0 o6 3840 2472 3.2
1)
160.0 . )
Existing Syste i E
£40.0 Generator 57.5% E E
; st L% i i
fotald Mev 15w : ;
120.0 N bin 3 : '
Miro-bin 3P H 5t ¥ >
¥ 3 A Gonerater = Conaercel Wae -B
' 571 27 B Enbiirg P = Toul 4 11% "
100.0 : 7.1 :
3,81:/*/.- X Gencraoe = Conumarzil Waste -B H
- 916 B Faiuing PS = fottx Bi™ H G006
800 A Cémrabr-(mn-:uml\\'w: -5 ' ’—‘_M
2 B Eviing 23 = THat sils ST N
. ° : -3 754 H
60.0 Commercial Waste .—-:""6'43—//‘6&’6’ o h
i tog | H
31.2 A H 1 R
5 310 ' ot Pevate Sector
400 Donwstic Waste E E (or Mak"Municipality)
o :
20.0 A3t na 03 %0 !
T i Mz Municipality '
0.0 i e '
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20]0
. (year}

Figure 6-22. The Switchover Schedule to PSI
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Financial Arrangement

Fund Requirement for Project Componceats
Initial Cost

Male’ and Vicinities Project

The JICA Study Team comes up with two alternatives regarding the construction
of the loading station in Mate’: compactor system and shovel loading system.
Also, the team submils two choices, thal is, construction by imported materiats
and construction by local materials regarding -the improvement of the existing
Thilafushi. Eventvally, the team proposes the shovel loading system and
construction by local materials respectively in consideration of cost involved.

Further, three options have been conceived for both collection vehicle flect and
transportation vehicles/fequipment in Male’. Finally, option 3 (vehicle station
collection system).in the former and option 2 (compactor-truck system) in the
latter were selected on account of their cost cifectiveness.

‘Regarding the height of the seawalls in Thilafushi islands, 4 m was adopted
“considering various factors including cost.

The initial cost of the Male” and Vicinities Project is estimated as follows:

(Unit: RI. thousand)

ftem Amount
[.  Transportation and Disposal
1. Construction Cost in Thilalushi 218,818
2. Construction Cost in Male” & Villingili 28,267
3. Procurcment Cost 42,789
4.  Engincering Services 21,050
5.  Physical Cenlingencics 24,708
Total 335,632
1. Collcction
1.  Procurement Cost 12,539
2. Engineesing Scrvices - 376
Total ‘ . 12,915
1H. Cleaning- B
I. . Procurement Cost . - ‘
(D DustBin 41
(2) Port Arca Cleaning ' 616
2. Engincering Services 22
Total 179
Grand Total _ 349,326
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In calculating the engincering service cost it was assumed that it will be 8% of
construction cost plus 3% of procurement cost. Physical contingencies were
caleulated on the assumption that it will be 10% of construction cost.

As the above table shows, the total initial cost comes to Rf. 349,326,000 or
1US$ 29,806,000 or ¥ 3,874,776,000.

For more detailed breakdowns of the initial cost, refer to Table 7 in Supporting
Report G.

Atolls Project

The initial cost of the Atolls Project is estimated as follows:

{Unit: Rf. thousand)

ltem Amount

I. Gne Atoll
1. Consiruction Cost 12,206
2. Procurement Cost : 2,005
3. Engincering Scrvice 1,037
4. Physical Contingencies 1,221
Total 16,468

11. 20 Atolls
Total _ 329,360

As the above table shows, the total initial cost comes to Rf. 329,360,000 or
US$ 28,102,000 or ¥ 3,653,311,000.

Combined initial cost of the above two projects works out to Rf. 678,686,000 or
USS$ 57,908,000 or ¥ 7,528,087,000.

For more defailed breakdowns of the initial cost, refer to Table 7 in Supporting
Report G.

2) O&MCost
(Unit: Rf. thousand)
Item Male” and Vicinities Project Atolls Project
O&M Depreciation Total O&M Depreciation Total
2003 14,088 13,954 28,042 570 2,967 - 3,537
2010 16,543 17,397 33,940 1,900 9,892 11,792
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(Unit: Rf. thousand)

Item . Male’ and Vicinities Project

Cellzction Transportation Dispozal Administration O & M Total
2003 2,910 9,065 1,495 | 6i8 14,088
2010 3,889 10,541 1,495 618 16,543

As the above table shows, the operation and maintenance cost (including depreciation)
of the SWM projects for Male’ and Vicinities and Atolls is estimated to total Rf. 33,940
thousand and Rf. 11,792 thousand respectively in the target year of 2010.

In the O & M activities in Male’ and Vicinities, fransporlation occupics a major
positian, accounting for 63.7% of the O & M cost, followed by collection with 23.5%,
disposal with 9.0% and administration with 3.7% in 2010. Also, it is to be noticed that
depreciation is greater than the O & M cosl.

For more details, refer to Table 8 in Suppoiting Report G.
(3) Implementation Schedule

The implementation schedule of the two projects is proposed to be as follows:

. Male” and Vicinilies Project

Item 2000 2001 2002 2003 2004 2005 2006

Construction
in Thitafushi

Censtruction
in Male’

Conslruciion
in Villingili

Procurement
for Mate’

Procurement
for
Thilafushi

ftem 2007 2003 2009 2610

Construction
in Thilafushi

Construction
in Male’

Conslruction
in Villingili

Procurement
- for Male®

Procurement
for
Thilafushi
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2. Atolls Project

Item

lmplementation §

In the Atolls Project, it is asswmed that the SWM facilities will be constructed for two

Atolls every year, slarting from 2001 to 2010.

6.5.2 Establishsent of Cost Charging System

(1)  Target Cost Items and Payers

a.  Target Cost Hems

Cost-Bearers

Cost Items Government MCPW MM Beneliciarics

Initial Cost
Grants Yes - - -
[.oans Yes - - (Yes)*
Budget Yes - - -

O & M Cost
0 & M Cost - - - Yes

[ Depreciation - Yes Yes {(Yes)**

Note: *=in casc repayment cost is borne by beneficiaries.

**=in Atolls Project.

As the above table shows, it is proposed that the central government basically
bear the initial cost. If the initial cost is financed by grants of external countries,
the fund is provided without repayment obligations to the govemment and the
fund is altocated 1o suffice the initial cost. 1f it is financed by bond raising,
domestic bank toans andfor external loans, it is proposed that the government
take carc of repayment.  However, in case the size of initial cost is not so big,
the repayment will be in principle made by the beneficiaries as in atolls project.
In the case of loan, interest will be incorporated in the O & M cost. if the initial
cost is allocated from the government revenues, it means that the central

government uses the import duty, tourism tax, lease and rents of government
properly, etc. for this purpose. Although the JICA Study Team does not
recommend it because of environmental reasons, supposing MCPW utilizes the -

land plot in Thilafushi 2 and Thiltafushi 3 for renting, then the rents can join the
government revenues.

The O & M cost (not including depreciation) is proposed to be borne by the
beneficiaries in the Male’ and Vicinities Project. On the other hand, depreciation -

will be borne by MCPW and MM.
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b. Payers
Ttem Mate” and Resort Islands Alrport Tnhabitcd
Villingili , Island [sland
- Payers of SWM | 1. Central Gov't. Owners of Maldives 1. Central Gov 1. |
Cost 2. MCPW (WMS) Resorts Airposts 2. Beneficiaries
: 3. MM Authorily
4. Beneficiaries

As the above table shows, it is proposed that the WM in resorl istands be
entirely taken care of by the management of resorts. In the same way, Maldives
Airports Authority will be tolally responsible for the SWM of the Hulhule
Airport. That is to say, both resort proprictors and the Maldives Airport
Authority must self-finance whatever works and O & M to be required for
SWM.

In the case of the SWM of Male’ and Villingili, four parties will be involved as
the payers of SWM cost. It is proposed that in general the initial cost be borne by
the central government, depreciation by MCPW (WMS) and MM, and O & M
cost by the beneficiaries. In the same way, for the inhabited istands, two paties
will be involved: the initial cost will be bome by the government, and both
depreciation and O & M cost will be borne by the beneliciaries.

2) Target Level of Cost Recovery

As already mentioned in the preceding sections, the initial cost is proposed to be taken
care of by the central government. In case it is gotten through bond raising or loans, it is
proposed to be taken care of by cither the government or beneficiaries depending on the
size of initial cost. '

It is proposed that the O & M cost be entirely recovered through the introduction of
solid waste charge from the beneficiaries. Regarding depreciation, it will be borne by
MCPW (WMS) and MM in the Male’ and Vicinitics Project. MCPW (WMS) will take
carc of the depreciation related to the replacement/rchabilitation of transportation and
disposal facilities, while MM will allocate the budget for the depreciation related to the
replacement/rehabilitation of collection vehicles. In the Atolls Project, depreciation will
also be borne by the bencficiarics because it was clarified that they can afford to
shoulder both O & M cost and depreciation.

Under the above conditions, the average monthly payment by the beaeficiaries works
out as follows:
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Solid Waste Charge (monthly average per beneficiary)

Male™ and Vicinities Project Atolls Project
Beneficiaries Male’ Villingili Inhabited Islands
2003-2010 2003-2010 2001-2010
Average Average Average
Houses R{14,410x1.3% R1£9,691x0.5% R{6,527x1.6%
x88.5% x177.0% x36%
Rf.166 RI.86 Rf38
Establishments/ RI.[,292 Rf.1,292 RE879
Institutions x88.5% x88.5% X36%
Rt.1,143 RE1,143 RE316

From 2003 10 2010 in Male’ a house with the average monthly income of Rf. 14,410 is
proposed to pay Rf. 166 per month as solid waste ¢harge, which accounts for 1.15% of
its income, that is, 88.5% of 1.3%, its willingness to pay. In the same way, an
establishment or institution will pay Rf. 1,143 per month on average as solid waste
charge, that is, 88.5% of its willingness to pay.

From 2003 to 2010 in Villingili a house with the average monthly income of Rf. 9,691
is proposed to pay Rf. 86 per month as solid waste charge, which accounts for 0.885%
of its income, that is, 177.0% of 0.5%, its willingness to pay. In the same way, an
cstablishment or institution will pay Rf. 1,143 per month on average as solid waste
charge, that is, 88.5% of its willingness to pay.

It is to be reminded that solid waste charge for houses as the percentage of willingness
to pay in Villingili is proposed to be twice as high as in Male’. It is because willingness
to pay for houses in Villingili is less than half compared with Male’.

From 2001 to 2010 in an Atolt a house with the average monthly income of Rf. 6,527 is
proposed to pay Rf. 38 per month as solid waste charge, which accounts for 0.58% of its
income, that is, 36% of 1.6%, its willingness to pay. In the same way, an establishinent
ar institution will pay RF. 316 per month on average as solid waste charge, that is, 36%
of its willingness to pay.

For more delails, refer to Tables 10 and 11 in Supporiing Report G.

Solid waste charge in terms of the price per unit weight will be structuvred as follows:
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Solid Waste Charge (price per ton)

Male’ and Vicinities Project Atolls Project
Beneficiaries Male’ Viltingili Inhabited Islands
2003-2010 2003-2¢10 2001-2010 )
Average Average Average
Houses RY. 92,780,000 Rf. 4,446,000 Rf. 57,669,000
/225,826 tons 14,199 tons {786,210 tons
- Rf 411 RE 313 RE 73
Establishmemts/ Rf. 47,971,000 - -
Justilutions /493,334 tons

Rf. 97 - -

It is expected that Rf. 92,780,000 will be collected from domestic beneficiaries as solid
waste charge in Male” from 2003 to 2010. On the other hand, 225,826 tons of domestic
solid waste is estimated to generate in the Capital City in the same period. Therefore,
domestic solid waste charge is calcutated at Rf. 411 per ton. Likewise, R, 47,971,000
will be collected from non-domestic beneficiaries as solid waste charge, white 493,334
tonnes of non-domestic solid waste will be gencrated. As a result, non-domestic solid
waste charge comes {o Rf. 97 per tonne.

Rf. 4,446,000 is expected to be coliccted from domestic beneficiaries as solid waste
charge in Villingili from 2003 to 2010. On the other hand, 14,199 tonnes of domestic
solid waste is cstimated to generate in the istand in the same period. Therefore, domestic
solid waste charge is calcutated at RE. 313 per ton. There is not enough information to
estimate non-domestic solid waste charge per ton.

In the Atolls, Rf. 57,699,000 will be collected from domestic customers as solid waste
charge from 2003 to 2010, while. 786,210 tons of domestic solid waste will be
generated. It means that domestic sold waste charge will be Rf. 73 per ton. There is not
enough information to estimate non-domestic solid waste charge per ton.

Solid Wastc Disposal Charge for Airport and Resort Islands (per month)

Beneficiaries Male’ and Vicinities Project

2003-2010 Average

Airport Island Rf. 219,000/8 years/12 months

Rf. 2,281

Resort Islands Rf. 1,413,000/8 years/12 months

Rf. 14,719

The solid wasie disposal cost will be shouldered aniong the three parties, namely Male’
and Villingili residents, the airport island and resort islands. - :

To meet the disposal cost, the authorities are proposed to collect Rf. 219,000 and Rf.
1,413,000 from 2003 to 2010 from the airport island and resort islands respectively. The
average monthly SOl_id waste disposal charge during the same period is, therefore,

l. 6-106



Part  Final Report

calculated at Rf. 2,281 and RE 14,719 for the aitport istand and resort islands
respectively. Supposing the number of resort islands is 37, the monthly charge per resort
island works out to Rf. 398,

(3)  Fee Collection System

There are two major ways for collecting solid waste charge. They will be explained
hereunder.

a.  Regular Bill Collection System

This is the system under which the authorities regularly collect the solid waste
charge by visiting cach and every clicnt on a monthly basis.

There will be two concepts conccnﬁng the tarift under the system.
1. Uniforim Rate

Under this concept, every client in the same category and area will pay the same
amount of solid waste charge. The table titled Solid Waste Charge (inonthly
average per beneficiary) in the preceding section (2) Target Level of Cost
Récovery fully prc's'ents‘: the tariff according to this way of thinking.

2. Payment According to Affordability

Under this concept, the solid waste charge will differ in accordance with the plot
size, floor size, amount of income, number of people, elc. in houses,
esiablishments and institutions.

The first concepl appears to be casier to be implemented, although it is not fair
from the standpoint of sacial justice. On the other hand, the second concept is
casier said than done, but it is socially reasonable and acceptable. It is 10 be
reminded that the total revenue to be collected must be the same for both
concepls.

It is recommended that the solid waste charge bill be collected together with
water or clectricity bill.

b.  On the Spot Payment System

Under this system a customer will pay solid waste charge according to the
weight of solid waste he wants the authoritics to take away at the spot the
transaction occurs. The charges will be different depending on the categories of
the wasle and ihe areas. The table titled Solid Waste Chatge (price per ton) in the
" preceding section (2) Target Level of Cost Recovery fully presents the tariff
according to this system. The transaction will occur at the transfer stations.
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It goes without saying that the final amount of revenue to be collected is the
same in both systems.

(4)  Disbursemeat Procedure
Comparisen of Revenues and O & M Cost

(Unit: Rf. 000)

Male’ and Vicinitics Project Atolis Project
Item Male® and Villingili Inhabited Islands
T 2001-2010 2001-2010
Revcnuc.s
from Solid Waste Charge 142,920 ) 74,921
from  General  Revenue 126,575 -
Budpet
Toiat 769,395 74,921 N
0 & MCost
O & M Cost 127,856 10,450
Depreciation o 115,075 54,403
Total 242,931 64,853

A_l_l_qc_:_alion_qf Revenues ;md 0 & M Cps_l__i_)q_lyyf.jcn_ _MCPW g;}d MM in Malc_:_’ and
Vicinitics Project

(Unit: RI. 000}

Male’ and Vicinitics Project
Item 2001-2010
' MCPW T MM

Revenues

from Solid Waste Charge . 112,519 30,401

from  General  Revenue 109,868 16,707
Budget

Total 222,381 47,108
0 & M Cost

O& MCosl 100,659 27,197

Depreciation 99,890 15,185

Total . 200,549 42,382

As the above tables show, the reveaue amounting to RE 142,920,000 is assumed to be
collected from the beneficiaries as solid waste charge. The collected charge will be
used to recover the O & M cost estimated at RE 127,856,000 under the Male® and
Vicinities Project from 2001 to 2010. The general revenue budget amounting to RIC
126,575,000 will be used to cover the depreciation amounting to Rf. 115,075,600, The
revenue from solid waste charge will be split between Ministry of Construction and
Public Works (MCPW) {Waste Management Seciion (WMS)) and Male’ Municipality
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(MM) according to the O & M cost involved. Also, the general revenue budget will also
be split between them in accordance with the depreciation involved.

Although the JICA Study Team does nol immediately recommend it because of
cnvironmental considerations, supposing MCPW uses the land plot to be newly
avatlable in the new Thilalushi istands for renting to industrial and other clients, the
rents thus to be raised can be appropriated to meet depreciation.

Under the Atolls Project from 2001 to 2010, the revenue amounting to Rf. 74,921,000 is
assumed to be collected from the clicnts as solid waste charge, which will be used to
cater for both the O & M cost and depreciation estinated at Rf. 64,853,000 in total.

The surplus from the solid waste charge revenue, if any, will function as conlingencies
or will be used for expansion of facilities.

For more details, refer to Tables 8, 10 and 11 in Supporting Report G.
6.5.3 Financial Avrangement

Financial statements were projected for both the Male’ and Vicinilies and Atolls
projects so that the authorities concerned may proceed with the projects in a financially
sustainable manner.

To reach the stage where such statements are prepared, a lot of projectlions and
estimations have to be made.

First of all, cost and revenue have to be estimated in the years to come up to the target
ycar of 2010.

Regarding cost estimation, it is shown in detatl in Tables 7 and 8 in Supporting Report
G. In section 6.5.1 there is an overall description on it. To allocate depreciation in the

years to come depreciation periods must be fixed for facilitics and equipment to be

constructed/installed.

‘The detail on the periods is shown in Table 7 in Supporting Report G. They can be
summarized as follows: '

ftem Yards and Other Civil Buildings | Coénsiruction Other
the Like Engincering _ Vehicles Construction
Works Equipment
Depreciation 30 S0 35 5 10
Periods ‘

As regard to the esfimation of revenuce and budget allocations, the overall explanation is
added hercunder. It is also presented in detail in Tables 10 and 11 in Supporting
Report G. '
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n Estimation of Revenue and Allocations from Public Budget

Domestic Customers

Male’ and Vicinities Project Atolls Project
ftem Male’ Villingili nhabited Islands
2003 2010 2003 2010 2003 2010
Population 77,097 88,822 3,587 9,100 70,578 | 285,543
No. of Houses 5,384 6,203 317 806 5,931 | 23,995
(Theoretical)
Income 12,971 15,874 8,724 10,675 6,048 7,402
(Rf./m/house)
Payment for 1.3%x 13%x | 0.5%x | 0.5%x 1.6%x 1.6%x
S\WM as % of 88.5% 88.5% 177.0% | 177.0% 36% 36%
Income
[ Revenue 9,159 12,914 279 368 2,355 11,663
(R. 000)

Poputation in Male’, Villingili and Atolls was projected based on the official data
prepared by MPHRE and Maldives Housing and Urban Development Authority.
Population was statistically converted into the number of houses according to the
ave}age size of houschold. Monthly income per house was estimated based on the
results of socie-economic questionnaire surveys. It was assumed to grow in parallel with
the growth of per capita income. The growth of per capila income was projected from
the estimated growths of population and the cconomy. Payment for SWM was
determined in such a way that the ultimately calculated revenue might cover the 0 & M
cost. In the above table, 1.3%, 0.5% and 1.6% are the willingness to pay for SWM in the
respective three arcas. Finally, the number of houses, income and payment for SWM
were multiplied to arrive at revenue.

Non-Domestic Customers

Male’ and Vicinities Project Atolls Project

Item Male’ Villingih Inhabited Islands

2003 2010 2003 2010 2003 2010

No. of 404 405 19 48 259 1,046
Establish./
Instituiions

Payment for 1,163x 1,423x 1,163x 1,423x 814x 996x

SWM (Rf)) 88.5% 88.5% 88.5% 88.5% 36% 36%

Revenue 4,740 6,676 223 689 365 4,276

{Rf. 000)

The number of establishments/institutions was projecled to grow in parallel with the
growth of population. The willingness to pay for SWM was assumed to go up in parallel
with the growth of per capita income. Payment for SWM was determined in such a way
that the ultimately calculated revenue might cover the O & M cost. In the above table,
Rf. 1,163, 1,423, etc. are the willingness to pay for S\WM in the respective years and
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arcas. Finally, the number of establishments/institutions was multiplicd by payment for
SWM to arnve at revenue.

In estimating the number of establishments/institutions in Villingili, the ratio of the
number of establishments/institutions to population in Male’ was used. In the Atolls it

was asswmned that the said ratio would be by 30% less than in Male’. Also, in the Atolls

it was assumed that the willingness to pay in establishments/institutions would be by
36% less than in Male’.

Allocation from Public Budget

{tem Male’ and Vicinities Project
2003 2010
MCPVW Budget 162,468 252,756
Estimates : '
(Rf. 000)

Allocation Ratio 6.67% 6.67%
Allocations 10,837 16,859
MM Budget 21,710 33,345

Estimates ‘
(R{. 000)
Allocation Ratio 7.65% 1.65%
L Allocations 1,660 2,550

The future magnitude of the expenditure budget of MCPW was estimated by employing
regression analysis on the assumption that it is correlated with GDP. The same micthod
was employed to estimate the future expenditure budget of MM. The analysis and the
results are shown in Table 9 in Supporting Report G. The ratios to be allocated for
SWM were determined in such a way that the allocated amount might cover
depreciation. In the case of MCPW the ratio came to 6.67%. For MM it is 7.65%. It is to

be reminded that currently MCPW and MM are estimated to appropriate 7.0% and 8.3%
for SWM.

For overall preconditions for the projection of financial statements and its results, refer
to 6.7.2 Project Evaluation (4) Evaluation on Financial Sustainability.
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