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Formation of Comprehensive SWN System
Reinforcement of Institutional System
Basic Law System for SWM

Basic Structure of Institutional System
Introduction

The objective of the SWM should be placed on the protection of living
covironment, improvement of public health and preservation of the natural
environment. Thesc aspects comprise a fundamental condition for the future
development through the proper SWM in respect of discharge reduction,
storage, collection, transport, recycling and disposal of the waste.

All parties such as houscholds, industries, local and national govemment
authorities concerned should play role for this intended achicvement.

An appropriate institutional and legislative arrangement should be indispensable
condition for the cffective SWM.

The study team shall hereaflcr present the proposed framework for basic
institutional and legislative arrangement being required for SWM at pational
level of the Republic.

Sctting Up of the Principle

In the light of the national goal mentioned in this study, the framework should
be established based on each following principle.

The First principle is the “principle of environment esteem”. As the
environment, the fundamental base of the future development of Maldives, is
one of the most important resources of the nation, SWM should be carried by the

~ niethod that is paid attention particularly to the preservation of the envirenment.

This is the most important principle among othess.

The Second is "the principle of self responsibility disposal”. The essential
responsibihity for SWM should be charged on any entity that generates waste,
irrespective of houschold, businéssman and public sector. The government
authorities concemed are only responsible for provision of the circumstances in
that those generators are smoothly able to carry out their duties.

The Third is "the principles of classification of general waste and indusirial
waste”. One of the most realistic and cficctive classification of wastes, to
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correspond the institutional and legistative system with waste, is to classify into
the domestic and industrial wastes.

The Fourth is "the principle of the management responsibility by adminisirative
authoritics”. The SWM is the part of main duty of the administrative anthorities
for the safety and improvement of the life of the citizen directiy.

The Fifih is "the principle of the guidance by government”. A nalion can
implement the SWM of industry appropriately through the leadership of an
authority concerncd. The SWM of the tourism industry should be a good
example in Maldives.

The Sixth is "the principle of private sector involvement”. A more eflicient
SWM service would be offered through appropriate competition by both public
and private entities concerncd. And the public financial burden on the matter
would be reduced more than otherwise.

The Seventh is "beneficiary-payment principle”. By this principle, people can
theoretically receive the service on SWM more fairly.

The Bighth is “ the Polluter Pay Principle . This is the common sensc in the
world today.

'The Ninth is "the constitutional government principle”. The improvement of
the legislative system is the consistent policy goal of the government. However,
several activities of the SWM are lacking the legal provision, because " a
comprehensive SWM act " is not enacted yet. Therefore, the Maldives
governiment should prepare this aspect urgently.

The Tenth is "the principle of local circumstances correspondence”. The SWM
in the metropolitan arca could not work, if the big population arca does not
correspond with a high level system of a farge-scale technology standard.
However, they can contrastively solve the problem efticiently with the
conventionat method of small-scale in a local community in where there lives
extremely littte population. Accordingly, development of appropriate SWM
systen to various siluations is very important.

The Last is "the principle of comprehensive SWM system". 1t is extremely
important to set up the structure of the SWM institutional and legislative
arrangements with consistency to across the whole couniry, '
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The Proposed lastitutional Framework of the SYWM System at National
Level

When the SWM continues to be carried out without a planning as used to be,
there is the fear that might bring about the cnvironmental deterioration in the
future in Matdives.

The islands in where waste is generated could be classificd into two types;

the inhabited island such as Male' and so-called inhabited island, and the
function island that is used for a business purpose such as resort islands, airport
islands and Thilafushi ctc.,

No administration is provided for any function island. Also, the population scale
and the population density are diverse to large extent across the inhabited
islands. The geographic spread of this demographic diversity of islands shapes
the characteristics of the Maldives.

Like this, the local conditions are various across the areas. Nevertheless, these
SWM would be able to be managed by an integrated single management. And
this type of management system should be introduced for the national SWM of
the Maldives.

Because, first of all, this management systemy consistently ecnables the
comprehensive planning  and implementation of the national SWM policy.

Furthermore, this management system would bring about advantages that would
be able to transplant success experiences performed in some areas into other
areas, or that would be able to alford more effective multiple wtilisation of the
valuable S\WM facilities than otherwise.

And, the most important advantage of this institutional system is the formation
of firm base for the long-term policy exccution.

The proposed structure of the institutional system is as shown in Figure 5-1.
With being set up through coordination and mobilisation of the functions and
resouwrces of authorities concerned, this framework aims to create a proper
institution for comprchensive SWM.

In the Maldives, SWM will be the subject that the highest organ of the nation
should take direction. The importance of the eavironment of Maldives is
understood well in this country, The relation of environment and SWM is just
sanic as that of the two wheels of a cart. In other words, cnvironment
protection can not exist without proper S\WWM. Therefore, a national highest
organization should shake a flag to direct and stimulate people even for SWM,
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New establishment of a National Commission for SWM sheuld be proposed.
Constitution and management of this organization shall be conform to those of
the National Commission for the Proteciion of the Environment

L.cad agencies for the arca would be the Ministry of Home Aflfairs, Housing &
Eavironment as well as the Ministiy of Atolls Administration.

The MHAHE because of prime environment concems associated with solid
waste pollution and the plurality of sectors that are responsible for generating it.
This ministcy and MAA because of stewardship role those have to play in the
administrative arcas to which the issues of sanitation and protection of their
envirconment related.

As no administeation is provided any function island such as resort islands and
airport islands etc., each responsible authority concerned should regulate and
contso! those enterprisers in the istands to carry out the SWM properly on their
own responsibility.
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MHAIE (Ministry of Home Affairs, Housing & Environment)
MAA (Ministry of Atells Administration)
MT (Ministry of Tourism)
] MII (Ministry of Healih)
MTI (Ministry of Trade & Industrics)
MCPW (Ministry of Construction & Public Works)
MTCA (Ministry of Transport & Civil Aviation)
MFAMR (Ministry of Fisherics, Agriculture & Marine Resources)
MM (Male’ Municipality)

Figure 5-1,  Proposed Basic Structure of Institutional System
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Basic Law System for SWM
Introduction

The government should legislate SWM related laws and regulations as
necessary, Recommendations on legislation regarding the national S\WM are
expressed hereafter in this section.

A Cleansing and SWM Act of Maldives (drafl name) as the basic law for
comprehensive SWM, and the National Solid Waste Disposal Technical
Standard of Maldives (draft name) and the National Solid Waste Treatment
Facilities Standard of Maldives (draft name) should be legislated
simultancously. Those three basic laws and standards shall be the gutdelines
for all S\WM interests of the country.

Each authority also shall be required, in accordance with the basic laws, to
legislate proper laws and regulations that shall prescribe more detail and
more concrete SWM activities for its concerns.

Thus, the institutional system shail provide a proper SWM in full range of
activitics from collection, transport, storage, intermediate disposal, sca
transpoit, to final disposal across the areas in the Maldives.

A " Cleansing and SWM Act of Maldives" (draft namc)
The main contents suggested of the basic taw are as being presented below.

The fundamental purpose of this basic law is to provide the regal basis for
the proper disposal of waste.

This law should prescribe duties on solid waste disposal of all parties
concerned such as citizens, enterprisers, the national government,
municipality and Atolls respectively. '

This law also should prescribe the technical and facility standards on solid
waste disposal to be applied in accordance with the national technical and
facility standards laws.

Thus, the SWM of the Maldives must be m;maged in accordance _witi; laws
and regulations completely.
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iit) A model of *' Cleansing and SWHM Act of Maldives" (draft name)
CHAPTER{ GENERAL REGULATIONS

1. Purpose

This law would be enacted for the purpose of preserving the living environment and
improving public health through the restriction of waste discharge, appropriate
sorting, storage, collection, transport, recycling, disposal, cte. of a clean living
ciivironment.

2. Definition

In this taw, “wastes” refers to refuse, bulky refuse, ashes, sludge, waste o, waste
acid and alkali, carcasses and filthy and unnecessary matler, which are in solid or
liquid state (excluding radioactive wastes and wastes pelluted by radioactivity).

In this law, "domestic waste"” refers to waste to those other than industrial wastes.

In this law, "industrial waste” comprises the waste categories defined below:

1) Ashes, sludge, waste oil, waste acid and alkali, waste plastics and others
specified by a proper order or regulation among all the waste lefi as a result of
enterpriser’s activity.

2) Imported wastes {if any)

3. Principle of Management within Maldives and Restriction of Imports

Wastes generated within Maldives shall be appropriately managed within Maldives
whenever it is possible.

Imports shall be restricted so as to prevent from hindering appropriate management
of waste within Maldives.

4. Dulies of Citizens

The citizens shall manage wastes by themselves as far as possible. The citizens shall
cooperate with the national government, municipality and Atolls (island offices) in
their activilies for waste reduction by restricting their waste discharge, using
recycled articles or otherwise contributing towards the recycling and re-use of
wastes, sorting wastes prior 1o discharge. :

5. Dutics of Enterprisers

The enterprisers shall appropriately manage the waste lefl as a result of their
aclivities by themselves as far as possible.

The enterprisers must endeavour to reduce the amount of waste by reeycling or re-
use of wastes. | | -
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The enterprisers shall co-operate with the national government, municipatity and
Atolls (island offices) in their activities to reduce waste, ensure appropriaic
management and so on.

6. Dutics of National Government, Municipalily and Atolls (Istand Oflices)

The municipality and Atolls (istand oflices) shall endeavour to promote resident’s
voluntary activities to reduce wastes in their respective administrative areas and
take the necessary action for proper management of those domestic wastes. They
shall also endeavour to pesform the management personnel, conselidating treatment
facilities and developing operation techniques.

The national government shall collect information about wasles, keep in orderly
arrangement and use it, take measures for promotion of waste treatment technology
development and also take suitable action for proper and smooth management
throughout Maldives.

The national government shall endeavour to give the necessary technical advice to
the municipality and Atelis (istand oftices) to ensure their adequate performance of
their duties prescribed in the foregoing paragraph.

7. Maintaining Cleanliness

Land and building owners (or caretakers) shall endeavour or to maintain cleanliness
of the land and buildings under their care.

CHAPTER GENERAL WASTE

1. Domestic Waste Management lan

The local governments shall set forth a deflinite plan for management of domestic
wastes in respective administrative areas {(which will hereinafter be referred as a "
domestic waste management plan")

The domestic management plan shall include following matters:

1) listimate of the volume of domestic wastes to be generated and the volume to
be treated of. .

2) Matters related to measures for suppressing of domestic waste discharge.

3) Kind of domeslic wastes to be pre-sorted for collectors and descriptions of
those kinds. '

4) Fundamentals of proper domestic waste management and also the
fundamentals relating to the authorities/persons engaged in such managcment.

5) Matters pertaining to the improvement or expansion of waste treatment plants

6) Other matters necessary for the management of domestic wastes.
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2. Management by the Municipality

The municipality shali collect, transport of domestic wastes in the municipal arca
before they interfere with the conscrvation of the living environment, according to
the domestic waste management plan.

Standards on collection and transport of wastes which are to be conducted by the
municipality and standards for the case in which the municipality commissions
someone else to collect and transport of domestic wastes shall be prescribed in a
regulation of MHAHE.

Land and building owners (or carctakers) must ¢xert theinselves to dispose of
wastes in their land or buildings which are easily disposable without hindrance to
the conservation of living environment. As to the wastes which the owners (or
caretakers) cannot disposc of by themselves, they must endeavour to cooperate with
the municipality in the collection and transport of the domestic wastes conducted by
the municipality by properly sorting and storing the said wastes according to the
domestic waste management plan or take other necessary action.

The chairman of the municipality is entitled to give owners (or caretakers) of land
and buildings where a large amount of domestic wasles is generated duc to their
business activilies, instructions regarding planning for reduction of the said wastes,
the place to which they are to be transported, the method of transporting them and
other necessary mallers.

The municipality may collect handling charges for the coleclion, transport and
disposal of the domestic wastes conducted by the municipality and MCPW in
accordance with a municipal order. The amount of the said handling charges shall
be fixed by taking into account the cost of its collection, transport and disposal and
other matlers.

3. Management by the Atolls (island Offtices)

The Atolls (island offices) shall dispose (in necessary case collect, transport and
disposal) of domeslic wastes in the arcas which land and buildings owners (or
carclakers) collect and transport by themselves belore they interfere with the
conservation of the living eavironment, according to the domestic waste
management plan. :

Standards on collection, transport and disposal of said wastes which are to be
conducted by land and buildings owners (caretakers) and the Atolls (island offices)
shall be prescribed in a regulation of MHAHE.
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Land and buildings owners (or carctakers) must exert themselves to collection and
transport wastes in their land or buildings which are casily collect and transport
without hindrance to the conservation of living envitonment.

The island chicf of an island is entitled to ask to owners (or carctakers) of land and
buildings in the community to cleansc the final disposal sites and around places in
the island.

The Local Centers may collect handling charges for the disposal of the domestic
wastes conducted by them and by joint ventures with the MCPW in accordance
with an article of association of the organisation. The amount of the said handling
charges shall be fixed by taking into account the cost of its collection, transport and
disposal and other malters.

4. Domestic Wastes Handling Agent

Any person is allowed (o undertake as a handling agent the collection and transport
of domestic wastes wilh regisiration to the government concerned. The domestic
waste handling agents shail conduct their \mdeﬂakings in accordance with laws and
standards to which are applicd to the municipality and Atolls.

CUAPTER 11l INDUSTRIAL WASTES
1. Management by enterprisers and the municipality and Atolls

The municipality and Atolls (island oftices) may imanage those indusirial wastes
which can be managed of together with domestic wastes and which are judged to be
in nced of their management, either solely or jointly with someone clse as part of
their work.

2. Manageiment Plan

The chairman and Atoll chiefs shall set forth a plan for management of industrial
waste in the entire areas (which will hereinafler be referred to as the " industrial
waste management plan")

The indusirial waste management plan shall include the matters associated with
industrial waste management in the administrative arcas in accordance with a
regulation of MHAHE. ' o '

1) Estimate of the volume of industrial wastes to be generated and the volume to
be treated of.

2) Fundamentals rclated to reduction of industrial wastes and their proper
frecatinent.
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3) Other maiters necessary for treatment of industrial wastes.
3. Treatment by Enterprisers

In the case where enterprisers transport and dispose their industrial waste by
themsetlves, it shall be in accordance with the standards the collection, transport and
disposal of industriat wasles stipulated in a regulation of MPHRI,

The enterpriser shall store the industrial waste Gl the time of management without
hindering the conscrvation of the living eavironment in accordance with technical
standards stipulated in a regulation of the MHAME,

If an enterpriser is to commission anyone else to transport or dispose of their
industrial wastes, that caterpriser shall act in accordance with the standards
stipulated in a regulation of MHAHE and commission an industrial waste coliection
and transport agent.

CHAPTER IV FINAL DISPOSAL OF WASTES

(D The chairman, Atoll chicfs and minister of the Ministry of Tourism can instruct
plentiful industrial waste to make the plans regarding the loss in weight or other
disposal of the industrial waste regarding a proper business, to the businessman who
happens inside the area.

As for the vicarious cxceution of final disposal of the domestic waste and also
industrial waste is exclusive duty of MCPW and Local Centers.

@ The standard regarding the storage, transport, final disposal of the gencral waste
and industrial waste that MCPYW and Local Centers carry out ar¢ determined with a
government regulation of MHAHE.

@ MCPW and Local Centers can impose the charges for the storage, transpon,
final disposal of the general waste and industrial wastle to the beneficiarics.
MCPW and Local Centers must determine the amount of the charges, in
consideration of costs for the disposal of the wastes.

CHAFTERV MISCELLANEOUS REGULATIONS

1. No person shall unnecessarily dump wastes.
2. Collection of Report (if necessary)

3. Improvement Order (if necessary)

4. Order for Actions (if necessary)

5. Government Subsidy {if necessary)

6. Technology Guidance (if necessary)

CHAPTER VI PENAL REGULATIONS

(To be established in accordance with the conditions of the couniry)
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Required By-laws

Beside the basic laws proposed, cach authorily concerned shall be required,
in accordance with the basic laws, to legislate proper laws and regulations
which shall prescribe more detail and more concrete SWM activities for its
CONCETNS.

The government authorities concerned shall be suggested to legislate
following regulations to complete the legal base for waste management
neatly.

The MHAHE regulations;

The MHAHE shall be proposed to legislate a regulation regarding the
formation of the national plan of S\WM, a regulation regarding the co-
ordination among ministsics about SWM, and a hazardous waste
management. The Ministey shall be also proposed to legislate regulations for
cleansing and SWM in Thilafusi.

The MT regulations; _

The MT shall be proposed to amend the existing tourism waste management
- regulations to be in accordance with the waste management requirement (o
reduce discharge of waste, to demand disposal of waste in Thilalushi and so
on.

The MTI regulations;

The MTI shall be proposed to co-operate with MPHRE to legislate a
regulation for waste management of industrial product wastes such as waste
baiteries, waste oil, waste clectric appliances and waste automobile and so
on.

The MEAMR regulations;

The MFAMR shall be proposed to legislale regulations for waste
management of fishery related matters such as waste engine oil of fishing
boat, waste fishing boat and fishing tools and so on. '

The MTCA regulations;

The Ministry of Transportation & Civil Aviation shall be proposed 1o
legislate regulations for wastec management of the airport island, and
cleaning and SWM of sea and harbours. -

‘The M regulations;
The Ml shall be proposed to legislate regutation for wasle management of
medical waste to prescribe the treatment of them neatly.
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The Mate' Municipal ordinance;

The Male' Municipality shall be proposed to amend the by-laws for waste
management in accordance with the change of the state of waste collection
practice as well as the change of the administrative areas.

Task Re-allocation among Authoritics Cencerncd

Basic Management in Capital Region

Basic Management in Mate' and Villingili Islands
o Final Disposal

At present, the final disposal site of the capital region is only one place of
Thilafushi which is managed by the MCPW. This will not be changed in the
future. Also, the MCPW, the sole cxccution body of the final disposal of
wastes from the region will continue to carry out its duties directly or
indirectly.

o Intermediate Storage of Wastes from Male' and Villingiti

Al present, two transfer stations are sct, on¢ in Male' island and the other in
Villingili Island. Although the manager of the Male' transfer station is the
MCPW clearly, it is niot so obvious who is responsible for the management
of the Villingili transfer station. From the viewpoint of this function, it may
be most adequate to put this under the management of the MCPW. The
Government should be advised by the siudy team to decide the amhorily in
responsibility at the occasion that the administrative duty on the island will
be transferred from the Maldives Housing & Urban Development Board to
the Male' Municipality in the near future. Thus, the management of the
Villingili transfer station would become the sole responsibility of the
MCPW clearly.

¢ Haulage to Thilafushi

As for the haulage of the wastes from the transfer stations to the Thilafushi
carricd out by the MCPW now, the present states should be continued even
in the future.

s Collection of Wastes in the Municipality

At present, practices of the collection of wastes in the capital region are
rather complicated. '
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The types of the collection are various as follows, even if it limits $he cases
to be revealed.

Table 5-3. Type of Collection of Wastes in Male'

A. Sclf disposal (carrying to discard) of domestic wastes
A-l. Carrying wastes to discard them to the transfer station by oneself
A-2. Carrying wastes to discard them to the containers set by the Municipality

B. Sclf disposal (vanrying to discard) of the enterpriser's wastes

C. Collection by the Municipality
C-1. Collection of the waste containers
C-2. Collection of the garbage boxes set in public space
C-3. Door to door collection (an experiment stage, on charge)

D. Collection by the privale sector involvement
D-1. Door to door collection (on charge)
D-2. Door to door collection (fre¢ of charge)
D-3. Spot transport (on charge)
D>-4. Collection by individual collectors {on charge)

As soon as possible, a decision should be made to change this state in order
to form a simpler and more effective system for the collection of waste.

if) Basic Management in Capital Region other than Male'

At present, waste management in capital region other than Male' and
Villingtli is carried oul by self-management.
Tasks in this area shall not be re-allocated basically.

iii) Proposed Additional Tasks of Authorities in the Capital Region

The tasks based on the proposed policy will be managed by the Male'
Municipality and the MCPW. Following tasks will be proposed to the
authoritics, by addition to the conventional ones.

Male’ Municipality
LIntroduction of Station Type Collection and Bell Collection
2.Abolishment of the wasle container management in Male'
3.Privatisation of the Coltection Service
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MCPW
L.Composting in Thilafushi
2 Material recycling
3.Waste oil incineration in Thitafushi
4. Intreduction of waste disposal charge

Basic Management in Local Istands
Basic Management

In local inhabited islands, mainly the Ministsy of Atolls Administration
manages public services. The Minisity .of Tourism is independently
responsible for the SWM in local resort islands as well as in the capital
region. Basic management in those local islands shall be continued almost as
same as al present. However commitmeni of the Administration will
increase in some populated istands to improve final disposal sites.

Introduction of A Collective SWM System to Local Centers

In accordance with the proposed policy, SWM of the local inhabited islands
will be developed through three development stages. Those would be:

Existing stage;

SWM of this stage is as same waste management practice as used to be, with
sclf disposal sites. The coverage of the waste management is limited within
an inhabited istand.

Second stage;

SWM of this stage shall be developed with improved type disposal siles
built with support of the MCPW. The coverage of the waste management
shall also be limited within an inhabiled island.

Third stage;

SWM of this stage shall be developed with an amalgamated disposal site,
which shall be built with support of the MCPW. The coverage of the waste
management shall be extended to carry out the SWM activities across plural
istands at the samic time. This SWM system should be introduced only in the
arcas where huge numbers of people will populate and discharge huge
volumes of wastes. And this SWM system shall offer services on charge
such as collection, transport and fina! disposal to both of houscholds and
industries in the areas.

Local Centers, the execution organ of SWM in the third stage, shall be
established in accordance with the proposed policy.
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c.

The resources and functions of Local Ceaters will be:

(1) Vehicles, ships, loading and unloading facifitics and transfer
stations and final disposal siles;

{2) Operation and maintenance of the machines and equipment;

{3) Collection of charges;

(4) Manpower resources including fair numbers of skilled and
technical stafls.

These Local Centers will become a fairly big organization in number of
stafls, in opcration and maintenance costs and financing cte., and will
require a high level of manageinent. These requircinents shall be beyond the
sole capacity of the local communities or local private sector involvement
cven in the future.

The study team proposed an allernative of the organization concerned as
follows.

In accordance with the basic goal to reduce waste discharge and to
correspond with local conditions, Local Centers shall be established based
on a new organization concept that is called Collective SWM Systen.

Fund source for cstablishment of the organization would be shared by
beneficiaries, Atolls and the national government. The operation costs
should be covered as much as possible by revenue from charges. However,
in casc of deficit, the national government shall subsidise to it for a ceriain
pertod in the carly stage.

‘The MCP'W shall assist it about necessary matters such as an advice on the
amount of charge, sustainable suppori for procurement and operation and
maintenance of its machines and equipment. The MCPW shall also give
sustainable assistance to it through the technology transfer and technical
assistance.

Special Management by Type of Waste

Based on the proposed policy, four kinds of wastes shall be required special
management in addition to the conventional waste management; medical
waste, waste oil, waste batiery and sea waste.

Medical Waste

At present, the medical wastes are discharged from two hospitals and about
27 clinics in Male'. In many cases those wastes are managed improperly by
depending on the sell-judgement and conditions of each hospital and clinic.
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One hospital in Male' incincrates its medical wastes properly with the
incinerator equipped by its self. Others convey those wastes into the transfer
station to incinerate waste there by using of the metal barrel. This is quite
inadequate practice.

The local hospitals incinerated medical wastes with the incinerator of each
hospital. However, as for the clinics, there exists the possibility that they
dispose the medical wastes generated inadequately.

The study team proposes to the government that the management of medical
wastes should be improved with the application of following methods.

(1) All medical wastes should be stored safely and should be
incincrated with the incinerators strictly.

(2) The medical wastes generated from clinics in Male' should be
incinerated by using the incincrators of two hospitals of the
municipalily. To incinerate medical wastes from the local clinics,
by using the incincrators appropriately, the government may
provide subsidics to themn for acquisition of said equipment.

(3) The MCPW should prohibit any body from incinerating medical
wastes at the its sites in accordance with the said improvement.

(4) The Ministry of Health should play tmportant rele in the matters

~ mentioned above.

Table 5-4.  Proposed Task Allocation for Medical Waste Management

authority Present [ proposed
Hospital T. Store medical waste safely T. Store medical waste safely ™
2. Incinerate medical waste 2. Incinerate medical wasie
Clinics in Male' 1. Store medical waste safely I. Store medical wasle safely
2. Transport {0 transfer station 2. Fransport to hospital and
and incinerate it incinerate it
Clinics in local 1. Store medical wasle safely
2. Incinerate medical waste
Ministry of Health | 1. Supervision on Hospital 1. Supervision on Hospital and Clinics
and Clinics
MCPW 1. Allow Incineration at the

Transfer Station

Waste Oil

Al present, some eniities bring waste oil to the transfer station in Male' to
incinerated it there. Also some others may discard wasle oil into some
places in spite of the entire inadequacy. There is the possibility that this deed
may break the prescription of article 7-{a)/L.aw No. 4/93 of the
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ENVIRONMENTAL PROTECTION AND PRESERVATION ACT OF
MALDIVES.

Under the circwnstances, every parly concerned including users and
supplicrs should make the effort, to improve the situation at once.

The government authoritics concerned should make special cfforts to sweep
aut those cases for the promotion of environmental conscrvation.

The MHALE should take initiative among authorities concemed with co-
operation of those concerned. The MCPW shall facilitale matters to
establish facilities to solve the matters concerned of the waste oils.

Table 5-5. Proposed Task Allocation for Waste Qil Management

authorily present proposed
User 1. Bring to Transfer Station or 1. Store waste ¢il safely
throw it somewhere 2. Bring it to Supptiet
Suppticer I. Store waste oil safely
2. Bring it to Transfer Station orf Thilafushi
MPHREMTI - 1. Fstablishment rule of waste oil collection
2. Supervise waste oil collection
MCPW 1. Incinerate at transfer station I. Install storage at transfer
station & Thilafushi
2. Design and Construction of
waste oil incinerator
3. Incinerate at Thilafushi
iil) Waste Battery

In most case, the waste batteries are mingled into domestic and industrial
wastes and disposed together with those wastes. The method of collection
and final disposal of the waste batlerics is quite improper at present.

The special cfforts of government authorities concemed should be made
with cooperation of all pastics concerned, as it as in the case of the waste oil,
to improve the situation at once.
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Table 5-6. Proposcd Task AHocation for Waste Baftery Management
authority propased o

~User 1. Sfore waste batferies

2. Bring them to suppliers

Supplier or Thitafusi 1.Store waste baltesies

2.Bring them to transfer stations

MHAHEMITI 1. Cstablish rule and regulations of battedies
collection

2. Supervise waste battery collection

MCPW 1. Install storage at transfer station or Thilafusi

2. Design and  construction of sierage and
processing yard

3. Prepare confining boxes

4. Treat wet batteries

iv) Sca Waste

Whether in the navigation or in the anchoring, it is prohibited to discard
wastes from the ships and boats into the sea. The more complete observance
shall be requested.

Also, the management reach on the SWM should be extended to be able to
cover the areas to the outside of the Malc' harbour.

Table 5-7. Proposed Task Allocation for Sea Waste Management

authority present proposcd
“Ship Owner I.Tnstruction of Due Equipment ™
2. Instruction of crew
Crew 1. Prohibited to throw 1. Prohibiled to throw waste in the sca
waste in the sea 2. Obey the Instruction
Passenger and 1. Prohibited to throw waste 1. Probibited by rule and regulations
People on the
on shore
NSSH I. Cleaning Male' Pori(sea bed) 1. Cleaning Male' Port {sea bed)
2. Inspection on littering(out side)
MCPW 1. Cleaning Male' Port(surface) I C'Ieaning Male' Port {(surface)
2. Inspection on littering (inside)
3. Cleaning Male' Port (cutsidc)

Note * ; NSS serves on voluntary base on holidays
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®

Capacitly Building of Concerning Bodics

Restructuring of organisations are proposed in the previous section based on the
roles and tasks allocated to each bodics concerning SWM for improvement and
further development towards establishment of the integrated S\WM system.

On the basis of the proposed organisation and task allocation to cach relevant
agency, the capacily building programs shall be implemented for the belter
functioning of daily operation of SWM through acquisition of suflicient numbers of
stafl assigned for each task.

a.

Capacity Building for Daily Operation

In order to provide effective and eflicient SWM services, the concerned
bodies have to develop the organisational and management capabilities
proposed as in the followings.

®

@
®

Establishment of cfficient organisational structure for overall SWM
services and for daily operation with clear reporting lines, rational
distribution of tasks, reasonable span for control and number of
levels of managers/supervisorsfinspectors/labours

A clear assignment and delegation of responsibilities and adequate
authorily to managers and supervisors with accountability for
individua! performance

Establishment of procedures to clearly set and monitor objectives
from the strategic level down to management and supervision of the
services

Effective policy formulation and planning of SWM including daily
operation, annual operation, middle teon and long term ptans in
reflection of effective financial management

Effective decision making by managers with the right decision in the
shortest time

Establishment of cffective and appropriate information system
including work flows and communication paucrné for managers to
make eflective decision to carry out their responsibitily

Periodic assessment of tasks with the target levels and criteria and
improvenient of performance of tasks .

Training of stafl to have common understanding and procedures for
performing the tasks and services with standardised criteria

Daily operation requires the stafling and responsibilities for the functional
activities set for the key staff as proposed in the followings for Male’
Municipality but some of the staffing and responsibilities are also applicable
for local municipalilics.
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Waste Collection
Waste Collection Manager

Undergoes cntire responsibility for waste collection method, labour
management and monitoring of the work performance.  Preparation of the
daily record for reporting to the municipality oflice.

Chief Waste Collection Operator

Assists the waste collection manager. Responsible for instructing the
operation procedures, scheduling of drivers and workers for waste collection
operation.

Waste Coltection Inspector

Assist the chief waste collection operator for performing appropriate waste
collection operation.  Inspects periodically to maintain  cleanliness,
sanitation and acsthetic beauty of the service arca.

Waste Collection Vehicle Driver

Drives collection vehicle, checks the vehicle hefore and after operation,
wash vehicle after operation and reporis the result of operation and
inspection to the supervisor.

Waste Collection Worker

Loads solid waste from communal collection points or from person carry
waste to the collection vehicle and sweeps wasle droppings on the street.

Transfer Station and Waste Transparfation
Waste Transfer/Transportation Manager

All the responsibility of handling waste transfer operation, labor
management and monitoring of the work performance. Preparation of the
daily record for reporting to the head office.

Chief Waste Transfer/Transportalion Operator

Assist the waste fransferftransporlation manager.  Responsible for
instructing the staff for scheduling, procedures of receiving, separaling,
storing, reloading and (ransponing wasles.
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Cletk/Accountant

Supports the manager to regulate waste transfer operation and charging
wastc disposal fee.

Truck Scale Operator

Operates truck scale to measure and records quantity and types of wastes,
number plate of direct transportation vehicles and directs the driver to the
designated unloading area or pit.

Waste Loading Machine Operator

Operates and controls unloading/loading machines to receive/carry out
waste al the teansfer station and direct the waste transportation driver for
departure.

Mechanics

Is responsible for repair and periodical maintenance of all the vehicles,
machines and cquipment.

Common Labour

Supports the waste transfer/transportation operation including control of
vehicles entering/leaving from the transfer station.

Waste Transportation Driver

Drives waste transportation vehicle and checks the vehicle before and after
operation, wash vehicle after operation and reports the result of operation
and inspection to the site manager.

Barge Captain

All responsibility for navigation of barge to the disposal site, prepare daily
records of operation and repost to the site manager.

Waste Disposal
Waste Disposal Manager

Undergoes entire responsibility for receiving, separating, storing and
disposing wasle, labor management and monitoring of the work
performance.  Preparation of the daily record for reporting.

Chief Waste Disposal Operator
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Assist the waste disposal manager. Responsible for instructing the stafl for
scheduling, procedures for receiving, scparating, storing, and disposal of
wastes, control of daity work ef the operators to dispose at the designated -
arca.

Site Inspector

Assist the chief waste disposal operator for performing appropriate waste
disposal operation. Inspects  safely against disaster, accident and
caviconmental pollution at the site.

Machine Operator

Opcrates heavy machine for disposal of wastes, check condition of the
machine before and afler the operation.

Acquisition and Training of Personnel

In order to perform SWM services to the satisfactory manners, provision of
suflicient numbers of capable and skilled staff will be indispensable.  An
acquisition of staff’ will be made through the expatriates from Sri Lanka and
Bangladesh in addition to the Maldivian citizens or through privatisation of
SWM services. However, it may be belter to raise the social awareness
and acceptance to the SWM services so that the Maldivian staff can proud of
working for the public services to mainlain cleanliness of the municipalily.
In practical, an acquisition of the staff can be made in accordance with the
proposal in the followings.

Managerial Stafl

* Administrator or engineer, a Mahlivian national
Control and Monitoring

» Technician, a Maldivian national
Mechanics

s Technician from, a Maldivian nalional

» [Dngineer or technician from Sri Lanka
Truck and Machine Opesator

¢ Truck and machine operator from Sri Lanka

» Truck and machine operator from Bangladesh

1. 5-29



FPart I Final Report

Conunon Labour
» Public service labor from Bangladesh

These stafT need specific and periodic training for the purpose to perform a
better quality services for contribution to the society and conservation of the
environment. The followings are the training courses necessary to develop
human resources to acquire the capable staft for SWM services.

(D Managerial standards for SWM services
@ Technical standards and criteria for planning and operation
@ Individual performance for accomplishing tasks

5.3.2 Reinforcement of Budgetary Seurces for SWil
(1) Recommended Level of Budgetary Allocation
a. Initial Cost
i) Comparison with Government Budget ’
(Unit: R miflion)
Year Goverament Initial Cost of Ratio lnitial Cost of Ratio Total Ratio
Revenue Budget | Male® Project (%) Atolls Project (%%) (%o}
A B C=B/A D =D/A F=Ct[}
Total* 35,268 349 1.0 330 0.9 1.9

Nole: *="Total 2000 to 2010

The total amount of the initial cost of the SWM project for Male” and
Vicinitics is estimated at Rf. 349 million. It corresponds to 1% of the
estimated cumutative total of the revenue budget of the government of
Maldives from the year 2000 to 2010 as the above table shows.

Regarding the SWM project for the Atolls, it is assumed that starting in
2001 SWM facilitics will be construcied for 2 Atolls per ycar, ending in
2010. The estimated total antount of the initial cost of the project comes to
R{. 330 million. 1t corresponds to 0.9% of the estimated cumutative total of
the revenue budget of the government of Maldives from the year 2000 to
2010 as the above table shows.

Therefore, the total ratio of the initial cost of the (wo projects to the
cumulative government revenue budget from 2000 to 2010 works out to
1.9%. | S a o

For more details, refer to Table 6 in Supporting 'choﬂ G.
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i) Comparison with MCPW Budget
(Unit: RT. thousand)
Year MOPW Initial Cost of Ratio Initial Cost of Ratio {'otal Ratio
Budget Male™ Project {%a) Atolls Project (%5) {%a)
A B C=DI/A D E=DJ/A =C+IL
Tolal* 2,069,680 349,326 16.9 329,360 15.9 328
Note: *=Total 2000 10 2010

iii)

As the above table shows, the eslimated total amount of the initial cost of
the SWM project for Male’ and vicinities corresponds to 16.9% of the
estimated cumulative total of the expenditure budget of MCPW from the
year 2000 to 2010.

Regarding the SWM project for the Atolis, the estimated total amount of the
initial cost of the project corresponds to 15.9% of the estimated cumulative
total of the expenditure budget of MCPW from the year 2000 to 2010.

Therefore, the total ratio of the imitial cost of the two projects to the
cumulative MCPW budget from 2000 to 2010 works out to 32.8%.

For more details, refer to Table 6 in Supporting Report G.
Evaluation of the Initial Cost of the Projects

The above analysis tells that the initial cost of the projects is going to be a
substantial amount in comparison with the budget of MCPW. However, it
will occupy a small portion in terms of the percentage to the government
budget. ' '

In connection with the former comparison, it is to be reminded that it is
written in a World Bank repord that it is usually the case that the proportion
of SWM-related expenditure in the local government budgel reaches 20 to
50%.

Besides, supposing the initial cost were financed by extra-budgetary means,
that is, loans, the government might not soffer from repayment diflicultics,
judging from the cwrrent structure of the government expendilure as shown
below. ' - ' :

(Unit: Rf. million)

Item 1992 1993 1994 1995 1996
Expenditure 1,206.3 . “1,388.7 1 1,360.8 1,720.1 - 1,652.6
Interest on 21.5 31.0 56.1 76.5 93.1
Public Debt

Ratio (%) 1.8 22 4.1 4.4 5.0

Sources: Annual Report 1996
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The above table shows that the debt service ratio, or the share of the interest
on public debt in the total government expenditure is small, although it is
increasing every year. It bespeaks of the healthy structure of the expenditure
of the Maldives government.

With rcgard to the government debt as the percentage of GDP, it stands at
65.8%, of which extemal debt is 44.6% as of 1997, The latter value is less
than onc half of 90.0%, which is the average external debt ratio in the 135
low- and middle-income countrics of the world.

b. O &M Cost
(Unit: RF. thowsand)

[ten Male’ and Vicimties Project Atolls Project
O&M Depreciation Total O& M Depreciation Totat
2010 16,807 17,397 34,204 1,900 9,892 11,792

The operation and maintenance cost of the SWM projects for Male® and
Vicinities and Atolls is estimated to total R 34,204 thonsand and RE.
11,792 thousand respectively in the target year of 2010 as the above table
shows.

It is proposed that the O & M cost and deprectaiion in the former project be
borae by the beneficiarics and MCPW/MM respectively, while boththe O &
M cost and depreciation in the latter project be borne by the beneficiaries.

In the first project each house in Male® will monthly pay Rf. 166 or 1.15%
of its income on average during 2003 1o 2010, and
cstablistunents/institutions will pay Rf. 97 per tonne on average during the
same period. Also, MCPW and MM will allocate 6.67% and 7.65% of their
budget respectively to cater for depreciation.

In the second project each house in an Atolt will monthly pay Rf. 38 or
0.58% of its income on average during 2001 0 20190.

It is to bc reminded that the proposed monthly payment by both domestic

and non-domestic beneficiaries is 88.5% and 36% of their willingaess to pay

in the Male’ and Vicinities and Atolls projects sespectively. Also, MCPW @
and MM now allocate about 7% and 8.3% of their budget for SWM

respectively.

¥or more details, refer to Tables 8, 10 and [1 in Supporting Report G.
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2)

3)

Possible Scurces to be Allocated
Initial Cost

There are scveral possible sources to finance the initial cost as shown below.

i. Grants

ii. Bond raising

iii. Domestic loans

iv. External loans

v. Appropriation from revenue budget

In case ii to iv, principal and interest have to be paid. They are proposed to
be paid basically by the government. However, depending on the stze of
initial cost, they can be borne by the beneficiaries.

In the latter case, O & M cost to be bome by the beneficiaries will go up.

Casc v. means an allocation of the government revenues deriving from
b BN 1Y

“import duty”, “tourism tax> and “lease and rents of government praperty”,
eic.

One thing to be reminded in connection with case v. is that MCPW can
make usc of {inancial resources that can be made available if it decides to
rent the newly created land plot in Thilafushi 2 and Thilafushi 3 for
industrial and other uses.

A practical way will be a mixture or combination of the above-mentioned
SOUrCes.

O & M Cost

As already mentioned in the preceding section, the sources to recover O &
M cost are proposed to be as follows:

i. Male” and Vicinitics Project
(a) O & M cost : beneficiaries (houses and establishments/institutions)
{b) Depreciation : MCPW/MM

ii. Atolls Project
(a) O & M cost : beneficiaries (houses and establishiments/institutions)
{b) Depreciation : beneficiaries (houses and csfahlishmcntsfinstilutions)

Simulation on Solid Waste Charge

Using the financial statements projection model, a wide range of simulation was
performed to sec how the solid waste charge to be borne by the beneficiaries will
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change under difterent conditions involving initial cost, répayment, depreciation
and O & M cost.

Broadly, 4 altematives were conceived. In alternative A, initial cost will be loaned
and all the cost to be required, namely O & M cost, depreciation cost and repayment
cost will be recovered from beneficiaries in the form of solid waste charge. In
alternative B, initial cost will be leaned and O & M cost and repaynient cost will be
recovered from beneficiaries, while depreciation cost will be met by conventional
budgetary sources. n aliernative C, initial cost (including repayment cost if it is
loaned) will be borne by the government, while both O & M cost and depreciation
cost will be bome by beneficiarics. In alternative D, initial cost (including
repayment cost if it is loaned) and depreciation witl be borne by the government,
while only O & M cost will be borae by beneficiaries.

Each altemative has four difterent cases. Case 1 has no attendant limitation. o case
2, the construction of seawall in the existing Thilafushi will be left undone. In case
3, in addition to case 2 construction of Thilafushi 3 will be given up. In case 4, on
top of cases | and 2 works for revelment of waste and protection of waste in
Thilafushi 2 as well as construction of the office building at the transfer station in
Male’” will not be implemented.

In performing simulation, lending terms of fund for initial cost were assumed as
interest rate: 6%, grace period: 3 years, and repaymeat period: 15 years. Alse,
project evaluation period was assumed to be 30 years from the start of project
implementation.

After performing simulation on each alternative and case, the results were
summarized in the table below.
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Table 5-8 Solid Waste Charge/Month/Iouse and Its Ratio to Income
(1998 Level in Male®)

Item Altcrnative A | Alteenative B | Alternative C Alternative D
Conditions
~ Initial Cost Toaned Loaned Not Specified | Not Specificd
O & M cost Bencliciaries | Beneficiaries | Beneliciaries | Beneficiaries
Depreciation | Beneficiaries | Government Beueliciaries | Government
[ Repayment Bencficiaries | Bencliciaries | (Govermment) | (Government)
Case 1: RIS 00%) | R 223 (3.0%) | RE. 245 (2.2%) | WY, 128 (i.15%)
Wo other conditions
Case 20 REII(0%) | REZIZI9% | R T (21%) -
No reinforcemem of
Thilafushi 1
Case 3 RT 268 (24%) | RE167{(1.3%) | RE 233 (20%) -
Casc 1 +
No construction of
Thilafushi 3
Case 4: RE233(2.1%) | RETIZ{1.1%) | RE2T2(19%) -
Case 2 +
No revetmeat &
protection of waste
in Thilafushi 2, and
no office bidg. in
transfer station

Note: Figures in parentheses are the ratios of solid waste charge to income.

The above table shows if a project is to be financially sustainable, how much
beneficiaries will have to bear as solid waste charge, in each case.

In view of the fact that a house in Male’ now shoulders Rf. 452 or 4.1 % of its
income for water plus Rf. 1,264 or 11.3 % of its income for electricily on average
according to the queslionnaire swvey conducted by the JICA study team. The
expenses altogether come to RIL 1,716 or 15.4 %. The surveyed residents afso
showed a willingness to pay for solid wastc management at 1.3 % of their income.
It deems important for policy makers to pay a due respect to that willingness to pay,
and be careful not to exceed it.

Then, as the table shows, there are only two possible choices, namely one casc
where initial cost is loaned and both O & M cost and depreciation cost are borne by
beneficiaries, and another case where the initial cost {including repayment cost if it
is financed by loan) and depreciation arc borne by the government, while only O &
M cost is shouldered by beneficiaries.  In the former case, it is noted that major
portion of construction plans undergocs slagnialion due to excessive burden imposed
on beneficiaries. o ' o

Thus, it is very clear that the latter case is the one and only practical selection. For
more details refer to Table 23 in Supporting Report G, -

1.5-35




533

(1)

Part 1 Final Report

Technical Guidelines
Standard Disposal Melthod
Local Islands

Discharge Method

* Individual discharge to disposal site
* Separation of food waste, paper and waste oil
+ Size reduction of garden waste to maximum 1 min length

Treatiment Method

+ Iucinerate waste oil, paper and medical wasle

« Ash be dumped in the disposal site

» Composting of food waste and small picces of garden waste
+ Compost be placed in the communal space

Conventional Disposal dMethod

* Sand cover over the dumped waste once a week
* Removal of drifting waste

Improved Dispesal Method

« Preferably be filled with inorganic waste beneath water
¢ Dumping within enclosed part of the sea

+ Sand cover over the dumped waste once a week

+ Removal of drifling waste

+ User fee for disposal site be charged

» Conventional disposal site be no longer allowed to use

Capital Regien

Discharge Method

+ Individual discharge to disposal site or hand over to collection service

+ Separation of food waste, paper and metal at home and premises

+ Tood waste be wrapped not to emit smell during eollection and transport

* Size reduciion of wood waste and demofition debris to maximum 1 m in
length

+ Individual discharge of waste oil and waste balleries to suppliers

Collection and Transport Method

« Collection service by mulliple sectors

* Combined collection system of station-to-station mcthod and bell
collection

+ Station be kept clean soon after collection vehiclé passed by
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Transfer station be closed once a day and one day a week for
maintenance

Waste loaded on vehicle requires preventive measure from litlering
Stagnation of waste at the transfer station be controlled within 3 days
Wastes stored in the transfer station be sprinkled with water to prevent
dust diffusion from tine to time _

Waste oil and battery be brought to transfer station or Thilafushi Island
by supplier who collected them from users

Treatment Mcethod

Incinerate waste oil and bulky wood

Medical waste be incinerated scparately

Ash be dumped in the disposal site

Composting of food waste and sawdust

Compost be placed in the gardening area

Wet battery be neutralized and electrode metal be recovered

Dry battery be confined in concerete box and dumped in the disposal site
Separately collected materials be selected and packed for recycling sales

Disposal Method

Bottom laycr of dumping be done within a pond enclosed with permanent
seawall

Sift catching net be applied to earth work below water where lies a fear of
silt plume outflow

Second layer of dumping and therealler be done within the arca enclosed
by sand mound

Working face be designated according to the base plan prepared in
advance

Topogeaphical survey of the site be done on completion of new pond,
enclosing mound and filling operation

Preferably be filled with inorganic waste bencath water

Compression of waste layer with heavy equipment

Each layer of waste be controlled in thickaess

Sand cover of Im thickness be placed at least once a week

Dumping in multiple fayer up to at least 6m above sca level

Artificial vegetation be considered on the surface sand cover of final
configuration '

Surround the working face with movable fence

Removal of deifting waste

Heavy cquipment be checked up once a month

1. 5-37



Part!  Final Report

C. Resort Islands

(@D Dbischarge Method

s Scparation of food waste and combustible waste
« Size reduction of garden waste to maximum 1 min length

@ Treatment Mcthod

« Incinerate combustible waste

+ Ash be dumped in the disposal site

« Composting of food waste and small picces of garden waste
« Compost be placed in the garden

@ Disposal Mcthod

+ Preferably be filled with inorganic waste beneath water
» Sand cover at least once a week

» Dumping within enclosed past of the sea

« Removal of drifiing waste

(2)  Standard Facility
a. Leacal Istands

@ Treatment Facility

+ Simple composting equipment adaptable to intermittent input
+ Simple incinerator made of oil drum or block masenry

@ Cenventional Disposal Site

+ Sclection of designated disposal site by the community at least one in an
istand

s Preferably be located on the tand
+ Pnclose the site with wood or metal paling on either land or shore side in
order to prevent waste from scaftering

@ Impreved Disposal Site

+ Selection of designated disposal site only one in an island
+ Enclose the site with mortar bag or stone if available
+ Top level of enclosing mound be at least 2m above sea levcl &
+ Site be sclected along the coast where undergoes least influence of
erosion by sea surge ‘
+ Site be also convenient to acquire sand for cover
+ Planned lifctime be at least 10 years
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Capital Region

Colleetion Facility

+ Total capacity of collection vehicle and cart be able to deliver the service
2 to 3 times a week _

» How to sclect the location of stations for collection point be guided in the
Master Plan

Transfcr Station

» Shoutd have a capacity cnough to accumulate waste for a week
+ B¢ equipped with the followings:

() receptacle of segregated waste such as food waste, sawdust,

demolition debris, waste oil, batteries and metal

(b) stockyard of ordinary waste

(c) loading equipment

{d) vehicle washing and maintenance facility

() sprinkler

(f) fence and protection net against waste blown out

(2) garage

(h) administrative building

Treatment Facility

+ Compost plant, waste oil incinerator and waste battcry processing yard be
installed in Thitafushi final disposal site
+ Compost plant should have enough capacity to confirm the cffectiveness
and adaptability
» Wasle oil incinerator should have enough capacity to meet the demand
and have simple operational characteristics
+ Waste battery processing yard should have:
(a) enough space to storc batteries and chemicals for one month
before processing and to process them
(b) cemented floor which does not allow waste water to be discharged
directly into the sea
{c) roof to avoid exposure to the rain

Transport Facility

* Transport vehicle and ferry have the capacity of 200 to 300 torn/d until
2010 |

+ Unloading jetty for dhoni has a permanent structure

» Vehicles be checked up once a month
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® Final Disposal Site

3

Appropriate size of landfill block be adopled to keep natural current
across the reef flat as much as possible

Current sea water passage be secured by means of channel or culvert
Separate landfill block be connected with causeway or bridge

Pond with enclosing mound be constructed within permanent seawall for
the first step of landfill in the sea ‘

Top level of seawall be set at the level that allows sea wave 1o come in
over at a cerlain frequency

Scawall be enough permeable o filtrate leachate when it seeps out into
the sea

Retention ditch be installed with enough space to hold rainwater for a
certain time duration

Vertical perforated pipe work be installed above sea level to supply air
into the waste layer and to disperse bio-decomposition gas into the
atmosphere

Maintenance facility be installed for heavy equipment working in the
island

Basic utitity (fresh water, electricity, telecommunication) be provided
Administrative oflice and accommeodations for workers be provided

Resort Islands

Treatment Facility

*

Simple composting equipment adaptable to intermittent input
Incinerator {already installed)

Disposal Site

Sclection of designated disposal site within the island -

Preferably be located on the land

Enclosc the site with wood or metal paling on cither land or shore side in
order to prevent waste from scatlering

Concept of Final Disposal in Priority Local Island

Scenario for Stepwise Improvement

There are 130 inhabited istands other than resorts and function islands in
Matdives. Al the islands nced improvement of sanitary condition of final
disposal site, which is placed at least one in each island. Because the level
of environmental protection measure is generally very poor and the number
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is very huge, it is recommended to improve the sanitary condition stepwise
in both view of techaical level and priority in the order to be improved.

Regarding the technical leve), it costs too much {o apply the same sanitary
level to numbers of local islands so that a medium leve! between existing
final disposal and ideal sanitary landfill is recommended to the priority
islands. Priority istands are selected among all according to the following
criteria.

1. has alarger population in the vicinity
2. has well organized communily cooperation
3. hascapable branch of local administrative organization

Every atoli capital or the largest island may satisfy above criteria best in the
same atoll and is considered a most likely island to be given the first priority
in the atoll.  On the other hand, a disposa? site of medium sanitary level can
be constructed by only MCPW for the moment.  MCPW has an experience
in this type of work and holds applicable types of heavy equipment for its
regular operation.  If MCPW does not have additional capacity to answer
the request of local istands for final disposal, it is needed to reinforce the
capacity in personnel and equipment.  The extent of reserve capacity of
MCPW is another resirictive factor to delermine the priority islands
particelarly in number. Assuming the following conditions are satisfied by
MCPW, the upper limit of the number of priority islands is determined at
20, which ensures the cyclic use of medium level disposal site in an interval
of 10 years.

I. MCPW can provide onc crew of construclion with adequate
equipment all through the ycar

2. The crew can censtruct two final disposal sites in a year

3. Practical capacity of disposal sitc is an equivalent of what can serve
for 10 years.

Thus the number of priority islands corresponds to that of administralive
atoll of 20 therefore one island of each administrative atoll is reasonably
designated as the priority island.  If the priority islands arc grouped by four
in one, il takes two years to construct a final disposal site for cach of the
group. In case the number of priority islands is extended or a collective

- disposal system is introduced to the growth centers or regional centers, there

needs a furiher reinforcement of MCPW crew of construction.
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Conceptual Design of Final Disposal Site
Structure

The structure of final disposal sile recognized as medium sanitaty level is
defined as “Modificd Gulhi Island Type” which is upgraded from the
original situation in the following poiants.

+ Dnclose the landfill site catircly with permanent scawalt of
sufficient stability against sea surge and erosion

« Conduct sand cover at least once a week to prevent blown out of
waste and proliferation of vectors

In addition to above fundamental modification, floating fence is planned to
deploy nearby the working face to limit the sea surface where the waste
drifting out. The average size of disposal site is determined by assuming
the average population of largest 20 islands at 2,500.

Total waste disposal volume in 10 years of lifetime:
{2,500 person X 0.00 Hon/day X 365day) X 10years X 1 m’/ton*

= 9000 m*
* where 1 m*/ton is specific weight afler scttling

By assuming the thickness of final waste layer at 3 m, the reguired square
area is calculated at 55 m as shown below.

3
\’ 9.000m —$5m

In

As a concluston, the required arca is about 3,000 m’, equivalent 1o the
square arca with a side of 55m.

Fixed Equipmenrt and Operation

After complction of the site, the following equipment are left there, which
are ulilized during the construction period. ' -

* Excavator lunit 0.7 m’
+ Composting vessel lunit
* Floating net 30 m

‘These equipment are transferred to the administration of local community
represented by atoll office or island oftice.  Local community is considered
to be responsible for the operation and maintenance of the disposal site by
using those equipment. The operation cost is duly borne by the local
community.
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.
3

i

) Project Cost

The unit project cost for one final disposal site is estimated at about Rf 22
mitlion for 10 years of lifetime.

+ Construction cost 12.2 million Rf
* Procurement cost 2.0 million RP
*+ Operation cost 7.7 million RF
"+ Overatl cost 219 million Rf

The cost estimates above is based on an assumption that major material of
stone are imported.  In case the local material like coral stone is adopted,
the construction cost can be reduced to one third of above calculation
approximately. However the seawall of local material has inferior
durability and needs periodical repair in the long run.
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Table 5-9.  Project Cost of Inhabited Island
Unit - Rf
Description Unit { Quantity | Unit Price Amount Remarks
(x £,000)
Conslruciion
"1 Direct Construction Cost A
(1) Construction Seawall
1) Rubble Stone m’ 1,420 37128 | 5272 5~105
m’/m
2) Armour Stone m’ 600 3,895.2 2,337 1 3 mm
3) Filter Sheet m’ 735 3516 7 BE|35S
m*m
(2) Enclosing ¥arth Wall m 55 9144 50
“(3Y Access Road T 1.0m7m
1y Grading m 100 36.0 4173 m%m
2) Gate L.S ! 22,800.0 230,78 mm |
(4) Temperary Road m 165 1,440.0 238
F Total Direct Cost D 8,182
2 Indirect Construction Cost
(1) Mobilization (Male' ~ Site) Ls {7 ' 700
(2) Common Temporary Work % 10 DC 730
(3) Site Expenses % 13 DC 974
(4) Overhead % 8 DT 60
Total Indirect Cost
Teotal Construction Cost 12,206
Procurement
1 Excavator (0.7 m3}) Unit 1 1,550 | CIF SITE
2 Float Fence m 30| 120000 360 | CIF SITE
3 Contamner for Compost Unit 10 2,7100 27| CIFSITE
Cverhead % 15 TR T
Total Procurement Cost 2,005
I Operation
| Annual O & M Cost s - T TR | Excavator
Annual Operation Cost 690
Total Annual Cost 768

Note: The above fable shows the project cost of each inhabited island. Therelore, toial

project cost of inhabited islands should be given by multiplying the above cost by 20.
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54  Long Term Action plan
54.1 Implementation Schedute

National policy for SWM is expected to be completed in two years, accompanied by the
necessary legal, institutional and financial arramgement.  Institutional arrangement
would duly cover central government organization, local government organization and
the cooperation altogether. These non-project type action are need to be completed
prior to the successive program of technical measures such as construction of final
disposal site in local inhabited islands.

Improvement of final disposal in local istands should be initiated soon afler completion
of policy, institutional arrangement related to local organization.  This action may take
a repelitive process to penetrate the whole target islands, in total 20. Assuming the
MCPW has the construction efTiciency at two disposal sites a year, one group consisting
of four istands are provided a medimn level disposal site in two years.

For the capital region, a master plan is provided and implemented in accordance with
the national policy and institutional arrangement.  Component projects are planned to
be completed by the year 2010,

Table 5-10. Leng Terim Action Plan for Advanced SWM

Proposed Action Implementing Scheduls

01 |02 |03 |04|05]|06|07 08|08 )10

Complete National Policy for SWM

Institutional Arrangement

99 | 00
Central Organization e

Lecal Organization

tmprovement of Finzl Disposal in Local Islands

Group 1 ( 4islands) _ | b

Group 2 { 4istands)

Group 3 ( istands)

[ “Group 4 ( 4istands) _ ‘ —
Group 5 ( dislands) H —

Master Plan fqr Male® Cily
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54.2 Recommendation

Gencrally speaking, improvement of final dispesal of solid waste is the most urgent
malter in local islands, however, there is severe spatial constraint in those islands which
have small peripheral reef flat in spite of fully occupicd ground space as residence. 1t
becomes gradually more ‘costly to construct a final disposal site recurrently and
furthermore to construct the site in an adjacent uninhabited island is much more costly.
In consideration of this sort of difliculty, incincration of bulky waste is incvitably
focused on in order to extend the lifetime of final disposal site.

The largest component of solid wasle in local islands is yard waste, which accounts for
about one third of total waste evenin tonnage.  The composition of yard waste must be
much bigger if it is measured in volume, which practically affects the rapid
consumption of disposal site’s life. To incinerate such bulky waste as yard waste
contributes to the extension of disposal site’s life significantly. H the other casily
combustible organic waste like paper, cardboard and textile are entirely incinerated
together with yard waste, the volume reduction can be expected to be half of the
untreated situation.

This implies that the introduction of ready-madc incinerator to a local inhabited island
becomes feasible in addition to install an improved final disposal site.  The feasibility
may differ from cach other by (he size of island; population, required cost for
consiruciion and operation of final disposat site and incinerator that suite to the target
islands. Therefore it is recommended that the competent authority identify specific
islands which need special consideration on waste volume reduction by incineration and
conduct a feasibility study. The output of the feasibility study should be duly
considered by the government in linc with the long term action plan based on the
national policy on S\WM.
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6. SWM MASTER PLAN FOR MALE’ AND VICINITY

6.1 Goatl of Master Plan

The goal of the Master Plan is to establish a self~consistent and sustainable SWM
system at the target year 2010 that enables the realization of the objectives of national
policy in Male’ City and adjacent arca. Toward this goal, the master plan is
formulated considering existing situation and fact findings stated in preceding Chapter 2
to 4 and proposed national pelicy in Chapter 5.

6.1.1 Self-consistent SYWM System

The Master Plan proposes close cooperation between the government as service supplier
of cleansing and citizens as recipient of the service to establish a self-consistent S\WM
system. The proposed system will have a firm legislative basis as an independent field
of public services and built up on an expanded fund source by involving contribution of
the recipient.  The expanded fund souice enables the adoption of upgraded technical
measures in addition to these adopted so far.  In accordance with the institutional
reform and technical inmovation, both capacity building of relevant authorities and
promotion of public awarcness are pursued as part of the Master Plan.  Thus it is
expected that all the cfforts of relevant authoritics and people regarding S\WM are
integrated 1o achieve the objectives at an advanced level (refer to Figure 6-1).

i Coverage of SWM Law ]

Cost Allocation

| Waste Generator | Waste Generator/Govermnment
Discharge
fish waste Deposit/Transport
Premises | s$ea dumping
Ordinary ¥Waste »l
Residont
Coltection Final disposal
Ordinary Waste .
s »| MM/Private - Mepw |  mopw
Sweeping
Special Waste MM/MCPW *
h 4
. Special waste
Supplier .I
Deposit

Figure 6-1. Strueture of Proposed SWM System
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6.1.2 Objcctives of Master Plan

The Master Plan follows the three objectives of proposed national policy hereunder
referred to.

a. Healthy and Comfortable Life
b. Sound Natural Environment

c. Acsthetic Value of Domain

These are not only the common motives of improvement of SWM throughout the
country but also have a particular sense in Male’” City as stated below.

(1)  lealthy and Comfortable Life

In Male’ City, every kind of solid wastes are removed in a few days and disposed at an
isolated island Thilafushi. The Present SWM system has almost achicved the timely
removal of waste from immediate circumstances of daily hfc and consequently achieved
a hecalthy and visually comfortable life in the arca.  Thus the remaining tasks to be
pursted are to reduce the time of waste stagnation after collection in the residential
istands and prevention of waste litering along the transport routes.  This will mitigate
the existing nuisance with the residents by oftensive odor and waste dispersion.

13} Sound Natural Environment

Natural environment worth preserved is mere a reef edge and immediate down slope
covered with coral in each island in capital region.  Above sea level, there is no natural
environment because of extreme vrbanized land use.  Therefore the efforts to pursue
these objeclives should be directed to preserve the sound condition of submerged area
covered with coral. The practical target of the Master Plan is 1o prevent waste from
scattering which results in unfavorable deposit over coral, and to execute ecologically
sound landfill operation in Thilafushi. Sound landfill operation shall cover the
following checking points:

a. coexistence of landfill site with surrounding coral
b. minimization of waste velume
¢. treatment of hazardous waste

d. reduction and purification of leachate
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3) Aesthetic Value of Domain

Male’ Cily, as the capital of the-country, is involved in ordinary tourists routes and
accepts many of foreigners everyday coming from adjacent resorts.  Thilafushi Island
is also located on the same atoll with some famous diving spots where numbers of
tourist divers visit. Most of visitors at present may find a conspicuous gap of
cleanliness in the sca, both surface and bottom, between resort islands and Male®.  The
Master Plan is proposing that people are guided to perceive the acsthetic value of
domain and to participate in keeping it clean. At the same time proposed is to improve
the capacity of competent authority in cleaning up the sea along the coast.

1.63
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6.2  Planning Frame
6.2.1 Target Year
(1}  Master Plan

‘The target year of the Master Plan will be set at the year in 2010, The plan shall be
phased with stepwise development plans.

(2)  Priority Projeet

Priority Project to be formulated in the Feasibility Study will be sclected from the plans
and programs proposed in the Master Plan and formulated for the year 2003.

6.2.2 Population

Future population of the SWM Master Plan will adopt the second assumption data
predicted by the Ministty of Planning, Human Resource Environment (MPHRE).
Population in 2003 was estimated from the cxponential model equation structured on
the growth rate between 2000 and 2005.  The population in 1995, 2000, 2003, 2005
and 2010 are presented in Table 6-1 for Male’ and for inhabited islands by atolls. The
estimated population in the target years in Male' including Villingili reach at 80,684 in
2003 and 97,928 in 2010. In addition, the yecarly population for Male’ and Villingili
were estimated from 1998 to 2010 and indicated in Table 6-2.

6.2.3 Planning Area

The planning arca of SWM Master Plan will be determined within the area in Male’.
However, the wasle disposal plan will be dealt with the solid waste amount generated in
Villingili, Huthule{(Airport), resort istands, and some neighbouring inhabited islands
transporting waste directly to the Thilafushi.

6.2.4 Hulumale Project

Waste collection and transportation plan will not be dealt within the frame of the SWM

- ptan for Mate’ since the future development schedule of the Hulumale Project is not

clear at present. - However, in future, it is preferable to consider waste disposat at the
Thilafushi in respect of removing wastes far from the municipal area to the remote area.
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Table 6-1. Estimated Future Population by Atoll for 2000, 2603,2065 and 2019

Year 1995 2000 2003¢ 2005 2010 |
Locality Popufation [Population [Population {Population |Population
Republic 244 8] 289,117]  315.945]  335,i99 383471
Male' 62,519 73,833 80,684 85,601 97,928
Atolls 182,295t 215,284 235,26)| 249,598] 285,543
North Thiladhunmathi 13,676 16,151 17,650 18,725 21,422
South Thifadhunmathi 15,365 18,146 19,830 21,038 24,067
North Miladhunmadhulu 10,462 12,355 13,502 14,325 16,387
South Miladhunmadhulu 10,103 11,931 13,038 13,833 15,825 ’
North Maalhosmadhulu 12,953 15,297 16,716 17,735 20,259
South Maathosmadhulu 8,712 10,289 11243 14,923 13,646
Faadhippolhu 8,038 9493  10374)  11,006] 12,591
Mate* Atoll 11,675 13,788 15,067 15,985 18,287
South Ari Atoll 6,695 7,907 8,641 9,167 10,487
Noith Ari Atol 5,260 6,212 6,788 7,202 8,239
Felidhu Atoll 1,678 1,982 2,166 2,298 2,628
Mulakatholu 4,859 5,138 6,271 6,653 7,611
North Nilandhe Atoll 3,165 3,738 4,085 4,334 4,958
South Nilandhe Atell 4,793 5,660 6,186 6,563 1,508
Kolhumadutu 9,545 k1,272 2,318 13,069 14,951
Hadhunmathi 10,156 11,994 13,107 13,906 15,908
North Huvadhu Atell 8,121 9,591 10,481 11,119 12,721
South Huvadhu Atoll 12,031 14,208 15,527 16,473 18,845
Fovahmulah 7,004 8,271 9,039 9,590 10,971
Addu Atoll 18,004 21,262 23,235 24,651 28,201
The year, 2003% indicates that the figure was estimated by JICA Study Team based
on the following equation. @

P=p*CXP(LOG(P/p)/(period (P - py*LOG{EXP(1)))*n)
Note:
Assumiption 2
1. Proportion of Census 1995 - Place of eaunieration (de fecto) is taken as constant up to 2019
2. Migration effect is not accounted for in the future years
3. 2003 is calculated by JICA study team
Source: Ministry of Planning, Human Resonrces and environment, Population
Housing Census of Maldives 1993. '

Table 6-2 Future Population in Male', Villingili & Atolls (1998 - 2010)

Year Male' Island Villingili Island Atolls (Whole Country
except Male' & Villingili)
Population [Growth Ratio [Population|Growth Ratio{Population [Growth Ratio
1998 67,236 - 844 - 201,427 -
1999 69,311 3.085% 2,106 14.234%| 208,241 3.383%
2000 71,427 3.053% 2,406] 14.234%] 215,284 3.382% &
| 2001 73,301 2.624% 2,749 14.234%| 221,747 3.002%
2002 75,192 2.581% 3,140 14.234%] 228,404 ~3.002%
2003 77,097 2.533% 3,587 14.234%] 235,201 3.002%
2004 79,008 2.479% 4,098 14.234%| 242,324 3.002%
2005 80,920 2.419% 4,681 14.234%] 249,598 3.002%
2006 82,588 2.062% 5,347 14.234%] 256,406 2.727%
2007 84,225 1.982% 6,109 14.234%}] 263,399 2.127%
2008 85,819 1.893% 6,978 14.234%} 270,582 2.727%
2009 87,357 1.792% 7,971 14.234%] 277,962 2.121%
2¢10 88,822 1.677% 9,106 14.234%] 285,543 2.7127%
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6.2.5 Solid Wastc Amount and Composition in Future
{1) Solid Waste Generation Amount in Future

Solid waste gencration anmount will be estimated for Male’, Vitlingili, inhabited islands
and resori islands based on the key elements shown in the followings,

+ Trends of the past waste generation amount GDP growth,
e Current waste generation rate obtained from analysis of the data of the Waste
Amount Survey,
« Corrclations between waste generation rate and GDP per capita,
Estimation of future waste gencration 1ate per capita or per unit,
+ Estimation of future population and the number of tourist arrivals,
» Estimation of grwowth rate of GDP per capita,
+ Future teend of development in the project area.

‘The unit generation rate of the major wastes shown in the followings are adopted. for
the prediciion of the solid waste amount in future.

Type and Sources of Wastes Waste Generalion Rate per capita
per day (g/c/d)
1998 2010
Domestic Waste in Male’ 4 1,020
Comniercial Waste in Male’ 303 433
Industrial Wastcs 105 ton/day  150ion/day
Domestic Waste in Villingili 621 876
Resort Islands 7,320 1,320

The detail method and procedures for prediction of waste generation amount was
compiled in Supporting Report I and the result was summarised in Table 6-3.
According to the prediction, the total waste amount generated in Male’ including
Villingili reach at 287 tons per day in 2010.  The wastc amount generated in inhabited
istands other than Male and Villingili and resort istands reach at 271 tons per day and
151 tons per day respectively. - Accordingly, the total waste amount generated in whole
country will reach at 708 tons per day or 258,000 tons per ycar in 2010.
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Table 6-3

Summary of Waste Generation Amount in Future:

Year [Domestic [Commcr -] Busincss [Construct | Subtotzl [Donestic]  Tatal [ Waste | Waste Total Total
Waste cial & -ion Waste | Wastein | Waste | Geneea- § Genera- | Waste Waste
Waste |Industrial| Waste | Genera- | Valtingili | Genera- tinn tion Genera- | Geneda-
Waste tion tion Amoont | Amount tion tion
Amount Amount in in Resort | Amount | Amount
in Male* in Male & | Inhabited | (slands inthe inthe
Villingiti | Island Maldives f Maldives
ndy [ fondy ¢ Gondy) | Gond) [ (ond) | (wady | Gondy [ Genddy | Gonid) | (ond) | (tond) |
1958 180 204 362 638 1733 1.1 3 1389 0.7 IR 139463
E 1535 51 216 373 [OR] TEDE T3 182.3] 13546 T60 LA P E X ¥
2000 LY S 2 X1 384 (2R | 187 | K 1501 1330 . IS I} 1387
201 37 p2 B RN HEE ] 1569 I3 1L 1618 73 1506 163,456
EO00Y (3] HE E] K¢ 13 2035 272 2076 1138 033 {138 173680
3003 [1] I3 1313 1 | 2113 P X 6y 1836 52.6 010 183,130
2001 [33 83 ELX [PRY 333 390 7763 1567 Y XA 193,15
1505 Tz 303 i3 X3 35113 L XS 13606 1GR3 128 0] 103358
2006 73 110 182 LYR] PN 132 2568 7199 B AY 333.3] 213,851
1007 r R XS 76 903 106 19 53] 231 R 12732 GEYEl 223313
03 3] 32 159 930 2500 38 Y HID 1347 [(SERI I EEREN
2005 E7 158 303 936 pISR | 68 I TN [323 6180} 236,727
1018 91 353 317 98.% 17895 LX) 1863 2707 ] 1806~ 7081 258,165
—
(2)

Sotid Waste Disposal Amount in Thilafushi

Currently, the ‘Thilafushi disposal sitc receives municipal soltd wastes from Male® and
Villingili, wastes from resort islands, wastes from Hulhule and wastes from several
inhabited istands located nearby.

estimating the future increase amount from each island.

Prediction of the waste disposal amount in {uture
was conducted based on the islands transporting wastes currently to the Thilafushi by

disposal amount in future, the following condition and factors were given.

+  All wastes from Male’ and Villingili are disposed at Thitafushi
+ Waste amount of the resort istands currently transporting wastes to the
Thitafushi will increase in proportion to the inctease of the waste generation

amount in the resort islands,

In prediction of waste

- Wastes from Hulhule (Airport) increase in proporiion to increase of the numbers
of tourist arrival, which is the same ratio adopted for that of the resort islands,

+ Wastes from the neighboring inhabited islands will increase in proportion to the
increase ratio in other atoll islands

The detail procedures for prediction of waste disposal amount was compiled in
Appendix-1 and the results were summarised in Table G-4.  According
prediction , the total waste amount required for disposal at the Thilafushi reach at 332
tons per day or approximately 121,000 tons per year in 2010,

to the

L 6-7



FPart I Final Report

Table 6-4 Estimated Waste Disposal Amount in Thilafushi
Year [Resoit  fAirport [Nearby  [Waste Waste Daily Annval  JAccunmulated
Islands inhabited |Disposal |Disposal Total Waste Waste Disposal
tslands  |Amount  |Amountof jWaste Disposal  |Amount
“lexcept forjhale’ + Disposal  |Amount
Male” Villingili  JAmount

(ton/day)| (ton'day)] (ton'day)] (ton'day)] (ton'day)| (ton’day)] (tonfyear) (ton)

1998] 19.2 28 02 223 174.5 1968] 71,843 74,843
1599 19.8 30 0.3 231 182.1 2052 74887 146,731
2000 210 33 0.3 4.6 190.2 214.8 78,410 225,148
2001 225 35 03[ 2631 198772350 82148 307,288
2002 241 3.3 03 281 2076 23538 36,061 393,349
2003 25.7 4.0 9.3 30.0 216.% 24695 90,118 483,467
2004 274 43 0.4 320 2262} 2583 94,281 577,748J
2008 29.3 4.5 &4 350 236.0 270.0 98,547 676,294
2006 30.9 438 0d 36. 245.6 281.8] 102,842 779,137
2007 328 51 04 7383 255.5 2939 107,266 886,403
2008 348 54 04 406 265.7 306.3] 113,818 598,220
2009 368 51 05 130 27632 3192 116,493 IRRENE]
2010 38.9 6.0 0.5 434 286.9 I3 100 1,236,005

(k)] Waste Composition in Futuve

Prior to estimation of waste composition in fulure, analysis was made for the data
obtained from the Waste Composition Survey and set up the following conditions.

» Future waste composition is basically the same with the present composition

+ Changes of waste composition is estimated for increase of the ration of the
portion of organic wastes rather than the ratio of in-organic wastes,

- Inorganic wastes especially sand commingled with yard wastes and demolition
wastes shall be separated well and removed at the sites

+  Dry batleries shall be separated and collected separately in future

* FThe role of waste management for enviconmental conscivation will be realized
by the waste generators in reduction and recycling of wastes at generation
SOUrCes.

Considering the requircments for overall SWM planning, estinwation of future waste
composition was conducted for 18 components and bulk densily of the wasle
categorised by the following 5 types.

*  Domestic and Commercial Wastes in Male’

« Business and Industrial Wasles in Male’

»  Consiruction and Demolition Wastes in Male’
+ Domestic Wastes in Inhabited Islands

- Wastes Generated in Resort Islands

In estimation of the waste composition, the perquisite condition was set for the ratio of
organic, inorganic and hazardous wastes for 5 types of wastes as indicated in the
foltowings.

1.6-8
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Categories of Waste Organic Inorganic  Hazardous
Wasles Wastes Wastes
Domestic and Commetrcial Wastes in Male’ 80% 19.8% 0.2%
Business and Industrial Wastes in Male’ 90% 9.8% 0.2%
Construction and Demolition Wastes in Male’ 19.8% 80% 0.2%
Domestic Wasles in Inhabited Islands 5% 24.8% 0.2%
Wastes Generated in Resort Islands 80% - 19.8% 0.2%

The results of estimation was indicated in Table 6-5 and 6-6 and also the references are
available in Supporting Report E.

1.6-9
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Table 6-8  Waste Amount and Composition in Male & Villingili (2010)
Type of Waste Domeslic & Business & Construction Total
Commercial Industrial Waste
Wastes Wasles
Total Weight 1370 St.7 | 982 286.9
Sampling Weight & Weight] Ratio] Weight] Ralio] Weight] Ratio] Weight] Ratio
Composition Ratio (ton) (%o} (Qonm) (%6} {tom} (%} (ton) %%)
Organic Waste
Food Waste 2685 19.60] 12.62] 24.43] ©6.00] 0.00] 39247 13.76
Paper  {Paper 13.771 1005 9.55] 1848 0.2} 0722] 2353 8.20
Cardboard 17.67{ 1290] 648] 12.54 014 076] 24.90 8.68
Sublotal It 4472395 T16.03] 3103 096 097 4843] 16.88
Plastics [Film 5.2t 432 145] 230] 0.352] 053 189 295
Botile & Others 4791  3.50 1.18 2728 009 009 606 2.1}
PET 1.27] 093] 051 0.99] 001 0061 (79 0.62
Subtotal 1199 875 314 6.07] 0.62] 0863 1575 549
Rubber & Leather 1471 1.03[ 645 087 003] 0.03f 1.95] 068
Textiles 4.15 103 042 0.30] 0.01 001] 4.57 1.59
Yard Waste 1509 101 4.03] 7.8 o.19] 020 1931 6.3
Woed 446] 3.26] 858 l16.61] 1752 17.83] 30.56] 10.65
Other Org. Waste 4.6 1033 1237 239 0.13] 0.03] 15321 341
Organic Waste Tolal 109.62] 80.00] 46.49%] 90.00{ 19.45] 19.80] 175.57} o61.19
In-organic Waste
Glass  |Broken Glass 032 038 o1 0.2z 000 000] 063] 022
Botile 2.16 1.58] 033 103 0.0] 0.01 2.0 0.94
Subtotal 268 1950 0.04 1247 001 001 333 1.16
Tin Cans (Steel Cans) 357 261F 069 1341 0.2d] 035 4.5] 1.57
Aluminum cans 070] 031f o070 039 oo01 001 091 032
Other Metals TTU6S| 1200 187 3.62(  032] 033 383 1.34
Dirt, Ash, Sand 18.54] 13.53 1.66 321F 78011 7941 798.30] 34.23
Total (In-organic Waste) 27.13] 19.80} 506 9.80] 78.59] 80.00] 110.78] 38.61
Nazardous Waste
[Tazardous Waste(Batteries)]  0.14]  G.10}] 0.05] 0.1¢] 0.00] 000 0.i9] 0.07
Other Hazardous Waste 0.14 0.10F G6.05 0.10 0.20] 020 039 0.13
Total {Hlazardous Wasie¢) 027 020f 030 020] 020 020 0537 020
Total Weight {ton) 137] 100.00 52| 100.00 98] 100.00 287 100.00
Total Waste Volume {m’) 616 325 39 1,060
Bulk Density (ton/m") 0212 0.159 1.704 0271
I. 6-10
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Table 6-6 Waste Amount and Composition in Inhabited and Resort Islands (2010)

Type of Waste Wasic Amount and Composition n| Waste Amount and Composition in|
2010 in Inhzbited Istands except 2010 in whole Resort stands
for Male'
Estinated [Daily Annual — |Estimated [Daily Anntal
Waste Waste Waste Waste Waste Waste
Composi- {Amount  |Amount |Composi- |Amount  |Amount
tion (%) {(t/d) {t/yr} tion (%6) F(lfd) (tyr)
Organic Waste o
| [Food Waste 31.35] 84.8] 30,968 1344 503 8,0629;
[Paper  [Paper 1.80 419 1,777 1.92 29 495
Cardboard 2.87 1.8 2,839 3.07 4.6 791
Total 4.67 12.6 4,616 4.98 1.5 1,286
Plastics {Film 0.37 1.0 362 039 0.6 10}
Bottle & Others 0.46 1.3 456 049 0.7 127
PET 0.36 1.0 360 039 0.6 100
Total 1.19 1.2 1,178 1.27 1.9 328
Rubber & Leather 0.11 0.3 112 0.12 0.2 31
Textiles 026 0.7 254 6.27 04 il
Yard Waste 33.88 91.7] 33,468 36.14 544 9,326
Wood 0.61 1.7 667 0.66 1.0 169
Other Org. Waste 292 79 2,888 312 47 805
Total (Organic Wastes) 75.00] 203.0 74,091 80.00 1204 20,645
In-organic Waste
Glass  |Broken Glass 0.13 04 131 0.41 0.2 27
Bottle 330 89 3,261 2.65 101 684
Total 343 913 3,392 2.75 A 71l
‘Tin Cans (Steel Cans) 1.00 2.1 038 0.80 1.2 207
Atuminum cans 0.19 0.5 186 0.15 0.2 39
Other Metals 0.21 0.6 208 0.17 63 M
irt, Ash, Sand 1997 540 19,725 16.02] - 241 4,135
Total (Inorganic Wastes) 24.80 07.1] 24,499 1990 300 5,135
Htazardous Waste
Balteries 0.15 04 148 0.05 0.1 13
Other Hazardous Waste 0.05 0.1 49 0.05 0.1 13
Total (Hazardous Waste) 0.2 0.5 198 0.10 0.2 26
Total Weight (ton) 100.00] 2701 98,788 100.90 150.6] 25,800
Total Wasle Volume (m’) - 9721 354,790 - - -
Bulk Density (ton/m ") - 0.278 0.278 - - -
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6.3

6.3.1

)

C.

Proposed Components of Master Plan
Waste Rentovable System

New Collection System

Objeetive

The objective of the collection plan is to establish an economically suitablc
collection system in Male’ island, which easures equal or better sanitary and
acsthetic condition, compared with present operation.  Among the various
modes of collection now adopted there, the following modes are found
reasonable and effective so that they are to be kept from now on.

+ Self-carry in to the transfer station in Male” Island by private industries and
others
» Self-carry in to the deposit site in Villingili Island

The other modes which are now undertaken by Mate® Municipality and the
private contractors for individual collection were reviewed and succeeded to the
plan. The target waste corresponding to the planned collection mode is
categorized as residential waste in municipal waste. The plan is proposed to
cover alt the residential waste under the initiative of Male’ Municipality, who
are responsible for solid waste collection in the planning area of the Master Plan.

Planning Concept

It is recommended for Male’ Municipality to introduce more efficient collection
system and provide at least the same level of service as present, which is
considered the minimumt level to be achieved in the plan.  The resideats who
require higher quality of collection service have to adopl the special measures
possibly delivered by private sector upon payment, which is not built-in the
master plan though. The technical system for morc cfficient collection is
selected among the alternatives within the aftordability of Male” Municipality.

The Responsibility of the Male® Municipality

The solid waste gencrated in Male’ is broadly categorized by four kinds of
wasfes, i.¢. residential, commercial, busincss and construction waste. The
responsibility for each type of waste is defined in Table 6-7. - The Municipality
has responsibility for collection services of the residential waste and supervising
& monitoring of waste collection & transportation of all the other types of
wasles except construction waste.  Therefore, the waste construciion plan dealt
under this section shall be formulated with the residential waste.

[.°6-12
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Fable 6-7 Types of Waste and the Rcspons:b!lll}

The Types of Waste ~ Tmplementation Body Supervision & Monitoring |
Collection Transportation Colleetion Teansporiation

&Haulage & Disposal &Haulage & Disposal

Muaicipal | Residential “The Municipality MCPW { The Municipality |~ MCPW |
Waste Commercial Generator MCPW | The Municipality MCPW
Industrial | Busin™ | Industry Geacrator MCPW | The Municipality MCPW
Wasle ess | Market Generator MCPW | The Municipahty MCPYY
Construction Generator MCPW MCPW ~{  MCPW

The types of solid wastes and the present geaeration waste are tabulated in Table
6-8. The table shows that the Municipality detiver the collection services by
the ratio at 46.0 % of the total waste amount. The other types of wastes
account for 54% of the total waste amounl. Supervising and monitoring of
haulage activities by the waste generators will be very imporiant job for the
Municipality accordingly.

Table 6-8 Types of Waste and Generated Amount

The Types of Waste Description Generaled Waste Ratio (%%)
Amount (lon.’d 1998)
Municipa | Residential House and small shops| T 482| T 6.0 |
1 Waste (<30kg/day)
Commeicial Big shops and restaurants, 205 19.5
offices, schools {(>30kg/day)
Industrial | Business | Industey | Industry 362 343
Waste Market Fish market, frus market
Total T . oY 104.9 100.0

The collection plan is formulated only for the residential waste under the
initiative of the Municipality. The other kind of wastes i.c. commercial,
business and industrial waste have to be carried into the transfer station by the
waste generator themselves or by the contractors.  Therefore, the existing
private companies will be able to conlinue the service contract with the waste
generators who require the higher quality services upon full cost recovery
charge. Major modificalion of existing collection system is infroduction of
new collection system to provide minimum level collection service for all the
residents.

‘the Municipality has to establish the legal ground clearly, the By-law of Male’
Municipality should include the following new clauses;

+ Residents have to cairy waste to the collection station/vehicle al the
designated time and place by the Mumcapahly or transfer station. Thc
entrepreneurs have to carry waste to ‘the (ransfer station by their

responsibility. Anybody must cleansmg street in front of the house at least
once a day.

L6-13
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+ Residents have to camry bulky waste to the transfer station by their
responsibility;

« Male’ Municipality is responsible for cleansing of public spaces and
collection of waste from the pubhic arca. Male’ Municipality provides
minimum_colleclion services to all the residents upon minimum waste

charge;

« Male’ Municipality can provide high quality collection services on request of
all the parties upon full cost recovery charge and

+ Mate” Municipality will permits the registered private companics to provide
high quality collection services to the all the parties upon payment.

New Collection System for the Residential Waste

The Municipality has primary duty to cellect the residential waste.  The
Municipality has to collect more than two times of the waste amount collected
by the system in operation. The Male’ Municipality have to improve efficiency
of the collection system to provide collection service to all the citizens upon
mininium waste charge.

Techuical Alternatives

The affordable waste charge and the financial capacity of the Municipality
decide the tevel of collection services, The technical system for more efficient
collection is selected from the alternatives in consideration of the affordability of
the Municipality. The options discussed and considered in the ficld studies are
shown in Table 6-9. The detail considerations of each option are below.

The new collection system will ensure the better sanitary and acsthetic condition
comparcd with the present operation.  However, on the other hand, the new
system will require cooperation of the citizens for the method of waste discharge
and cleansing of public space. Prior to introduction of the new collection
system, public campaign have to be made about the waste discharge method.

Table 6-9 Options of New Callection System

Hem

Name Major Merit Major Demerit

Option }

Road Side Station Collection | High collection efficiency Environmental problems,
System Inconvenient for residents

Oplion 2

- [Doeor to Door Collection | Convenient for residents Low colleciion efficiency
System

Option 3

Vehicle Station Collection | High collection efficiency Incenvenient for residents
Sysiem ‘ '

L 6-14
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1. Optiont: Road -side Station Collection System
1.1 Collection System
The system does not use the containers to avoid the problems of the

container systesn in operalion.

The system uses the open space of the

roadside or house side as a temporary waste stations at the collection time.
The Municipality decides the stations through discussion with the residents

in consideration of the road space and traflic condition.

The required

number of stations ar¢ approx. 200 points {30 household per one station).
The station is located along the main roads where is allowed to store waste
outside the private land. The residents bring the packed waste bag to the

nearest station during the designated time for waste discharge.

The

collection vehicle collects the waste bags discharged at the stations on the
scheduled time. The system uses either compactor truck or normal truck
for the collection vehicle and the collection cost estimation wilt be cartried
out for both types of the collection vehicles.
1.2 Required Number of Collection Vehicle
The required number of collection vehicles is shown in Table 6-10.
The detail calculation of the required number of collection vehicle is
described in “Supporting Report, Section A Collection”

Table 6-1¢ Required Nuniber of the Collection Vehicles
Year T Waste Amount t (V) The Required Number of colfection
Vehickes (Compactor Truck)
Generated Wasle | Waste Amount tobe™ Full working Net working 85%
Amount {t/day) collected  (Ud}
(i%99) 51 60 i) (13)
"(2600) 33 &3 an (13)
ooy | 57 ) 67| (in (i3
GO0 i 71 | (L))
2003 64 75 13 I5
2008 | T 68 79 13 1%
2005 12 TTTTRAT T T T 14 17
2006 75 &8 15 I8
12007 T 92 16 19
2008 83 97 7] 20
| 2069 87 102 18 TR
2010 ) 106 18] 22

Note: F999--2002: Existing Collection System (preparation tenm for new system)

1.3 Collection Cost

Collection cost consists of procurement cost of collection vehicle, persannel
expenditure, operation and maintenance cost. The detail cost estimalion
and the cost comparison with normal truck are described in “Supporting

Report, Section A Collection”.

Total collection cosl of the Option 1 is

summarised in Table 6-11 {compactor truck). The Table suggests that the
introduction of compactor track for collection activitics is more economical
than that of the normal {ruck.

I: 6-15
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Table 6-11  Collection Cost of the Option 1 (Compactor Truck)
Year OB (2) Personnel [6)] {4y Operation | TotalCost
Procurement Expenditure Maintenance Cost
Cost Cost

1999 i - T | {1,249)
20060 - o {1,249) "(1;2‘19)
7001 ; - T1249) 1,749)
2002 10,448 {1,249) {,249)
10,448
2003 - 1,320 6061 1,714 31,610
2001 1,393 1,320 06 1,733 5052
2005 697 1,466 656 1,807 4,756
2006 697 | 1,540 726 2,000 4,963
2007 13,135 1,613 766 7,101 15,625

2008 1,393 1,686 806 ALY 6,07
2009 1,393 1,832 T 8%6 2,367 6,488
[ 7010 697 $,832 886 " 2,386 5,801
o Total 27862 2eoo | 5,968 6,401 62,84}
(67,837

2. Option2: Door 1o Door Collection System
2.1 Collection System

The collection vehicle of this sysiem collects waste from door to door.  The
residents will evaluate that the system is most favorable collection service.
However the system is most likely to cause of traflic congestion and very
low collection cfficiency. Considering the road condition in Male’, the

aclivity of many collection vehicles will obstruct the other traffic. And
also, the municipatity has to consider about the financial condition of the
system. The collection cost of this system is estimated as follows.  The

system can use ¢ither the compactor truck or normal fruck therefore the
collection cost estimation will be carricd out with both types of collection
vehicles.

2.2 Required Number of Collection Vehicte

The required number of collection vehicle is shown in Table 6-12. The
-detail calcutation of the required number of collection vehicle is described in
“Supporting Report, Scction A Collection”

1. 6-16
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Table 6-12 Required Number of Collection Vehicles

Year Waste Amount L{Ud) Required Number of the Collection Vehicle |
{Compactor Truck)
Generated Waste | Waste Amount (o be Full woiking Net working 83%%
Amount {t/day) collected  (Ud)
LN AR 1 1N -1 Y { V) ¥ I ¢/} )
{2000) 54 63 (18) 22)
@0y | ST e T (20) 29
(2002) 61 T 2N (25)
2003 TUURY| T IS 22 26
2004 o8 79 23 28
2005 T 7 1 S i 30
2006 75 i 58 o 26 3
2007 79 92 27 A
2008 a3 97 28] 33
2009 87 102 29 35
2010 [ 66 ) 30 36

2.3 Collection Cost _
Collection cost consists of procurement cost of coltection vehicle, personnel
expenditure, operation and maintenance cost.
and the cost comparison with noimal truck are described in “Supporting

Report, Section A Collection™.

summarised in Table 6-13 (compactor truck).
the introduction of compactor track for collection activities is more
economical than that of the normal truck.

The detail cost estimation

Total collection cost of the Option 2 is

The Table suggests that

Table 6-13 Collection Cost of the Option 2

Year (1) Procurement | (2) Personnel (3) Maintenance " { {4) Operalion Cest | Totat Cost |
Caost Expenditure Cost
1093 - (1,249} (1,249)
3000 - — TTTT{I,239) 1.249)
7001 — (1,239) (1,249
2002 18,110 1 ,249) (1,249)
18,110
2003 3s3s] 2,125 1,050 2,519 7,08

2004 1,393 27272 1,131 2,685 7,481
2005 697 2418 1,212 2,859 AL
2006 697 2,491 1,252 2,551 7,391

2007 13,807 2,564 1,292 3052 25,715
008 | 2,786 2638 1,332 3,145 9,901
2009 2,090 2,784 1,413 3,319 9,606
_____ 000 ] 697 2,857 1,453 3,411 8,418
Total’ 46,670 20,149 10,135 23,941 l 00,895
(105,891)
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3. Option3: Vchicle Station Collection System

3.1 Collection System (Original System for Male’)
The collection vehicle in this option is operated for parking at the vehicle
collection station and for going around the designated service area for
normal bell collection according to the time assigned to each collection

mode,

the vehicle parked at the station.

Residents bring waste to the nearest vehicle collection station while
Collcetion vehicle then shifts the mode of

collection to go round the designated service area slowly with music sound.
Residents bring oul their waste to the vehicle as they hear the sound.

3.2 Required Number of Collection Vehicles
The required number of coltection vehicles is shown in Table 6-14. The
detail calculation of the required number of collection vehicle is described in
“Supporting Report, Section A Collection”

Table 6-14 Required Number of the Compactor Trucks

Year Waste Amount 1 (/d) Compactor Truck
Generated Waste | Waste Amount to be Full wotking Net working 85%
Amount {t/day) collected (U'd)
(1999) |~ 31 0 ) n
{2000) K] T 63| OIN an
{Z001) 57 67 {10) a3y
| (2002) ot T (i0) (2
2003 64 5 T 11 T i3
b 2004 68 i9 iy i3
2005 T 12 &4 12 15
1008 75 T 28 K 16
2007 79 p) 3 - 3
| 2008 | 83 97 14 17
2009 87 02 15 18
2010 91 106 ] i8

3.3 Collection Cost

Collection cost consists of procurenient cost of collection vehicle, personnel

expenditure, operation and maintenance cost.
described in “Supporting Report, Section A Collection™.

The detail cost estimation is
Total collection

cost of the Option 3 is summarised in Table 6-15 (compactor truck).

L 6-18
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Year N (2) Personal (3 {4) Opcration Total Cost
Peocurement Expenditure Maiatenance Cost
Cost Cost
1999 T - 0,249 (1.249)
2000 S 4,149 (0299
2001 . | (1,249) (1,249)
2002 9055 (L,299) | (1,249)
9,055

003 | 0 986 325 1,399 2910
2004 T 0 986 V18 1,399 2,910
2005 1,393 L1013 523 1,554 4,576
2006 | 697 1,163 606 1,651 4,517
2007 2,055 1,163 616 1,651 12,515
2008 697 1,222 616 §,748 4,313
2009 697 1,280 636 1,843 4,506
2010 1,353 1,280 766 1,843 5282
Total 22,987 N EE I A X P13 B8 50,184

it)  Sclection of Alternatives of Cellection System for Residential Waste

The Option 1 can keep pretty well collection efliciency, however, it still
implicates sonie problems: there arc waste bags put on the road until the time of
collection and the station has a chance of contamination by waste water leaked
out of the waste bags. The heap of waste bags looks untidy and tends to emit bad
simells around the station.  The system is commonly adopted in Japan under the
condition hat the residents have to keep the time scheduled for discharge and to
clean up the station area. Lven if the residents get accustomed to keep the
station clean and the scene of the waste bags is tolerable for residential area, the
system is not match for Male’ where there are many tourist walking around the
capital island.

The Option 2 requires the collection cost more than two times of the cost of
option 3. Therefore, The Option 2 is not proposed as a suilable collection
system for Male’.

The Option 3 requires the least numbers of collection vehicles and suitable for
the congested traflic condition in Male’ Istand.  Option 3 is the most efficient
system among the three oplions.  The Option 3 can also make the duration time
of waste exposed in the air 10 the minimum, which is acceptable in term of
environmental, sanitary and aesthetic conditions as well as the Option 2.

1. 6-19
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In consideration of the merits and demerits of three options, there seems no
room of adopling The Option 1 and 2. Therefore, the Option 3 “Vehicle
Station Collection System” is proposed for Male’ for collection system of the
residential waste.

The residents who are not satisfied with this coilection services can make a
contract with any private companies (include hand-cart) or the Municipalily
upon payment of the full cost recovery charge.

The collection cost of each option is summarized in Table 6-16. The Table
suggests that The Option 3 is the most cconomical system among the three
oplions.

Table 6-16 Collection Cost of Each Option (2003~2010)

Year Option 1 o Option 2 Option 3

Total 62,841,000 | 100,895,600 { 50,181,000

Arrangement Plan of New Collection Vehicle

The proposed new collection system is called “Vehicle Station Collection
Systein”, the system will arrange the collection vehicle as a container and set up
the collection arca of each vehicle. Waste amount to be collected and the
required number of truck in the period of Master Plan is shown in Table 6-14.
The arrangement plan of the vehicle is shown in Figure 6-2 (2010).  In 2003,
each vehicle covers approx. 20ha {a radius of 250m circle), the residents can
discharge waste at the vechicle collection station within 4 minutes walking
(60m/min. specd). In 2010, each vehicle covers approx. 15ha (a radius of

' 220m circle), the required iime is shorter than that of the 2003.  The service

area covered by one vehicle become smaller gradually year by year and the
residents will be able to enjoy more convenience for carrying waste to the
vehicle.

1L6-20
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Collcction System for the Commercial and Business Waste

The other types of waste, i.e. commercial and business waste shall be camied
into the transfer station by the waste gencrators.  The waste generators should
have a responstbility of collection and hauling of their own waste, hence they
can mmake a contract as to the delivery of collection service with private
companies (include handeatt) or with the Municipality. The system of the
private collection services is in operation now. The collection scirvices will
provide the door to door collection.

At the present time, the capacity of the collection service upon payment is 8.64-
tonfday in average (IHF 1.22-ton/day, Handcart 6.36-ton/day, the Municipality
1.06-ton/day). The amount account for 15% of the tatal commerciat and business
waste.  If the contractors will make an eflort to provide the high quality
services upon reasonable charge (the Municipality also can provide the full cost
recovery to the customer), the ratio wilt increase in the future.  The market
will decide own future direction, hence the Municipality has to make an effort to
promote the private sector involvement (PSI).  The merits of PSI are described
in Master Plan Scction 6.4.3.

The Municipality has responsibility of supervising and monitoring as to the
activitics of the waste generators and the private collectors.  The Municipality
has to consider about the provisions to prohibit itlegal dumping or another illegal
activities in the By-faw.

Collection System for Construction Waste

Ministry of Construction and Public Works (MCPW) is responsible for
supervising and monitoring as (o the construction waste. MCPW should
monitor the large-scale development and construction plan. MCPW has to
guide the suitable coliection & hauling system to the contractors. The
contractors have to submit the waste hauling plan before commencement of the
construclion work.
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)

Transportation Plan
Objective

The objective of the transportation plan to establish an efleclive and efficient
transportation system to remove the collected waste to the disposal site
immediately in order to maintain public health and cleanliness of the istands in
the planning area. '

Planning Concept

The current transport system consists of Iwo feiryboats and farge dump trucks
works well enough to remove sotid waste from the two target istands in a few
days. The ferryboats still have a life remaining enough to continue operation
during the planning periods vntil 2010, Thercfore, it is reasonable to succeed
the current system basically in the master plan though there are some needs of
capacily expansion to meet with increasing waste volume and improvement in

operational  aspecets.

The most suwitable way of capacily expansion and

opcration improvenient is selected in view of cost effectiveness and
environmental soundness.

. Waste Amount to be Transported

The waste amount to be transported is shown in Table 6-17. The amount is
eslimated by 6-days working per a week.

Table 6-17 Projection of Waste Amount (o he Transported (Unit: ton/day)

Year Residential, Saw dust Kitchen Coastruction Total Residential
Conmmercial, (tobe wasle Waste {Male’} wasle
Business separated) {tobe (villingili)
waste separated)
1599 1282 N - 837 2109 TS
2000 1345 - - 833 2202 1.9
7001 141.7 - - 880 12297 2.1
2002 14891 - - 0.9 2398 26
[ 2003 Y517 4.0 1.0 938 3505 30
L 1588 1.0 o) 97 260.5 35
2005 1665 4.0 1.0 99.6 2iia ENE
72006 R YZ X1 10 1.07 1026 2816 49
2007 824 40 1.0 1050 2924 5.7
2008 £89.8 4.0 1.0 108.5 1 3% 6.8 |
2009 197.8 4.0 1.0 {115 3143 79
2010 205.8 40 1.0 il4.0 3254 9.3
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d.

Technical Alternatives

The proposed system will be formulated to have suitable combination of
manpower and machines. Considering the current situation of SWM in Mate’,
there are three options i.c. improved existing system, introduction of compactor
truck and introduction of compactor-container system for transportation systen.
The three options have difterent tevel of environmental protection capability.
These systems are evaluated to identily the most appropriate system from both
econontic and environmental vicwpoints.

Option 1: Improvement of transfer station
Option 2: Improvement of transfer station + introduction of compactor truck

Option 3: Improvement of transfer station + introduction of compactor-container
system

Option I: Improvement of Transfer Station (Dump T'ruck Sysfem)

1. Transportation System
The Option t is improvement plan of the transfer station.  The transportation
system from the tzansfer station to the final disposal site is same as the system
in operation.  The loaded trucks carry waste to the final disposal site directly
by using the ferryboat. ' '

2. The Required Number of Trips
In the case the two ferrics are used to transport the trucks, it is possible to
make 10 times (50 times) of trips in 8 hours (nct work time) by assunming the
working time schedule as shown in Figure 6-3.  In addition, it is possible to
increase four trips more {20 trucks) by the working time by two hours.  This
modified transportation schedule is shown in Figure 6-4.  In average,
requited number of irip is estimaled for the trucks as shown in Table 6-18.
The Table suggests that two ferryboats have enough transportation capacity
during the planning period until 2010.  Thercfore, MCPW has to prepare the
required number of trucks only. From the year 2003, when the proposed
transportation systein begin operation, tofal required number of trucks are 18
(Strucks x 3 tcams and 85% of the net working ratio). The detail calculation
condition is described in “Supporting Report, Section B Transportation”
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Table 6-18 Required Number of Trucks and Trips (Option 1)

TTYear | Residential, | Saw dust Kitchen Conslruction | Residential | Numbcr of
Commercial, {tlobe waste (to be Waste wasle trucks
Business separated) separated) (ton-/day) (Villingili) | (Numbcr of
waste (ton-Mday) (ton-!day) (ton-/day) ferry trip)
(ton-/day) ‘
1999 i 36 (2i0.9) 1{L.5) 37(8)
2000 317(220.2) 1{0.9)| 388}
11 71) R 3902297 {1 40 (8)
2002 10 (239.8) 126 41 (N
2003 BASIDH] TG 1(1L.0) 10(93.8) 1{3.0) 51(10)
2004 10 {138.8) 1{4.0) 1(1.0) 16(96.7) t35| s30n
2005 | 42(166.5) 4.0y 1(1.0) 10(99.6) 232 56 (12)
2006 44 (174.0) I (4.0} 1(1.0} 11 {102.6) 2(4.9) 59(i2)
2007 6 (182.0) Tadoy |~ 1.0y 11(105.0) 265D AN(E))
2008 33 (189.3) TAG) [0y TN{i08%H 2(6.8) 63 (13)
2009 50 (197.3) 1 (4.0) | [0y 120135 2(79)] 660D |
2010 SI(058) | T (0| Loy 12(114.6) 303) {E)]

3. Transportation Cost

‘The transportation cost of the Optton 1 conststs of four items i.e., construction
cost of transfer station, procurctient cost of trucks and heavy machines,

operatton and maintenance cosl, personnel expenditure.

The

detail cost

estimation described in “Supporting Report, Section B Transportation”.
Total transportation cost is summarised in Table 6-19.

Table 6-19 Transportation Cost (Option 1)

Year Consfruction | Procureinent | Personal | Maintenance | Operation Total |
cost €05t expenditure Cost Cost
1990 - (1,615} G213 (1,858
2000 o : (1,615) (3.213) @,35%)
2061 | 10,073 : {(1,615) {(3.213) 10,073
{4,858)
2002 | 93507 30,092 (1,635) G2 | 53,599
| (4,858)
2003 : 1,938 1,744 THT 10,923
2603 : T 1,938 KL 7241 i0:923
2005 - - 2072 1,744 7,856 1,672
3006 - - 3072 7 7856 (1,672
B T A 25,893 2,206 [,74 8472 38315
I 117 2,706 i,731 gAT | 12422
I L511  F— 7,31 1,743 9,085 13,174
B [ : TR 1,744 9,089 13,174
T Total 33,581 55,985 17,114 13953 e5IT6| 1_8_'5,943
' ' -~ (205,380)
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it) Option 2: Intreduction of Compactor-truck (Compactor-Truck Systen)

1. Transportation Sysfem

'the Option 2 is improvement plan of the transfer station and introduction of
compactor truck for transportation.  The transportation system from transfer
station to the final disposal site is same as the system in operation. The
compactor trucks carry waste 1o the final disposal site dircctly by using the
ferry.  Introduction of the compactor trucks for transportation of the waste
except the construction waste is cffective to improve the transportation
efliciency and to protect diftusion of odour from the loaded waste.

. The Required Number of Trip

The compactor truck can load almost two times of the waste amount
comparing with that of the normat truck.  Therefore, the required number of
trips of ferry is lesser than the Option 1. The detail caltculation condition is
described in “Supporting Report, Section B Transportation”

‘Table 6-20 Required Number of Trucks and Trips (Opfion 2)

Year Residential, Saw dust Kiichen Construction | Residential | Number of
Commeccial, (tobe waste Waste wasle trucks
Business separated) {tobe {ton-/day) {(Villingili) | (Number of
wasle (ten-/day) separated) {lon-{day) ferry trip)
(ton-/day) (ton-/day)
1999 ' 36 (210.9) T(1.5y 37(8)
2000 - 37(2202) (1.9 TIE(8)
2000 39(229.7) TCD 108
2002 R o 2002398 1@26y| 41 {9)
2003 22 (151.7) i3.0) “1(1.0) 10 (93.8} 1(3.0) 35(0H|
2004 T23(1588) 1{(3.0) 10| 10(967) 1(3.%) 36(3)
| 2005 24 (166.5) S 1{4.0) 1{(1.0) 10 (99.6) RPIEWI) 3R(®)
2006 75(174.0 1@0) Tae| 11026 1@ | 408 |
2007 76 {182.3) T@.0) 1o Haose| 267D ARE)]
2008 27(189.8) 1{H0) 1(1.0) 11{108.5) 2(08)| 42 (9)
[ 2009 28 (197.8) 1(4.0) 1 (1.0) 12{111L.5) 2019 359y
2010 - 39 {2058) 1{@0) a0 1zOe) | 3{9.3) 46 (10) |

From the year 2003, when the proposed {ransportation system begin
operation, total required number of trucks are 18 (5 trucks x 3 teams and 85%
of net working ratio, cach team consists of 3 compactor trucks and 2 normal
trucks).

. Transportation Cost

The transportation cost of the Option 2 consists of four items i.¢., construction
cost of transfer slation, procurement cost of trucks and heavy machines,
operation and maintenance cost, personnel expenditure.  The detail cost
estimation - described in “Supporling Report, Scction B Transportation™.
"Total transportalion cost is summarised in Tablc 6-21.
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Table 6-21 Transportation Cost (Option 2)

Year “Construction | Procurement | Personal | Maintenance | Operation Tolal
cost cost expenditure Cost Cost

1999 | - - (63| (3,213) {4,858)

2000 -1 N ) o (3.213) (4,858)
2001 10,074 - T(1,645) (G2 w001

(4.358)

2002 23,507 35,522 (e (3.213) 59,026

{1,858)

| 2003 - . 1,831 2039 5,175 9,065

2004 - - 1,831 2,059 5,687 9,577

20085 - - 1,831 2,059 5,687 9,577

2006 - “ 1,831 2,059 5,687 9,577
2007 - 31,324 1,831 7 2059 6,169 41,383 |

2008 - - 1,83 2,059 6,169 10,059

2009 e - 1,831 T2059] 7 6,169 10,059

2010 - I 1,831 2,059 6,651 10,541

Total 33,581 66,346 14,648 16,472 47,391 178,941

{198,373)

iit) Option 3: Introduction of Compactor-container System

1. Transportation Systein
The Option 3 is the introduction of compactor-container system for
transportation.

2. The Required Number of Trip
The compactor-container can load more than 10 % of the wastc amount

comparing with that of the compactor truck.

Therefore, the required number

of {rips of ferry is lesser than the Option 2.  The detai} calculation condition
is described in “Supporting Report, Section B Transportation”

L 6-29



PartI  Final Repord

Table 6-22 Required Number of Truck and Trip (Option 3)

T Year Residential, Saw dust Kitchen Construction | Residential | Numberof
Commercial, (o b waste (o be Waste waste trucks
Business separated) separated) (ton-/day) {Villingili) (Number of
waste {ton-/day) (ton-/day) (ton-/day) ferry trip)
(ton-/day)
1999 36(210.9) 1(1.5) YY)
2000 I b X771 Y3 N S W KT T38(8)
2001 39(229.7) 1(2.1) 40 (8)
2002 - WRI/IZ 126 ATM
2003 19(154.7) 1{4.0} 1(1.0) 10(93.3) 1(3.0) 32(7) |
2004 20(158.8) 1{4.0) 10| 100D 1(3.5) 33N
2005 21{166.5) 1{4.0) 1(1.0} 10(99.6} 2(4.2) 35
2006 2(740) | 1{d0y}| 10| .d1(102.6} 2(49) 37(8)
2007 23(182.9) 130 {10y 11(105.0 G| 338)
2008 24{189.8) 130 T(10)| T11{1038.5) 7(6.8) I9(®)
7009 25(197.8) 1(3.0) 40| 12(1115) 709 (@
2010 26 (205.8) 1{4.0) 1(1.0) 12 (114.6) 3(9.3) 43(9)

From the yecar 2003, when the proposed transportation system begins
operation, total required number of trucks are 18 (5 trucks x 3 teams and 85%

of nei working rate, each team consists of 3 compactor trucks and 2 normal

trucks).

3. Transportation Cost
The transportation cost of the Option 3 consists of four items i.e., construction
cost of transfer station, procurement cost of trucks and heavy machines,

operation and maintenance cost, personnel expenditure.

The detail cost

estimation described in “Supporting Report, Section B Transportation”.
Total transporiation cost is smnmarised in Table 6-23.

1. 6-30



Port ! Finaf Repori

Table 6-23 Transportation Cost (Option 3)

“Year | Construction | Procurement | Personal | Maintenance | Operation Total
cost cost expenditure Cost Cost
1969 o - - (1,645) | (3,213} {4,858)
2000 - -] (,63%) o (3.213) (4,858}
2001 10,674 Ty 3213 10,074
(4.858)
2002 21,507 103,510 {1,615} (3,213) 127,017
(4,858)
2003 1,921 6001 515 13,697
2001 7 1,921 6,001 TSI 13,697
2005 1,921 6,001 50751 13,697
2006 1,921 6,00t 6,257 14,179 ]
2007 37670 1,921 6001 6257 51,819
20038 D 1,921 6001 6,257 14,179
2009 o N 1921 7 6,601 6,139 14,661
20007 T 1,921 6,001 6,739 14,661
Tolal 33,381 141,180 15,368 48,008 49,574 281,741
(307,143)

iv) Cost Comparison of cach Transportation Option

The calculation result of cach oplion is shown in ‘Table 6-24.
The Option 1 is implicated in environmental problems: the odor and flakes of
waste from the loaded waste of dump truck will be scatter around of the access

road and the standby parking are in the jetty.

The Option 2, the compaclor truck is effective to protect the environmental
probtems mentioned above and the Option 2 is more cconomical than Option 1.
Therefore, the Option 2 can be evaluated as the most suitable transportation
system in Male’.
The option 3, the compactor-container is the best transportation system as 1o

protcction of the environmental problems, though the total transportation cost
become most expensive.

Selection of the transporiation system shall be made in economic and
environmental viewpoints.

Table 6-24 Transportation Cost of Each Option

" Year

Option 1

OptionZ

Cption 3

" Total

185,018 1
(205,380)

78911
(198,373)

287,711
(307,143)
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e Proposed Transportation System

The Option 2 is proposed to be the most appropriate transportation system from
the cconomic viewpoint. In addition the system can improve thc current
environmental problems at the transfer station, access road and standby parking.

6.3.2 Treatment of Special Wastes

Some sort of wastes are proposed to have treatment or recycling prior to disposal n
consideration of the benefit to avoid probable secondary pollution, recovery of materials
for recycling, conservation of the environment, and reduction of the final disposal
amount to prolong the life of the landfill site. The method of treatment and reeycling
of these wastes are proposed as in the following paragraphs.

(1) Food Wastes from 1lotels & Restaurants : Composting

Wastes from hotels and restaurants generate about 4 tons per day and the food waste
ratio commingled in the hotel & restaurants wastes amount to 83 % by weight.  Seil in
the Maldives mostly consists of coral sand, which lacks in organic matters for growing
plant.  The food waste is a good raw materials for producing compost for the use in the
“Planting Two Million Trees Project”, smalt scale farming in local istands, gardening in
resort islands.

Fitstly, the system for waste separation, collection and transportation must be
established. Special containers must be provided at the transfer statien to receive the
food wastes carried by the hotels and restaurants.  Sccondly, the pilot scale composting
facilitics shall be constructed in the Thilafushi. Thirdly, distribution system of the
fina! products shall be cstablished. Operation shall be carricd out by the direction of
the Special Task Team organised wnder WMS of MCPWV.

The pitot compost facility, the windrow type composting, shall be composed of 3 lots,
namely reception-separation area, fermentation-turning arca and maturation, storage and
shipping area. The pilot facilities will be developed initially at the capacity to receive
about 2 to 3 tons of raw material twice in a week.  Food waste - saw dust composting
will require 6, to 8 wecks by the windrow type processes. The composting capacity
and/or the processes may be developed further in future as required.

) | SaW_ Dﬁst from Cai*pen'h‘)' : Moisture Adjustment for Compo_s.!ing

Twently two {22) carpentry factories operated in Male produce about 5 tois of saw dust
and cuttings of lumbers. Saw dust will be uscful to adjust the quality ef compost in
terms of moisture and C/N ratio. In order to encich the nutrient clements in the final
product of compost, the C/N ratio of raw material has to be kept between 25 to 30.
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‘That enables to control the temperatute of windrow higher than 45 degree Celsius but
not higher than 75 degree Celsius at least for 3 days by watering and tuming propetly.
The ratio of food waste and saw dust has to be studied initially through test operation of
the pilot plant and test application of the compost at the trial fanm.

3) Waste Oil : Incineration at Thilafushi disposal site

Increase of vehicles brings about increase of waste oil naturally. . At present, waslte oil,
most of them are lubricants from automaobiles and vessels are transported to Thilalushi
and bumt at site without proper procedures.  Generation amount of waste oil is not
clear yet but the small incinerator of the capacily from 20 to 30 kg/hr will be useful for
incineration treatment.

) Kish Waste : Treatment by the FAO supported Project

About 3 tons of fish waste generated at the Fish Market in Male’ is expecled to be
recycled by the project supported by FAO.  Accordingly, the S\WM plan for Male® do
not deal the fish waste in S\WM plan.

(5) Medical Waste : Incineration at IGMH and/or ADK 1lospitals

There are two options for treatment of medical wastes. The first option is to have
incineration treatment at the two hospitals, IGMIH and ADK. The other option is to
install the medical waste incinerator at the Thilafushi.  ¥For the practical point of view,
it will be better to ask co-operation of the two hospitals to treat medical wastes of the
clinics at the hospital incineration facilitics. The total capacity of the incineration
plants must be larger than 1 ton per day or about 200 kg per hour. o

{6) Batteries : Collection and Cementing at Thilafushi

Wasie Composition Survey conducted in Male® shows that the hazardous waste such as
batteries, inseclicides, pesticides, waste chemicals commingled with general municipal
waste by the ratio of 0.2 % in weight. For recovery of waste batleries, it is important
to establish the collection system. Considering the social conditions in Male’, schools
and mosques arc the most convenient places for the resident to bring waste batteries and
for periodical collection by the Municipality. The ballery recovery boxes shall be
placed at the entrance of 6 primary schools, 9 secondary schools and mosques to cnable
easy access to the students and the residents for discharging the waste batteries at
anylime in daytime.  Collection work is to be conducted by the Municipality once ina
month alternately for the battery recovery boxes in 4 Wards.  The waste battery shall
be treated with cementing at the Thilafushi before land[ill.
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