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GREATrER~?QI~M N EGO B3AY SOL.ID0 WASTE 

-M[ A G~~cEME 1T STUI)y 
EXECUTI E SU MM R y 

a Background. 
 The solid waste management study for Greater
Montego Bay (GMB) was sponsored by the United States Agency for
International Development (USAID) and involved 
a study team of 4
consultants, 2 from Jamaica 
and 2 from the USA. Their combined
level of effort involved about IC weeks of field work and 5 weeks
of back-to-office work. 
Field work was completed between November
1993 and January 199,. 
 A draft final report was submitted in April
1994. 
 Review meetings were conducted in June 1994. 
 Comments from
Local Reviewers were obtained in September 1994.
 

b. Refuse Quantity. Municipal 
refuse, including residential,
commercial, port, and institutional solid waste, amounts to 31,800
tonnes/year for 1994, and is expected to grow to 44,400 tonnes/year

in 2000. See Para. 11 to 13, and Annex A.
 

c. Refuse Character. There is 
no data on the composition,
moisture content, Carbon to 
Nitrogen ration, calorific value, 
or
density of refuse in GMB. 
 For more definitive examination of the
potential for recycling, or the economics of 
 composting or
incineration, sampling and analysis of refuse is needed. 
Such work
was outside of the scope of work of 
this study. Sampling and
analysis are included in the IDB study expected to be conducted in
1995 throughout 
Jamaica. For purposes of 
this USAID study,
analysis of technologies which was 
conducted was 
based on visual
observation of the wastes at various collection and disposal points
within GMB, as well as data from countries of comparable economic
development and climate. 
See Box 8 following Para 127.
 

d. Legal Framework. 
Municipal refuse collection and disposal is
conducted in a four-parish region including GMB 
by a private
enterprise established by the 
Ministry of Local Government
(MOLGYS), called Western Parks and Markets 
(WP&M). The WP&M has
been 
fully supported financially by the MOLGYS, with annual
budgetary allocations to support 
recurrent expenditures, and
periodic capital investments. 
The MOLGYS is involved in an active
program of local government reform, wherein authority and financial
autonomy for services 
such as solid waste management will be
decentralized to the Parish Councils (PC's). 
 The legal framework
for the WP&M is discussed in detail in Para. 31 
to 46, and points

to the need for revisions.
 

e. Institutional Arrangement. From 
 an institutional 
 and
organizational view, the WP&M and its guiding central 
government
agency, the MOLGYS, are weakly staffed for the job which they are
supposed to conduct. 
The issues of weakness are discussed in Para.
 

r
 



50 to 55. Before specific recommendations can be made to address
these issues, the 
legal framework of WP&M discussed above would
first need to be resolved. 
 There are few significant reasons to
have solid waste management services provided by regional entities
versus PC's. 
Even where the disposal system's economies-of-scale
warrant a regional facility, there 
is little justification for
regional solid waste managment entities. 
Issues of economies-of­
scale are discussed in Para. 48.
 

f. Financial Arrangement. Until local government reform, all
local financial resources to cover 
 solid waste management
investment and recurrent expenditures have been provided by the
Ministry of Finance (MOF), channeled through the MOLGYS. 
About 19%
of cost of local infrastructure services were covered in 1992/93 by
revenues from property 
taxes. In 1993/94, property taxes were
substantially increased and 
are expected to continue to increase
until they cover the cost of local infrastructure services.
 

g. 
 There are services for which residents would be willing to pay
directly a user charge, and measur-s to begin implementing direct
cost recovery have also begun. 
At least a portion of the costs for
solid waste management can be covered through such user charges, as
discussed in Para. 60 to 69, 
Para. 100, Para. to
and 110 112.
License fees 
paid by private haulers would also 
contribute
covering costs. Tipping fees charged at 
to
 

the disposal site are
recommended, coupled with 
strong sanctions and heavy fines for
clandestine dumping. 
 For sanctions to be implemented, legal
hearings should be conducted in a community court 
system rather
than through the magistrate court system which is focused on major
criminal cases. 
 For details on 
the full owning, operating, and
maintenance costs 
of collection service, see Para. 
93 to 99, and
Annex B. 
Costs for disposal are discussed in Para 104, and Annex
 
C. 

h. Collection Service 
Delivery. Collection service in 
GMB is
relatively complete, in that most residents have access to service.
In neighborhoods where collection problems exist, there is 
a need
for greater community cooperation with the collection system, which
suggests 
 that public education, vigilance, enforcement, and
community pilot projects need to be developed. Also, use of open
communal depots 
instead of closed containers for storing 
waste
while i.t awaits collection results in 
the appearance of poor
collection, even if the depots are cleaned one or more times daily.
While service is believed to be nearly complete, based on the field
observations and interviews conducted during this study, there is
potential to 
improve the efficiency of collection through better
equipment specification, improved containment, optimized staffing,
rationalized routing, and coripetent privatization in several zones,
 
as discussed in Para. 
71 to 88.
 

i. Disposal. 
 The current disposal system involves open dumping
and open burning 
at the official disposal site. This 
disposal
operation is not sanitary and needs to be upgraded, as discussed in
Para. 101 to 109. 
 It would be acceptable and cost-effective to
 



continue use of the existing disposal site for the next 5 to 10
years, provided that the current operations are upgraded to a cut
and cover sanitary landfill 
in the immediate term. 
 Details for
improving the landfill are provided in Annex C. Additional work to
develop an operating plan is recommended. Monitoring of
groundwater is recommended to safeguard the environment, especially
in light of karstic geology reported in the vicinity of the site.
 
j. Recycling. Recycling is limited in the GMB area because there
is not local industrialization activity creating 
a market demand
and costs to transport recyclables to industrial areas, such as
Kingston, make it difficult for local recyclables to compete with
less ccstly and higher quality imported recyclables. 
 To address
the issue of recycl.ng, markets 
would need to be developed by
focused incentive programs conducted by central government. Until
markets are developed, efforts to encourage source segregation and
separate collection of recyclables are not recommended. See Para.
 
119 to 124.
 

k. LcOmostina. 
Composting is technically viable for GMB, given
the high content of vegetable putrescible material 
in municipal
refuse and 
the very low level of industrialization which might
introduce phyto-toxic constituents, 
such as heavy metals and
pesticides. Unfortunately, there is very little market demand for
compost within a 50 km radius of GMB or any significant potential
market
that a demand could be developed which would enable
composting costs to be covered. 
See Para. 129 to 136.
 

1. Incineration. Municipal refuse 
in GMB does not have an
adequate calorific value 
to support self-sustaining combustion.
Therefore, 
the costs of incineration would 
be prohibitively
expensive compared the
to costs of environmentally comparable
disposal alternatives such as sanitary landfill. 
See Para. 137 to
138, and Para. 141 to 144. 
 Ship vessel wastes are probably able to
support combustion; 
the quantities are very low and economies-of­scale would not be available, but port authorities and ship owners
may consider the investment negligble relative to the priorities of
meeting requirements for safe disposal. 
 See Para. 139 to 140.
 

m. Incineration of medical wastes from hospitals and clinics is
recommended because of 
the high 
level of hazard associated with
them. Ideally, on-site incineration 
at each major hospital is
recommended because of the potential to eliminate hazards of extra
handling and transport. 
However, regional incinerators for medical
wastes may capture economies-of-scale and enable optimum operation
with skilled staff. A program of 
source segregation to separately
store and collect medical wastes of a pathogenic/hazardous nature
is an essential ingredient of a this recommendation. See Para. 155
 
to 166.
 

n. Recommendations. Recommendations are summarized in Para. 167
to 179. Recommendations for GMB are not necessarily relevant for
other cities in Jamaica. The evaluation of composting and
recycling, for example, are highly dependent on the potential for
 

http:recycl.ng


market development within the local area. 
Also, while there is no
recommendation for a near-term hazardous waste mnanagement program
in GMB, that does not negate that a national program with at least
one national hazardous 
waste treatment facility is definitely
needed; nor does 
it negate the potential need for cities with
greater industrialization than GMB to have a local program.
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INTRODUCTION
 

1. This report provides a review and 
assessment of 
solid
waste management issues and needs for the Greater Montego Bay Area.
The types of wastes included in the definition of solid waste are
shown in Box 1.
 

2. Because Greater Montego
Bay is 
 one of Jamaica's major
ports 
of entry and activity 
 for WHTISOLIDWAT
tourists,
hotels havewastesbeen fromgivenshipsspecialand M1ost practitioners in the field define solidattention in this study. 
solidwastes as all non-hazardousDateriaLj solid and semi­discharged from household,3. The findings and views commercial,expressed industrial, and institutionalin this final draft establishments, as well asreport are from publicthose of the streets,consultants engaged as the USAID 

drain and open spaces. Street
sweepings and construction/demolition debrisstudy team and do not necessarily includedarereflect those of USAID. within the broad definition of
solid wastes. However, hazardous wastes from 

4. USAID team 
medical and industrial sources are usuallyThe study 
 excluded and referred to as special wastes.
included two 
foreign consultants,


Sandra Cointreau-Levine 
 (study
team leader and independent solid 
BOX 1
waste management 
 engineering

consultant) 
 and Robert Donovan
(solid waste management specialist 
and manager of Glendale,
Arizona's solid waste department), and two local consultants, Paul
Carroll (environmental scientist and impact assessment consultant)
and Keith Miller (institutional 
consultant 
on local government

reform).
 

5. 
 Most of the data gathering was conducted between November
22 to December 15, 1993. 

site-specific planning 

The field work focused on collection of
data 
from the Greater Montego Bay (GMB)
area, as defined by the Greater Montego Bay Redevelopment Plan, and
on collection ot legal, institutional, financial, and privatization
information from the central government agencies in Kingston. 
 A
briefing paper was provided for purposes of presenting findings to
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local and central government representatives on December 16 and 17,

1993. Additional field work was conducted by the local consultants
 
between December 28 and January 12 for purposes of addressing needs
 
for additional data identified during the briefings. A draft final
 
report was submitted in April l94. Review meetings were conducted
 
in June 1994 with Local Reviewers in Kingston and Montego Bay.

Comments from Local Reviewers were obtained in September 1994.
 

6. This final draft report includes detailed cost estimates
 
of alternative collection techniques, improved methods of operating

the existing landfill, recommended changes to the fleet and

personnel deployed for GMB solid waste 
services, estimated cost
 
recovery targets and methods, and 
near-term interventions which
 
collectively could upgrade the state-of-knowledge and provide

practical replicable methods for solid waste service improvements.
 

7. This USAID study is expected to be followed in 1995 by a
 
country-wide solid waste 
planning effort sponsored by the Inter-

American Development Bank (IDB). 
 This USAID study will serve as
 
input to the IDB study, and will provide direction on important

issues which the 
IDB study could pursue in depth. Coordination
 
between this study and the IDB larger study is expected to be an
 
on-going continuous effort.
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STUDYAREA. 

8. The study area 
is the Greater Montego Bay Metropolitan

Area as defined in the Greater Montego Bay Development Area Plan,
prepared under the auspices of Greater
the Montego Bay
Redevelopment Company. 
The map on the cover of this report shows
 
the study area in cross-hatching.
 

9. Greater Montego Bay (GMB) is the main stopover arrival

point for cruise ship tourists to Jamaica. In 
1992, GMB earned
about 35% 
of the total foreign exchange spent by tourists in
Jamaica and received about 30% of Jamaica's cruise ship arrivals
and had 39% of Jamaica's tourist bed night sales. 
 The tourism
foreign exchange earnings for GMB in 
1992 were approximately $US
 
273.4 million. 

10. According to 
the Greater Montego Bay Development Area
Plan, population is growing at about 2% per year. 
Currently, there
 are about 104,000 people in GMB and population is expected to reach
124,000 by 2000. 
 The Central Business District is a relatively
small 
area with a small resident population of only about 5,500;
however, the number of people in this area during business hours is
estimated to be 
over 76,000. Gross Domestic Product in GMB is
growing at a 6.7% rate, adjusted to exclude inflation which is
 
about 20% per year.
 

11. Most of GMB's residents are considered low income. 
 An
estimated 67% of the GMB households makes less than $JA
60,000/year. 
Of the remaining 33% of the households, 22% makes $JA
60,000-120,000/year and is considered low middle income, 
3% makes
$JA 120-250,000/year and is considered middle income, and 8% makes
 over $JA 250,000/year and is considered high income. 
 Within the
five main squatter settlements of GMB (Lilliput, Long Acres,
Canterbury, Noru.ood, 
 and Flankers), estimated
an 92% of the
households have incomes of less than $JA 12,000/year, which is very

poor by Jamaican standards.
 

12. The labor force in GMB is about 47,100, of which about
39,100 are employed, suggesting an unemployment rate of about 17%.
Unemployment within the squatter settlements is estimated as 
30%.
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13. 
 Data on the nonresident population, the number of cruise
ship day visitors, and hotel bed nights is provided 
in Annex A.
Current refuse quantities being generated are estimated in Annex A
with results as follows:
 

Table 1

Solid Waste Quantities
 
Greater Montego Bay
 
(Metric Tonnes/Year)
 

FType of Waste 1993 2000
 
Residents' General Refuse 
 22,862 32,804
 
Non-Resident Workers' 
 2,738
General Refuse 4,489
 

Hotels 
 4,160 4,659
 
Shins 
 2,040 2,448

TOTAL 
 31,800 44,400
 

BOX 2
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HISTORICAL CONTEXT.
 

14. 	 Solid Waste Management under Local Authorities. In
Jamaica, as in most 
countries, solid waste ranagement was
traditionally the responsibility of the 
Local Government or
Municipal Authorities. The activities conducted as a part cf solid
waste management outlined Box
are 	 in 
 3. Public Cleansing was
 
included with other functions of the
 
Parish Councils (such as public

health, fire protection, 
 public WAT AREM SOLID WASTE ACTIVIIS?
 
markets, street lighting) in the

last quarter of the nineteenth Solid waste anageent typically is de­century, when the responsibilities fined as 	the broad range of activities toof these Councils were dramatically collect, transport, recycle, pross, and
expanded beyond the original dispose 	of solid wastes. 
functions of relief to the poor and
 
road 	maintenance.
 

15. 	 In the early days of the BOX 3
 
service, until the early 1950's,

solid waste was collected using mule-drawn carts. This clearly

imposed a limit on the distances over which garbage could be hauled

and hence, all of the early dumps were cited within or on the near
outskirts of 
the town or City, including within wetland 
areas
 
adjacent to the coastal cities.
 

16. 	 Centralization of Solid Waste Management. 
Until 1985 the
solid waste management function was performed directly by Public
Cleansing Departmentc of the Parish Councils (PC's). 
 In 1986 and
1987, the Government divested 
 these Authorities of this
responsibility, along with all 
of the other major functions of
Local Government. Statutory responsibility was given 
to the
Permanent Secretary of the Ministry of Local Government, Youth and
Sports (MOLGYS) who was designated to represent the Local Board of

Health for all Parishes in the island.
 

17. 	 At this same time, the Parks and Markets Companies
(P&M's) were createC country-wide as private enterprises to perform
solid waste management services. 
 The P&M'Q, under MOLGYS
direction, are operating exclusively in separate regions. 
Relative
 
to the MOLGYS's assessment of needs for the region which each P&M
services, 
the P&M's are given trucks, staffing, and budgetary
support from the MOLGYS and authorized to provide and contract for
services of collection, transport, and disposal of solid wastes.
 

18. 	 The main arguments advanced in support of the decision to
divest the Local Authorities of the solid waste management function
 
were:
 

a. 	 The poor performance of the Councils in the
 
delivery of the service.
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b. 	 The claim that significant economies-of-scale would
 
be realized by regionalizing the function.
 

19. 
 These arguments have been countered by pointing to the
fact that the PC's were severely starved of resources, i.e.,
finances, mancigement and equipment, while 
resources were amply
provided to the P&M's when they took over.
 

20. 	 Dec'- tralization of Solid Waste Manaement. 
In 1989 the
new administracion of central government reversed the policy of the
previous government in regard to local government and instituted a
policy of restoration and reformation 
of the local government
system. This included reinstating the PC's as the Local Boards of
Health and giving them statutory responsibility for solid waste.
 

21. 	 While the trend is in the direction of decentralization,
no substantive change in the soli.d waste system has yet occurred.
The legal arranqements by which the P&M's have been authorized to
be responsible for solid waste management have been unchanged (as
discussed in substantial det'ail within next
the section). The
P&M's continue to receive their equipment allocations and recurrent
budgets from the MOLGYS, and still report to a Board of Directors
 
appointed by the MOLGYS.
 

22. 	 Based upon newly established management contracts
developed in 1992 by the MOLGYS, the P&M's are now being "hired" by
the PC's to provide service. 
 Every PC has been requested by the
MOLGYS to sign a management contract with its P&M. 
The management
contract does not obligate the PC to 
pdy the P&M anything for
service. However, the contract does require the PC to "secure such
funds from the Ministry as indicated by the Annual Budget prepared
by the P&M and approved by the Minister". According to interviews
with MOLGYS budgetary staff, this involves the PC's merely being a
pass-through, wherein the P&M budgets were sent to the MOLGYS via
the PC's, but the PC's 
did not participate in the negotiation
meetings between the P&M's and the MOLGYS. 
While the concept of a
management contract 
between 
P&M's and PC's is theoretically a
change toward including 
the 	PC's in solid waste management
decision-making 
-- wherein the P&M's 
are 	now supposed to be
accountable to PC's they serve 
-- in reality the P&M's still take
their marching orders from the MOLGYS and the PC's still have no
real ability to take charge of their own affairs.
 

23. Because they have no independent revenues, essentially
all of the PC's are cooperating with the MOLGYS's request to sign
the management contract 
with 	their local P&M, thus granting the
local P&M a parish-wide franchise 
(i.e., a zonal monopoly) to
provide solid waste management services and recover costs 
(and
profit) through a fee collection system. 
 Under the MOLGYS's
decentralization program, a major objective is the development of
a local revenue base for the PC's. 
 Once the PC's have their own
income from local sources of taxation, there is nothing preventing
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them from contracting with any private company for service or even

providing the service themselves. Over time, the MOLGYS would need
 
to discontinue subsidizing the P&M's operations in order to enable

other private companies to effectively compete with the P&M's.
 

24. This study 
team -isin full support of the government's

ongoing program of local government reform and the move toward

cost-effective privatization. Only when the linkages between local
 
governments and the constituents they serve are restored, can we
 
expect to see full accountability and efficiency possible within
the system. It is anticipated that the local government reform
 
program will have completed its actions by early 1996, and that

local governments will have developed 
into relatively self­
sustaining financially viable units by early 1999. 
 At that time
(i.e., 1999), it is recommended that each PC have the option of

reaching a fixed-term service management agreement 
with it's
respective P&M, after rechartering to make it more accountable to
 
government, or establishing service directly under its own control.
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LEGAL FRAMEWORK.
 

25. 
 Solid Waste Management Legal Framework. Jamaica's legal
framework for solid waste management has the nation's Public Health
Act as its traditional cornerstone. 
 Under the Act, each Parish
Council is designated to function as the Local Board of Health for
the parish. 
The Local Board of Health is empowered to divide the
parish into sanitary districts for purposes of providing solid
waste management (and other sanitation) services, and conduct all
activities which appear necessary, advantageous, or convenient in

the interest of public health.
 

26. The legal framework of 
the Public Health Act has been
strengthened on the national level by The Litter Act of 1986, which
prohibits littering and clandestine dumping. The Litter Act
broadly defines refuse 
to include 
any refuse, debris, offensive
liquid or solid substance, or animal remains which cause a nuisance
in a public place. Penalties within The Litter Act include fines
of up to $JA 2,000 and imprisonment of up to 6 months. Enforcement

authority for The Litter Act is granted to local authorities, and
requires summary conviction through a Resident Magistrate's Court.
Local authorities are empowered designate suitable
to people to
perform vigilance and enforcement activities 
with the "same
privileges and immunities as a Constable". In GMB, the WP&M is
thus authorized to have selected staff inspectors responsible for
 
enforcing the Act.
 

27. The National Resources Conservation Authority Act of 1991
provides for environmental 
and natural resource protection and
establishes the National Resources Conservation Authority (NRCA).
The NRCA is specifically authorized to develop measures and perform
functions to implement, 
study, and monitor environmental and
natural resource protection. As one of its 
activities, under
Section 38 of 
the Act, the NRCA may develop design and operating
standards 
for existing and new disposal sites and environmental

impact assessment requirements for new disposal sites. To this
end, the NRCA and Underground Water Authority (UWA) have been
working on guidelines for the selection and 
siting of disposal
facilities, as well as 
procedures and requirements for permitting
and operating disposal facilities. These documents are now 
in
draft form and are being used to provide technical guidance to
Local Authorities. Under Section 17 of the Act, the has
NRCA
clearly 
designated powers to regulate the performance and
discharges from solid waste 
disposal sites. Act
The carries
enforcement powers which allow penalties of up to 
$JA 20,000 and
imprisonment of up to 2 years 
for noncompliance with NRCA
reAuirements, liable 
on summary conviction before a Resident
 
Magistrate.
 

28. Regulatory Oversight Solid. Waste
for Disposal. For
approval of any new solid waste disposal site, the NRCA should be
the lead agency to establish design and operating codes and
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standards, determine environmental monitoring requirements,

approve the environmental impact assessment, 

and
 
prior to granting


permission to 
Local Authorities to proceed with implementation.

Because Jamaica is an island country, dependent on limited
groundwater reserves, 
 the UWA charged with protecting
hydrogeological 
resources which are potentially viable for water

supply. 
The UWA has veto authority over any potentially polluting

activity which is proposed.
 

29. Inspectors under the Ministry of Health (MOH) are
responsible for 
vigilance of public health offenses, including

public nuisances created by inappropriate or clandestine disposal
of wastes. 
 Litter Wardens under the Parish Council's (PC's) are
responsible 
for vigilance of littering and clandestine dumping
offenses related to a very broad spectrum of wastes. 
 Field staff
under the NRCA are responsible for vigilance of waste spills and
clandestine disposal offenses which appear to be 
environmental

damaging. The areas of responsibility for oversight appear to
overlap and can lead to confusion over which agency or authority is
accountable for thorough monitoring of specific types of offenses.

This could be especially important when it comes to the management

of potentially hazardous wastes, including medical wastes.
 

30. Operational Responsibility for Solid Waste Management.

Responsibility for solid waste collection and disposal service
provision is designated to the 
Ministry of Local Government

(MOLGYS), as the constitutional entity legally representative of
local government. Unlike most countries, Jamaica does not have a
legal framework which provides clear designation of responsibility

and power directly to local governments for the provision of
service. 
Because the legal framework is confusing on this point,

each central government administration has been able to vary on the
extent to which it assigns or does not assign responsibility and
 power to local government for this service. 
 For example, during

the administration working between 1986 to 1989, all authority and
responsibility for solid waste service delivery was stripped from
local government. Whereas, the current administration is pro­decentralization and is reestablishing local government's role in
 
local service delivery.
 

31. Legal framework of the Western Parks and Markets Company.
In 1986 and 1987, the solid waste collection and disposal service

function was commercialized throughout Jamaica. 
Commercialization

is a form of government privatization wherein government ownership

and activity in service delivery ig reduced and the 
new service

entity is provided with some 
of the management flexibility of a
corporate enterprise. In limited
Jamaica, liability companies

called Parks aiid Markets companies (P&M's) were established for
provide solid waste management services to multi-parish regions.
 

32. Western Parks and Markets (WP&M), the P&M serving the
four-parish region 
which includes GMB, was established as a
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registered limited liability 
company in January 1987. In the
process of conducting this study, it appears that there are flaws
in the legal framework of the WP&M. The 
MOLGYS and Jamaica's
Attorney General are now investigating these flaws in an effort to
resolve them. 
 The following discussion outlines the issues which
 need to be addressed in amending the WP&M's charter.
 

33. The objectives for which the WP&M was 
established
included general 
 sanitation responsibility for public areas,
removal of residential refuse, management of public parks, markets
and cemetaries, disposal of wastes, 
and litter prevention. The
company is given complete freedom to work as 
a corporate entity
without government intervention, and is 
freely allowed to make a
profit in any manner it chooses. As clearly stated in the
corporate memorandum of association, the is to
company allowed
"acquire or establish and carry on any business or undertaking (and
either separately or in conjunction with others) 
in Jamaica and
elsewhere as 
the Directors may in their absolute discretion from
time to time determine 
whether agricultural, manufacturing,
industrial, mining, 
commercial or otherwise". Not only is the
company entirely free to work any.here in Jamaica which it chooses,
it is not required to provide service exclusively (or even at all)
within the four-parish region wherein the WP&M currently works.
 

34. Despite the freedom given 
to the WP&M to enter any
business, until late in 
1993 the WP&M confined its activities to
the charter-specifed removal residential
of waste, and left
commercial waste 
removal to be conducted by private hauler
operating without license and without oversight by the WP&M or the
PC's. Most contractors 
to the WP&M serviced the commercial
establishments located along their routes 
 for residential
collection. 
Not only was this a missed opportunity for the WP&M to
generate revenues through service cf commercial enterprises, but it
allowed private haulers to serve commercial establishments without
regulation. There is 
some possibility that clandestine dumping in
some of the gullies and open lots around GMB may have been done by
private haulers. To implement control, licensing would include use
of a "truckers' book" which records each stop made, enabling a copy
of each transaction to be provided to the customer, truck owner,

and oversight agency.
 

35. In the memorandum of association and related articles of
the company, ownership and control were given to seven individuals
who were then officials within the MOLGYS, including the Permanent
Secretary at time. of
the Each these individuals signed the
incorporation papers above their typewritten name and the title and
address of their position within the MOLGYS, and thus became the
seven shareholders 
of the WP&M. The signatures of the seven
shareholders were designated 
as
not "on behalf of" the MOLGYS.
There are no references within the incorporation papers suggesting
any role, responsibility, or authority 
 for the MOLGYS.
Furthermore, this tear's review of the background files from the
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time of incorporation has not discovered any documents which would

qualify or counter the apparent omission of the MOLGYS.
 

36. Within the incorporation papers, there is no requirement
that the shareholders involve the 
MOLGYS in decision-making or
designation of board directors. The of
articles association

clearly state that "the name of first
the Diractors shall be
determined by an instrument 
in writing under the hands of
subscribers (shareholders)". the
 

Complete ownership and autonomy is
granted to the shareholders. While the shareholders are allowed to
be directors, the directors need not be shareholders. Reportedly,
none of the individuals has exercised the powers granted to them as
the WP&M's sole shareholders, they have not participated in making
appointments of directors, nor have they obtained any profit from
 
being the sole shareholders.
 

37. 
 Some of the seven shareholders are still employed by the
MOLGYS, but others are longer with the MOLGYS
no or within this
central government's administration. The shareholders own the
assets of the company and could step into 
fully exercising the
authority granted to them by the incorporation papers at any time.
As stated in the charter, the company may "exchange, let on lease
 or otherwise, mortgage, charge, sell, dispose of 
....all or any part
of the property and rights 
of the Company". This issue of
ownership is particularly important at this time, because a major
procurement of 45 new solid waste collection trucks (costing about
SUS 5.9 million) has been conducted by the MOLGYS for all 
of the
P&M's in Jamaica and 8 new trucks 
are expected to be provided to
the WP&M for its use. Based on our interviews, trucks currently
used by the WP&M are officially owned by the PC's. Whether the new
trucks procured by the MOLGYS will also be given to the PC's, 
or
instead will be given to the WP&M, has yet to be decided.
 

38. Since WP&M's incorporation 
in 1987, the MOLGYS has
consistently 
behaved as though it had ownership of the WP&M.
Although not legally authorized in the corporate charter or its
supportive documents to have any role in the WP&M, the MOLGYS has
always appointed the Directors to the Board, regularly provided the
WP&M with budget and equipment, and has been involved with key
staffing decisions. The designation of all authority to the seven
shareholders may have been done error.
in Nevertheless, at any
time, the shareholders, 
and only the shareholders, have had the
authority to appoint, remove and replace any, and all, directors.
 

39. The WP&M has 
a number of freedoms articulated in its

charter which raise questions about the ethical framework of the
corporation. 
The company is authorized to engage in "complimentary

businesses", and is empowered to undertake a variety of activities

in furtherance of its interests, including the acquisition of other
companies, property and equipment. 
Other activities enumerated in
the Memorandum of Association seem unrelated to the 
company's

mission. Examples of such activities include: (1) trade in
 



GMB Study - Pg. 12
 
intellectual property and marketing rights; (2) lending money; (3)
scholarships; (4) donations to persons designated by the Directors.
Although the unwritten 
freedom granted to a company for such
activities is not inappropriate, it is unusual for it 
to be so
clearly articulated and creates 
a concern that such activities
might be undertaken for other than ordinary charitable and business
 reasons. Significantly, the directors of the company are allowed
to contract with the company in virtually any capacity. Normally,
where directors are allowed to contract with the company 
they
serve, the interested director is disqualified from voting on the
award of his contract. The corporate charter for Western Parks and
Markets specifically empowers interested director to
an 
 vote on
 
such contracts.
 

40. 
 It appears that solid waste management, formerly a public
function of the government, was mistakenly placed 
in under the
ownership of individuals. 
 In order to change the situation and
create an entity which is accountable to government, permission of
the shareholders would be necessary 
so that the MOLGYS could
redraft the company's charter and 
recast ownership. The change
would probably require the shareholders' super-majority approval,

in accordance with local corporate law. 
 The MOLGYS has begun to
take the necessary steps to secure cooperation of the shareholders

in transforming the company to one which is legally accountable to
 
government.
 

41. If the shareholders had not been supportive of redrafting
the charter, the MOLGYS would 
have had to abandon the WP&M
organization and 
start an entirely new organization. In this
latter case, the WP&M shareholders could have retained ownership of
 any assets to which the WP&M holds legal title and could continue
under its existing charter to function 
as a private company
established for private service. 
 According to the memorandum of
association, only in the event that shareholders
the wish to
dissolve the WP&M, are 
they required to transfer assets to "some
other institution or institutions 
having objects similar to the
objects of the Company". The shareholders have stated that they
fully intend to cooperate with the MOLGYS activities to redraft the
 company charter and transfer ownership to government.
 

42. The corporation was clearly 
not established as a
transitional private enterprise to be 
replaced by a semi-private

enterprise or public enterprise. The shareholders are not required
to offer the company to private interests for subscription and the
 
corporate charter prohibits a public offering.
 

43. Based 
on the above findings, and discussions of this
study 
team with the MOLGYS, the current Permanent Secretary has
taken steps the of
to have shares the WP&M transferred to the
Accountant Genera], which is the agency normally authorized to hold
the GOJ's interest in 
any privatized arrangement. The overall
legal framework of the WP&M is 
now being examined by the Attorney
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General for resolution of the WP&M's charter. 
The shareholders are
cooperating fully with MOLGYS's efforts to transform the company to

be fully accountable to government.
 

44. WP&M Service Agreement with Local Authorities. As 
a

limited liability company, the WP&M is expected to be accountable
to its board of directors directly, and 
to its paying customers

indirectly. 
 Because the MOLGYS appoints the general manager and
board members of these 
companies and provides essentially all
financing to meet their 
annual capital and recurrent expenditure

requirements, WP&M behaved in an manner accountable to the MOLGYS.
On the other hand, 
there has been no direct link between the
populace requiring solid waste collection and disposal service and
the WP&M. 
In accordance with democratic theory, a local populace

in Jamaica is represented by its local council and mayor. 
However,
these local 
government representatives are not included 
in the
WP&M's board of directors and do not have any definitive say in how
much money is appropriated to the solid waste service 
or how well
 
it is conducted.
 

45. 
 While WP&M was established by the MOLGYS to carry out the
business of sanitation services, without a service agreement from
the MOLGYS or PC it has no legal responsibility to provide service.

In fact, the WP&M's charter is so 
open that it could engage in a
wide variety of activities 
using the monies provided by MOLGYS.
GMB has little choice in 
being served by WP&M because it has no
financial resources which would 
enable it to establish its own
service entity or arrange for any changes in how it is served by
WP&M. 
The monthly meetings which each parish separately holds with

the WP&M allow each parish to separately lobby for its share of
WP&M's scarce service resources and for readjustment of priorities

in how their specific allocation of 
parish related resources are
 
spent.
 

46. Since 1992, 
the MOLGYS has requested each PC to sign a
service agreement between the PC and its assigned P&M. 
The service
agreement creates false
a impression that PC the
each signing

agreement is a "customer" of the P&M -- presumably with specified

rights for service, responsibilities for securing P&M budgets, and
freedom of choice in selection of its service provider.

service agreement also creates an impression that the P&M 

The
 
is
accountable to the PC. However, only 3 of the 4 PC's within WP&M's
jurisdiction had signed the agreement last year, and yet nothing


altered in service provided to the 4 PC's.
was The PC which had
not signed the agreement was St. James, wherein the GMB is located.
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INSTITUTIONAL ARRANGEMENTS.
 

47. 
 Local Government Institutions. 
Because of its technical

complexity, which 
requires continuous data collection, economic
analysis, 
financial management, and operational rationalization,
solid waste management service 
is an excellent window into the
competence of local government. 
 Because local governments in
lesser developed countries (LDC's) have limited resources to enable
independent technical action, it is also ar 
excellent window into
the adequacy of support being provided by central government.
 

48. Part of the justification for establishing the P&M's with
multi-parish jurisdiction for solid 
waste management was a
presumption that economies-of-scale could not be captured at the
parish level. 
 While it is true that some components of the solid
waste system have economies-of-scale which suggest that handling of
200,000 or more residents would allow cost 
optimization, the
combined components of collection, transfer, disposal, and/or
treatment 
do not require such service areas with this many
residents. 
Based on our analysis, for Jamaica economies-of-scale
 
arguments do 
not justify creating institutional arrangements for
solid waste management which extend beyond parish boundaries, as
 
discussed below:
 

a. Collection activities 
require the majority of a

city's solid waste budget, as indicated in Table 1,

Box 4. For collection of solid waste, there are no

economies-of-scale beyond 
15 tonnes/day, which is

roughly equivalent to the amount of waste which two
 
medium-sized compaction trucks 
can collect ana a
population of about 20,000 residents. There is no

parish in Jamaica with under 65,000 residents, and
 
most parishes have over 100,000 residents.
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GIMBAL PERSPECTIVE Oil
 
SOLID WASTE M1IAGNERT COSTS VERSUS INCOME
 

LOW INCOWE RIDDLE INCORE HIGH INCOM 
DEVELOPING DEVELOPING IUSTRIALCOUNT
RY COUNTRY COUNTRY
 

WASTE GENERATION 
0.2 m.t./cap/yr 0.3 a.t./cap/yr 
 0.6 m.t./cap/yr
 

AVE. INCOME FROR GNP
 
. 370 $/cap/yr 2,400 $/cap/yr 
 22,000 $/cap/yr
 

COLLECTION COST
 
10-30 $/m.t. 30-70 $/m.t. 70-120 $/m.t.
 

TRANFER
 
COST 3-5 $/m.t. 5-15 $/m.t. 15-20 $/m.t. 

SANITARY LANDFILL
 
COST 1-5 $/m.t. 3-10 $/m.t. 20-50 $/m.t.
 

TOTAL 
COST 14-40 $m.t. 38-95 $m.t. 105-190 $/m.t.
 

COST AS %OF INCOME 
0.8 - 2.2% 0.5 - 1.2% 0.3 0.5%-

Note:
 

1. 
 Income based on 1992 Gross National Product data from the World Development Report 1994 published by

the World Bank. 

2. 
 Costs are for owning, operation, maintenance, and debt service in1992, assuming no equipment

provision tbrouch grants.
 

3. 
 Ifsanitary landfill can be located with an economic haul distance allowing direct haul incollection
vehicles, the cost of transfer can be avoided. 
An economic haul time for atruck carrying 2to 6 tonnes is
typically 30 minutes one-way from the collection area to the unloading point. Depending on traffic conditions,

30 minute one-way would be 15 to 20 kilometers one-way.
 

4. 
 $/m.t. means US Dollars per metric tonne, and $/cap/yr means US Dollars per capita per year.
 

BOX 4 
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b. 	 While economies-of-scale indicate regional disposal
facilities should be carefully analyzed, it needs
to be noted that the added cost of longer distance
travel and the potential need for adding the cost
for transfer stations may over-ride such economies­of-scale. Beyond a distance one 
way of about 15
miles, or a travel 
time one of
way about
minutes, 
is would not generally 	
45
 

be economically

viable to directly 
haul refuse in a collection
vehicle and implementation of transfer 
stations

would need to oe 
considered. 
 Transfer facilities
have economies-of-scale. 
 For the simplest
facilities employing one 
small unloading platform

and one transfer truck making at 
least four trips
daily, at 20 tonnes/trip, the economies-of-scale

would be 80 tonnes/shift, which translates to about
125,000 residents. If a parish has less than this
number of residents, it would not be advisable

enlarge the area 

to
 
of service 
because economies
within the collection system would favor serving an
 area which has no greater than a 20 km radius
 

around the transfer station.
 

c. 
 Disposal and treatment facilities have economies-of

scale. For example, sanitary 
landfills rely 
on
bulldozers to spread, grade, and cover the refuse.
A small bulldozer (140 horsepower) can handle about
200 tonnes/shift and thus accommodate a population

of about 300,000 residents. Similarly, a small
incineration 
 system would handle about 240
tonnes/day, in parallel
two 	 continuous process
trains of 120 tonnes/day each, and serve 
about
370,000 residents. 
 Even if multi-parish

participation in 
a regional disposal facility were
assessed to be economic, the institutional
 
arrangements typically would best be 
handled by
developing intergovernmental agreements for
specific facility under consideration. 

the
 

49. 
 Another part of the justification for establishing P&M's
to handle 
a multi-parish jurisdiction was 
that technical and
management resources were severely limited at the parish level and
government pay scales were considered too low to attract adequate
management professionals. 
It is clear that there is a healthy pool
of individuals with excellent management capability and experience
in Jamaica if appropriate salaries and 
working conditions are
offered. 
 To meet staffing needs, parishes may need to 
consider
contracts for management services. 
 Also, strong support from a
central government unit established to give technical assistance on
solid waste management would lessen 
the need for professional
expertise at the local 
level. While local professionals clearly
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need training on how to properly establish and run an efficient and
effective solid waste management service, a shortage of
professionally competent candidates is not adequate justification

for multi-parish jurisdictions.
 

50. By creating the WP&M for management of solid waste and

informally designating the 
four parish region including the GMB
 area as 
their exclusive zone, the MOLGYS changed from conducting

the service by public monopolies (i.e., Parishes) to private

monopolies (i.e., P&M's). 
While the incorporation papers allow the
WP&M complete autonomy to act with management flexibility in
staffing, operations control, contracting, and revenue generation,

the WP&M acts like a department of government rather than limited

liability company. The WP&M is understaffed, undertrained, and
underfinanced to do its job. By relying on the MOLGYS as its only

source of revenues, the WP&M has not exercised its charter-granted

freedom 
to develop its own contracting instruments, generate

revenues, or make independent changes to the way in which the zones
 
and the services are structured.
 

51. The study team strongly recommends that the WP&M, after
being properly rechartered so that it is a semi-private enterprise

which is accountable to government, be strengthened in its ability

to manage solid waste and administer contracts. 
 The WP&M should

have a zone of service so that it can 
manage contractors from a
position of practical experience in operations and realistic

knowledge of costs. 
 The WP&M should have some staff dedicated to

collection of performance data and analysis of cost3, so that

planning and rationalization can be an on-going process. 
While the
current staffing with public health professionals is ludatory,

there must be supplemental expertise in engineering econolic
if 

systems are to be developed and maintained. Also, training in
development and operation of cost-effective systems is needed. Fo­
proper oversight and direction, every effort to supplement the
Board of Directors with profes3ionals having business management

and engineering expertise should be made.
 

52. Central Government Institutions. It is a major flaw in
the system that the MOLGYS does 
not have a single staff person

dedicated to providing technical guidance and performance oversight

to the P&M's. 
The role of the MOLGYS until now has been limited to
control of P&M budget allocations, audit of P&M accounts,

appointments to the P&M boards and staff, political manipulation of
contract awards, and control over contracting terms. The need for
technical aspects to be addressed has been short-shrifted, largely

because this sector 
has suffered in Jamaica from having a false

image as being simple technically and a low status 
as being
unworthy of professional attention. Provision of solid waste

service is extraordinarily costly in every low-income country and,

even when done efficiently, will consume 
1-3% of GNP should be
 cause enough to encourage attention. Return to Table 1, Box 4 for
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a global view of costs as 
they relate to Gross National Product
 
(GNP).
 

53. Costs 
analyzed for the GMB and presented in Annex B
indicate that collection service alone costs about $JA 1,200/tonne
(including depreciation, debt service, 
and contractor profit of
10%), which equates 
to about $JA 280/capita/year, or about $US
9 .3/capita/year. Disposal by controlled landfill procedures at the
Retirement 
Dump would roughly bring total costs about
10/capita/year. to $US
With GNP in Jamaica in 1990 estimated at $US
1,500/capita/year, solid waste service would consume about 0.7% of
GNP. Implementation 
of new sanitary landfill facilities could
raise this to 
about 1% of GNP, provided siting could be within a
viable direct haul distance of less than 15 miles so that transfer
facilities would not be required.
 

54. Based on the above, the study team recommends that a
dedicated unit 
of staff for solid waste 
purposes should be
established 
at the MOLGYS to provide technical guidance 
and
performance oversight. The 
 should be staffed with
civil/sanitary engineers, 
unit 


urban planners, and economists which
could work toward rationalization of Jamaica's solid waste system.
One of the development agencies working 
with the MOLGYS on
institutional strengthening 
should be requested to provide
technical support to this unit, with short term advisors provided
over a period of several years.
 

55. 
 In keeping with the above comments about staffing at the
MOLGYS, environmental guidance on disposal of solid waste is also
not getting adequate attention. 
 Based on our cursory site
reconnaissance, 
recent siting activities performed for nearby
Negril suggest that 
too little attention may have 
been paid to
selecting the most economically and environmentally suitable site.
See Annex D for 
more detail.[] 
 It may have been well worth the
while to pay for land having more soil base and soil cover, rather
than to take a "free" government site which appears to have rock
outcroppings 
which could limit the site's capacity and safety.
Funds had been appropriated for construction of site access, even
though borings had yet to 
be conducted to confirm 
the sites
viability. Based on 
the above, the study team recommends that a
dedicated unit of staff be established at the NRCA for purposes of
establishing realistic modified landfilling guidance procedures for
existing sites, providing technical guidance 
to P&M's and Local
Authorities attempting 
to select new disposal sites or upgrade
existing ones, monitoring pollutant discharges 
and environmental
consequenzes at 
solid waste facilities, and providing regulatory

oversight.
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FINANCIAL ARRANGEMENTS.
 

56. Under the present arrangement, financing of solid waste
 
management comes almost exclusively from the central Government of
Jamaica 
 (GOJ). The MOLGYS assumes responsibility for the
allocation of budgetary and 
 other resources to solid waste
 
management operations, within overall
the 	 allocation to Local

Government by the Ministry of Finance (MOF). 
While an exercise is
conducted annually to develop a detailed budget, in reaiicy every

solid waste management budget is essentially a copy of last year's

budget altered by the percentage increase (or decrease) suggested

by the MOF guidelines for pending fiscal year.
 

57. 	 There has been an increasingly acute inability of the GOJ
 
to adequately fund solid waste management operations. The causes

for this inability lie largely in the following context:
 

a. 	 Prior to 1974 Local Authorities, whichi then had
 
direct responsibility for solid waste, funded these
 
operations by the imposition of local rates, and a

direct relationship existed betw,en the cost of the
 
service and the amount raised by way of the rates.
 

b. 	 In 1974 local rates were abolished and rolleO. into
 
Property Taxes which were collected by GOJ, who in
 
turn paid a grant to the Local Authorities in lieu
 
of the abolished rates. 
 This served to disconnect
 
the cost of local services from the amounts raised
 
from property taxes.
 

c. 	 In subsequent years a growing gap developed between
 
revenue collected from property tax and the cost of

major local services, to the point where in 1992/93

the cost of these services amounted to $JA 379
 
million, whereas the collections from property tax
 
was only $JA 73 million. The consequence is that
 
Central Government has been called on 
to subsidize
 
these services from other revenue sources.
 

58. 	 At the same time, GOJ been faced with severe restrictions
 
on its recurrent budget, caused by among other things:
 

a. up to 40% 
of the national budget is being preempted
 
for debt service;
 

b. IMF conditionalities which demanded an elimination of

the budget deficit and imposed a cap on public sector
 
spending.
 

59. The GOJ has recently decided to initiate changes to the
 way in which local services such as solid waste management will be
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financed in the future. 
 First, all property taxes have been
significantly increased and the intention is that the revenue yield
from this source should reflect the costs of providing the relevant
services. Second, property tax is 
to be allocated to the Local
Authorities which will then be responsible for using these funds to
finance the services. Third, a review is to 
be carried out to
determine the desirability of returning to situation
the where
specific rates 
are charged for services such as solid 
waste
management. Table 
2 shows the historical 
pattern of revenues
collected by central government, and highlights the 
anticipated
revenue base expected in fiscal year 1993/4 from increased property

taxes.
 

60. Near-Term Cost Recovery Measures. 
Beyond these measures
being considered by central government for increasing general
revenues at the local government level, 
local authorities could
readily generate 
revenues by charging a license fee for private
haulers of 
solid waste. Also, local authorities could collect
tipping fees at the disposal sites from all entities dumping their
wastes, 
including the local port authorities, hctels, private
haulers, and the PEM's and their contractors. The hotels and ports
might be eppeciaily be willing to pay 
tipping fees for land
disposal ihen they realize the high costs of incineration if they
consider b~lilding their o,;n combustion facility. 
The cost details
of combustion are discussed later in this report.
 

61. A weighbridge would allow exact monitoring of collection
productivity, provide 
 a basis for continuous planning and
rationalization 
of collection operations, 
as well as enable
collection of tipping fees on a measurable basis.
 

62. 
 There is some concern that implementation of tipping fees
wnuld lead to clandestine dumping. 
To avoid this problem, several
steps are necessary. 
The tipping fees need to support an advanced
system of vigilance and enforcement of the licensed and contracted
private 
firms which are collecting wastes. 
 The licenses and
contracts need to have specifications which state that they can be
revoked after illegal and unac-.eptable activities are 
identified.
The customers of private service need to 
be held accountable if
they are found to hire unlicensed firms. 
Use of a "truckers' book"
would facilitate oversight. 
In this system, each collection load
is recorded in the truckers' book and copies are distributed to the
customer at the time of collection, and then to the truck owner and
oversight agency. Also, use of a gate house 
with continuous
record-keeping of incoming loads at the disposal site provides a
means of calibrating the 

Good 

records from the trucker' book system.
vigilance, speedy enforcement and 
 stiff penalties are
 
essential.
 

63. Retirement Disposal Site is utilized for open dumping of
all refuse collected from GMB The
the area. property was
originally part of a 1,000 
acre parcel purchased by the GOJ for
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1970/71 

1971/72 

1972/73 

1973/74 
1974/75 

1975/76 

1976/77 

1977/78 

1978/79 

1779/80 

1980/81 

189.16 

233.37 

259.68 

324.40 
394.42 

477.46 

488.29 

487.39 

734.90 

838.90 

880.87 

1.50 

1.57 

1.51 

10.90 
12.04 

22.60 

22.80 

25.00 

25.00 

24.80 

23.34 

0.79 

0.67 

0.58 

3.36 
3.05 

4.73 

4.67 

5.13 

3.40 

2.96 

2.65 

5.21 

5.83 

6.20 

6.50 
6.81 

9.36 

10.72 

13.50 

15.50 

16.50 

15.71 

2.75 

2.50 

2.39 

2.00 
1.73 

1.96 

2.20 

2.77 

2.11 

1.97 

1.78 

4.24 

7.69 

11.68 

15.50 
16.48 

16.89 

14.92 

16.10 

49.00 

59.10 

44.03 

7.24 

3.30 

4.50 

4.78 
4.18 

3.54 

3.06 

3.30 

6.67 

7.04 

5.00 

43.28 

51.76 

54.13 

54.62 
57.86 

83.94 

39.38 

30.34 

50.30 

66.69 

43.64 

22.88 

22.18 

20.84 

16.84 
14.67 

17.58 

8.06 

6.22 

6.84 

7.95 

4.95 

83.56 

109.12 

119.67 

147.70 
185.00 

194.80 

214.31 

193.90 

263.90 

329.63 

412.17 

44.17 

46.76 

'46.08 

45.53 
46.90 

40.80 

43.89 

39.78 

35.91 

39.29 

46.79 

45.94 

51.66 

60.34 

74.70 
101.39 

128.07 

170.45 

182.30 

286.99 

303.36 

309.13 

24.29 

22.14 

23.24 

23.03 
25.71 

26.82 

34.91 

37.40 

39.05 

36.16 

35.09 

0.93 

1.08 

1.21 

1.25 
1.29 

1.78 

1.59 

1.55 

3.87 

4.77 

5.10 

0.49 

0.46 

0.47 

0.39 
0.33 

0.37 

0.33 

0.32 

0.53 

0.57 

0.58 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

P.00 
1981/82 
1982/83 

1130.76 
1362.15 

27.09 
31.22 

2.40 
2.29 

17.00 
17.30 

1.50 
1.27 

72.72 
99.47 

6.43 
7.30 

89.67 
117.66 

7.93 
8.64 

523.27 
639.66 

46.28 
46.96 

353.51 
393.80 

31.26 
28.91 

5.72 
7.76 

0.51 
0.57 

0.00 
0.00 

0.00 
0.00 

1983/84 
1984/85 

1985/86 

1986/87 
1987/88 

1988/89 
1989/90 

1990/91 

1991/92 

1992/93 

1993/94 

1668.10 
2008.98 

2735.80 

3758.30 
4306.90 

4901.60 
6364.10 

7809.00 

11273.70 

18786.10 

27012.20 

26.35 
24.45 

23.40 

33.50 
65.50 

58.20 
70.30 

68.00 

69.20 

88.20 

450.00 

1.58 
1.22 

0.86 

0.89 
1.52 

1.19 
1.10 

0.87 

0.61 

0.47 

1.67 

18.00 
30.83 

44.68 

47.90 
38.70 

39.00 
40.60 

49.10 

65.90 

67.90 

281.20 

1.08 
1.53 

1.63 

1.27 
0.90 

0.80 
0.64 

0.63 

0.58 

0.36 

1.04 

128.10 
179.25 

443.03 

564.40 
702.30 

619.40 
771.10 

890.40 

1025.20 

1179.50 

1417.40 

7.68 
8.92 

16.19 

15.02 
16.31 

12.64 
12.12 

11.40 

9.09 

6.28 

5.25 

136.03 
167.92 

217.09 

255.91 
350.11 

549.00 
761.20 

787.10 

1529.60 

2631.00 

3247.10 

8.15 670.76 
8.36 898.85 

7.94 1161.41 
6.81 1555.52 
8.13 1726.58 

11.20 2067.50 
11.96 2663.00 
10.08 3787.10 

13.57 4746.40 
14.01 7801.50 

12.02 10080.50 

40.21 
44.74 

42.45 

41.39 
40.09 

42.18 
41.84 

48.50 

42.10 

41.53 

37.32 

364.76 
552.31 

637.92 

1056.42 
1118.47 

1211.36 
1390.22 

1449.82 

2879.33 

6018.19 

9793.40 

21.87 
27.49 

23.32 

28.11 
25.97 

24.71 
21.84 

18.57 

25.54 

32.04 

36.26 

7.83 
21.81 

15.47 

30.88 
40.83 

45.93 
72.80 

86.20 

166.80 

341.40 

485.60 

0.47 
1.09 

0.57 

0.82 
0.95 

0.94 
1.14 

1.10 

1.48 

1.82 

1.80 

10.07 
39.28 

46.47 

55.18 
65.74 

65.38 
218.10 

304.74 

428.20 

664.60 

952.60 

0.60 
1.96 

1.70 

1.47 
1.53 

1.33 
3.43 

3.90 

3.80 

3.54 

3.53 

0 

C 
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agriculture and assigned 
to the Ministry of Agriculture for
 
management. Of the original 1,000 acres, an area of 100 acres has
 
been assigned to St. James Parish for multiple uses, including the

establishment of the Retirement 
Disposal Site. Ownership title
 
papers, however, have 
not been officially transferred to the St.

James Parish. Because of the question over ownership, it is not

clear whether the PC has the legal authority to collect tipping

fees at the site.
 

64. Currently the charter of the WP&M allows it to generate

revenue.s in any manner it legally is ablE 
to do. Also, the MOLGYS

has recently encouraged the NP&M to take priority of
over zones 

collection service and collect fees from residents and commercial
 
establishments within these 
zones. However, given that the WP&M

had been granted, via its charter, by MOLGYS a private monopoly in

the G11B 
and was not truly accountable to local authorities, and

given that its charter needs to be revisee to make it accountable
 
to both local and central govetrnment, it is recommended that WP&M
be discouraged by MOLGYS frcin 
extending its revenue generation

activities until resolution of its legal framework.
 

65. Long-Term Cost Recovery Targets. In 1992/93, the total

GOJ budget for recurrent expenditures was $JA 15.0n billion and for

capital expenditures was $JA 11.25 billion, and totaled $JA 26.25

billion. 
 The total MOLGYS budget was $Jk 0.45 billion for
 
recurrent expenditures and 0.21 for capital expenditures, totalling

$JA 0.66 billion. The recurrent expenditure funding to all P&M's
 
in that same year 
totaled $JA 117.9 million, and included some
monies for market management and beautification, especially in
 
Kingston's 
P&M. The amount of recurrent expenditu.e funding

provided by MOLGYS to the WP&M for solid waste managemerTt was $JA

10.9 million. Therefore, WP&M's share of the MOLGYS's solid waste
 
budget was only 9% ($JA 10.960 million out of $JA 117.423 nillion),

even though WP&M's four-parish population accounts for about 13% of
 
the nation's total population. See Table 3.
 

66. Based on the MOLGYS budget provided, the expenditure per

resident in the WP&M area was only $JA 34, 
which is about 12-15% of

what is needed to 
cover total owning and operating costs for
 
complete collection service and moderately safe disposal practices.

Annex B provides analysis of alternative refuse collection trucks.

If new and appropriate equipment were purchased by the 'I4CLGYS (at

a subsidized interest rate on capital) to provide sanitary 
and
 
complete refuse collection, the total owning and operating costs,

including debt service, would average about $1A 
950/tonne for an
 
average one way haul distance of 15 km. The totF:l cost per person

would average about $JA 230/capita/year. For tne private sector to
 
provide comparable service at nonsubsidized costs and including a

10% profit, the total cost per person would 
average about $JA
 
280/capita/year.
 



3 Table 

BREAKD WINor PARKE AND HARKETS COMPAUIES EXPEND1TURE 

REVISED EXPENDITURE FOR 1992/93 
(000 Ja) 

PLM CON ADHIN $vA4 OTHER TOTAL PM EXP AS 
EXPENSCS EXPENSES EXPEI8EI EXPEN9ES X OF TOTAl 

MPH 208/6 22.66 51346 55.76 19880 21,59 92092 66.56 

CP 22?2 10.25 18558 85.58 806 3.72 21686 15.67 

6PM 1523 30.10 3438 67.96 .00 5059 3.66 

WPM 2303 21.01 8558 78.08 .00 10960 7.92 

NEPH 1115 13.03 7098 82.95 245 2.86 8557 6.18 

TOTAL 28029 20.26 8 8 64.33 20931 15.13 138354 

BREAKDOW4N OF PARK; ANb MARKETS COMPANIES EXPENDITURE 

REVISED EXPENDITURE FOR 199)/94 
(000 Jet) 

PIN CO ADMIN Sm OTHER TOTAL PM EXP AS 
EXPENSES EXPENSES EXPENSE& EXPENSES % OF TOTAL 

MPH 35916 34.42 62418 59,83 6000 5.75 104334 58.26 

CPH 2222 6.92 2028. 01.21 500 1.56 
0 

32108 17.93 

SPM 2216 28.83 5371 69.88 .00 7686 4.29 

WPH 3560 16.62 17460 81.51 300 1.40 21420 11.96 

NrPm 2706 19.98 10635 78.54 100 .74 13540 7.56 

TCI* 46620 26.03 15170 69.89 6900 3,85 179087 
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67. 
 For solid waste management to be conducted efficiently
and effectively, the managing entity needs an adequate budget and
reliable cash flow. 
When budget provisions are lacking, there is
a tendency to 
cut back on investment 
in proper equipment,
maintenance of the fleet of collection vehicles and payment of fair
wages to operational personnel. 
The system in GMB illustrates this
tendency -- the fleet of collection trucks has depreciated to well
beyond its economic life, 
 maintenance performance 
is poor, the
dump site is inadequately operated, and the operational personnel
are being severely underpaid.
 

68. 
 The solid waste management budgeting process for GMB is
not based on planning data 
and economic analysis of
systems. alternative
There is no economic or technical justification required
by MOLGYS or conducted by WP&M. 
 Only accounting records of
current year the
are used to project budgets 
for the pending year.
While audits annually are conducted by MOLGYS, this information is
not an integral part of the budget determination process.
on performance No data
is generated 
by ?P&M and
performance is conducted by MOLGYS. 
no monitoring of


Records are not even kept on
the number of solid waste truck loads being delivered daily to the
disposal site by WP&M and its contractors. Furthermore, there is
no data available that would enable correlating truck load data (if
it existed) to volume and weight of solid waste being collected.
This inadequacy in 
quantitative basis 
for determining budgetary
allocations is probably not unique to the solid waste service, and
it can not be resolved only 
for the solid 
waste service.
Nevertheless, it needs to be addressed over the long-term.
 
69. 
 Based roughly on population projections, waste generation
projections, service levels, disposal improvements, and estimated
costs, the budgeting requirements outlined in Table 4, Box 5 below
are suggested. Through a steady increase in taxes, user charges to
households and establishments receiving collection service, license
fees 
 for private haulers, and tipping 
fees for 
use of the
Retirement Dump, it is envisioned that full cost recovery could be
implemented over a 5 year period.
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Budgetary Requirements --Prelilinary Estiates and
 
Potential Sources
 

[IL 1993/4 1994/5 1995/6 1996/7 1997/8 
Population 

(number) 
104,393 107,525 110,750 114,073 117,495 

Municipal Solid Waste 
(tonnes/year) 

31,800 33,600 35,400 37,20 39,000 

Collection Cost 
($JA/capita/yr) 

33 
recurrent 

280 280 280 280 

only 

Disposal Cost 
($JA/capita/yr) 

1 
dumping 

25 25 25 25 

only 

Total Cost 
($JA/capita/yr) 

34 305 305 305 305 

Tota' Cost 10.9 M 32.8 33.8 34.8 35.8 
($JA/year) 

Budget 10.9 M 15.0 20.0 26.0 35.8 
($JA/year) 

Property Taxes 1.67% 3% 5% 8% 10% 
License Fees 0% 1% 2% 3t 5% 
User Fees 0% 91% 83% 74% 65% 
Tipping Fees 0% 5% 10% 15% 120% 

Note:
 
1. 
 Total costs for 1993/91 are based on recurrent costs for operation and maintenance of fully depreciatedequipment, recognizing that le contractors are supplementing their income by their service of commercial 
establishments.
 
2. Total costs for other year3 
are based on full capital and debt service cists, as well as operating andmaintenance costs, even though current equipment isfully depreciated and no provisions for a 
renewal fund have been
made. Budget allocations are expected 
to gradually increase until depreciation and debt service (or renewal)

requirements are met.
 

BOX 5
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COLLECTION SERVICE.
 

70. Existing Service Delivery. Collection service provided
in the GMB area is relatively complete. Even within slum and
squatter areas which are inaccessible to 
trucks, service at the
perimeters is being provided. 
Residents either bring their refuse
to a truck (after it arrives and rings its bell 
to announce its
arrival) or they bring it to a communal depot tusuaily an on-ground
loading point). 
There are, however, some semi-urban or rural areas
which do not have service. 
 In these areas, if residents are
relatively well educated, they bury 
or burn their refuse in a
 
remote area of their property.
 

71. There are two 
problem areas of collection in the GMB
 area. 
 There are squatter settlements between Princess Street and
Perry Street and slum areas 
in the Green Pond area. These areas
without service result in clandestine dumping by residents into the
North Gully and South Gully which drain into the eastern portion of
Montego Bay. Some of the neighborhoods near these gullies receive
service, but residents who are undisciplined and uneducated do not
cooperate with the service. 
 During and after storms, some of the
waste placed in the gullies is washed into the Bay. 
While creating
a negative visual impact on the Bay, the water quality reportedly
is not being significantly affected by the refuse coming from the
gullies. Nevertheless, greater service delivery, public education,
and vigilance and enforcement of the Litter Law are needed to
 
resolve the problem.
 

72. Community Participation. Implementation of 
 a
neighborhood pilot project 
to develop a demand-driven method of
appropriate collection and community participation is recommended.
With this approach, meetings and interviews with community

residents would seek to determine the type of service which they
would prefer and be willing to pay for, commensurate with type type
of participation they would 
provide. Alternative costs and
participation 
levels for alternative refuse collection 
systems
(such as door-to-door collection 
by hand cart, scheduled block
collection 
by truck along the main access routes, or communal
container collection at the neighborhood peripheries) would need to
be presented to 
residents for consideration. Pilot testing and
continuous adjusting of the resident-chosen alternative would be
conducted, 
followed by replication in other neighborhoods of
 
comparable conditions.
 

73. Vehicle Productivity. Over the past decade, economic

analysis has not been conducted to determine which vehicle types,
vehicle capacities, vehicle crew sizes, and route sizes would lead
to rationalization of collection service. 
The current ccllection
system is not efficient, as it is characterized by equipment of
inappropriate vehicle design and crew sizes. 
 For example, in the
 case of the large open tipper trucks used in GMB, the standard crew
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of only three sidemen labors is undersized -- leading to poorvehicle productivity. In another example, the poor design inherent
in the side-to-side roto-packer style 
rear end loading compaction
trucks (high loading height, slow packing, regular jamming) slows
down the loading efforts of even the standard crew of only two
sidemen 
-- leading to poor worker productivity. Also, the current
jurisdictions of contractor zones 
do not take into consideration

economies-of-scale, as 
discussed earlier in paragraph 45 [].
 

74. 
 While the size and type of truck are critical design
issues, it is important to recognize that the truck
even best
selection can not be efficient when the collection conditions are
 poor. 
 Even when more appropriately designed rear-to-front push­blade style rear end loading compaction trucks are being used in
GMB, spillage and 
on-ground placement of solid waste seriously
slows down the loading process -- leading 
to poor vehicle
productivity. Development 
of household, communal, and 
large
generator containment systems which are properly sized and easy to
empty is essential to obtaining high productivity from workers and
 
vehicles.
 

75. 
 Problems Faced by Contractors. The contractors providing
collection service are clearly not making enough money to provide
sanitary, reliable 
and economic service. When contracting,
government must recognize that the private sector bears many costs
which public service does not directly bear. In taking the
decision to privatize service, government must pay these additional
costs, or 
find some way to provide the same hidden subsidies to
contractors. To illustrate, the following findings came out of the

Montego Bay study effort:
 

a. Contractors, because they are operating without any

cash reserves, admit to having to pay high interest
 
rates (i.e., about 80%-90 on the overdraft amount)
on monthly overdrafts once 
each month because the

MOLGYS is 1 to 
2 weeks late in the second payment

of each month. Their statements were verified
through interviews with a key local 
commercial
 
bank.
 

b. Contractors have to pay high interest rates 
(i.e.,

about 60% of capital cost) to finance equipment and

typically have to pay back their note over the life

of their contracts (i.e., 2 years), rather than the

economic life of the equipment (i.e., 5 years).
 

c. Contractors 
borrowing from commercial banks for
purchase of vehicles have to take out comprehensive

vehicle insurance 
 (i.e., about 20% of capital

costs) plus personal life insurance, whereas the
 
government does not specifically pay insurance but
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instead bears the hidden cost for damages caused by

accidents or replacements necessitated by thefts.
 

d. 	 Contractors also have to pay customs duties (i.e.,

about 45% on truck value), whereas government

receives an exemption from paying customs duties.
 

e. 	 Contractors also may have hidden costs 
related to

political manipulation and/or marketing (i.e.,

about 5% of total cost) and are surely entitled to
 a reasonable profit (i.e., about 10% 
 of total
 
cost).
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PRIVATIZATION ARRANGEMENTS.
 

76. There are various methods for involving the private
sector, as described in Box 6. 
 For solid waste collection from
 
urban areas, the two most
 
commonly used methods 
are
 
contracts and franchises.
 
Contracts 
 are used when
 
government 
is considered a Contracting

reliable customer thefor Governent awards a finite-term contract to a privateprivate sector, i.e. , with firm to provide a solid waste management service and
 revenues able to cover the government pays the firm for the services delivered.
 
costs and a history of
 
reliability of
Franchises payment. Fanchis
are used for Frnhs
Francises arer se 
 r Government grants aprivate firm an exclusive monopoly
spcsiered owrsk
whihre to provide aspecific type of solid waste service withinconsidered low-risk 
 with aspecific zone and the firm generates its own revenuesregard to payment, such as rotcutomerswithinthezone.
 
large commercial 
 and
 
industrial establishments. Concession

Franchises are also used to Government allows the private sector to -utilizeone of
 serve residential customers its resources, inthis case solid waste, for prcfit­when government 
 is not making purposes. Goverrment nay pay a tipping fee orconsidered reliable or able service charge to defray part of the costs of processingto make scheduled payments. the solid waste, but sale of the concession's product 

77 . There are two covers the remaining costs and profits.
 
objectives for involving the
private sector opnC0petitin
in provision Oe opttoofpsidvte se rnpovi a Government licenses private firms to freely compete withof solid waste service: (a) each other in providing solid waste management services,obtaining investment from No firm has monopoly within a zone and price regulation
the private sector, and (b) isnot required. Each firm generates its own revenues
 
o b t a i n i n g improved from the subscribers to its services. 
efficiency, and thus lower
 
costs, for service.
 
Contracting with the private BOX 6
 
sector does 
 not
 
automatically achieve 
 these two objectives. Only if the
contracting process contracting
and agreements are properly
conducted will these objectives be fulfilled. While is
it a
positive step that the WP&M has 
involved the private sector in
collection of solid waste, the terms for contracting and methods of
monitoring have not been conducted in a manner which realizes the

objectives of investment and efficiency.
 

78. Existing Contract Terms for Refuse Collection. The WP&M
has contract service agreements with private contractors for public
cleansing services including cleaning of 
all streets and median

strips, cleaning of open storm 
drains, emptying of all street
litter bins, 
and collection of all non-commercial refuse within
their designated zones. There are 
no quantitative performance
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measures in the contracts, and the contractors are not paid on the
basis of the weight of waste collected or the area of street,
garden or drain cleaned. Therefore, performance evaluation is
 
qualitative and arbitrary.
 

79. The term length of the WP&M contract has been too short
(i.e., 
two years) to enable the contractors to obtain capital

financing at economic terms. 
 Also, payments to contractors have
not been adequate to enable them to invest in 
new or refurbished
 
vehicles, thus requiring them to operate fully depreciated and
typically dilapidated vehicles (many of which are more than 15
 years old). 
 MOLGYS sets the salary payment structure which WP&M
 can pay to its contractors and WP&M dictates the number of vehicles
and workers to be assigned to a zone. Irregular payments from
government 
have been eating away at any potential for profit
(because of the high overdraft charges from the banks).
 

80. Under original contracts, some of the contractors were
allowed to use equipment owned by the MOLGYS. 
This represented a
hidden subsidy to some of the contractors, and created inequitabile

competition among contractors. The contractors receiving equipment
were not required to enter a lease contract whereby rental payments
would be made and periodic specific preventative maintenence and
repairs would be required. 
 As a result, after every accident or
break-down, the MOLGYS was required to either solve the problem or
resolve to not having the vehicle in service. For new equipment

now on order, the MOLGYS has developed lease agreements which are

expected to address the problems of the past.
 

81. The last contracts awarded by WP&M were 
in 1989. These
contracts had a 2 year term, over in 1991. 
 MOLGYS has been in the
 process of developing new contracts for several years and there
have been no new contracts awarded by WP&M since the 1989 contracts
expired in 1991. Nevertheless, work continues by the contractors
 
on an informal "extension" basis. Contract prices have not been

renegotiated and only very modest price 
adjustments in salary
scales have been periodically announced -- lagging far behind
inflation and typirally provided only at the last minute to stay a
major labor strike. Even when the contracts were in effect, they

did not have any cost indexing included within them.
 

82. To make ends 
meet, the private sector's work force is
seriously underpaid 
for the arduous and hazardous work they
perform. Most contractors' crews work 10 to 12 hours daily -­without overtime pay, protective boots or gloves, medical benefits, 
or disability/sick pay. 

83. To supplement their income, contractors have had little
 recourse but to supplement their contract-specified work by seeking
private subscription agreements 
 for waste collection with
commercial establishments in their zones. 
Recently, the MOLGYS has
begun to take that opportunity away from contractors working in the
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most lucrative zones though an action 
to give the most downtown
"corridor" areas to the P&M's for service and cost recovery.
 

84. Equitable and Competitive Contracting. For contracting
to be viable, there should be 
a competitive tender process which
recognizes that each zone is unique and allows contractors to bid
according to the zonal conditions. Every attempt must be made at
making the zones equitable, so that each zone has 
a comparable
level of difficulty to service and 
a comparable opportunity for
generating income 
 in other words the problems and the goodies
should be equitably shared. 
At the moment, the zones appear to be
highly inequitable, with some contractors having a large number of
ghetto (squatter) neighborhoods, while others have mostly laid-out
upper income neighborhoods. Sec 
Table 5, Box 7 which indicates
different haul distances and 
 service populations for each

contracted zone.
 

Population and Travel-Distance
 
by Contractor Zone
 

CONTRACTOR ZONE 1993 Population Travel One-Way

(kmn) 

Contractor lC+2B 25,048 ___2.9__ 

Contractor IA 21,952 
__ 

Contractor lB 
 7,215
 

Contractor 2A 
 11,669
 

Contractor 3 18,325 24.2
 

Contractor 4 15,076 12.9
 

Contractor 5+5A 5,108 12.9
 

130X 7 
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85. Given the high costs of commercial borrowing, a contract

should have a minimum length of 5 year in refurbished vehicles are

being purchased, and a minimum length of 7 years if 
new vehicles
 
are being purchased, so that the investment payback period can be
rationalized to enable 
a low cost/tonne of refuse collected.

Contract performance terms need to 
be carefully specified, with
adequate provision made for vigilance and 
sanction commensurate

with performance failures. Current 
contracts simply specify

"cleaning" the zone -- a performance measure which is essentially

unmeasurable.
 

86. Commercial Borrowing Terms for Contractors. Because the
interest rates from commercial banks are high, the government may
wish to consider setting up a project credit line for "solid waste
 
management development" with the National Development Bank (NDB).

NDB project credit lines are 
lent through the commercial banks in
accordance with the NDB terms. 
The NDB can lend only to companies

which are not majority-owned by government, therefore WP&M would
 
not be able to borrow under the credit line and government would

need to continue procurement of the WP&M vehicles. 
 Under NDB
terms, borrowing for trucks could be set up with a 6 year payback

period, including 6 months of crace. January 1994 
I4DB interest
 
rates were 11% on $US (about 14% from the commercial banks) and 37%
 on $JA (about 43% from the commercial banks). With donor country

financing interest rates can be about 2% lower.
 

87. Applications under the NDB project financing system take

about 1.5 months to process by the commercial bank together with

NDB. Like the commercial banks, NDB would require the length of
contract to be 
as long as the period of payback and wonld accept

the contract a collateral (with payments being made directly to the
 to the commercial bank from the WP&M). 
 Because of the history of
delayed payments to contractors by the WP&M, the loan to
 contractors would need to include 2-3 months of working capital.
 

88. Banks may require loan guarantees beyond the collateral

available from local companies. To this end, consideration should

be given to use of the USAID housing loan guarantee program, which
is being used in this regard to encourage privatization of solid
 
waste systems in Indonesia.
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PUBLIC VERSUS PRIVATE COST AYVALYSIS:
 

89. In the study area, there is no accurate view of what
solid waste collection service would 
cost if all hidden costs
within government were 
considered (i.e., opportunity cost
capital, economically determined renewal 
of
 

periods for equipment,
exemption from customs duties, 
guarantees on borrowing and on
equipment which 
 allow avoidance of insurance costs, hidden
administrative and benefit costs for personnel) and all legitimate
costs for the private sector were considered (i.e., commercial
borrowing 
interest rates, insurance costs, 
profit, economically
determined depreciation and renewal periods, marketing).
 

90. It is essential to recognize that 
this analysis is
preliminary and provided to 
indicate actual costs. Also, 
the
analysis provides a format for future updated analysis as 
part of
an annual continuous planning exercise 
which the study team
recommends be conducted. 
In Montego Bay, there are no records kept
at the disposal site in the indicate
or field to 
 the daily
performance by the Western Parks and Markets and its contractors.
Also, there have not been 
any time and motion studies performed
over a significant time frame 
to determine how crews 
of various
sizes on collection trucks of various types perform within 
range of physical conditions existing in the 
the
 

area's various
neighborhoods. And finally, there is no data on truck load weights
to enable densities of loads to be definitively estimated.
 

91. 
 To compensate for the above, interviews with public and
private sector representatives were held to obtain an indication of
productivity, several days 
of time and motion observations were
conducted, and several days of observing operations at the disposal
site were conducted. 
Much more needs to be done in any follow-on

studies planned for the next year.
 

92. 
 The costing tables provide analysis of the following:
 

a. productivity per truck type and 
size for various
 transport distances 
from the collection route to

the unloading point (e.g., disposal site) 
-- which

indicates the important need for continuous data on

load weights and time and motion.


b. cost per tonne per truck type and size for various
 
transport distances 
-- which indicates the truck 
systems which are lowest cost for 
the study area
and the specific waste generat:Lon sources to be
 
served.
 

c. percentage breakdown of 
total cost into n-rsonnel
 
costs, consumables 
costs, and ownership casts -­which enables choices to be made by decision makers

between capital intensive or labor intensive
 
systems.
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d. 	 cost per capita per truck type and size for various
 
transport distances 
-- which indicates the tariff 
requirements for full cost recovery. 

93. 	 Results of the Comparative Cost Analysis. 
 If private
sector service is established in a way to encourage and enable the
private sector to make investment (i.e., there are competitive
tenders held for contracts 
of 5 or more years duration), the
private sector costs 
will 	reflect no hidden subsidies which are
inherent in the public sector costs. Based on 
the 	analyses
accomplished, for capital intensive systems (i.e., 
container-lift
 
arm roll, skip, or compaction trucks), private sector service will
cost from 10-45' more per tonne than the subsidized public sector
costs. For labor intensive systems (i.e., manually loaded open
tippers or manually loaded compaction trucks), private sector
service will 
cost 	from 5-20% more 
per tonne than the subsidized
 
public sector costs.
 

94. Non-compaction container-lift systems, such as 
the arm
roll or skip lift trucks, provide the cost of
lowest method
collection service for Montego Bay. 
However, they can be used only
where there is a large source of waste generation, as the smallest
container size would be 5 c.m. and costs go down appreciably when
the required container size is higher at the 
source. Container

lift systems 
should therefore be implemented for all large
generators, such as markets, 
hospitals, inaccessible ghetto

neighborhoods, and hotels.
 

95. 	 Compaction systems which mechanically lift and unload
containers at each stop along the route, such as front end loading
compaction trucks which lift 5 c.m. containers and rear end loading
compaction trucks which lift 1 c.m. 
containers, are the highest
cost 	method of collec:ion service for Montego Bay. 
 In low-income

developing countries, such large volume, capital intensive systems
are justifiable only in large metropolitan areas where the distance
and time re3quired te travel to the unloading point (e.g., disposal

site) are more than 15 km. 
These systems should not be implemented
by government, unless government 
takes over hotel
all and
commercial service where the tipping fee would fully cover the cost
of this more aestnetic, convenient and enclosed method cf
 
collection.
 

96. Compaction and non-compaction systems which are manually
loaded are economic 
for Montego Bay because of the low cost of
labor. 
 However, every effort to get citizens to properly contain
their waste in 
properly sized dustbins or plastic bags would
enhance productivity and lower costs from what is currently shown.
The roto packer compaction truck is somewhat more costly than the
push-blade type of compaction truck; 
 because the smaller opening

of the hopper, the higher height of the hopper, 
and the slower
loading movement of the packer collectively limit the ability of

the crew to rapidly load the truck.
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97. Recommended Collection 
Fleet Requirements. Annex 
A
provides current and 
projected population and 
waste generation
data. Presently, the population of 
GMB is about 104,400. The
current amount of municipal solid waste in Greater Montego Bay is
estimated to total 25,600 tonnes/year (not including hotel refuse
and ship refuse which 
amount to 4,160 and 2,040 tonnes/year,
respectively). Of the metropolitan area's population, roughly 60%
is urban, 20% is semi-urban and 20% is suburban. 
Assuming that 95%
service of the urban and suburban area would be 
a viable service
goal, the total amount of refuse to be collected is roughly 19,500
tonnes/year, or 62 tonnes/work day (based on 
a work week of 6


days/week).
 

98. Of the 19,500 tonnes/year which need to 
be collected,
physical conditions 
of the various neighborhoods in GMB would
affect which type and size of equipment would be appropriate. The
container-lift system, when used in suitable locations, offers the
lowest cost/tonne of service, therefore every effort to maximize
its use is recommended. 
Based on field observations, it is assumed
that 30% of the waste could be served by the lowest cost container­lift system. The remaining 70% of the waste could be served by the
somewhat highe: 
cost manually loaded rear-end loading compaction
trucks or open tippers. Assuming 
that the average distance of
travel is 
15 km one way from the collection service area to 
the
disposal site, based on continued use of the Retirement Site, the
following fleet size appears appropriate:
 

a. Container Lift System 
-- 30% of 19,500 tonnes/year
 
-- 5,850 tonnes/year:


2 Arm 
 Roll trucks of 8 c.m. capacity,

averaging 3,700 tonnes/year productivity
 

b. Manual Load System --
 70% of 19,500 tonnes/year -­
13,650 tonnes/year:


4 Rear End Loading Compaction trucks of 10
 c.m. capacity, averaging 
3,700 tonnes/year

productivity
 

99. Costs of Collection. The average cost the
for above
fleet, for complete debt service, operation and maintenance, would
be about 1,075 $JA/tonne if private 
sector and 952 $JA/tonne if
public sector (with hidden subsidies). Addition of profit to the
private sector costs would conceivably raise them to 
about 1,200
$JA/tonne. The breakdown of 
these costs are roughly 50% capital
(including interest) and 50% operating and maintenance costs.
 

100. Cost Recovery for Collection. 
Based on the above average
costs for 
solid waste collection, the 
user charge or tax to be
collected from residents for full cost recovery would average 280
$JA/capita/year if private sector service or 230 $JA/capita/year if
public sector service. Commercial establishments, industries, and
institutions which are 
large generators should be charged 
on the
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basis of quantity they generate, while households
commercial/industrial and small
establishments 
are charged 
on the size of
their property (which is typically an indicator of property value
and waste generation). 
 Tariff structures should allow for cross
subsidies from 
large generators and upper 
income households to
small generators and 
low income households, as
accommodate their ability to pay. 

necessary to
 
Initially, the tariff structure
should strive to cover recurrent operating and maintenance costs.
In time, the 
tariff structure should cover the total 
owning,
operating, and maintenance costs, as well 
as provide for creation
of an adequate renewal/expansion fund.
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DISPOSAL SERVICE.
 

101. Current Disposal Conditions. 
Based on field observation,
the composition the
of waste stream arriving at the current
disposal site is primarily residential and commercial waste such as
various types of paper, glass, plastics and metals. There appears
to be little if any industrial waste or hospital infectious waste
deposited at the site. 
Separate interviews with the airport and a
major medical facility indicate medical airport
and waste are
handled by incineration at the airports and hospitals. 
Cruise ship
waste, from home-port ships only, is handled at the dump and the
issue of legally arranging for the port to 
pay a tipping fee is
discussed in an 
earlier section 
on financial arrangements.
 

102. Currently disposal operations in the GMB area are
conducted at the Retirement Dump. 
Site operations and maintenance
 are the responsibility of the 
 Western Parks and Markets
Organization. 
The site consists of 8-10 hectares of land which is
accessible by a 1 km long road. 
 The working portion of the site
consists of 3.3 hectares of the available property. The roughly
33,000 tonnes/year of municipal 
solid waste generated in GMB in
1993/94 require 33,000 cubic 
meters of ultimate space within a
landfill. Daily, intermediate and final soil cover material would
increase the spatial requirement by about 15% to about 38,000 cubic
meters. For a site which has a depth of about 
10 meters, this
means that land disposal requirements begin at 0.38 hectares/year
in 1993/94 and are expected to increase by about 5% yearly.
Therefore, the existing site has a life of about 10 years.
 

103. The operating plan, which appears to have developed on an
ad hoc basis, utilizes approximately 8 and 1,/2 acres of the
existing land 
for actual operations. No formal 
operating plan
exists and no site preparation has been conducted. 
The site has
not been graded for drainage to minimize standing water which will
encourage the formation of leachate 
(liquid which comes into
contact with refuse). 
 There is no being attempt made to cover
refuse daily with soil to control vectors, such as flies, or
prevent fires. 
 As a result the 
refuse which is deposited burns
continuously and is active breeding ground for flies.
an 
 Small
animals and birds 
are also active scavengers at the site 
and
enhance the possibility that bacterial and viral infections will be
moved off the site. 
The fires consume large amounts of plastic and
almost certainly contain significant quantities of dioxin, a known
carcinogen. It appears unlikely that gas
landfill generation
(landfill gas is 
comprised of approximately 50% methane and 50%
carbon dioxide with other trace elements) is a problem as it either
vents directly into the atmosphere or is consumed in the fire as it
 
is generated.
 

104. Costs of Disposal. Resources expended on operations,
based on discussions with the attendants and the tractor operator,
are estimated at approximately $JA 80,000/year. 
 This equates to
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about $JA 4/tonne or $US 0.13/tonne for open dumping costs. 
 For
comparison, sanitary landfill costs for an approved site and design
in a country of Jamaica's income level would range from $US 3­8/tonne. Equivalent costs of $US 15-25/tonne for an USEPA 
(US
Environmental Protection Agency) approved 
site in the USA are
 
typical.
 

105. Disposal Plans and Standards. At the national level
there is no legislation, currently, 
that requires any specific
controls regarding landfill siting and operation. There are also
 no controls, 
at the Parish level, regarding landfill operations.
Discussions with WP&M personnel, the nominal operators of the site,
indicate they do not have any specific operating criteria for the
facility other than 
to have the bulldozer operator bury the
place refuse every two weeks. 
in
 

As the existing bulldozer utilized
at the site is not equipped for excavation the operator has
developed a plan whereby trucks dump at the approximate center of
the active area 
of the site, the refuse is burned, and he pushes
the ashes and residuals after burning to the edge the
of site.
Trucks have dumped refuse all along the 1/2 mile road into the site
when access was 
limited by rainy weather conditions.
 

106. This information is important in 
 light of what is
happening at the national 
level in an effort to regulate solid
waste disposal. Discussions with the 
staff at 
the NRCA indicate
that a document titled "Procedures and Requirements for Permitting
and Operation of Waste Disposal Facilities" is being circulated for
review and adoption. This documented was prepared by a consultant
for the Ministry of Health 
with funding from the Pan American
Health Organization. This document fundamentally 
follows the
wording of the US Environmental Protection 
Agency's regulatory
framework for landfill 
siting, design, and operation, which is
called Subtitle D of the Resource Conservation and Recovery Act.
Subtitle D was developed to protect the public from improper siting
and management of 
landfills in an industrialized nation with 
a
relatively high per capita 
income where technology and trained
personnel are relatively readily available, although 
at a high

cost, to allow for compliance.
 

107. When viewed in the context of Jamaica, neither the
technology, the technical personnel or the financial resources are
available to make this d workable regulatory framework for the near
term. 
 There needs to be an interim regulatory framework which
enables disposal practices to gradually be upgraded from the open
dumps which 
exist today to sanitary landfills of suitable
developing country design and operation standards. 
Given the cost
of developing and operating a landfill of the tyre contemplated by
Subtitle D and the current 
level of resources being expended in
Jamaica on disposal, a significant financial burden will certainly

be experienced if these proposed regulations are adopted. Also,
the technical staff and resources are not available to WP&M to

comply with the proposed guidelines.
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108. 
 Measures to Upgrade Current Disposal. To upgrade the
Retirement open dump to a modified sanitary landfill, the following


design suggestions are provided:
 

a. 
 The road to the landfill should be cleared of all

illegally 
 dumped material and surfaced 

maintained for all weather operation. 

and
 
An aggregate


material laid over a 
properly prepared subgrade

should be sufficient if it is properly maintained.

A good road is critical 
to insure that trucks can
 
reach the dump site in inclement weather rather

than resorting to dumping material on the sides of

the road. Leaving the existing material in place

will encourage illegal and to
dumping continue 

foster fires, flies and other scavengers. Trucks
 
and a front end loader will have to be rented to
accomplish clearing the existing material from the

road and moving it to the disposal area.
 

b. 	 Obtain a larger bulldozer than the one currently

operating at 
the site equivalent to a Caterpillar

D-7, with ripper attachment to enable excavation.
 
A complete breakdown of costs for purchase and
 
operations can be found at Annex C.
 

C. 	 Move the accumulated refuse along one side of the
site to prepare the site for cut and cover sanitary

landfill operations to be conducted.
 

d. 	 A site developnent plan 
 should be followed
 
utilizing the existing 8 and 1/2 acres for burying

existing material and operations for the next 5 to

10 years. For site development details see Annex
 
C.
 

e. 
 A cut and cover operation will have to be followed
 
on 
a daily basis to insure proper site operation.

The efficiency of this operation will be hampered

by the requirement to accommodate the population of
waste 
pickers which is currently deriving part 
or

all of their income from recycling material from

the site. With proper utilization of the

bulldozer and control of 
scavenging a reasonable
 
operation can be carried on which accommodates the

population in question 
 and minimizes the

inefficiencies. For operating details see Annex C.
 

f. 	 Arrange for gas ventilation by appropriate means,

for example through a gravel layer along one wall
 
of the cut, and soil cover stockpiled along the top

of the same wall so that trucks can unload along

the other wall.
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g. 	 Slope the base of trench to encourage drainage of

surface runoff from the working face within the
 
upgradient area of the cut.
 

h. 
 Leave 1 to 1.5 meters of undisturbed soil layer

under the cut to protect groundwater.
 

i. 	 As refuse is placed in cells within the cut, each

daily cell area is covered with soil. 
 To minimize

soil cover, the working face need not be covered
 
with soil, but can instead be covered with tarps

(or even discarded carpets). 
 Also, the cells can

be designed to be 
 deep and narrow so that
 
intermediate cover is minimized.
 

j. 	 Put in upgradient perimeter drains to divert
 
surface runoff away from any refuse receiving area.
 

k. 	 Drill and develop grcundwater monitoring wells and

implement regular monitoring, especially in light

of the karstic geology within the site vicinity.
 

1. 	 Curtail any disorganized scavenging from the
 
operational area and prohibit 
any children from
 
entry to the site.
 

109. Retirement Dump's inadequacy as a disposal facility
results from lack of legislative controls 
over the disposal
process, lack of technically skilled 
 staff, and inadequate
financial resources. 
 In the context of an integrated solid waste
management strategy for the near term, sanitary landfill provides
the most cost effective solution for disposal the GBM.
in 	 The
clear challenge is to upgrade the existing facility from a dump to
 a landfill in the next four to 
five years. Given technical and
financial constraints there are no other viable alternatives.
 

110. 	Cost Recovery for Disposal. As with most systems a clear
limitation to progress relates to the amount of dollars available
 
to "make things happen" in a timely manner. 
At this point it is
worthwhile to note that the Retirement Dump is operated solely from
 money provided by WP&M through 
an appropriation from the MOLGYS.
Jamaica operates on the same principal as do most third world

countries in relation to solid waste management which is that it is
funded out of general tax revenues rather than being entirely or
partially self supporting. 
In contrast many industrialized nations
and several Central American countries have discovered that people
are willing to support quality solid waste management services
through a 
fee 	for service system. In the U.S. many municipal

landfills are operated on a basis of 
residential disposal costs
being supported by a differentially higher rate for the disposal of
 
commercial refuse.
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111. 


Dump. 
No disposal fee for dumping is charged at the Retirement
No real progress 
can be made without either 
an increased
appropriation 
from the ccntral government or a disposal
dumping. fee for
The logical approach would be to start charging a small
fee for disposal, which would be 
raised annually, until 
a full
recovery situation could be achieved with the national government
making up the difference in operating cost through 
an increased
appropriation until the full 
'recovery situation was achieved.
differential A
fee is recommended 
for GMB which charges the
commercial refuse generator at a higher rate than the residential.
Part of the rational for this 
 differential 
 fee is that
commercial/industrial refuse generally tends to contribute more to
environmental 
 contamination 
than household refuse, and thus
requires more 
costly landfill technology than does 
residential
 

refuse.
 

112. The exact fee to be charged each type of waste generator
will depend 
on the political considerations regarding a good
starting amount which will institute a pay for disposal system and
not create an illegal dumping problem as 
a result. The fee to be
charged will be
also dependent the
on the amount of funding
national government is willing to provide towards operations and of
course 
the ultimate operating 
costs as they are related to the
landfill. 
 A large revenue generator would be fees derived from
cruise ship waste. 
 Currently the landfilling of 
this material
occurs on an ongoing basis. 

disposal 

There has been no effort to legalize
of cruise ship waste 
and charge for the service. The
rational 
for not allowing this is the fear of contamination.
would seem It
far more effective from both 
a public health and 
a
finar-!ial standpoint to legalize the disposal of this material in
a controlled environment and charge for the service. 
A suggested
operating budget for a near term cut and fill operation, to include
a full 
recovery operating fee, is included at Appendix C "Site

Development".
 

113. Disposal Standards. 
 A cut and cover landfill operation
is not the ultimate preferred operational methodology for this or
any other site on 
a long term basis. 
 Cut and cover operations do
not eliminate leachate formation and do not allow for the recovery
and treatment 
of the leachate that is 
formed. They also
are
inherently inefficient in 
terms of optimizing the space which is
available. However, as 
I pointed out earlier they present 
a low
cost/low technology alternative to operating the open dump which is
currently in place. 
 In terms of the future, 5 to 10 years out,
WP&M, or whoever is ultimately in charge of disposal in Montcgo Bay
needs to carefully prepare to move the operation both financially
and technically to an environmentally 
sound sanitary landfill
 
operation.
 

114. Although it was not in 
our scope of work to review the
draft "Procedures and Requirements for Permitting and Operation of
Waste Disposal Facilities", it is necessary to comment on it in the
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context of the impact it will have on the Montego Bay area. 
 This
document does not cover the disposal of hazardous or toxic waste.
It also has some shortcomings in the area of design such as the
requirement for a final landfill cap. This document allows a 20 mil

synthetic cap (.10 E. 1. page 28) 
which was specified as a cost
saving measure. 
The longevity of such a cap and the technology to
put it in place while maintaining cap integrity is questionable.

The document also has some administrative shortfalls in terms of
the integrity of references between paragraphs etc. It should be
reviewed for technical feasibility, enforcement capability and some
timeline developed to phase in the requirement to meet these

criteria should 
be develcred which are consistent with the
available financial resources, technology and management resources

available in the Jamaican context as 
a key consideration.
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RECYCLING.
 

ii:. Waste Recovery at the Dump. There are normally about 40
 waste pickers working at the GMB disposal site, and about 80 
on

holidays and 
during peak tourist periods when the recyclable

content of the waste is higher. Scavengers working at the site, if

allowed, should be registered with the WP&M. Only adults should be
allowed on site, and only those adults wearing their registration

card. Since many of the scavengers appear to be farmers from

surrounding communities, it may be useful 
to constructively

organize their activities. 
 For example, they could be organized

into a cooperative and provided with an area of the site on which
 
to work. 
To this area of the site, organic wastes from markets and
 
restaurants could be diverted for small-scale production of compost

and/or processing into pig feed.
 

116. The Benefits of Recycling. Recycling can provide savings

to local manufacturers in feedstock and energy costs. 
 Local

manufacturers for 
tissue paper currently import secondary paper

waste material of high grade (computer paper and stationary) as a

substantial portion of their feedstock, and 
are gearing up to

increase production with an improved local network of 
source

segregation. 
Certain types of glass are already recovered under a

buy-back type of program and that a market exists for the purchase

of green, brown and clear bottle glass of all types. Plastics such
 
as HDPE, PET and LDPE also appear to have a market. The market for
 
scrap metal is small and does not appear to offer many immediate

opportunities. 
High levels of copper wire recovery being reported

from the G1B Retirement site.
 

117. Within any solid waste management system, the addition of
 a special system to segregate and collect secondary waste

materials, i.e., recyclables, adds complexity and cost. While

virtuous in nature, recycling is not and activity which any city in
 
any developing country should undertake unless there is clearly a

local market demand which will 
cover the cost of recovering

recyclables. Source segregation programs conducted at the

household and commercial establishment level tend to increase waste

collection cost by roughly 50-100%. Income from sales 
of
 
recyclables would have to cover this cost differential.
 

118. The negative side of the resource 
recovery/recycling

picture rests in the lack of national initiatives in this area, 
a
lack of public education and the lack of 
 a cost effective

transportation network 
that would facilitate the transport of

material from the Montego Bay area to markets in Kingston and other
 
areas that have end users for the commodities.
 

119. The Need for a Recycling Program. Another of
area

research conducted, as a component of the disposal system, in the

Montego Bay area was 
a look at the viability of instituting a
recycling program to divert waste from the and
landfill save
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landfill space. In discussing this issue it is 
important to note
that beneficial recycling programs depend 
on many variables for
success. The first critical 
issue that be when
must defined
looking at a recycling program is simply to 
answer the question
"what is a successful recycling program?". This question must be
answered in the context of the specific jurisdiction in which the
program is implemented. Recycling 
programs can be considered
successful if they 
save scarce landfill space; they 
can be
considered successful if they conserve natural resources; 
they can
be successful if they save 
energy; 
 or they can be successful if
they fulfill 
the public need for environmental involvement. In
almost all 
cases they are generally considered successful if they
break even 
or make money in terms of the alternative of not
recycling. 
 The sole exception is encountered when a group is 
so
environmentally involved that they will pay to recycle even when it
costs more than the disposal option.
 

120. Existing Markets for Recyclables. In reviewing the
possibilities for recycling in GMB, 
as in any other jurisdiction,
one of the first questions to address is "What are the markets for
the materials 
that are being considered for diversion from the
waste stream?". 
When a jurisdiction is contemplating recycling as
an option it must either already have markets for the materials in
question or it must 
 be willing to create markets through

legislation if necessary.
 

121. A review of the immediate situation in GMB demonstrates
that a recycling effort 
was already ongoing for one market which
already exists. Specifically, there is recycling of glass bottles
through 
a buy back and reuse program. The brewery producing Red
Stripe beer, recovers approximately 50% of their glass bottles for
reuse. 
 Other smaller producers of beverage products buy bottles
for reuse in packaging their own products. 
 These bottles may or
may not have been bottles producea for their use initially. Glass
bottles appear 
to be the only readily recyclable product in the

Montego Bay area.
 

122. In an effort to ascertain which markets were 
available
for glass, metals, paper and plastics in the greater context of the
island economy, interviews were held with industry representatives.
In these interviews, the following information was obtained:
 

a. In reviewing the market for plastics 
an interview
 
was conducted with Mr. John Marie Desilva of Thermo

Plastics of Jamaica. This 
company is currently
utilizing HDPE 
(High Density Polyethylene). The
only recycling they are doing at 
this time is the

utilization 
of their scrap. Further work with
this company might develop a future market for HDPE
waste. An 
 interview 
 was also held with a
representative of POLYPAC Jamaica. 
This company is

making plastic bags from scrap plastic.
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b. 
 There appears to be a strong potential for further


glass recycling in Jamaica. 
 An interview was
conducted with Mr. Desmond Creary of 
West 	Indies
Glass. His company produces 30,000 tons of 
glass
bottles annually. 
 They 	already purchase bottles
from 	the scavengers at the 
dump 	in Kingston and
would be interested in purchasing green, brown and
clear bottle glass as raw material. They currently
use 	recycled glass from on off
and shore for
production. 
 Raw material, in 
the form of silica
sand, is shipped from the Black River region, 120
miles from the plant. 
 They 	also buy raw material
from offshore markets for up to $US 175/ton and are
willing to pay up 
to $US 30/ton for recyclable
bottle glass. Mr. Creary indicated his company is
developing a program to 
introduce glass recycling
into 	schools in an effort 
to develop an expanded

supply of raw materials.
 

c. 	 An interview with the Managing Director of the West

Indies 
Paper Company indicates there might be a
market for recycled paper. 
 This is a difficult
marl-.et because currently there are 
over 	40 grades
of paper recognized by the scrap paper market and
usable in various recycling applications. As West
Indies 
Paper produces primarily tissue paper
all grades would be acceptable for 

not
 
their
application. 
The company is currently hampered by
lack of adequate de-inking and bleaching equipment
to 
handle most grades of scrap 
paper. However,
with proper equipment it would appear they could
add 500 tons per month to their production with the
 use 	of recycled paper. 
They indicate that they
would pay up to $US 100/ton for delivered clean
waste paper of 
the type usable in their process.
They 	are currently utilizing 400 
tons 	of waste in
their process: 
 computer paper, envelope clippings
and white ledger, which is imported and could be
replaced by domestic product if it were available.
It would appear there is a potential for up to 900
tons of domestic scrap paper a month to be utilized


by this facility if it were available.
 

d. 	 A cursory review ot the scrap steel market was also
undertaken. Presently, there are no 
large volume
 users of scrap 
steel on the island. The scrap
steel which is collected is used locally by small
manufacturers. 
 No local companies are engaged in
the collection and exportation of scrap steel. 
The
 

http:marl-.et
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amount of 
scrap metal disposed at 
the Retirement
Dump and the 
lack of activity on the part of 
the
scavengers 
to recover 
it strongly indicates that
there is little market in the Montego Bay area for
 
the material.
 

d. According to 
the Carib Steel 
Company in Kingston,
which used 
 to manufacture steel, 
 a major
disincentive to 
the local production of steel is
the low duty charged on imported finished products
(5%) 
and the duty charged for raw ferrous metal
materials 
(20%). Because 
the duty on finished
products is 
low, it is unlikely that even a total
exemption from duty 
on raw materials would make
local steel manufacturing economically competitive

with imported steel.
 

123. While it 
appears possible, based these
on interviews,
that good markets for glass, plastic and paper might be available
in the context of Jamaica 
as 
a market place the problem for the
Montego Bay area would be transporting the collected material 
to
the end user. 
As there is no viable rail system in place material
would have to be transported either by road or by boat to end users
around the island. The cost effectiveness of the material when
transportation costs are added might make markets questionable.
 

124. In the context of Montego Bay itself, 
there
immediate markets are no
 
recycled. 

for any material that is not currently being
Given the scarcity of financial resources 
to provide
basic collection 
and disposal services it does
economic sense utilize 
not make good
to available resources
recycling program. to subsidize a
There appears to be 
no immediate lack of
landfill capacity which would financially offset a costly recycling
program and thus lack of disposal space is not a primary criteria.
Again, a recycling program should 
be included as a 
long term
strategy in an integrated solid waste management plan. 
The concept
should be reviewed, as an alternative, when disposal 
costs rise
significantly, as a result of new legislation, and make recycling
and transport of material 
to distant users a financially viable
 

alternativp­
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COMPOSTING.
 

125. In all countries, 
some of the solid wastes generated
within urban areas are technically and environmentally suitable for
purposes of producing compost. 
 In LDC's, the waste is higher in
putrescible vegetable material, higher in moistu7e, lower in non­compostable materials such as paper, plastic, metal, and glass, and
lower in hazardous elements such 
as heavy metals and pesticides
than the waste in industrialized countries (IC's). 
 For a
comparative perspective on the greater amenability of wastes from
LDC's to be composted, see Table 6, Box 8.
 

126. There is no doubt that a large portion of the solid waste
in GMB could be converted into a compost of high quality or that
farmers in the surrounding 
area would welcome receipt of high
quality compost -- particularly food wastes from restaurants,
hotels, and markets. However, this 
fact alone does not provide

justification for implementing compost.
 

127. Composting Costs. 
 Sanitary landfill is the lowest cost
disposal option in all LDC's, except where land acquisition costs
(including resettlement costs) are inordinately high within a site­specific area of 
an LDC. Composting costs 
are usually more
expensive than sanitary landfilling by a factor of 2 to 3 in LDC's,
as indicated in Table 7, Box 9. 
For purposes of this study, the
cost of upgrading Retirement to a modified sanitary landfill in GMB
would be $US 3 to 5/tonne, while the cost of 
implementing a new
sanitary landfill for GMB would be $US 5 to 10/tonne. On the other
hand, the cost of composting would be $US 10 to 20/tonne (depending
on the level of mechanization utilized to speed up the process).
At a composting cost of $US 10 to 
20/tonne of refuse 
being
composted, the cost of compost product would be $U5 30 to 60/tonne
because it takes roughly 3 tonnes of refuse to produce 1 tonne of
 
compost.
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GLOBAL PER'bPECTIVE ON 
REFUSE DIFFERENCES
 

LOW 

INCOME COUNTRY 


KG/('FPA/DAY 0.4 to 0.6 


PtTRESCIBLES 
 40.to 85 


PAPER % I to 10 


PLASTIC% 
 i to 5 


METAL % 
 1 to 5 


GLASS % 
 i to 10 


RUBBER,HIS.% 
 i to 5 


FINES % 
 15 to 60 


-OISTURE% 
 40 to 80 


DENSITY KG/C.H. 250 to 500 


LOWER KCAL/KG 
 800 to 1100 


MIDDLE 

INCOME 

COMY 

0.5 to 0.9 


20 to 65 


15 to 40 


2 to 6 


1 to 5 


1 to 10 


I to 5 


15 to 50 


40 to 60 


170 to 330 


1000 to 1700* 


IGH INCOME 
COUNTRY 

0.7 to 1.8 

20 to50 

15 to 40
 

2 to 10
 

3 to 13
 

4 to 10
 

2 to 10
 

5 to 20
 

20 to 30
 

100 to 170
 

1500 to 2700
 

* Normal range is 1000 to 1300, except in some central and eastern European countries where the range is 
1400 to 1700 kcal/kg. 

BOX 8
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DISPOSAL COSTS BY ALTERNATIVE TECHNOLOGIES 

LOW INCOME RIDDLE 
 HIGH
COUNTRY INCOME COUNTRY INCOME 

__COUNTRY 

AVE. lNCOME FROM GNP
 
370 $/cap/yr 2,400 $/cap/yr 22,00 $/cap/yr
 

OPEN
 
DUPING 0.5-2 $/x.t 1-3 $/m.t. 5-10 $/u.t. 

SANITARY LANDFILL COST
 
1-5 $/.t. 3-10 $/.t. 20-50 $/n.t.
 

TIDAL LAND RECLAMATION
 
3-15 $/*.t. 10-40 $/.t. 30-100"' A.t. 

COOM ING
 
5-20 ./I.t. 10-40 $/1 t. 20-60 $/D.t. 

INCINERATION
 
40-60 $/a.t. 30-80 :$/3.t. 70-100 :$1m.t.
 

Note:
 
1. 
 Income based on 1992 Gross National Product data from the 1994 World Development Report
published by the World Bank. 
Costs are estimated from 1992 information.
 

2. 
 Composting costs in1990 inDelhi, India and Bandung, Indonesia, by labor intensive systems of
lowest costs were about 7 $/m.t. Composting costs inBangkok, Thailand for a slightly more mechanized
 
system are about 36 $/m.t.
 

3. Incineration costs in1992 inSurabaya, Indonesia (without pollution control) were about 43
$/m.t., for refuse at acalorific value of 1100 kcal/kg at the source and 1200 kcal/kg after 5days of
drying inthe pit. 
Fuel iust be added daily, even during the dry season and even after 5days drying

inthe pit, inorder to si'tain combustion.
 

4. Incineration costs-in 1992 inJapan were about 90 $/.t., for refuse at a calorific value of
1600 kcal/kg at the source and 2000 kcal/kg after source segregation of dry wastes. 
No fuel is
required as the refuse iswell above the 1300 kcal/kg minimum year-round to sustain combustion.
 

5. 
 $/m.t means US Dollars per metric tone, and $/cap/yr means US Dollars per capita per year.
 

BOX 9
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128. Only if the cost differential 
between composting and
sanitary landfilling can be covered by the sale of compost would it
be appropriate for composting to be implemented.


to answered The key question
be is whether the demand for 
compost exists 
or can
readily be developed, 
and whether the prospective compost
purchasers have adequate income or access to financing to cover the
cost differential for composting.
 

129. Agricultural Markets. 
 As indicated in Table 8, a high
portion of the farm land in Jamaica produces extensive (i.e.,
revenue) crops. low
The revenues from extensive crops generally would
not be adequate to significantly create a 
market demand
compost. for
Major extensive crops include sugar cane, root crops, and
maize. However, there 
are also intensive (i.e., 
high revenue)
crops such as tomatoes, bananas, coffee and flowers. 
Whether the
revenues from these intensive crops are sufficiently high to enable
farmers to 
invest in compost needs to be explored in 
some detail.
It also needs to be explored whether these crops exist within an
economic transport distance 
(i.e., about 50 km by road) from the
GMB. 
However, to illustrate the potential, farmers growing bananas
have a 
gross revenue of $JA 120 ,000/hectare, while its $JA
125 ,000/hectare for coffee, and $JA 300 ,000/hectare for vegetables.
The net revenue is expect 2d to be about 25% of gross revenue, based
on local agricultural extension service experience. 
The coffee and
banana farmers are not generally operating at a subsistence level
and are expected to be able to reinvest in their land for improved
production yield and higher quality fruits. 
 On the other hand,
most of the vegetable farms 
are operating at a subsi.stence level
because of the high fertilization requirement of their crops, and
ability to reinvest would be limited.
 

130. If we look at compost costs in terms of whether they fall
within the current investment levels made by farmers, 
we can see
that the potential for selling the product at a price which covers
cost does exist 
-- so long as transportation costs are minimal.
The closest agricultural areas 
providing a potential market for
compost are Cambridge and Catadupa, where 
bananas, coffee, 
and
 cocoa are grown.
 

131. Most farmers producing intensive crops now spend about
8,000 $JA/hectare 
on chemical fertilizer. According to rural
agricultural experts in the GMB area, local application rates for
compost are 3 to 10 tonnes/hectare at establishment (i.e., during
the initial planting year for 
coffee and banana) or about
tonnes/hectare for maintenance (i.e., 3

for vegetables and flowers).
For an application rate of only 3 tonnes/hectare, the compost cost
would be $JA 2 ,
 700-5,400/hectare (plus transportation costs which
can be substantial because compost is bulky and 1 tonne takes up 3­4 cubic meters of 
 truck capacity). Because 
compost could
conceivably reduce the 
farmers dependence on 
chemical fertilizer
(by complexing and adsorbing the chemical nutrients so that they
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are more available over a 
longer 
period of time), a $JA
4,000/hectare reduction 
in costs for 
chemical fertilizer would
nearly compensate for the costs of adding compost.
 

132. The product which would compete with compost as
conditioner is manure from animals or poultry. 
a soil
 

Poultry farming is
the major supplier of 
manure in Jamaica. There are
processing plants located on South 
two poultry


the Coast of Jamaica, and
related poultry farms 
are near. No poultry farms 
are within the
GMB area. Currently, coffee farms 
provide a demand for poultry
manure and within St. Catherine Parish poultry manure is priced at
$JA 280 to 300/ton (or $JA 309 to 331/tonne). Therefore, manure is
priced much lower than the cost of compost would be.
 

133. Land Reclamation Markets. 
From 1957 to 1974, Jamaica was
the world's largest producer of bauxite. While Jamaica's position
as the world's leading has 
been lost to Australia and Guinea,
Jamaica still has a significant production of bauxite. 
Bauxite is
removed from the ground through open strip mining. 
Upon completion
of mining, the land is reclaimed by return of the original top soil
material and then planted with crops or
activities provide potential 
trees. Land reclamation
 

one market for compost. In 1992,
bauxite accounted for roughly 85 percent of the mining in Jamaica,
at 11,367,000 tonnes mined. 
Country-wide, bauxite mining companies
reclaim about 100 hectares annually, according 
to the Jamaica
Bauxite Institute, 
 and reclamation 
 costs average US$
11,115/hectare.
 

134. Currently most reclaimed lands are seeded for purposes of
providing pasture 
land for cattle raising. Application of 10
tonnes/hectare initially would be needed to substantially alter the
ability of these lands to supporL agriculture of potentially hiqher
revenue potential, followed by maintenance applications of about 3
tonnes/hectare. If 10 tonnes/hectare of compost were applied, the
9,000-18,000 $JA/hectare costs would add about 4% to reclamation
costs. 
 For 100 hectares of reclamation annually, a potential
market for initial compost application would about
be 1,000

tonnes/year.
 

135. Unfortunately, the closest bauxite mining area to GMB is
about 90 miles away, southeast, at Kir3 
 *ne in Manchester Parish.
There are bauxite reserves at 
Maggotty St. Elizabeth Parish,
about 40 miles inland. However the mining rights to these lands
were held by the Revere Alumina Company which ceased operations in
1974. Mining rights 
to these areas have not 
been reissued and
there are no immediate plans to commence bauxite mining in the area
in the near future.
 

136. Transport costs would 

trucking. Because compost is 

be about $JA 16/tonne/mile for

bulky (one tonne occupies about
cubic meters), transportation costs 

3
 
by road to Kirkvine could
negate the viability of selling 
compost for land reclamation.
 



Table 8 

PRODUCTION OF SELECTED AGRICULTURAL COMMODITIES, 1990 - 1992 

QUANTITYCOMMODITY Unit 

1990 
 1991 
 1992
 

Sugar Cane '000 tonnes 2.613 2,775Bananas 	 2,602
metric tonnes 57,055Plantains 	 58.191 65,258
metric tonnes 27,558 26.692 28,469Citrus '000 boxes 5,223 2, -5Coconuts 2,602
 

Cocoa 
'000 nuts 77,694 96,324 114,297

boxes 
 197,722 187,331Coffee 	 256,823
boxes 263,546 347,448 350,000Pimento metric tonnes 1,583 458 487Ginger metric tonnes 865 827Root Crops(l) 	 761 

Corn 	
metric tonnes 235,677 247,216 292,141
metric tonnes 2,370 2,929Peanuts 	 3,850
metric tonnes 1,861 2,386Pumpkins 	 4,109
metric tonnes 26,247 26,237Carrot 	 34,187
metric tonnes 15.530Cabbage 	 15,225 18,819
metric tonnes 17,336 14,999 14,886Turnips metric tonnes 1.104Peas and Beans 864 1,662
metric lonnes 8,164 9,115 6,670Cucumber metric tonnes 8,115 6,885Okras 	 9,137
metric tomnes 1,255 1,177 1.855Eggplant metric tonnes 80Escalion 	 61 209metric tonnes 4,211 2,645 6,981Thyme metric tonnes 353 396 839Tomatoes metric tonnes 14,261 10,936Lettuce 	 14,068
metric tonnes 2,355 3,379Cho-cho 	 3,873
metric tonnes 4,726 3,493Ca uliflowver 	 3,565
metric tonnes 551 399Peppers 	 494
metric tonnes 4,551 5,146 8,197Beetroot metric tonnes 875 631Watermelu,-, 	 967
metric tonnes 6,080 4,787 8,103Celery metric tonnes 115 78 118 

Source Production Statistcs, StatisticalInstitute of Jamaica(1) Includes Sweet potatoes, Insh potatoes, Yams. Tannias. Onions, Cassava and Rice 
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Theoretically, it might be economic to transport compost by rail.
The use of rail to transport compost from GMB 
will ultimately
depend 
 on the pricing policies established by the 
 future
owners/operators of the 
railway system. Presently, the Jamaica
Railway Corporation is not offering rail services to the public and
the corporate holdings 
are being divested by GOJ. To date, no
offer has been accepted by the GOJ and the 
outcome of the
divestiture can not be predicted.
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ENERGY RECOVERY.
 

137. Could GMB's Waste Support Combustion. As indicated in
Table 6, solid waste 
needs to have a Lower Heating Value (i.e.,
wet value, as received) of at 1300
least kcal/kg year-round in
order to sustain combustion. If incoming solid waste is less than
this calorific value, supplemental fuel will be required to
maintain minimum furnace temperatures. Municipal solid waste 
in
Jamaica would not 
meet this 1300 kcal/kg level, 
and would likely
range from 900 to 1100 kcal/kg during most months of the year.
Only with addition of an adequate quantity of 
hotel refuse and
cruise ship refuse might attainment of the 1300 kcal/kg level be
 
possible.
 

138. For as
GMB, indicated 
in Annex A, the quantity of
municipal solid waste from the local resident population of about
105,000 is estimated as 22,862 tonnes/year, and for the nonresident
working population of about 25,000 is about 2,740 tonnes/year.

quantity of hotel refuse and cruise 

The
 
ship refuse are estimated,
respectively, as 
4,160 tonnes/year and 2,040 tonnes/year. Not all
of the ship refuse is off-loaded at GMB, because only "home port"
ships are provided with regular disposal service. 
The composition
of the municipal refuse would have a moisture content of about 70%,
a vegetable content of about 
50%, and a calorific lower heating
value of about 1,000 kcal/kg. 
 On the other hand, the composition
of the hotel anO cruise ship refuse would have a moisture content
of about 25%, a vegetable content of about 30%, and 
a calorific
lower heating value of about 1,800 kcal/kg. Given that a calorific
value of least
at 1,300 kcal/kg is needed year-round to support
combustion 
without fuel addition, it 
is not likely that the
resulting mixture, which would be more than 80% 
municipal refuse,


would be able to self-sustain combustion.
 

139. Incineration of Ship Vessel 
Waste. The Internat.onal
Convention for the Prevention of Pollution from Ships, 1973 and its
subsequent modification by the Protocol of 1978 are together known
 as MARPOL 73/78. For countries signing MARPOL 73/78, Annex 1 and
II are mandatory provisions on pollution control of oil and noxious
liquids. Annex III, IV 
and V which deal in turn with 
packaged
harmful substances, sewage, and garbage are optional 
provisions
which a country, when signing MARPOL 73/78 
may either accept 
or
reject 
to comply with. In Anne>. V it is specified where and how
ships are allowed to discharge their solid wastes at sea 
and port.
Annex V requires 
ports to provide facilities for receipt of
discharged wastes. 
Port reception facilities are to be implemented
in the Caribbean with the financial assistance of the World Bank.
 

140. As noted above, ship refuse is likely to have a calorific
lower heating value of about 1,800 
kcal/kg, which would enable
self-sustained combustion. 
If the port would like to offload more
than home-port ship refuse, it could work with the private sector
through a build, own, operate type of concession contract to build
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a dedicated incinerator. 
 The Port now offloads about 70
tonnes/week or 10 tonnes/day of refuse from home-port vessels. 
To
achieve economies-of-scale in incineration, about 250 tonnes/dav
would be required for a waste-to-energy plant as typically used by
cities in industrial countries 
for municipal refuse. However,
there are 
package plants available of 
the type used for burning
medical waste, and these are available to handle loads of 1
tonne/hour and can be operated on a batch or continuous basis.
 

141. Land Capacity 
Requirements of Incineration. From a
technical standpoint it is important to note that both combustion
 processes ultimately require a landfill for disposal of ash.
volume of 
landfill required for ash is about 10% ot 
The
 

the initial
volume of refuse when it enters the site, and about 30% of the
final volume 
of refuse after it has consolidated and naturally
biodegraded. Ash from combustion processes generally consists of
concentrated residual 
metals which must 
be landfilled in such a
manner as to insure the absolute minimum possibility of groundwater

contamination.
 

142. The combustion technologies themselves, discussed
as
below, are extremely expensive. Also, the landfills required to
dispose of ash residual material 
are at the upper end of the
landfill developmental cost spectrum, because of the special need
to contain the heavy metals which have been rendered potentially

more 
soluble by the combustioii process.
 

143. Costs of Incineration. For self-sustained incineration
with appropriate pollution control measures incorporated, the costs
from around the world indicate the 
cost would be between $US 30­60/tonne of refuse at Jamaica's labor rates. It is 
common foi
waste-to-energy, straight incineration, 
and refuse derived fuel
technologies to be costly compared to landfill 
-- typically 5 to 15times more costly per tonne of 
refuse processed than sanitary
landfill. Only 
under special conditions, are such technologies
chosen to the for
limit need 
 land disposal capacity, when the
appropriate technical 
and economic conditions exist. They are
recommendable only when land disposal sites are unavailable because
of environmental 
 constraints or uneconomic because of
acquisition and development costs. 
land
 

Because transfer costs coupled
with sanitary landfill costs 
are typically much lower than the
costs of these combustion technolocLes, as indicated in Tables 1
and 7, only when distances to environmentally acceptable sites are
greater than 
a couple of hundred miles does combustion begin 
to
 
appear economic.
 

144. Based on our analysis for GMB, a waste-to-energy
facility, which could manage the 80 tonnes/day waste disposal rate,
and the lined landfill required for disposal of residual ash could
not be constructed for under $US 30 million. 
This number does not
talk to the issue that qualified personnel would have to be
contracted to manage the 
facility and operating costs would be
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relatively high because 
of the need to purchase fuel to sustain
combustion. Assuming a $US 
30 million capitalization cost

amortized over 25 
years and a minimal $US 200,000/year operating
budget the current 25,040 tonnes generated would cost $US 56/tonne

for disposal. Financially, a system that currently costs less than
$US 1/tonne could 
not make this type of leap in the near term.
Making the smaller step to upgrading the existing dump site to a
controlled landfill is preferred, both 
 environmentally and

economically, in our best professional judgement.
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HAZARDOUS WASTES.
 

145. Management and disposal of hazardous waste is recognized

as a serious issue internationally. 
The long term negative impacts
of improper hazardous waste management are painfully visible in the
industrialized countries of the world. 
Governments are struggling

to put together meaningful hazardous 
waste management programs

which address identification of generators, current 
and past
disposal practices, storage, transport, and remediation programs.
 

146. Ultimate management of hazardous waste mandates that 
a
national program be in place which provides guidance for the local
jurisdictions such as GMB to follow. 
The document "Procedures and

Requirements for Permitting and Operation 
of Waste disposal
Facilities" talks to the issue of disposal of hazardous waste, and
represents a good first step for Jamaica and developing a national
 program. 
This document and the definition provided are limited in
 scope and do not allow for 
the disposal of normal household
corrosives, 
household reactive substances, household ignitable

substances 
or household toxic substances. This document does not
require any clear plan to determine indust,ial and commercial users
of hazardous waste nor does it address any alternatives to disposal

of the waste. It would be appropriate for a national policy to be
 
outlined to address these issues.
 

147. 
Any near term strategy GMB can pur.ue will of necessity
be limited by available resources. However, it might be useful to

deal with this topic in terms of what must be accomplished and then
provide selection of strategies which can be implemented as funds
become available. 
As with any other program it is first useful to
 answer the question "What is the scope of the 
problem?".

Governments throughout the 
world are still struggling with the
questici, of what concentration of a certain waste 
makes it
hazardous. A perfect example of this occurs 
in the United States
where the Resource Conservation and P-covery Act 
(RCRA) clearly

defines hazardous wastes and prohibits their deposit in 
sanitary

landfills. Sulfuric acid 
is by anyone's definition a hazardous
waste. However, a homeowner, who sulfuric for
uses acid pool

cleaning, may dispose of 
it in the municipal waste stream as an
 
unregulated household hazardous material.
 

148. 
The first question to be answered in GMB is "Which agency
locally will have hazardous 
waste management as a programmatic

responsibility?". Since no municipal agency is trained to manage

the problem and 
has clearly delineated responsibility, municipal

government must the
make call as to what municipal agency will
 
manage hazardous waste or whether management will be contracted to
 an outside firm. Once responsibility has been determined then 
a
hazardous waste management policy should be written. 
This policy

should research the following areas:
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a. What should be considered hazardous 
waste in the
context 
of GMB? Certain areas concerned with the
shipping industry 
certainly have the 
potentially
for the use and disposal of large 
amounts of
hazardous waste. 
 The 	airport would be another
location where 
large amounts of hazardous wastes
would be utilized. Any industry 
which utilizes
quantities of 
acid, such as automobile battery
recyclers, would be 
a source of hazardous waste.
Establishments 
which 
are in the clothes cleaning
business 
 utilize hazardous materials 
 in their


operations.
 

b. 	 Once known generators of 
hazardous materials are
determined, the 
next 	step would be to determine
where this material is currently being taken for
disposal. Exact quantities of material being
utilized and disposed of should be recorded.
 

c. 	 Another critical 
 issue "Who determines whether
discharge of 
a given material is a hazardous waste
incident?" and "What agency or 
agencies respond to
 
an onsite incident?",
 

149. 	Given 
the scope of the problem the following issues
should be addressed as part of a hazardous waste management policy:
 

a. 	 Fundamental to success will be a disposal strategy.
An environmentally 
safe 	disposal alternative for
the various wastes identified and a legal method to
enforce the disposal methods utilization is
critical. No 
hazardous waste management program
will 	be successful 
without an adequate disposal

methodology.
 

b. 	 For inclusion in the near-term 
 solution and
fundamental 
in the long-term will be 
an inventory
program. All generators of hazardous must
waste

keep records of generation rates, 
on site storage
amounts and amounts disposed of to include disposal
location. Periodic 
reporting of 
this 	information
enhances control 
of disposal and facilitates long

term planning.
 

c. 	 Another long term programmatic requirement, which
might be waived in the near term due to 
funding
constraints, would 
be a 	transportation management
program. Transportation 
of hazardous material
always represents a danger. 
 Placing and enforcing
safety restrictions, manifesting 
loads, managing
routes, etc., 
 are 	 areas 
 which require close
scrutiny. 
At a 	minimum, a hazardous waste response
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unit should be set up in the fire 
department to

respond to hazardous waste incidents which occur

during transport and proper
given 	 -esponse

techniques to address accidental spills and gaseous

emissions of hazardous wastes.
 

d. 	 An employee awareness program should be considered
 
in the long term to
solution hazardous waste
 
management. Employers 	 be
should required to

educate employees regarding the material 
they 	are
working with 
to include any associated hazards
 
related to contact and requirements for proper

disposal.
 

e. 	 A site inspection program should be considered as
 
part of 
a long term hazardous waste management

policy. 
This 	would include having hazardous waste
 
generators, transporters and disposers submit a

detailed management plan for their unique activity.

Plans would be
then reviewed and inspections

conducted to insure compliance with both public

policy and the individual activity's plan. Again,

due to near term funding constraints this type of
 
activity might be waived in the near term.
 

f. 	 Working with businesses to develop alternatives for
 
processes which generate hazardous waste would

again be a long term goal. Costs to businesses for
 
major changes to industrial processes might make
this a hard sell. Ultimately this hazardous waste
 
management tool might require national legislation

to implement since it 
can change the position of a
business within it's industry sector.
 

g. 	 A program which identifies 
and manages household
 
hazardous wastes 
 such as chemical cleaners,

fertilizers, weed killers, etc., should also 
be

considered as 
part 	of the long term solution.
 

150. The above constitutes a brief overview of some of the key
issues involved in 
a hazardous waste management program for GMB.
It does not delve into 
any 	topic in depth. Based on the
information provided above it should be clear that the management

of hazardous materials requires direction and policy intervention
at the national level. 

the 

A program for GMB should be implenented in
context of the unique character of the hazardous material
generated by the businesses and public agencies within the Montego
Bay 
area. Within the IDB study a generic hazardous waste
management plan for the island should be conducted. 
 This 	should
include the structure for local implementation of policy, regional
and local disposal options, and should address both 
near 	and long

term 	strategies based on known funding levels.
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HOSPITAL WASTES.
 

151. According to dump attendant and inspectors engaged with
the WP&M, most hospital 
and clinic wastes of a potentially
pathogenic nature are disposea of through burning 
at Cornwall
Hospital, the largest hospital within the GMB area. 
To investigate
further, a review of the Cornwall Regional Hospital (CRH) was
conducted as 
part of this study effort. The CRH is a multistory
medical complex serving St. James and other parishes in the western
section of the Island. 
 The present capacity was given as being
about one hundred and fifty. 
 The complex includes four residence
 
blocks for students and staff.
 

152. Solid waste management at CRH is the responsibility of
the hospitals' Sanitation Dept. 
The staffing in this department is
eighteen, nine of which are temporary. 
Removal of waste containers
from the various sections of the hospital is carried out by staff
from the Sanitation Department. Most potentially
infectious/hazardous waste 
is separately stored and collected by

the Sanitation Department.
 

153. The greater 
part of potentially infectious/hazardous

waste is generated by the following sections:
 

- Laboratory
 
- Cytology unit
 
- Blood Bank unit
 
- HIV Department
 
- Hematology unit
 
- General Stores
 
- Morgue
 
- Wards
 

154. With the exception of general
the stores, potentially
hazardous waste produced by the sections listed abovc consists of
sharps, bloodied waste, tissue, and organs. 
The general stores is
presently holding a number of items of hazardous and nonhazardous
chemicals which are to be discarded. 
 Some of these articles have
lost their labels thus making the selection of a disposal method
complicated. The corrosivity of some theses chemicals were readily
evident as sections of metal shelving were reduced to rust.
 

155. When the CRH was built approximately sixteen years ago,
it included facilities for the disposal of all 
solid waste
generated on site. 
 This included a diesel fired incinerator, and
garbage 
disposal units for the kitchen. Presently, the main
components of the solid 
waste management system at CRH 
are an
internal collection/sorting system, 
burning and/or burying ot
infectious/hazardous 
 waste on the hospital compound, and
contractual arrangements for nonhazardous waste with Western Parks
 
And Markets (WP&M).
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156. 
Sharps such as needles and blades are placed in special
containers by medical personnel 
and collected by staff from the
Sanitation Department. These are 
kept separate fror otheir wastes
and disposed of in a hole on the hospital compound. After placing
in the hole gas oil 
is used to start a fire with the intention of
"killing" any harmful microbes attached to these articles. When
these holes are filled, they are covered, and another site
selected. While 
not 
ideal, this practice is environmentally
adequate and much preferred to disposal at the Retirement Dump.
 

157. The design of the CRH included an incinerator fired by
diesel fuel. 
 At the time of the field efforts under this study,
this system was in need of repairs and being repaired as a part of
the general refurbishing being carried out at the hospital. 
It was
functioning well below standard, and required an 
i;iordinately long
time 
to achieve complete combustion. In addition it required
manual assistance to 
keep turning over refuse, and was not fuel
efficient. 
 By June 1994, Local Reviewers of this study commented
that the incinerator had been 
 repaired and was operating
effectively. 
 Residue from the incinerator is disposed of by

burying on the compound.
 

158. Contractual arrangements exist with WP&M the
the for
removal of solid waste 
from two on the
ramps compound. The
contractual arrangements stipulate the 
collection of waste 
three
times weekly but twice weekly collection sometimes occur. 
One ramp
serves the hospital while the other 
serves the residence blocks.
The hospital ramp is approximately 
3m X 3m X 1.5m. The ramp
serving the residence blocks is approximately 2m X 2m X 1m. 
 Both
ramps appeared to be undersized, and easily accessible to stray
animals as there 
were no to the
doors secure facility. This
results in the overflowing of the ramps and scattering of refuse.
It was observed that a disposal truck which was in operation
required approximately forty-five minutes to collect all material
 
from the ramp.
 

159. 
Based on discussion with staff, it is not improbable for
contaminated gauze from the Blood Bank unit to get mixed with waste
going to the ramps and ultimately taken to the Retirement dump.
Plastic bags containing 
tainted blood samples are kept in a
separate bag in a designated area 
in the unit from which they are
collected by the Sanitation Department and burnt.
 

160. Plastic test tubes from the HIV Department which contain
blood samples are autoclaved and their co, tents discarded to the
drain which is linked to the main sewer. 
The used, and sterilized
plastic containers used, discarded together with other solid
are 

waste which is mainly packaging material, and occasionally, glass

containers.
 

161. 
Petri dishes used by the microbiology laboratory for the
culture of microorganisms, are kept separate by laboratory staff in
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a designated area, and 
burned 
along with other potentiaLly

infectious waste.
 

162. The various 

placed in 

tissue from the cytology department are
containers 
and taken by the Sanitation personnel 
for
incineration.
 

163. The stores produces 
mainly packaging waste, but 
some
amount of hazardous substances are generated mainly in the form of
expired chemicals, in particular, corrosive and toxic materials.
The labels 
on some of these chemicals 
have been attacked thus
masking their chemical identity. Some characterization of these
will be required 
to enable safe disposal. Presently, these
material are disposed of by burying on the grounds of the hospital.
 
164. 
Though the hospitals kitchen facilities were built with
garbage disposal units which discharged to the sewer none of these
have been operating for 
some time. As a result refuse from the
kitchen accounts for a significant portion of the solid waste going
to the main ramp.
 

165. A significant portion of glass and plastic containers are
recycled by the pharmaceutical department 
for the
medication. dispensing of
However substantial 
amounts 
of unwanted 
two litre
bottles are produced. Recycling is also carried out to a limited
extent by the general stores which finds a ready market for large
metal drums, while returning large plastic drums to the suppliers
of chemical stock. 
 Staff in the pharmaceutical Department believe
that a greater level of 
bottle recycling could 
be achieved
particularly with respect to the reuse of saline bottles.
 
166. The operation is relatively effective in terms of keeping
potentially infectious 
waste separated 
from relatively harmless
material. The present system could benefit from some refinements,


such as the following:
 

- The use of color coded disposal bags to segregate general
hospital 
refuse from infectious medical waste as a
further precaution against mixing of wastes.
 
- The use of special containers which are puncture-proof to
store sharps and broken glass.
 

- Separate special containers 
 to 
 store low-level
radioactive 
wastes until they decay an
to acceptable
level which would allow handling and burial.
 
- The restoration of the incinerator in order to serve
the needs of the hospital as well 
as possibly providing
a service to private medical facilities in the region.
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The construction 
of larger garbage ramps, and 

securing of these from stray animals. 

the
 

The placement of additional litter containers at

key positions on the hospital compound.
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RECOMENDATIONS
 

167. At the time of 
this study, which was November 1993 to
April 1994, the existing charter of WP&M was inappropriate and the
entire legal and institutional arrangement 
 for solid waste
management 
at the regional/local level 
needed to be resolved.
There were three choices recommended as part of the draft report in
April 1994. In true
the spirit of decentralization
responsibility and authority of

for solid waste management,
decision on which choice to pursue 

the
 
was recommended to involve the
 

PC's.
 

First Choice: 
 The PC's could be assisted to form their 
own
institutional arrangement for solid waste management. 
They
could be free to arrange for it to be a department of parish
government or a semi-private enterprise to serve the parish.
 

Second Choice: 
 The PC's could be assisted to form a multi­parish institutional arrangement to serve 2 or more parishes,
not necessarily along the lines of the current region served
 
by the WP&M.
 

Third Choice: 
 The WP&M could be rechartered to put the shares
of the company into the hands 
 of government, because
government is providing its financ.al support. 
 It is
recommended that PC's
the be empowered to appoint the
rechartered 
WP&M's Board of Directors, the MOLGYS have
representation 
on the Board, 
and that the structure of the
Board include the heads of each PC being served by the WP&M.
 
168. All of the recommendations in this report are contingent
upon resolution of WP&M's charter and.development of a solid waste
entity which would be free of legal and ethical conflict and which
would be legally accountable to the MOLGYS and the PC's it serves.
Without resolution of the 
WP&M's charter, it 
is not recommended
that further budgetary support, technical assistance, or capital
investment be provided to the WP&M. 
 As of June 1994, the MOLGYS
 

and PC's had begun the process of addressing the WP&M charter.
shareholders had willingly agreed to transfer The
their shares to
government and to fully support the rechartering activities through

super-majority vote.
 

169. The new 
solid waste entity needs to 
become financially
self-sustaining 
over time and 
a program for revenue generation
needs to be implemented which 
allows cost recovery
realized within a 5 to 10 year period. 
to be fully


A fee structure for service
of households needs 
to be put into place which
willingness and ability to pay. 
is based upon


Fee structures are typically based
upon the size of property owned for households, rather than 
on
estimated 
waste quantities discharged, and enable 
some cross­subsidy from 
larger wealthier property owners smaller
to poor
property owners. 
 In GMB, with the significant tourism activity,
 

http:financ.al
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the commercial sector 
should clearly bear a major share of 
the
financial burden. 
 Large generators 
should be charged refuse
collection fees on 
the basis of each unit volume of waste
discharged. 
General refuse from the ships should be accepted for
disposal. 
 Fees from the ports could provide the major source of
revenues 
(through tipping fees collected at the disposal site) to
upgrade the Retirement Dump Site to a controlled landfill initially
(cut and cover operation) and then to a sanitary landfill in the
expanded adjacent areas eventually.
 

170. The new solid waste 
entity should continue to use
contractors for collection of at 
least half of the city's waste.
A dynamic balance of service by the solid 
waste entity and its
contractors provides the greatest opportunity for competition, if
properly managed with competitive tenders, quantifiable outputs in
the contract, and comparative performance monitoring. 
 Also,
appropriate involvement 
of the private sector through contract
instruments which are at least the length of normal depreciation of
assets (i.e., 
contracts of at least 5 years for collection and at
least 10 years for transfer and disposal facilities) would enable
cost-effective investment by the private sector 
-- thus saving on
government investment in infrastructure.
 

171. Zoning for collection service 
areas should consider
economies-of-scale and enable each contractor to use at least two
trucks. With two trucks, if one breaks down there is still another
to service the entire area during a second shift. 
Therefore, as a
general rule, no should have
zone 
 less than 20,000 residents or
less than 15 tonnes/day of refuse. 
For GMB, no less than three and
no more than five 
zones are recommended. 
With the WP&M providing
service in 
one zone, competitive forces would be enhanced.
 

172. The Retirement Dump Site 
 is operated in
environmentally unacceptable manner and needs to be upgraded. 
an
 

site is environmentally adequate for continued use 
This
 

and still has
capacity to provide years of additional life. Therefore, upgrading
the site to controlled landfill operations with daily soil cover to
minimize leachate generation, fly production, odors and windblown
litter are strongly recommended. No other method of 
disposal,
including composting or incineration, can compete over the near­term with this alternative in providing cost-effective disposal.
 

173. For the long-term, it is recommended that a fraction
(perhaps 20%) of 
the solid waste stream which is amenable to
composting (such as and
market restaurant 
waste) be separately
handled at the 
source and separately collected 
for low-cost
composting by the following steps: 
 manual sorting by conveyor,
trommel screening to remove oversized materials, windrow piling and
turning weekly over a 5 week period 
 to enable aerobic
decomposition, static piling for another 4 week period to enable
final stabilization, and vibration screening 
to produce a fine­grained salable product. Markets exist would to
but need be
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developed to support the compost operation. To minimize costs and
enable flexibility of compost production, location of the compost
facility adjacent to the Retirement Site would be ideal. 
 In that
way, the access road and some of the equipment used by Retirement
could be shared by the compost operation.
 

174. There should be tipping fees paid, on a price/tonne
delivered basis, by the solid waste entity and all contractors at
the sanitary landfill and the compost plant. 
 The tipping fees
should be based upon the full cost of sanitary landfill. The fee
structure could be differential so that higher fees are 
paid for
loads from hotels, ports and 
 other high-income commercial
activities, 
to provide cross-subsidy for loads 
from residential
 areas. Disposal services rendered by the compost plant should be
fully valued as equivalent 
to those rendered by the sanitary
landfill. 
 In that manner, the compost plant has a greater chance
to become financially viable. 
 It is likely that farmers in the
region would be willing and able to pay only enough for compost to
cover the cost differential between sanitary landfill costs and the
typically higher costs of 
composting. 
It needs to be noted that
one tonne of refuse typically makes 
about one-third tonne of
compost, so that if 
the cost differential for composting is 
$JA
30/tonne of refuse, the price of the compost product would need to
be $JA 90/tonne of compost.
 

175. Companies which compete 
on the open market to provide
service directly to commercial establishments should be licensed by
the 
PC's to provide service. They should be required to pay a
license fee which is 
an estimated percentage of their next year's
gross receipts. 
Each year, their gross receipts should be subject
to audit as part of the 
licensing agreement and the 
next year's
license fee correspondingly calculated. 
 License fees 
can range
from 5% to 50% of gross receipts and would provide 
a substantial
 revenue base 
for the solid waste management entity. With the
income from this revenue, the solid waste entity would be able to
properly provide performance 
and income audit functions. it is
strongly recommended that thc fees be placed in a snecial account
available only to the solid waste entity, and not put into general
local authority revenues for use on other infrastructure services.
 

176. Based on cost analysis done for this 
 study for
alternative collection systems, the container-lift (arm roll truck
with roll-on/roll-off containers) system the
offers lowest
cost/tonne. Therefore, to extent
the that this system can be
utilized, it should. The container-lift system is appropriate for
communal collection points, such as at the 
 perimeter of
inaccessible neighborhoods, 
 for markets, hotels, apartment
buildings, large institutions, and 
office buildings. Based on
field obse-rvations, roughly 30% 
of GMB's waste could be collected
by this system, which 
would mean implementation of 2 
arm roll
trucks able to lift containers of about 8 cubic meter capacity.
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177. Based on the cost analysis done, rear-loading compaction
trucks of about 10 meter
cubic capacity are cost-effective.
Therefore, the remaining 70% 
of GMB's waste could be collected by
this system, which would mean implementation of 4 rear-end loaders.
This system is economic for GMB when manually loaded from dustbins
of about 100 litre size 
or with plastic bags. Purchrse of large
metal containers 
(of 1 cubic meter size 
or more) which would be
mechanically lifted would negate the economies of the system for
 

GMB.
 

178. There are markets 
locally for recyclable materials and
implementation 
of source segregation programs at major 
waste
generators, 
such as hotels, offices, schools, 
and commercial
establishments, 
would 
enable the recovery of recyclables in 
a
relatively clean 
and 
high quality condition. To encourage the
market development locally, financial incentives should be granted
to local manufacturers 
for implementation 
of facilities 
which
enable 
greater utilization of 
secondary materials 
as feedstock.
For example, 
financial incentives 
could be granted to paper
companies to encourage them to 
invest in 
de-inking facilities in
order to broaden the range of waste papers they could accept, or to
steel scrap metal dealers to encourage them to invest in portable
baling equipment so that a more exportable quality of steel scrap

metal could be produced.
 

179. Hazardous waste management requires a national program of
waste definition, manifest systems 
to enable source-to-grave
tracking, and safe 
treatment and disposal. 
 At the local level,
commercial enterprises and manufacturers producing hazardous wastes
need to be identified. 
 At the central government level, there
should be a public tender open to 
international waste management
firms of high repute to build, and
own operate a country-wide
hazardous 
 waste facility. Until 
 there is a permitted
environmentally acceptable disposal facility available within the
country, nothing 
can be done at the local level stop
to the
discharge of hazardous wastes at 
municipal landfills. 
 In the
interim, hazardous wastes which do 
arrive at 
the site should be
placed within a specially designated securely 
lined area for
special burial, 
so 
that if an environmental impact from the
haz.-dous 
 wastes arises in the future 
 the area requiring

remediation will be confined.
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ANALYSIS OF SOLID WASTE COLLECTION EQUIPMENT
 

BASELINE DATA FOR PROJECTING WASTE OUANTITIES
 



A B C D E F G 

GREATER MONTEGO BAY METROPOLITAN AREA (GMBMj
SOLID WASTE MANAGEMENT PLANNING STUDY 

15-Jan-94 

COMMUNITY AREA 
(hectares) 

1982 
POPULATION 

1991 
POPULATION 

1991 
DENSITY 
(pop /ha.) 

11 Barracks Road 0.735 404 395 5374
12 Long Acres 2.952 1252 1078 365.2
13 Whitehouse/Airport 299 548 431 459 1 5
14 Railway Lane 43348 2324 1828 42.2
15 Newtown 12761 1567 1275 999
16 Jackson Town 55737 2549 2001 359
17 Barrett Town'Lillipul 1360 126 2425 2443 1 8
1e Belmont 701 577 2029 2414 3 4
19 Bogue/Reaong 553 873 1764 2206 40
20 Bellielo 828981 1446 1213 1.5
21 Brandon Hili 296.261 2391 1760 59
22 Mount Sailem/Barnetl View 97 31 7670 7767 79.8
23 Canteroury/Howard Hill 15,737 2232 2626 166.9 
24 ,artecgena/Pitfour, 
25 Granvile,'Retrement 1007 695 8905 10277 102
26 Snipping/Industrial Zone 273 279 42 1060 3 9
27 Catherine Hal 125417 818 1130 90
28 Catherinp Mount 126 232 541 1050 8 3
29 Farm leiarhts,,'Vila 102.009 1134 1903 18730 ironsnoreiProvicience 113 609 604 625 5531 TucKer, irwin 608057 3060 3485 5.7
32 Red Hills/Ma ngo Walk 247 719 2086 2137 86
5, tMonleqo r-ils/Meignts 146 175 1443 1713 1i /o4 Sign/Orange 680 735 1160 1915 
 2.8

35 Infirmary Lanas 45 93 728 1039 22 6
36 Paraaise/Albion 99572 2190 2783 27.9
J kosemount!Rose Hgts/Quarry 172 159 4840 6558 38 1
35 Sa, S2.-,ng'Green Pond 594 178 2990 3709 6.2 
3c; Bc,tcm Sal, Sprng 40144 2856 4187 104 342 01I: Ncrwo-: 111 819 3578 2624 235 
4 Net' ,c.rwc:oc 70 095 1519 3671 52 4 

,c Bu,,,rw,.. 
 4654 788 1157 
 2053 04

43 Hose Ha!l/'Sonng Farm 1095 436 320 606 06
44 botTom Pen 63 175 1125 1361 21 5
45 Glenoevon 71 184 6397 6587 92.5

46 -lanker 
 171 535 1909 3736 21.8
47 Uni t Hall 546037 288 370 
 07
 
45 Ros :IIGreenood 477 385 
 492 1394 2.9 
49 'lowe, Hl!'Cora! Gardens.' 
52 Torada Hgs 493 906 1621 1727 3 5

-ome'cia Reso Sn,, 96 076 538 198 
52 Soutriern Mo-bay/F-airfield 584 003 

2 
1.9

1 
1146 1088 

5 Bivston,'Palmyra 1040543 1388 1489 1 454 I rvahi 1561 249 5U6 460 03 

56 GMHMA (total) 19689 092 83865 96400 50 
57 

Note GMBMAp5Population is coi dered to hp 60% urban 20%,semi-urban and 20% suburban 
accordin to the Mnntegro Bay Redevplnpment Authority s plannino studies 
The nonre;ident worker population (or daily moarant population) into GMBMA 
works largely in the downtown tIontegu Bay commercial zone The downtown area 
has an aaily worKing population of over 76.000 



A B 	 C D E F G H 

Gri_.TER MONTEGO BAY METROPOLITAN AREA (GMBMA) 16-Jan-94 
SOLID WASTE MANAGEMENT PLANNING STUDY 

1993 1993 2000 2000 1993 
 2000
POPULATION DENSITY POPULATION DENSITY BED BED 
(pop./ha.) (pop./ha.) NIGHTS NIGHTS 

76 GMBMA 104393 5.3 128390 6.5 330000 3584000 
77 
78 
79 
 1993 2000 1993 2000 
 1993 2000
80 NONRESIDENT NONRESIDENT SHIP PASSGR SHIP PASSGR SHIP PASSGR SHIP PASSGR 
81 WORKER DAYSWORKER DAYSDAYS IN PORT DAYS IN PORT DAYS TOTAL DAYS TOTAL
82 
83 
84 GMBMA 25000 
 30747 224200 269040 
 1569400 1883280
 

Notes
 
a) Population and area 
information from the Montegro Bay Redevelopment Authority

b) Hotel information from the Jamaica Tourism 
Board 
c) Projections based on the Greater Montego Bay Reaeveiopment Plan. 1992 - 3
 
d) Projected population assumes a growth rate of 3 h, year

e) Ship passenger days assumes 950 passengers per shrp based on 1992 port data

f) Bed nights includes hotels. vilias, hostels. of which aoout 50-. are hotel bed nights


about 50,. are hotel beu nights

g) Bed night occupancy is expecter to gro. 
 about 12'1. over the period of 1993 to 2000. 

'based on a growth rate of 8 7 frorm 1987 to 1991 
h) No data was available to pro ject an increase in cruise ship passengers, but


based on past trends an assumpton of 20' growth etveen 1993 and 2000 was used.
 
VWaste generation by the ocean going vessels needs to include the time
 
at sea 
 which is assumed to be about 7 total passenger days for every
 
passenger day in port
 

1)	No data was available to prolect the change in nonresident worker days,

and a growth rate of 3% was assumed from 1993 to 2000
 



A B C D E F G 

GREATER MONTEGO BAY METROPOLITAN AREA (GMBM, 15-Jan-94 
SOLID WASTE MANAGEMENT PLANNING STUDY 

1993 1993 1993 1993 
RESIDENT NONRESIDENT 
GENERAL GENERAL HOTEL SHIP 1993
REFUSE REFUSE 
 REFUSE REFUSE 
 TOTAL
 

118 GMBMA -- tonnes/year 22.862 2,738 4,160 2.040 31,800119 %of total 71 89% 8 61% 1308% 642% 
120 
121 
122
 
123 
 2000 2000 
 2000 2000

124 
 RESIDENT NONRESIDENT125 
 GENERAL GENERAL 
 HOTEL SHIP 2000
126 
 REFUSE REFUSE REFUSE 
 REFUSE TOTAL
127
1 2 7 

........... ....
. ..

128

129 GMBMA - - tonnes/year 32.804 4,489 4.659 2,448 44.400130 %of total 7388% 1011% 1049% 551% 

NOTES
 
a) Waste generation rates based on data from countries of comparable


income level and socio-economic conditions
 
A 9te of 0 6 kg/capita/cay isused for resident general refuse in1993
 
and 0 7 kg/caDitadav in 2000


A rate of 0 3 kg/capita/dav isused for nonresident general refuse in 1993
 
and 0 4 kg'capita/day in 2000
 

A rate of 1 3 kg/capilta/dav is used for hotel general refuse in 1993 and 2000

A rate of 1 3 kg.'capita/day isused for sh:p general refuse in 1993 and 2000
b) For ship general refuse. tne total passenger days is used to estimate quantity

(fie the number of passenger cays in port multiplied by 7) 
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MONTEGO BAY GREATER METROPOLITAN AREA
 

JAMAICA
 

ANALYSIS OF SOLID WASTE COLLECTION EQUIPMENT
 

PRIVATE SECTOR VERSUS PUBLIC SECTOR SERVICE COSTS
 



-- 

-- 

INTRODUCTION TO THE PUBLIC VFSUS PRIVATE COST ANALYSIS: 
In the study area, there is 
no accurate view of what solid waste
collection service would cost if all hidden costs within government
were considered 
(i.e., 
opportunity cost of capital, economically
determined renewal periods for equipment, exemption from customs
duties, guarantees 
on borrowing
avoidance of and on equipment
insurance which allow
costs,
costs hidden administrative
for personnel) and benefit
and all legitimate 
costs 
for the private
sector were considered (i.e., commercial borrowing interest rates,
insurance costs, profit, economically determined depreciation and
renewal periods, marketing).
 
It is esseitial to recognize that this analysis is preliminary and
prcvided to indicate actual costs. 
 Also, the analysis provides a
format for future updated analysis as part of an annual continuous
planning exercise which the study team recommends be conducted.
Montego Bay, there 
 In
 
the field to 

are no records kept at the disposal site or in
indicate the daily performance by the Western Parks
and Markets and 
its contractors. 
 Also, there have not been any
time and motion studies performed over a significant time frame to
determine 
how crews 
of various
various types sizes on collection trucks
perform within of
the range of 
physical conditions
existing in the area's various neighborhoods.
is no And finally, there
data on truck load weights to enable densities of loads to
be definitively estimated.
 
To compensate for the 
above, interviews with public and private
sector representatives 
were held
productivity, to obtain an indication
several days of of
time 
and motion observations 
were
conducted, and several days of observing operations at the disposal
site were conducted. 
Much more needs to be done in any follow-on
studies planned for the next year.
 
The costing tables provide analysis of the following:
 

o productivity 
per truck type and
transport distances size for various
from the 
collection
unloading point (e.g., disposal site) 
route to the
 

which indicates
the important need for continuous data 
on load weights

0 and time and motion.cost per tonne per truck type 
and size for
transport distances various


which inC _ates the truck systems
which are lowest cost for the study area and the specific
waste generation sources to be served.
o 
 percentage breakdowmn of total cost into personnel costs,
consumables costs, and ownership costs
choices -- which enables
to be made by decision 
makers between
intensive or labor intensive systems. 
capital
 

o cost per capita per truck 
type and
transport size for various
distances 
 -. which 
 indicates
requirements for full 
the tariff
 

cost recovery.
 



WHAT ARE THE RESULTS OF THE ANALYSIS:
 

1. 
 If private sector service is established in a way to encourage

and enable the private sector to make investment (i.e., 
there
 
are competitive tenders held for contracts of 5 or more years
duration), the private 
sector costs 
will reflect no hidden

subsidies which are inherent in the public 
sector costs.

Based on the analyses accomplished, for capital 
intensive
 
systems (i.e., container-lift arm roll, skip, 
or compaction

trucks), private sector service will cost from 10-49% more per
tonne than the subsidized public sector costs. 
 For labor

intensive systems (i.e., 
 manually loaded open 
tippers or

manually loaded compaction trucks), private 
sector service
will cost from 5-20% more per tonne than the subsidized public

sector costs.
 

2. Non-compaction container-lift systems, such as the arm roll or
skip lift trucks, provide the lowest cost method of collection

service for Montego Bay. However, they can be used only where
there is a large 
source of waste generation, as the smallest

container size would be 5 c.m. and costs go down appreciably

wheni 
the required container size is higher 
at the source.

Container lift systems should therefore be implemented for all

large generators, such 
as markets, hospitals, inaccessible
 
ghetto neighborhoods, and hotels.
 

3. Compaction 
 systems which mechanically 
 lift and unload

containers 
at each stop along the route, such as front end
loading compaction trucks which 
lift 5 c.m. containers and
 rear end loading compaction trucks which 
 lift 1 c.m.

containers, are the highest cost method of collection service

for Montego Bay. In low-income developing countries, 
such

large volume, capital intensive systems are justifiable only

in large metropolitan areas 
where the distarce and time

required to 
travel to the unloading 
point (e.g., disposal

site) are more 
than 15 km. These systems should not be
impleriented by government, unless government takes 
over all
hotel and commercial service where the tipping fee would fully

cover the cost of this more aesthetic, convenient and enclosed
 
method of collection.
 

4. Compaction and non-compaction 
systems which are manually

loaded are economic for Montego Bay because of the low cost of
labor. However, 
every effort to get citizens to properly

contain their waste in properly sized dustbins or plastic b~aa

would enhance productivity and lower costs from what is
currently shown. 
The roto packer compaction truck is somewhat
 
more costly than the push-blade type of compaction truck;
because the smaller opening of the hopper, the higher height

of the hopper, and the slower loading movement of the packer

collectively limit the ability of the crew to rapidly load the
 
truck.
 



5. 
 The current amount of municipal solid waste in Greater Montego

Bay is estimated to total 25,600 tonnes/year (not including

hotel refuse and ship refuse which amount to 4,160 and 2040
tonnes/year, respectively). Of the metropolitan 
area's
 
population, roughly 60% 
is urban, 20% is semi-urban and 20% is

suburban. Assuming that 95% service of the urban and suburban
 
area would be a viable service goal, the total amount of
refuse to be collected is roughly 19,500 tonnes/year, or 62

tonnes/work day (based 
on a work week of 6 days/week).

Assuming that 30% of the waste could be served by the lowest
 
cost container-lift system and that 70% of the waste could be

served by the higher cost manually loaded rear end loading

compaction trucks or open 
tippers, and assuming that the
 
average distaice of travel is 15 km one way 
from the

collection service area to the disposal site, the following

fleet size appears appropriate:
 

Container Lift System 
-- 30% of 19,500 tonnes/year
 
-- 5,850 tonnes/year:
 

2 Arm Roll trucks of 8 c.m. capacity, averaging

3,700 tonnes/year productivity
 

Manual Load System -- 70% of 19,500 tonnes/year -- 13,650 
tonnes/year: 

4 Rear End Loading Compaction trucks of 10 c.m.

capacity, averaging 3,700 tonnes/year productivity
 

6. 	 The average cost for the above 
fleet, for complete debt

service, operation and maintenance, would be about 
1,075

$JA/tonne if private sector and 952 $JA/tonne if public sector
 
(with hidden subsidies).
 

7. 	 Based on the above average costs for solid waste collection,

the user charge or tax to be collected from residents for full
 
cost recovery would average 260 $JA/capita/year if private

sector service or 230 $JA/capita/year if public sector

service, coupled with commercial establishments, industries,

and 	institutions charged on the 
basis of quantity they
 
generate.
 



HOW ARE THE TABLES LABELED?
 

1. 	 The tables providing costs for each truck type have a three
part 
label, i.e., Table AR-15-DS. The first part (AR)
indicates the type of truck, i.e., Arm Roll. 
The second part
(15) indicates the capacity of the truck, i.e., 
15 cubic
meters. 
 The third part (DS) indicates the one way distance
 
traveled, i.e., 
direct short distance.
 

2. 	 The types of trucks analyzed are as follows:
 

AR - Arm Roll
 
SK - Skip Lift
 
SL - Side Loader
 
FT - Farm Tractor
 
TT - Transfer Trailer
 
FC - Front End Loader lifting Containers
 
RC - Rear End Loader lifting Containers
 
RL - Rear End Loader (manually loaded)

RP - Roto Packer (special type of rear end loader)
 

3. 	 The distances analyzed are as follows:
 

DX -	uirect extra long 
- 30 km one way

DL - direct long - 20 km one way

DS - direct short - 10 km one way

T - transfer (or direct very short) 
- 5 km one way
 

4. 	 The round-trip travel times for 
Montego Bay (including .0
minutes to unload at the dump site) are assumed as follows:
 

DX - 105 minutes, 40 km/hour speed
 
DL - 75 minutes, 40 km/hour speed

DS - 55 minutes, 30 km/hour
 
T - 45 minutes, 20 km/hour
 

5. 
 The loading times and stop-to-stop times for various equipment

units are assumed as follows:
 

AR, SK - 10 minutes to pick up roll on/roll off or skip

container
 

OT, SL, RP - 12 minutes to load each c.m., 30 minutes of total
 
stop-to-stop time
 

RL - 9 minutes to load each c.m., 30 
 minutes of total
 
stop-to-stop time


RC, FC - 2 minutes to load each c.m., 
40 minutes of total 
stop-to-stop time 

FT - 10 minutes to load each c.m., 60 minutes of total 
stop-to-stop time 

TT - 30 minutes to fill trailer by gravity feed from an 
unloading platform 



MONTEGO BAY GREATER METROPOLITAN AREA
 

JAMAICA
 

ANALYSIS OF SOLID WASTE COLLECTION EQUIPMENT
 

PRIVATE SECTOR SERVICE COSTS
 



PRIVATE SECTOR SERVICE COSTS
 

ASSUMPTIONS:
 

1. 
 Currently old and fully depreciated equipment is being used by

the private sector. However, costing is based on assuming
that the private sector, if properly engaged with contracts of
5 years duration or longer, would invest in 
new equipment.
 

2. 	 Borrowing for purchase of equipment 
and spares, including
shipping and customs duties, will be from commercial banks at
non-subsidized commercial interest rates, i.e., currently 60%
 
of capital cost per year.
 

3. 	 Customs and brokerage charges are estimated to cost 45% of
total equipment and spares purchase costs.
 

4. 	 Commercial banks will 
require full insurance for theft and
damage, i.e., currently costing 20% of capital cost per year.
 

5. 	 While equipment may last many years, 
an economic life of 5
 
years 
 is assumed, based on economic life calculations

conducted in many other countries which indicate a range of 5
to 8 years 
is possible depending on road conditions, driver

skills, and preventative maintenance efforts.
 

6. 	 Private companies typically operate one shift daily, but for
 
an extended period of about 10 hours, without overtime pay.
 

7. 	 Loading rates are estimated based on observations and

interviews conducted in Montego Bay in 
November 1993. Much
 more 	data of this 
kind 	would be needed to have definitive
costing results. No differences were observed between the
productivity of the private sector workers versus the Western

Parks and Markets workers, which is not unusual given there is
 no significant difference in their respective compensation.
 

8. 	 Personnel salaries are currently set by the Ministry of Local
Government, and are the same for both the private and public
 
sector.
 

9. 	 Benefits provided are minimal, limited to medical assistance

in some cases only for on-the-job injuries, with costs assumed
 
to amount to up to 5% of salaries.
 

10. 	 Consumables are purchased at market rates.
 

1.1. 	 Downtime is minimal, because repairs 
are made immediately at
private workshops, provided that parts 
are available, i.e.,

90% availability of equipment is assumed.
 

12. 	 Once all annual 
 costs for personnel, consumables, debt
service, and depreciation are determined, added
an profit

margin (of at least 10%) needs to be added to these costs.
 

'7! 



1 B C D E F
 
2 
 JAMAICA ECON-T.WK1 
3 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS
 
4 
 5.0 KM ONE WAY TO UNLOAD
 
5 
 Exchange/$USD. 30 SJA 
6 
7 FRONT END REAR END REAR END REAR END 
8 CAPACITY: CONTAINERS CONTAINERS MANUAL MANUAL 
9 Size per Unit, cubic meters 25.0 18.0 18.0 10.0 

10 
11 PRODUCTIVITY 
12 Tonnes per Year 12,636 11.166 5,701 4.135 
13 
14 ECONOMIC LIFE:
 
15 Years 5 5 
 5 
16 
17 COSTS
 
18 Initial Cost per Una 33.114,375 23.402.209 4.567.500 
 3,197,250 
19 
20 Annual Cost Der Unit 
21 Straight-Line Depreciation 6,622,675 4,680,442 913,500 639,450
22 Personnel 651.209 588,271 297,264 297,264
23 Consumables 1,138,497 1,079,279 1,155,825 1,078,846
24 Special Site Costs 0 144,595 0 0
25 Miscellaneous 4,567,500 3,227,891 630,000 441,000 
26 
27 Total (with 1) 27,349,674 19,875,590 4,978,602 3,843,970 
28 
29 Cost per Tonne (with i) 2,164 1,780 873 930 
30.................................................................................................
 
31 
32 ROTO PACKER 
33 CAPACITY- MANUAL 
34 Size per Unit, cubic meters 9.0 
35 
36 PRODUCTIVITY 

Tonnes per Year 3,356 
a3
 

39 ECONOMIC LIFE 
40 Years 5 
41 
42 COSTS.
 
43 Initial Cost per Unit 2,968,875
 
44 
45 Arnual Cost per Unit 
46 Straight-Line Depreciation 593,775 
47 Personnel 264,046 
48 Consumables 1,078,846 
49 Special Site Costs 0 
50 Miscellaneous 409,500 

52 Total (with i) 3,634,475 
53 
54 Cost per Tonne (with i) 1083 
55 
56 
57 
58 11 -Jan-94 



. B C D E F2 JAMAICA ECON-TWK1
3 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
4 5.0 KM ONE WAY TO UNLOAD
5 Exchange/$USD 30 $JA
 
6
 
7 ARM ROLL ARM ROLL FARM TRACTOR OPEN TIPPER
5 CAPACITY
 
9 Size per Unit, cubic meters 15.0 
 8.0 4.0 13.0 
10
 
11 PRODUCTIVITY
 
12 Tonnes per Year 
 9.305 4,963 1,380 2,816 
1? 
14 ECONOMIC LIFE
 
15 Years 
 5 5 5 5 
16
 

17/"OSTS

18 ininal Cost per Unit 
 5.705.223 4.297.602 2.055.375 2.283.750 
19 
20 Annual Cost per Unit 
21 Straight-Line Depreciation 1,141,045 859,520 411,075 456,75022 Personnel 370,903 370,903 212,940 316,42923 Consumables 1,036,508 1,000,628 722,354 1.024,09124 Special Site Costs 0 0 0 025 Miscellaneous 786.927 592,773 283,500 315,000 
26 
27 Total (with ) 5,811,097 4,688,718 2,521,775 3,103.277 
28 
29 Cost per Tonne (with i) 625 945 1,827 1.102 
30 .. .......-.....................................................................................................................................................................................................................................................
 

31 
32 SKIP LIFT SIDE LOADER TRANSFER TRUCK 
3 CAPACITY 

34 Size per Unit, cubic meters 6.0 8.0 50.0 
35 
36 PRODUCTIVITY 
37 Tonnes per Year 3.474 1,809 27,294 
38 
39 ECONOMIC LIFE 
40 Years 5 5 5 
41 
42 COSTS 
43 Initial Cost per Unit 3,864.935 1.827,0C0 7,308,000 
44 
45 Annual Cost per Unit 
46 Straignt- Line Depreciation 772,987 365,400 1,461,600
47 Personnel 370,903 315,151 142,366
4b Consumables 1,036.573 880,571 1,478.136
49 Special Site Costs 0 0 0
50 Miscellaneous 533.095 252,000 1,008,000 
51
 
52 Total (with i) 
 4,390701 2,605,928 7,261,322 
53 
54 Cost per Tonne (with 1) 1.264 1,441 266 
55 
56 

57 
58 11 -Jan-94 

',1' 



1 B 
2 

3 

4 

5 

6 
7 

8 CAPACITY: 

9 Size per Unit, cubic meters 


10 
11 PRODUCTIVITY:
 
12 Tonnes per Year 


13
 
14 ECONOMIC LIFE:
 
15 Years 


16
 
17 COSTS:
 
18 Initial Cost per Unit 


19
 
20 Annual Cost per Unit
 
21 Stiaight-Line Depreciation 

?2 Personnel 

23 Consumables 

24 Special Site Costs 

25 Miscellaneous 


26 
27 Total (with i) 

28
 
29 Cost per Tonne (with i) 

30 ....................................................................................................................................................................................................................................................................................................
 

32 

33 CAPACITY: 

34 Size per Unit, cubic meters 

35
 
36 PRODUCTIVITY: 
37 Tonnes per Year 

38
 
39 ECONOMIC LIFE: 
40 Years 
41 
42 COSTS:
 
43 Initial Cost per Unit 

44
 
45 Annual Cost per Unit 
46 Straight-Line Depreciation 
47 - Personnel 
48 Consumables 
49 Special Site Costs 
50 Miscellaneous 
51
 
52 Total (with i) 
53 
54 Cost per Tonne (with i) 
55 
56 
57 
58 11 -Jan-94 

C D E F 
JAMAICA ECON-DS.WK1 

ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
10.0 KM ONE WAY TO UNLOAD
 

Exchange/$USD: 
 30 SJA 

FRONT END REAR END REAR END REAR END
CONTAINERS CONTAINERS MANUAL MANUAL 

25.0 18.0 18.0 10.0 

11,765 10,313 5,470 3,899 

5 5 5 

31,224,375 21,964.445 4,567,500 3,197,250 

6,244,875 4,392,889 913,500 639,450 
624,508 5C2,155 297,264 297,264

1,138,497 1.074,t79 1,155,825 1,078,846 
0 133,557 0 0 

4,306,810 3,029,579 630,000 441,000 

25,864,140 18,724,271 4,978,602 3,843,970 

2,198 1,816 910 98f 

ROTO PACKER
 
MANUAL
 

9.0 

3,182
 

5 

2,968,875 

593,775
 
264,046
 

1,078,846
 
0
 

409,500
 

3,634,475 

1,142 



iB 
2 
3 
4 
5 

6 
7 

8 CAPACITY 
9 Size per Unit. cubic meters 

1? 
11 PRODUCTIVITY 

2 Tonnes per Year 
1? 

14 ECONOMIC LIFE 
15 Years 

16 
17 COSTS 
18 Initial Cost per Unit 

19 

20 Annual Cost per Unit 
21 Straight-Line Depreciation 
22 Personnel 
23 Consumables 
24 Special Site Costs 
25 Miscelianeous 
26 

27 Tot&! (with i 

25 
29 Cost per Tonne (with ) 

32 

"g2CAl 1ACITY 
3-" Size per Unit, cubic meters 

35 
36 PRODUCTIVITY 
.7 Tonnes per Year 

3e 
39 ECONOMIC LIFE 
4& Years 

4. 

4 CO 3TS 
42 Initial Cost per Unit 

44 

4i, Annuai Cost ter Urnt 
4(, Straign - Line Depreciation 
4 7 P esori._ 

4[i Consjrma hies 
4.; CJ-..KI Site Costs 

5K Misel'aneou-

52 Toti %wIth1) 
53 

54 Cost per Tonne (with 1) 

55 
56 

57 
58 11 -Jan-94 

C D 	 E F 
JAMAICA ECON-DS WK1 

ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
10 0 KM ONE WAY TO UNLOAD 

Excnange!$USD 30 SJA 

ARM ROLL ARM ROLL FARM TRACTOR OPEN TIPPER, 

15 0 8 C 40 130 

7.873 4,199 1.29. 2,693 

5 5 5 	 5 

5.291,273 3.952.644 2.055.375 2.283.750 

1.058.255 	 .'90.529 411.075 456,750 
338,738 338.738 212.940 316,429 

1,036,508 1,000.628 722.354 1,024,091 
0 	 0 0 	 0 

729.831 545.192 283.500 315.000 

5.459,417 4,390,291 2.521.775 3.103,277 

693 1,046 1,953 1,150 

SKIP LIFT SIDE LOADER TRANSFER TRUCK 

6 0 8 0 50 0 

2.939 1.709 24.083 

5 	 5 5 

3,644,162 1,827,000 7,308,000 

728.832 365.400 1.4b *,600 
338,735 315,151 142,366 

1,031.154 914,209 '.,478,13G 
0 	 0 0 

502.643 252,000 1,008.000 

4 182,709 2.F39.565 7,261,322 

1.423 1,545 302 

Y2/
 



0 	 C L 	 E.
2 JAMAICA ECON-DL WKi3 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS
4 20.0 KM ONE WAY TO UNLOAD5 Excnange/SUSD 30 SJA 
6 
7 	 FRONT END REAR END REAR END REAR END8 CAPACITh' CONTAINERS CONTAINERS MANUAL MANUA­9 Size per Unit CuDi: meters 250 180 18.0 100

12 

! PROU CTIViT'r
 
i" onnes per Year 
 10,339 8.947 5,060 3.499 

SECONOMIC LIrE
 
Years 
 5 	 5 5 	 5 

17 COSTS 
1 nitial Cost per Unit 28.131.648 19,660.214 4.567.500 3.197,250 

2- Annual Cost per Unit
 
? Strailnt- Line Depreciation 5.626,330 3,932,043 913.500 
 639.4502? Personnel 580,816 520,301 297,264 297.26422 Consumaoles 1.138,497 1,067,827 1,155.825 1.078,846.-4 Suecial Site Costs 0 115.868 0 	 0Miscehaneous 3,880,227 2.711.754 630,000 441,000 

2. iota: rwitn 1 23.433,267 16,879,110 4,978,602 3.643.970
2 ;
 

Cos: per Tonne (with 1) 
 2.267 1,887 984 1,099 

... ROTO PACKERr v33 	CA ACIK MANUAL 
3 . c',- pe" Unit cubic meters 	 9 0 

36 PRODUCTIViTY
 
37 Tnnries pef Year 
 2.883 

:19 	ECONOMIC_ LIFE
 
4 Years5
 

ntial Cost per Unit 2,968.875 

An , '/ tper Unit
 
;.racgn-Line Depreciation 593.775
 
7
-'orsorrri: 264,046 

4 , Counsjmaules 1.078.846 

Si-'te Costs5 	 ! ' szeln neou:; C,400.500 

5? T-a e.'Itn 3.634 475 
53 
54 Cost per lonne (with 1) 1,261 
55 
56 

57 
58 11 -Jan-94 



1 B C D E F
2 JAMAICA ECON-DL WK13 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
4 
 200 KM ONE WAY TO UNLOAD5 Excnange/$USD 30 $JA 
6 
7 ARM ROLL ARM ROLL FARM TRACTOR OPEN TIPPER 
8 CAPACITY 
9 Size per Unit. cubic meters 150 8.0 40 130 

10 
11 PRODUCTIVITY
 

1 Tonnes per Year 
 6,021 3.211 1,144 2.490 

14 ECONOMIC LIFE
Year5 5 

17 COSTS
 
18 Innitial Cost per Unit 
 4,755.574 3.506.228 2.055.375 2.283.750 
19 
20 Annual Cost per Unit
 
21 Straiaht-- [,e Depreciation 951,115 
 701,246 411.075 456,750
22 Personnel 297,114 297.114 212.940 316.42923 Consumables 1,036.50E 1.000,628 722,354 1.024.09124 Special Site Costs 0 0 0 0

25 Miscellaneous 655.941 483.618 283.500 315.000 

27 Total lwitn 11 5.004.303 4.004.091 
 2.521.775 3,103.277
 
2b 
2D Cost oer 7onne Iwith 1 831 1.247 2.205 1.245 

... .. ..... ..... .......... ..
.. .. ....... .........
 

SKIP LIFT SIDE LOADER TRANSFER TRUCK 
7 CAA0 AC, h'
 
' Size perUn!t cubic meters 6.0 
 8 0 50 0
 

36 PRODUCTIVITY 
:7 Tonnes per Year 2,248 1,539 19.496 
3w_
 

39QE CON0 M I C L [;:E
4' Years 5 5 5 

initial Cost pxerUnit ,358.456 1,827.000 7,308.000
 

4, ,rit)jap
Cosl pt', Unit
 
itracr,)-L rieDepreciation 
 671 691 365.400 1.461,600 

297.114 315.151 142.36G4V U11o)sumabi;s 1.024,140 880.571 
 1.4781364-., o:u,. CitCost'.. 
 0 0 0
 

-in 
 463,235 252.000 1.008.000
 

-. I D!FaIfwith , 3.913.543 2,605,928 7.261.322 

54 Cost r,.,r (with 1)
Tonn, 1 741 1.693 372 

56 
57
 
58 11 -Jan-94 



1 B C D E F 
2 JAMAICA ECON-DX.WK1 
3 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
4 30.0 KM ONE WAY TO UNLOAD 
5 Exchange/SUSD 30 SJA 
6 
7 FRONT END REAR END REAR END REAR END 
8 CAPACITY: CONTAINERS CONTAINERS MANUAL MANJAL 
9 Size per Unit, cubic meters 25.0 18.0 18.0 10.0 

10 
11 PRODUCTIVITY­
12 Tonnes per Year 8,748 7,464 4,549 3,033 
13 
14 ECONOMIC LIFE: 
15 Years 5 5 5 5 
16 

I COSTS 
18 initial Cost per Unit 24,682.067 17,158,659 4,567,500 3,197,250 
19 
20 Annual Cost per Unit 
21 Straight-Line Depreciation 4,936,413 3,431,732 913,500 639,450 
22 Personnel 
23 Consumables 

532,082 
1,138,497 

474,863 
1,060,170 

297,264 
1,155,825 

297,26.4 
1,078,846 

24 Special Site Costs 0 96,663 0 0 
25 Miscellaneous 3,404.423 2,366,712 630,000 4,1,000 
2G 
27 Total (wi.tni 20.721,908 14,875,935 4,975,602 3,843.970 

29 Cos: per Torine (with ) 2,369 1.993 1.094 1,268 
.....................................................
 

32 ROTO PACKER 
33 CA/'ACITY MANUAL 
34 S:ze per Unit, cubic meters 9.0 
3z
 

36 PRODUCTIVITY­
37 Tcnnes pw2r Year 2,527 
35 
39 ECOtNO?,.5C LIFE 

42 COSTS 
43 Initial Cost per Unit 2,968,875 
44 
45 Anril3 Cost per Unit 
4L Straint : -Line Depreciation 593,775 
4. i-rsonr e 264,046 
4 Consumab;es 1,078,846 
,9 S" Site Costs 0oul 
52 l.....elaneous 409,500 
5, 

52 Total (with i) 3,634,475 
53 
54 Cost per Tonne (with i) 1,438 
55 
56 

57 
58 11 -Jai-94 

http:ECOtNO?,.5C


1 B C D E F
2 JAMAICA ECON-DX.WK13 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORI SYSTEMS 
4 30 0 KM ONE WAY TO UNLOAD
5 Excriange/SUSD 30 SJA 
6 
7 ARM ROLL ARM ROLL FARM TRACTOR OPEN TIPPER8 CAPACITY 
9 Size per Unit cubic meters 150 80 4.0 13.0 

ic 
11 PRODUCTIVITY 

Tonnes p-_"Year 
 4,450 2,373 976 
 2.235
 

14 ECONOMIC LIFE 
15 Years 5 5 5 
 5
 
16 
17 COSTS 
18 Initial Cost per Unit 4.301.393 3.127,745 2.055,375 2.283.750 
19 
20 Annual Cost Der Unit 
21 Straignt- Line Depreciation 860,279 625.549 411.075 456,750
22 Personne, 261.824 261.824 212.940 316.42923 Consumables 1.036,508 1.000,628 722,354 1,024,091
24 S;-cia! Site Cos.s 0 0 0 025 Miscelianeous 593,296 431,413 283.500 3:5.000 
26
 
27 Total Ivvith1, 
 4.618,445 3,676.661 2,521,775 3,103.277 
2 
29 Cost -,pe!;onne (with oI 1.038 1,549 2,583 1.380 
3 .............. 


......
..................
 

SKIP LIFT SIDE LOADER TRANSFER TRUCK3- CA;IAC! T' 
4 Z4 -e' 1! cubic meters 6 0 8 0 50 0 
'35 

36 PRODUC IVi'Y 
37 T rnne- ne' Year 1.661 1.339 15.163 
3e 
39 ECONOMIS L;-: 

.1 e r,5 5 5 

42 COOTh 
4"2 Initial UOst per Unit 3.116,227 1.827.000 7.308,000 
44 
45 AnTuai p'st!,rUnit 
4( Str£n : - Ine Depreciation 623,245 365,400 1.461,600 

261.824 315,151 142,366 
r4.Ccris r,L) ies 1.018,194 880.571 1,478,136 

'.'S~ .. k. 1 .. H .. 00 0 

:171C,, S 42 824 252,000 1,008,000
~pl\.'r 2,605,928 7,261,322H3.685,337 

54 Cost rm Tcne (wrth 1) 2.218 1.946 479 
55 
56 
57 
58 11 -Jan-94 



Page 1 Table FC - 25-DX FEL CONT 
January 1993 JAMAICA Cost Comparisons30 SJA per LSJA 

Type of Equipment Front End Loader. Totlly Mechanically Loaded 
rom 5cm Mechanically Liftable Containers 

Capacity 25 0 cubic meters 


Capital Cost ot Equipment 16.211.538 SJA 
 125000 
4000Spare Parts 810.577 5% of Capital Cost of EquipmentCustoms 7.659.952

Total Capital Investment 24.682,067 SJA 

Estimated Economic Life 

Based on Planned Use 
 5 years (containers r ,plnced mid-way) 

Number of Shifts per Day 1 00 shifts/day 


Hoars of OperationiYear 3.120 hours/year 

Number of Trips per Shift 
 2 8 trips.'shift 30 km one way 

Complete Loads per Shift 2 49 loads/shift 

Typical Density of SolidWaste in Loaded Venicle 0 55 Tonnesicubic meter 

Tvlical Productrvity 31 tonnes,'day 

SJA 
Annualized Capital Cost. when purchased in 1993 

24.682.067 @ int of 60 00% over life utilized) 15.646.906 

Cost 	of Personnel, Shift 

1 00 Drrver 62.400 SJA/year 62.400 

1 00 Workers 
 37.440 SJA/year 37,4406 29 Attndts 31.2001.00 Workshp Prsonnl 	 SJA/year 196.36456.160 SJA'year 58.160 

0.50 Suprvsry Prsonnl 74.880 SJA/year 37.4400 50 Inspctn Peronnl 0 SJA.yearAdministration 	 030% of above 116.941Benefits 5% of above 25.337 

Annual Personnel Co-s/Shift 532.082 

Annual Personnel Costs 532.082 

09-Jan-94 

Page 2 Table FC - 25-DX FEL CONT 

JAMAICA Cost Comparisons SJA 

Fuel es1000lies/r H 31.200 libes@ 100 SJA'Ta 312,000Engine Oil ( 1 50 libes/hr ).( 4.680 litres@ 700 SJA/Rr 327.800 
Trans Oil ( 0 40 litresihr ).( 1.248 litresG 60 0Hydrlc Oil 	 SJA!Rr 74.880( 0.30 litres/hr )( 936 irtesiE 600 SJA,,ltr 56,160j1Vheels per Equipment Unit) 6
Tkes 11O0 epl hrs
Brnke Lnng 	

)( 17 0 tires @ 105000 SJAiea 119.127600 repl hrs )( 31 2 units @ 15000 SJA/ea 46.800Brake Drum 1200 repl hrs ).( 15 6 units @ 20000 SJA,,'ea 31,200Clutch Pt 1600 repl hrs ).( 0 0 units 150000 SJA'ea 0 
Filters 80 repl hrs ) 2500Prot. Gear 1000 repl hrs ).( 39 0 sets C 

20000 SIA/set 9.7506.2 sets C SJA/ea 12.480Other 15 " 
additional over above costs) 148.500 

(seals. grease. battery. alternator. etc ) 

Sp, -.-- Total ConsumablesCosts Attibutable to Storage and	 
1.138.497 

Containment at the Source 0 

Miscellaneous Costs 2' % of cpital cost of equipernent 3.404.423 
(ta.es. insurance registration etc) 
Annual Cost of Equipment Unit 
If implemented during 20.721.9081993 

Tonnes Handled per year 

31 2 tonnes/day 312 days/ys 90% available) 8.748 

Cost per Tcnne 1.368.78 SJA 

Aver. Cost per Person 0.24 tonnes/cap/yr) 	 561.99 SJA 

EOUIPMENT COST 7551% 
PERSONNEL COST 2 57% 
CONSUMASLE COST 5 49%
OTHER COSTS 16.43% 

TOTAL COST 100.00% 

http:1.368.78


Pace 1 Table FC 25-DL FEL CONT 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type of Equipment Front End Loader. Totally Mechanically Loaded 
from 5 cm Mechanically Liftable Containers 


Capacity 25 0 cubic meters 


Capitld Cost of Equipment 18.477.273 SJA 125000 
4000 

Spare Parts 923.864 5% of Capital Cos! of Equipment
Customs 8.730.511 

Total Capital Investment 28.131.648 SJA 


Estimated Econoiic Life 
Based on Planned Use 5 years (containers replaced mid-way) 

N. mber of Shifts per Day 	 1 00 shift-/day 

Hours of Operation,,Year 	 3.120 hours/yea 

Number of Trips per Shift 3 3 trips'shift 20 km one way 

Complete Loads per Shift 2 95 loads/shift 

Typical Density of Solid 
Vlaste in Loaded Vehicle 	 055 Tonnes'cubic meter 

Typical Productivity 	 37 tonnes/day 

SJA 

Annualized Capital Cost, when purchased in 1993 
28.131.648 @ int.of 60 00% over life utilized) 	 17.833.727 

C's!-t ot Personnel Shift 

1 00 Driver 62.400 SJA.year 62.400 

1 00 Workers 
 37.440 SJA'year 37.440
 
7 44 Attndts 
 31.200 SJA.year 232,066
1 00 Workshp Prsonnl 56.160 SJAjyear 56.160 

0 50 Suprvsry Prsonnl 
 74.880 SJA.1year 37.440 
0.50 	Inspctn Peronnl 0 SJA.'year 0
 

Administration 
 30%,. of above 127.652 
Benefits 5% of above 	 27.658 

Annual Personnel Costs/Shift 	 580.816 

Annual Personnel Costs 580.816 

Page 2 Table FC -25-DL 

JAMAICA Cost Comparisons 

Consumables 
Fuel ( 0O0libess.ir ).( 31.200 lites(w 100 
Engine Oil 
Trans Oil 

( 1 50 litesihr 
0 40 litres/hr 

).( 
)( 

4,680 Irtres@' 
1.248 Iites®, 

700 
600 

Hydrlc Oil 0030 libreslhr )( 936 litres® 600 
(Wheels per Equipment Unt) 6 
Tires 1100 repl hrs ).( 17 0 tires (- 105000 
Brrke Lnng 600 repl his ),( 31 2 units €@ 15000 
Brnke Drum 1200 repl hrs .( 15 5 units (4 20000 
Clutch Pit 1600 repl hrs ).( 0 0 units 150000 

Filters 80 replhrs 39 0 sets Ca).( 	 2500
Prot. Gear 1000 repl hrs ).( 62 sets® 2000 0 
Other 15% additional over above costs) 

(seals. grease, battery, alternator. etc) 

Total Consumables 

Special Costs Attributable to Storage and 
Containment at the Source 

Miscellareous Costs 21% of capital cost of equipement
(ta.xes. in.ura , . registration. etc 

Annual Cost of Equipment Unit 
If implemer",d during 1993 

Trnnes Handled per year 

368 tonnes/day 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Perso, ( 0.24 tonnes/cap/yr) 

EQUIPMENT COST 76.10% 
PERSONNEL COST 2 48% 
CONSUMABLE COSTE 4 86% 
OTHER COSTS 16.56% 

TOTAL COST 10000% 

FEL CONT 

SJA 

SJA.'lr 312.000 
JA.tr 327.600 

SJA.Itr 74.880 
SJAltr 56.160 

SJA ea 119.127 
SJA/ea 46.800 
SJA/ea 31.200 
SJA'ea 0 

SJA/set 9.750 
SJAiea 12.480 

148.500 

1.138.497 

0 

3.880,227 

23.433.267 

available) 10.339 

2.26659 SJA 

537.75 ,JA 



Page 1 Table RC-18-DX R/1-OAD CONT 

January 1993 
JAMAICA Cost Compa.,sons

30 SJA per US Dollar 

Type of Equipment Rear Loader, Partially Mechanically Loaded from 1.0 c m. 
Containers 

Capacity 18 0 cubic meters 

Capital Cost of Equipment 

Spare Parts 
Customs 
Total Capital Investment 

Estimated Economic Life 
Based on Planned Ub-

Number of Shifts per Day 

Hours of Operation/Year 

Number of Trips per Shift 

Complete Loads per Shift 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualired Capital Cost, when purchased in 
17,158,659 @ intof 

Co,;t of PersonneliSiift 

1 00 Driver 
2 00 Workers 
5 37 Attndts 
0 50 Workshp Prsonnl 
0 20 Suprvsry Prsonnl 
0 20 Inspctn Peronnl 

Administration 
Benefits 


11,270.055 SJA 100000 $US/truck 
700 SUS/container 

563,503 5.001% of Cap'tal Cost 
5.325,101 

17.158.859 SJA 

5 years (replace containers mid-way) 

1.00 shifts/day 

3.120 hours/year 

3.0 trips/shift 30 km one way 

2.69 loads/shift 

0.55 Tonnes/cubic meter 

26.6 	tonnes/day 

SJA 

1993 

60.00% over life) 

62.400 SJA/year 
37.440 SJA/year 
31.200 SJA/year 
56.160 SJA/year 
74.880 $JA/yea 

0 SJA/year 
30% of above 
5% ofabove 


Annual Personnel Costs/Shift 

Annual Personnel Cost 

09-Jan-94 

10,877.530 

62.400 
74.880 

167,549 
28.080 
14,976 

0 
104,366 

22.613 

474.863 

474.863 

Page 2 Table RC-18-DX 	 ROAD CONT 

JAMAICA 

Con-.,mrables
 
Fuel ( 8 00 litres/hr ).( 

Engine Oil ( 1.50 litiesihr ).( 

Trans 0'1 (0 04 libres/hr ).( 

Hydrlc Oil ( 0.04 litres/hr ). 

(Wheels per Equipment Unit) 

Ties 1100 repl his ).( 

Brake Lnng 600 repl his ).( 

Brake Drur, 1200 rep[ hrs )( 

Clutch PIt 1 1600 repthrs ).( 

Filters 80 repl his ).(

Prot. Gear 1000 repl hrs )( 


Cost Comparisons SJA 

24.960 litres(a 10.00 SJA'ftr 249.600 
4,680 litres@ 7000 SJAtr 327.800 

125 lires@ 6000 SJA'ltr 7,488 
125 liires@, 60.00 SJA'ltr 7.488 

6 
17 0 tires Ca 9.100 SJAJea 154.865 
31 2 units @ 1.500 SJA/ea 46.800 
15 6 units @ 2,000 SJA/ea 31.200 

2.0 units 15,000 SJAea 29.250 
390 sets Cw 
28.9 sets @ 

250 
2.000 

SJAset 
SJAjel 

9.750 
57.846 

Other 15% additional over above costs) 138.283 
(seals, grease. battery, alternator. etc.) 

Total Consumables/Year 	 1,060.170 

Special Costs Attributable to Storage and 
Containment at the Source 96.683 

Miscellaneous Costs 
(taxes, insurance, registration, etc.) 

21% of capital cost of equipment 2.366,712 

Annual Cost of Equipment Unit 14.875.938 
If implemented during 1993 

Tonnes Handled per year 

1 26.6 tonnes/day 312 days/yr 90% available) 7.464 

Cost per Tonne 1.992.94 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap'yr) 	 472.83 SJA 

EQUIPMENT COST 73.12% 
PERSONNEL COST 319% 
CONSUMABLE COSTE 7.13% 
OTHER COSTS 16.56% 

TOTAL COST 100.00% 

' / ,.v 

http:1.992.94


Page 1 	 Table RC- 18- DL R/LOAD CONT 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type ofEquipment 	 Rear Loader. ':,.rtially Mechanically Loaded from 
1 0 c.m Containts 

Capacity 18 0 cubic maters 

Capital Cost of Equipment 

Spare Parts 
Customs 
Total Capital Investment 

Estimated Economic Life 
Based on Planned Use 

Number of Shifts per Day 

Hours of Operation/Year 

Numbe- of Trips pet Shift 

Complete Loads per Shift 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost. when purchased in 
19.660,214 @ intot 

Cost ofPersonnel/Shft 


1 00 Driver 


2 00 Workers 

6 44 Attndts 

0 50 Workshp Prsonnl 

0 20 Suprvsry Prsonnl 

0 20 	Inspctn Peronnl 

Administration 
Benefits 

09-Jan-94 

12.913.113 SJA 100000 SUS/truck 
700 SUS/container 

845.65a 500% of Capital Cost 
6.101,448 

19,660,214 SJA 

5 years (replace containers mid-way) 

1.00 shifts/day 

3.120 hours/year 

3 6 	trip-,'shift 20 km one way 

3 22 loads/shift 

0 55 Tonnes/cubic meter 

31 9 tonnes/day 

SJA 

1993 
Fn 00% over life) 12.463.361 

62.400 SJA'Jear 62.400 
37.440 SJAJyear 74.880 
31.200 SJAlyear 200,837 
56.160 $JAJyear 28.080 
74,880 $JA/year 14.978 

0 SJAIyear 0 
30% ofabove 114.352 

5% of above 24.776 

Annual Personnel Costs/Shift 520.301 

Annual Personnel Cost 520.301 

Page 2 Table RC-18- DL R;]LOAD CONT 

JAMAICA Ci..t Comparisons SJA 

Consumables 
Fuel ( 8 00 libres/hr )( 
Engine Oil ( 1.50 libes/hr )( 
Trans Oil ( 004 litesihr )1( 
HydrIc Oil ( 0.4 libresihr ).( 
(Wheels per Equipment Unit) 
Ties 1100 rept his ).( 
Brake Lnng 600 repl his ).( 
Brake Drum 12C0 repl hrs ).( 
Clutch PIt 1600 repl hrs ).( 
Fitters 80 repl hrs ).( 
Prot. Gear 1000 repl his ).( 

24.960 litres@, 
4.680 	litres@ 

125 libres, 
125 	litresCa, 

6 
17.0 tires @ 
31 2 units @ 
15 6 units @ 
20 units 

39 0 sets @ 
323 sets @ 

1000 
70 00 
60 00 
6000 

9.100 
1.500 
2,000 

15.000 
250 

2.000 

SJA,'tr 249.600 
SJA,tr 327.600 
SJA.ltr 7.488 
SJA'ltr 7,488 

SJAJea 154.885 
SJA/ea 48,800 
SJA/ea 31.200 
SJAIea 29.250 

SJA/set 9.750 
SJA/ea 84.503 

Other 15% additional over above costs) 139,287 
(seals. grease, battery, alternator, etc ) 

Total Consumables/Year 	 1.087.827 

Special Costs Attributable to Storage and 
Containment at the Source 115.868 

Miscellaneous Costs 21% of capital cost of equipment 2.711.754 
(taxes. insurance, registration. etc.) 

Annual Cost of Equipment Unit 18.879.110 
If implemented during 1993 

Tonnes Handled per year 

(31.9 tonnes/day 312 days/yr 90% available) 8.947 

Cost per Tonne 1.886.50 SJA 

Aver. Cost per Person ( 0.24 tonnesicap/yr) 	 447.57 SJA 

EQUIPMENT COST 73.84% 
PERSONNEL COST 308% 
CONSUMABLE COSTE 8.33% 
OTHER COSTS 16.75% 

TOTAL COST 100.00% 

>, 6, 

http:1.886.50


Page 1 Table RC- 18-DS R/LOAD CONT 
JAMAICA Cost Comparisons

Jaruary 1993 	 30 SJA per US Dollar 

Type of Equipment 	 Rear Loader. Partially Mechan;cally Loaded from 1 0 c m 

Containers 


Capacity 18.0 cubic meters 

Capital Cost of Equipment 14.428.585 SJA 100000 SUS/bruck 
700 SUS/container

Spare Parts 721.328 5 00% of Capital Cost 
Customs 6.810.552 
Total Capital Investment 21.984,445 SJA 


Estimated Economic Life 

Based on Planned Use 5 years (replace containers mid-way) 


Number of Shifts per Day 	 1.00 thifts/day
 

Hours of OperationlYear 	 3.120 hours/year
 

Number of Trips per Shift 	 4.1 trips/shrft 10 km one way 


Complete Loads per Shift 	 3 71 toads/shift
 

Typical Density of Solid 

Vate in Loaded Vehicle 0 55 Tonnes/cubic meter
 

Typical Productivity 	 36 7 tonnes,'day 


SJA 

Annualized Capital Cost, whe,. .,chased in 	 1993 
21.964.41. _- @ int of 60.00% over life) 13.924.101 

Cost of PersonneliShift 

1 00 Driver 	 62.400 SJA/year 62.400 
2 00 Workers 37,440 SJA/year 74.880 
7 42 Attndt-s 31.200 SJAJyear 231.499 
050 Workshp Prsonnl 56.160 SJA/year 28,080 
0.20 Suprvsry Prsonn 74,880 '"A/year 14,976
0 20 Inspctn PeronnI 0 SJA/year 0 

Administration 30% of above 123.551 
Berefits 5% of above 26.769 

Annual Personnel Costs/Shift 	 582.155 

Annual Pcrsonnel Cost 	 562,155 

09-Jan-94 

Page 2 Table RC-- 18-DS 	 P./LOAD CONT 

JAMAICA Cost Comparisons 	 SJA 

Consumables 
Fuel ( 8 00 lit:esihr ).( 24.60 lires@ 1000 SJA.'Rr 249.600 
Engine Oil ( 1 50 litres/hr 1.( 4.680 Irtresj, 7000 SJA'tr 327.600 
Trans Oil (0 04 litres/hr )( 125 ttres@- 5 00 SJA.'ltr 7.488 
Hydrlc Oil 004 litres/hr ).( 125 litres(. 6000 SJA.'tr 7,488
(Whoe per Equipment Unit) 6 
Tires 11 0 real Firs )( 17 0 tires @ 9.100 SJAj'ea 154 665 
Brake Lnng (e-0O rep: hrs ) ( 31 2 units @ 1.500 SJP,.'ea 46800 
Brake Drur. ( 1200 repl hrs ).( 15 6 units @L 2.000 SJAJea 31.200 
Clutch Pft 1600 repl hrs ).( 2 0 units 15.000 SJA/ea 29,250 
Filters 80 repl his ).( 390 sets @ 250 SJA/set 9.750 
Prot Gear 1000 repl his )( 35.3 sets @ 2.0050 SJA/ea 70.636 
Other 15% additional over above costs) 140.202 

(seals. grease, battery, alternator, etc) 

Total ConsumablesTYear 	 1.074.B79 

Special Costs Attributable to Storage and 
Containment at the Source 133,557 

Miscellaneous Costs 21% of capital cost of equipment 3.029.579 
(taxes. insurance, registration. etc) 

Annual Cost of Equipment Unit 18.724.271 
If implemented during 1993 

Tonnes Handled per year 

36 7 tonnesday 	 312 days/yr 90% available) 10313 

Cost per Tonne 1.815 55 SJA 

Aver Cost per Person ( 0.24 tonnes/cap/y) 	 430 74 7,A 

EOUIPMENT COST 74.38% 
PERSONNEL COST 300% 
CONSUMABLE COSTS 5.74% 
OTHER COSTS 16.89% 

TOTAL COST 10000% 

http:21.964.41


Page 1 Table PC- 18-T R/LOAD CONT 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type of Equipment Rear Loader Partially Mechanically Loaded from 1 0 cm 

Continers 


Capacity 180 cubic meters 


Capital Cost of Equipment 15.370.909 SJA 00000 SUSruck 
700 $US/container

Spare Parts 768,545 5 00% of Capital Cost 

Customs 7.262.755 

Total Capital Investment 23.402.209 SJA 


Estimated Economic Life 

3ased on Planned Use 5 years (replace containers mid-way) 


Number of Shifts per Day 1.00 shifts/day..... 

Hoirs of OperationiYear 3.120 hours/year 

Number of Trips per Shift 4 5 trips/shift 5 km one way 

4 02 loads/shift
Complete Loads per Shift 

Typical De-isity of Solid 

0 55 Tonnes/cubic meterWaste in Loaded Vehicle 

Typical Productrvity 398 tonnes/day 

SJA 

Anouaized Capital Cost. when purchased in 1993 
23.402.209 @ int of 6000% over life) 14.835.555 

Cost of PersonnelShift 

1 00 Drrver 62.400 SJA.iyear 62.400 
2 00 Workers 37.440 SJA/year 74,880 
8 03 Attndts 31.200 SJA/year 250.631 
0 50 Wofkshp Prsonnl 56.160 SJAyear 28.080 
0 20 Suprvsry Prsonnl 74,880 SJA/year 14.976 
0 20 Inspctn Peronnl 0 SJA/year 0 

Administration 30% of above 129.290 
Beneh's 5% of above 28.013 

Annual Personnel Cosls/Shft 588.271 

Annual Personnel Cost 588.271 

09-Jan-94 

Page 2 Table RC 18--T R/LOAD CONT 

JAMAICA Cost Comparions SJA 

Consumables 
Fuel 8 00 litres/hr ).( 24.960 ltrest " 1000 SJA'ltr 249.600 
Engine Oil ( 1 50 lites/hr )( 4,680 litres@ 70 00 !>.J .tr 327,600
Trans Cii (0 04 iats)hr ).( 125 litres@ 60,00 SJA.'."r '7.488 
Hydrlc Oil 004 litresii;r ). 125 litres® 60.00 SJAflr 7.488 
(Wh~-els per Equipment Unit) 6 
Ties 1100 repl hrs )( 170 tires® 9.100 SJAJea 154.865
Brake P.nng ( 600 repl hrs ).( 31 2 units C 1.500 SJAJea 4.,865 
Brake Drum ( 1200 repl hrs ).( 15 6 units @ 2,000 SJA/ea 31 200 
Clutch PH 1600 repl hrs ).( 20 units 15,000 SJA/ea 29.250 

Filters ( 80 repl hrs )( 39.0 sets @ 250 SJAJset 9.750
Prot. Gear ( 1000 repl hrs ),( 37.2 sets C 2.000 SJA/ea 74.462 
Other 15% additional over above costs) 140.776 

(seals. grease. battery, alternator, etc ) 

Total Consumables/Year 1.079.27g 

Special Costs Attributable to Storage and
Containment at the Soce 144.595 

Miscellaneous Costs 21% of capial cost of equipment 3.227.891(taxes. insurance, regisbation, etc.) 

Annual Cost of Equipment Unit 19.875590 
If implemented during 1993 

Tonnes Handled per year 

(39 8 tonnes/day 312 days/yr 90% available) 11.166 

Cost per Tonne 1.780 07 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 422 32 SJA 

EQUIPMENT COST 74.64% 
PERSONNEL COST 296% 
CONSUMABLE COSTE 543% 
OTHER COSTS 16 97% 

TOTAL COST 10000% 



Page 1 Table RL -- 18 - DX REAR LOADER 

January 1993 
JAMAICA Cost Comparisons 

30 SJA per US Dollar 

Type of Equipment Rear Loader. Manually Loaded 

Capacity 18 0 cubic meters 

Capital Cost of Equipment 

Spare Parts 
Customs 
Total Capital investment 

Estimated Economic Life 
Based on Planned Use 

Number of Shifts per Day 

Hours of Operation,,Year 

Number of Trips per Shift 

Complete Loads per Shift 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typocal Productrvity 

Annualized Capital Cost, when purchased in 
4 567.500 @ int of 

Cost of PersonneliSht 

1 00 Driver 

3 00 Workers 

0 00 Attndts 

0 50 Workshp Prsonnl 

0 20 Suprvsry Prsonnl 

0 20 Inspctn Peronnl 


Administration 

Benefits 


Annual Personnel CostsjShirt 

Annual Personnel Costs 

10-Jan-94 

3.000.000 SJA 100000 SUS/truck 

150.000 5 00% of Capital Cost 
1.417.500 
4.567,600 SJA 

5 

1 00 shifts/day 

3.120 hours/year 

1 8 trips'shrft 30 km one way 

1 64 loadslshift 

0 55 Tonnes/cubic meter 

16 2 tonne-.'/day 

60 00% 

62,400 
37,440 
31.200 
56.160 
74.880 

0 
30% 

5% 

SJA 

1993 
over life) 2,895.513 

SJA.'year 62.400 
SJAJyeaz 112.320 
SJAryear 0 
SJA/year 28.080 
SJA'year 14.976 
SJAJyear 0 

of above 65.333 
of above 14.155 

297.264 

297.264 

Page 2 Table RL 18 DX REAR LOADER 

JAMAICA 

Consumables 
Fuel ( 800 liftesihr ).( 

£ngine Oil ( 1 50 liteshr )(
Trrans Oil ( 0 40 Itrcsihr ).( 
Hydrk: Oil ( 0 30 litresihr ).( 
(Wheels per Equipment Unit) 

Ties I 11 Orepl his ).(

Brake Lnng 600 repl his ).( 

Brake Dru.( 1200 rep his ( 

Clutch Pit ( 1600 repl his )( 


Filters 80 repl his (

Prot Gear 1000 repl hr' ).( 

Other 15% additional over above costs) 

(seals. grease, battery, alternator. etc) 

Total ConsumablesiYear 

Special Ccsts Attributable to Storage and 
Containment at the Source 

Cost Comparisons SJA 

24.980 litres/a, 100 SJA.'ftr 249 600 
4 68, ;;t'es@ 700 SJA.'r 327.600 
1 248 Ioes@ 600 SJA,'ltr 74 880 

936 Itresi, 600 SJA.ttr 58 160 
6 

17 0 ties/' 91000 SJAJea 154865
31 2 units rj@ 1500 0 SJAien 48800 
15 6 units 6v 

2 0 units (/. 
39 0 sets @-
12 5 sets @ 

2000 0 
15000 0 

2500 
20000 

SJAJea 
SJAea 

SJA/set
SJA.'ea 

31 200 
29.250 
9.750 

24,960 
150 760 

1,155 825 

0 

Miscellaneous Costs 21% of capital cost of equipment 630.000 
(taxes. insurance, registration, customs. etc 

Annual Cost of Equipment Unit 
If implemented during 1993 

4 978.602 

Tonnes Handled per year 

16 2 tonnes/day 312 days/yr 90% available) 4.549 

Cost per Tonne 1,094 45 SJA 

q 
Aver Cost per Person ( 0 24 tonnes/cap/yr) 259 66 SJA 

EQUIPMENT COST 58 16% 
PERSONNEL COST 597% 
CONSUMABLE COSTE 23 22% 
OTHER COSTS 12.65% 

TOTAL COST 10000% 

A­



- - - - - -

Page 1 	 Table RL - 18 -IDL REAR LOADER Page 2 	 Table RL ­18 - DL REAR LOADER 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per US Dollar JAMAICA Cost Comparisons 	 SJA 

ConsumablesType of Equipment Rear Loader, Manually Loaded Fuel ( 600 Iftreshr )( 24.960 Irtres@ 100 SJA.ltr 249.500 
Capacity 18 0 cubic meters Engine Oil ( 1 50 litres/hr ( 4 680 litresr, 70 0 SJA."tr 327.60Trans Oil ( 0 40 Ibtesihr ).( 1.248 Irtres@iv 800 SJA.'ltr 74.880 
Caprtal Cost of Equipment 3.00C.000 SJA 100000 $US/truck 

Hd;cl Oil 1 0 30 ,Ias/hr ). 936 Irtres@' 800 SJA1Ir 58.160(Wheels per Equipment Unit) 5 
Spare Parts Tires 1 1100 repl his ). 17 0 lrues (a, 91000 SJAea 154.865150,000 500% of Capital Cost 	 Brake Lnng ( 600 repl his ). 31 2 units (i 150040 SJA,a 48 800Customs 1.417.5C.. Brake Drum ( 1200 repl his ).( 156 units i. 20000 SJA/ea 31 200Total Capital Investment 	 4.587,50, .,JA Clutch Pit ( 1600 repl his )( 2 0 units (i 150000 SJAjea 29.250 

Fitters ( 80 repl his ).( 39 0 sets @Estimated Economic Life 	 2500 SJAkset 9.750Prot Gear ( 1000 repl his ).( 12 5 sets C, 20000 SJA'ea 24 960Based on Planned Use 5 Other ( 15% additional over above costs) 150.780 
(seats, grease, battery, alternator. etc)Number of Shifts per Day 1.00 shifts/day 

Total ConsumablesYearHours of OperationYear 3,120 hours/year 1.155.825 

Number of Trips per Shift Special Costs Attributable to Storage and20 trips/shiff 20 km one way Containment at the Source 0 

Complete Loads pe, Shift 1 82 loads/shift 
Miscellaneous Costs 21% of capital cost of equipment 630.000Typical Density of ScOid (taxes, insurance, registration, etc)

Waste in Loaded Vehic!e 0 55 Tonnes/cubic meter 
Annual Cost of Equipment UnitTypical Productivity 18 0 tonnes/day 	 4,978.602
If implerented during 1993 

$JA
 

Annualized Capital Cost, when purchased in 1993 Tonnes Handled per year
4,567.500 @ int of 60 00% over life) 2.895.513 

18.0 tonnes/day 312 days/yr 90% available) 5.060Ccst of Personnel Shft 

1 00 Driver 	 62.400 SJA.'year 62.400 Cost per Tonne 983 90 SJA3 00 Workers 37.440 SJA/year 112.320
 
0 00 Attndts 31.200 SJA'yeau 0
0 50 Workshp Prsonnl 56,160 SJAyear 28.080 
 Aver. Cost per Person ( 0.24 tonnesicap/yr) 	 233 43 SJA020 Suprvsry Prsonnl 74.880 SJA/year 14,976

0 20 Inspctn Peronnl 0 SJAIyear 0


Administration 30% of above 65,333 	 EQUIPMENT COST 58,16%
Benefits 5% of above 14.155 	 PERSONNEL COST 597% 

CONSUMABLE COST, 23.22%
Annual Personnel Costs/Shrft 	 297.254 OTHER COSTS 12.65%
 
Annual Personnel Costs 297.264 TOTAL COST 
 100.00% 

09-Jan-94 

http:1.417.5C


Page 1 	 Table RL- 18-DS REAR LOADER 	 Page 2 Table RL- 18 -DS REAR LOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons 	 SJA 

ConsumabF-sT
ype of Equipment Rear Loader, Manually Loaded Fuel ( 8 00 litres,hr ),( 24.960 litres@' 100 SJA/Itr 249.600 

Engine Oil ( 1 50 irtres,,hr )( 4,680 lItres@ 700 SJA!ltr 327,800Capacity 18 0 cubic meters Trans Oil ( 0 40 Itz:,hr ).( 1. 48 lrtres@ 600 SJAftr 74.880 
Hydrlc Oil 0 30 I;teslhr ).( 936 Kes@, 600 SJAilr 56.10Capital Cost of Equipment 3.000,000 $-JA 100000 SSJS/truck (Wheels per Equipment Unt) 
Tires ( 1100 repl hrs ).( 17 0 tires 6, 9100C Sj.A.ea 154.865Spare Parts 150,000 5.00% of Capital Cost Brake Lnng ( 600 repl his ) t 31 2 units () 15000 SJAiea 48.800Customs 	 1.41'.500 Brake Drum ( 1200 repl has )( '5 6 units @ 20000 SJA/ea 31.200Total Capital Investment 	 4.567.500 SJA Clutch Pt ( 1600 repl has ).( 2 0 units ( 150000 SJAJea 29.250 
Filters I 80 rep: his ).( 39 0 sets @ 2500 SJA/set 9.750Estimated Economic Life Prot. Gear 1000 repl hrs ).( 12 5 sets Cc 2000 0 SJAJea 24.960Based on Planned Use 	 5 Other ( 15% additional over above costs) 150.760

(seals, grease, battery, alternatoc, etc ) 
Number of Shifts per Day 1 00 shifts/day 

Total Cons umables/Year 1 .155.825 
HourTs of Operationi'Year 3.120 hours/year 

Special Costs Attributable to Storage andNumber of Trips per Shift 22 trips/shift 	 010 km one way 	 Containment at the Source 

Complete Loads per Shift 1 97 loads/shift 
Miscellaneous Costs 21 % of capital cost of equipment 630.000Typical Densty of Solid (taxes. insurance, registration. etc 

Waste in Loaded Vehicle 0 55 Tonnes/cubic meter 
Annual Cost of Equipment Unit 4.978.602Typical Productivity 	 19 5 tonnesiday If implemented during 1993 

SJA
 

Annualized Capital Cost. wshen purchased in 1993 	 Tonnes Handled per year 
4.567.500 @ intof 60 00% over life) 2,895.513 

Cost ofPefsonnel Shift 	 (19 5 tonnes/day 312 daysyr 90% available) 5.470 

1 00 Driver 	 62.400 SJA/year 62.400 Cost per Tonne 91020 SJA
3 00 Workers 37.440 SJAyeat 112.320 
0 00 Attndts 31.200 $JAiyear 00 50 Workshp Prso-an 58.150 SJA/year 28.080 Aver. Cost per Person ( 0 24 tonnFs/cap/yr) 215 94 SJA
0 20 Suprvsry Prsonnl 74.880 SJA/year 14.976
 
0 20 lnspctn Peronnl 0 SJAlyear 0


Administration 	 30% of above 65.333 EQUIPMENT COST 58.16%
Benefits 	 5% of above 14.155 	 PERSONNEL COST 5.97% 

CONSUMABLE COSTE 23.22%
Annual Personnel Costs/Shift 	 297.264 OTHER COSTS 12.65% 

Annual Personnel Costs 297.264 	 TOTAL COST 100.00% 

09-Jan-94 



Page 1 Table RL-18-T REAR LOADER Page 2 TableRL -18 -T REAR LOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

Consumabes 
Type of Equipment Rear Loader. Manually Loaded 	 Fuel 8 00 lrtreshr ).( 24.960 ldres@ 100 S.!A.'Itr 249.600 

Engine Oil ( 1 50 litreslhr )( 4.680 litres@ 700 SJAjtr 327.600
Capacity 18.0 cubic meters 	 Trans Oil .140 lites/hr ).( 1.248 litres@ 003 SJAltr 74.880 

Hydrlc Oil ( 030 litres/hr ).( 936 litrestRI 600 SJAltr 56.160
Capital Cos: of Equipment 3.000,000 SJA 100000 SUS/truck (Wheels per Equipment Une,) 6 

T-es 1100 r pl his ).( 17 0 tire! i" 91000 SJA/ea 154 865Spare Parts 150.000 500% of Capital Cost 	 Brake Lnng 600 repl hrs ),( 31 2 units @ 15000 SJA/ea 46800 
1.417.500 	 Brake Drum 1200 repl his ).( 15 6 units q 20000 SJAJea 31.200

Total Capital Investment 4.567.500 SJA 	 Clutch PIt 1600 repl hrs )( 2 0 units C, 15000 0 SJA/ea 2. 250 
Filers 80 repl hrs ).( 39 0 sets @ 2500 SJA/set 9.750 

Estimated Economic Life Prot Gear 1000 repl hrs ).( 12 5 sets @ 20030 SJAJea 24.980
Based on Planned Use 5 Other 15% additional over above costs) 150.760 

(seals. grease, battery, alternator, etc)
Number of Shifts per Day 1.00 shifts/day 

Total Consumables/Year 1.155.825
Hours of OperationYear 3.120 hours/year 

Special Costs Attributable to Storage and
Number of Trips per Shift 23 trips/shift 5 km one way Containment at the Source 	 0 

Complete Loads per Shift 2 05 loads/shift 
Miscellaneous Costs 21% of capital cost of equipment 630.000

Typical Density of Solid (taxes. insurance, registration, customs. etc 
Waste in Loaded Vehicle 0 55 Tonnes/cubic meter 

Annual Cost of Equipment Unit 4.978.602 
Typical Productivity 20 3 tonnes/day If implemented during 1993 

SJA
 

Annualized Capital Cost. when purchased in 1993 Tonnes Handled per year 
4,567.500 @ int of 6000% over life) 2.895.513 

20 3 tonnesiday 312 days/yr 90% available) 5.701 
Cost of Personnel/Shift 

1 00 Driver 	 62.400 SJAtyear 62.400 Cost per Tonne 873 35 SJA 
3 00 Workers 37.440 $JA'year 112.320 
0.00 Attndts 	 31.200 SJA/year 0 
0 50 Workshp Prsonnl 56.160 SJA/year 28.080 Aver. Cost per Person ( 0 24 tonnes/cap/yr) 207 20 SJA 
0 20 Suprvsty Prsonnl 74,880 SJA/year 14.976 
0 20 Inspctn Peronnl 0 $JAdyear 3 

Administration 	 30% of above 65.3L3 EOUIPMENT COST 58 16%
 
Benefits 5% of above 14.155 PERSONNEL COST 5.97%
 

CONSUMABLE COSTE 
 2322%
 
Annual Personnel Costs/Shift 297.264 OTHER COSTS 12.85%
 

Annual Personnel Costs 	 297.264 TOTAL COST 100O.O% 

10-Jan-94 



Page 1 	 Taible RL- 10 -DX REARLOADER Page 2 Table RL - 10-DX REARLOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons 	 SJA 
Co0n'umabhlos-

Type of Eqi!;.ne Rear Loader. Manually Loaded Fuel ( 7 00 litres/hr ).( 21 .E40 Irtres@ 100 SJAIttr 218.400 
Enr,ine Oil ( 1 50 Irtres/iv ).( 4.680 irt es@ 700 SJAIltr 327.600Capacity 10 0 cubic meters Trans Oil ( 0 40 liftesihr .( 1.2dS libes(-, 800 SJAPtr 74 .880 
HydrIc Oil 0 30 litres/hr .( 936 liires@a, 800 SJA.K 56.1 0Capital Cost of Equipment L,100,000 SJA 70000 $US/lruck (Wheels per Equipment Unit) 6 

,Ties ( 1100 repl hrs ).( I- 0 tires 70000 SJA,'ea 119,127Spare Parts 105,000 	 5.00% of Capital Cost Brake Lnng 1 600 repl hrs ).( 31 ? units C 15000 SJAJes 48.800Customs 	 Wi2.250 Brake Drum ( 1200 repl his ).( 15 6 unihs Ca 20000 SJA/ea 31.200Total Capital Investment 	 3,197,250 SJA CItitch PR ( 1600 repl hrs ).( 2 0 units @ 150000 SJA/ea 29250 
Filters ( 80 repl his )hi 39.0 sets C, 2500 ' JA/set 9.750Estimated Economic Life Prot Gear ( 1000 repl his ).( 1 - 5 sets Ca, 20000 SJAiea 24.960Based on Planned Use 	 5 Other ( 15% additional over above costs) 140.719 

(seals, grease, battery. aiternator, etc)
Number of Shifts per Day 1.00 shft/day 

Total Consumablest'Year 1.078.846Hours of OperationiYear 	 3,120 hours/year 

Special Costs Atbibut, ible to Storage andNumber of rrips per Shift 24 trips/shift 30 km one way Containment at the Source 	 0 

Complete Loads per Shift 2.16 loads/shift 
Miscellaneous Costs 21 1; of capital cost of equipment 441.000Typical Density of Solid (taxes. insurance. registration. etc)

Waste in Loaded Vehicle 0 50 Tonnes/cubic meter 
Annual Cost of Equipment Unit 3.843.970Typical Productrvity 10 8 tonnes/day 	 If implemented during 1993 

SJA 

Annualized Capital Cost. when purchased in 1993 	 Tonnes Handled per yea 
( 3.197.250 @ intof 8000% over life) 2.028.859 

10.3 tonnesiJay 312 days/yr 90% available) 3.033 
Cost of Personnel/ Shift 

1 00 Drrier 	 62.400 SJAiyea 62.400 Cost per Tonne 1.287.53 SJA
3 00 Workers 37.440 SJAdyear 112.320 
0 00 Attndts 31.200 SJA'year
0 50 Woikshp Prsonnl 56,160 SJAiyear 28.080 

0 
Aver. Cost per Person ( 0.24 tonnes/cap/yr) 300 72 SJA

0 2C Suprvsry Prsonnl 74.880 SJA.'year 14,978
0.2G nspctn Peronnl 0 SJA/year 0 

Adrr;-tration 	 30% of above 85.333 	 EQUIPMENT COST 52.73%
lwnefits 5% of above 14.155 	 PERSONNEL COST 7.73% 

CONSUMABLE COSTE 2807%
 
Annual Personnel Costs/Shrft 297,264 OTHER COSTS 11.47%
 

Annual Personnel Costs 	 297,264 TOTAL COST 100.00% 

10-Jan-94 

http:1.287.53
http:Eqi!;.ne


Page 1 	 Table RL- 10-DL REAR LOADER Page 2 Table RL- 10-DL REAR LOADER 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per US Dollar JAMAICA Cost Comparisons 	 SJA 

Consumable3 
Type of Equipment Rear Loader. Manually Loaded Fuel ( 7 00 litres/hr ).( 21.840 Irtres@a, 100 SJAltr 218.400 
Capacity 100 cubic meters Engine Oil ( 1 50 litresihr ),( 4.680 Irtres@ 700 SJA.,ltr 327.600Trans Oil ( 0 40 libesihr ).( 1.248 litres@' 600 SJA/itr 74 880 

Hydrk Oil (UCapilal Cost of Equipment 2.100.000 SJA 70000 SUS/truck 	 20 litresihr ).( 036 litres@ 600 SJAftr 56.160(Wheels per Equipment Unit) 6 
Tires 1100 repl his )(Spare Parts 105,000 	 500% of Capnil Cost 

17 0 tires Ca' 70000 SJA,'ea 119,127Brake Lnng 600 repl his )( 31 2 units ,F 15000 sJkeaCustoms 	 46.800992.250 Bra:,e Drum 1200 rpl hrs ).( 15 6 units 6@ 20000 S-JAjea 31Total Capral Investment 3.197.250 SJA 	 200
Clutch PIt 1600 repl his ).( 2 0 units (7 150000 SJAie:! 29.250 

Estimated Economic Life Filters 80 repl hrs ).( 39 0 sets @ 2500 SJNset 9.; t"0Prot. Gear 1000 repl his ).( 12 5 sets @ 20000 SJAJeaBased on Planned Use 5 	 24960
Other 151 additonal over above costs) 140.719 

(seals. grease. battery. ailternator. etc)Number of Shifts per Day 1 00 shifts/day 

Total Consumables/YearHlours of OperationYear 3.120 hours/year	 1.078.846 

Number of Trips per Shift 	 Special Costs ANfibutable to Storage and28 tripsjshift 20 km one way Containment at the Source 0 
Complete Loads per Shift 249 loads/shift 

Miscellaneous Costs 21% of capital cost of equipment 	 441.000Typical De~sity of Solid %taxes,insurance. registration. etcWaste in Loaded Vehicle 0 50 Tonnes/cubic meter 

Annual Cost of Equipment UnitTypical Productivity 12 5 tonnes/day 	 3.843.970 
If implemented during 1993 

SJA 

Annualized Capital Cost. when purchased in 1993 Tonnes Handled per year
3.197.750 ," intof 60.00% over life) 2,026.859 

12 5 tonnesiday 312 days/yr 90% available) 3.499Ccst of Personnelt Shift 

1 00 Driver 62.400 SJA/year 62.400 Cost per Tonne 1 098 53 SJA3 00 Workers 37.440 SJA'year 112.320 
0 00 Attndtr 31.200 SJA'year 00 50 Workshp Prsonnl 56.160 SJA/year 28.080 Aver. Cost per Person ( 0 24 tonnes/cap/y) 26063 SJA
0 20 Supvsry Prsonnl 74,880 SJAyear 14,976
0 20 Inspctn Peronnl 0 SJA/year 0Administration 30% of above 	 65.333 EOUIPMENT COST 52 .73%Benefits 5% of above 14.155 	 PERSONNEL COST 7.73% 

CONSUMABLE COSTE 2807%Annual Personnel Costs/Shift 	 297,264 OTHER COSTS 11.47%
 

Annual Personnel Costs 
 297.2C 	 TOTAL COST 100.00% 

10-Jan-94 



Page 1 	 Table RL- 10- DS REAR LOADER Page 2 Table RL - 10 DS 	 REAR LOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per UJSDollar JAMAICA Cost Compuisons 	 SJA 

Consumablesvpe of Equipment Rear Loader. Manually Loded Fuel ( 7 00 liftesihr ).( 21.8,0 litres a. 100 SJA'ltr 218.400 
Engine Oil ( 1 50 Iitras/hr ).( 4,680 liteos@ 7:. 0 SJA'ltr 327.600Capacity 10 0 cubic meters Tre,.s Oil ( 0 0 litresihr ).( 1.248 htres@, 800 SJA.ltr 74.880 
Hydric Oil ( 030 litreslt-r ).( 936 Iltres@, 600 SJA.tftr 56.180Capital Cost of Equipment 2.100.000 SJA 70000 $US/bruck (Wheels per Equipment Unit, 6 
Tires 1100 repl I'rs ).( 1, 0 tires C 70000 SJtvefa 119.127Spare Parts 105.000 500% of Capital Cost Brake Lnng 800 ,epl h, s ).( 31 2 units 6, 15000 SJAiea 46.800Customs 	 992.250 Brake Drum 1200J repi hr.- ).( 15 6 units . 20000 SJA~eet 31.200Total Capital Investment 	 3,197,250 SJA Clulch Pit 1600 repl hrs ).( 2 0 units @ 150000 SJA~ep 29,250 
Filters 80 repl hrs ).( 39 0 sets @ 2500 SJAJsct 9.750Estimated Economic Life Prot. Gear 1000 repl hrs ).( 12 5 sets C, 20000 SJA/ea 24.960Based on Planned Use 	 5 Other 15% additional over above costs) 140,719 

(seals. grease, battery, alternator. etc )1.00 shifts/dayNumber of Shifts per Day 
Total ConsumablesYear 1.078.848 

Hours of Operation/Year 3.120 hours/year 

Special Costs Attributable to Storage andNumber of Trips per Shift 	 31 trips/shift 10 km ore way Containment at the Source 0 

Complete Loads per Shift 2,78 loads/shift 
Miscellaneous Costs 21%; of capital cost of equipment 441.000Typical Density of Solid (taxes. insurance, registration, etc.)

Waste in Loaded Vehicle 0 50 Tonnes/cubic meter 
Annual Cost of Equipment Unit 3.843.970Typical Productrvity 13 9 tonnes/d j If implemented during 1993 

SJA 

Annualized Capital Cost. when purchased in 1993 	 Tonnes Handled per year
3.197.250 @ intof 60.00% over life) 2,026.859 

Cost of PersonneliShrft 13.9 tonnes/day 312 days/yr 90% available) 3.899 

1 00 Drriver 	 62.400 $JA/year 62,400 Cost per Tonne 985.86 SJA
300 Workers 37.440 SJA'year 112.320 
0 00 Attndts 31.200 SJA/yer 0 
0.50 Workshp Prsonnl 56.180 SJA.yenr 28.080 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 23389 SJA
0 20 Suprvsry Prsonnl 74.880 SJAJyear 14.978 
0 	20 Inspctn Peronnl 0 SJA/yea, 0
 

Administration 30% of above 65,333 
 EOUIPMENT COST 52.73% 
Benefits 5% of above 14.155 	 PERSONNEL COST 773% 

CONSUMABLE COSTE 2807%
Annual Personnel Costs/Shift 	 297.264 OTHER COSTS 11 .47% 

Annual Personnel Costs 	 297.264 TOTAL COST 10000% 

10-Jan-94 



Page 1 Table RL - ,0-T REAR LOADER 
JAMAICA Cost Comparisons

January 19g3 30 SJA per US Dollar 

Type of Equipment Rear Loner. Manually Loaded 

Capacity 10 0 cubic meters 

Capital Cost of Equipment 2,100.000 SJA 70000 SUS/truck 

Spare Parts 105.000 5.00% of Capital Cost 
Customs 992.250 
Total Capital Investment 3.197.250 SJA 

Estimate Economic Life 
Based on Planned Use 

fNumber of Shifts per Day 1.00 shifts/day 

3,120 hours/yearHours of OperationiYear 

Number of Trips per Shift 33 trips/shift 5 km one way 
Complete Loads per Shift 295 loads/shift 

Typ:cal Density of Solid 
0 50 Tonnes/cubic meter

Waste in Loaded Vehicle 

Typical Productivity 14 7 tonnes/day 

SJA 

Anr'ualized Capital Cost, when purchased in 1993 
3.197,250 @ intof 60 00% over life) 2,025.859 

Cost ofPersonnelShrf( 


1 00 Driver 62.400 SJA.year 62.400 
3 00 Workers 37.440 $JA/year 112.320 

0 00 Attndts 31.200 SJAyear 0 
0 50 Workshp Prsonnl 58.160 SJA'year 28.080 
0 20 Suprvsry Prsonnl 74.880 SJA,'year 14.976 
0 20 In,.pctn Peronnl 0 SJA/year 0 

Administration 30% -fabove 65.333 
Benefits 5% of above 14.155 

Annual Personnel Costs/Shirft 297.264 

Annual Personnel Costs 297.264 

10-Jan-94 

Page 2 Table RL -10 -T 

JAMAICA Cost Comparisons 

Consumables 
Fuel ( 7 00 litres/hr ).( 21.840 litresiZ, 100 
Engine Oil t 1 50 libesIhr ).( 4.680 Irfres(a, 700 
Trms Oil 0 40 lires/h- ).( 1.248 Irtres, b0 0 
Hydrk: Oil ( 0.30 .4 es/hr ).( 936 lrtresi, 600 
(Wheels per Equipment tlnn) 6 
TSes ( t111iepl hrs ).( 17 0 tires (G, 70000 
Brake Lnng ( 600 repl his ).( 31 2 units 6i 15000 
Brake Drum 1200 repl his ).( 15 8 units C 20000 
Clutch PIt 1600 iepl hrs ).( 2 0 units @' 150000 
Filters ( 80 repl his )( 39 0 sets Cw 2500 
Prot. Gear ( 1000 repl his ).( 12.5 sets @ 20000 
Other ( 15% additional over above costs) 

(seals, grease, battery, alternator. etc ) 

Total Consumables,,Year 

Special Costs Atbributable to Storage and
 
Containment at the Source 


Miscellaneous Costs 21 % of capital cost of equipment(taxes, insurance, rg.~;o,et) 

Annual Cost of Equipment Uni, 
If implemented during 1993 

Tor,hes Handled per year 

14.7 tonnes,'day 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 

EQUIPMENT COST 52.73% 
PERSONNEL COST 7.73% 
CONSUMABLE COSTE 2807% 
OTHER COSTS 11.47% 

TOTAL COST 100.00% 

REAR LOADER 

SJA 

SJA.lt 218.400 
SJA'Itr 327.600 
SJAltr 74.880 
SJANIr 56.160 

SJAv'ea 119.127 
SJA/ea 46.800
 
SJAea 31.200
 
SJAI.a 29.250
 

SJA/set 9.750
 
SJA, ea 24.960 

140.719 

.....
 

1.078.846] 

0 

441.000 

3 843.970 

available) 4.135 

g 'A 

22053 SJA 

(LI -; 



Pace 1 Table RP -9 - DX ROliO PAC'.EP 
JAMAICA Cos! ComparisonsJanuary 1993 30 SJA per L3 Dollar 

Type of Equipment Rear Lonoer. Manually Loaded 

Capacity 9 0 cubic meter-

Capital Cost of Equipment 1.950,000 SJA 65000 $JA 

Spare Parts 97.500 500% of Capital Cost of Equipment
Customs 921.375 
Total Capital Investment 2,968.875 SJA 

Estima rd Economic Life 
Based on Planned Use 5 years 

Number of Shifts per Day 100 shifts/day 

Hours of Operation¥ear 3,120 hours/year 

Number of Trips per Shift 2.2 trips/shift 30 km one way 

Complete Loads per Shift 2 00 loads/shift 

Typical D~ensity of Solid 
Waste in Loaded Vehicle 0 50 Tonnes/cuhic meter 

Typical Productivity 9 0 tonnes/day 

SJA 
Annualized Capital Cost, when purchased in 1993 

2,968.875 @ int.of 60 00% over life utilized) 1.882.083 

Cost of Personnel, Shift 

1 00 Driver 62,400 SJAdyear 62.400 
3 00 Workers 
0.00 Attndt 
0.20 Workshp Prsonnl 

37.440 
31.200 
56.160 

SJA/year 
SJA/year 
SJAyear 

112.320 
0 

11.232 
0. 10 Suprvsry Prsonnl 
0.10 Inspctn Peronnl 

Administration 

74.880 SJA/year 
0 SJA/year

30% of above 

7.488 
0 

58.032 
Benefits 5% of above 12.574 

Annual Personnel Costs/Shift 264.046 

Annual Personnel Costs 264.046 

10-Jan-94 

Page 2 	 Table IP --9- DX 

JAMAICA Cost Comparisons 

Consumables
 
Fuel 7 00 ltes/hr ).( 21.840 Irtres(a, 
 100 
Engine Oil ( 1 50 litresihr ).( 4.680 Irtres@, 700Trans Oil (0 40 liresir )( 1.248 litresLw 800
Hydrkc CI 1 0 30 lrbe ,m ).( 936 lifres@E 000 
(Wheels :3er Equipment Uni H 6 
Ties 1100 P'pl hr' )( 17 0 tires _ 70000 
Brake Lnng 600 repl his ).( 31 2 units @. 15000 
Brake Drum 1200 repl his ).( 15 6 units @ 20000 
Clutch Pt 1600 repl his ),( 2 0 units @ 150000 
Fitters 80 repl his )( 39 0 sets C, 2500
Prot Gear 1000 repl hrs ).( 12 5 sets @ 20000 
Other 15% additional over above costs) 

(seals.grease, battery, alternator,
etc )
 

Total Consumables 

Special Costs Attributable ;oStorage and
 
Containment at the Source 


Miscellaneous Costs 21% of capital cost of equipment
(taxes, insurance, registration, customs. etc 

Annual Cost of Equipment Unit 

Ifimplemented during 1993
 

Tonnes Handled per year 

9.0 tonnes!day 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0 24 tonnescap/yr) refuse 

EQUIPMENT COST 51 78% 
PERSONNEL COST 7.27% 
CONSUMABLE COST. 29.68% 
OTHER COSTS 11.27% 

TOTAL COST 100.00% 

ROTO PACKER 

SJok 

SJA.T- 218.400 
SJAltr 327.600 
SJA.ltr 74 880 
SJA,ttr 56.100 

SJA/ea 119.127 
SJA/ea 46.800 
SJA/ea 31.2W, 
SJAea 29.250 

SJA/set 9.750 
SJAjea 24.960 

140.719 

1.078.648 

0 

409.500 

3.634 475 

available) 2,527 

1.438 	14 SJA
 

341 20 SJA
 

106
 



Page 1 Tabie RP -9 - DL ROTO PACKER 
JAMAICA Cost Conparisons

January 1993 30 SJA per US Dollar 

Type of Equipment Rear Loader. Manually Loaded 

Capacity 9 0 cubic meters 

Capital Cost of Equipment 1,050.000 $JA 65000 SJA 

Spare Paji; 97,500 5,00% of Capital Cost of Equipment
Customs 921.375 
Total Cnprtal Investment 2,968.875 SJA 

Estimated Economic Life 
Based on Planned Use 5 years 

Number of Shifts per Day 1 00 shifts/day 

Hoirss ot Operation,'Year 3.120 hours/yew' 

Number of Trips per Shift 2 5 trips/shift 20 km one way 
Complete Loads per Shift 2 28 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0 50 Tonrrescubic meter 

Tyl:,cal Productivity 10.3 tonnes/day 

SJA 

Annualized Capital Cost. when purchasea in 1993 
2.968.875 @ int. of 60.00% over life utilized) 1.882.083CtofPronrhrt(10.3 

Cost of PersonneiShift 

1 00 Driver 62.400 SJA/year 62.400 
3 00 Workers 37,44C SJA/year 112.320 
0 00 Attndts 31.200 SJA/year 0

0 20 Workshp Prsonnl 55.160 SJAjyear 11,232 

0 10 Suprvsry Prsonn 74.880 SJAyear 7,488

0 10 lnspctn Peronn 0 SJA/year 0


Administration 30% of above 58.032 
Benefits 5% of above 12.574 

Annual Personnel Costs/Shift 264.046 

Annual Personnel Costs 284.046 

10-Jan-94 

Page 2 Table RP-9- DL 

JAMAICA Cost Comparisons 

Consumables 
Fuel ( 7 00 libes/hr )( 21.840 Irbres@ 100 
Engine Oil ( 1 50 Irbes/hr ).( 4.680 litres@ 70 0 
Trans Oil ( 040 libresihr ).( 1,248 litres@' 60 0 
Hvdrk Oil C 0.30 litres/hr )( 936 Ires@a, 600 
(Wheels per Equipment Unit) 6 
Tires 1100 repl his )( 17 0 tires @ 70000 
Brake Lnng 800 repl hrs )( 31 2 units @ 1500.0 
Brake Drum 1200 repl hrs )( 15.6 units @ 20000 
Clutch Pt 1600 rep hrs ).( 2.0 unit- i) 1500C 9 
Filters 80 repl his ).( 390 seL ' 25. 0 
Prot. Gear 10&. repl his ).( 12.5 sets @ 2000.0 
Other 15% additonal over above costs)

(seals. grease, battery, alternator etc) 

Total Consumables 
Special Costs Atbibutable to Storage and 

Containment at the Source 

Miscellaneous Costs 21% of capital cost of equipment 
(tases. insurance, regisbration, customs. etc.) 

Annual Cost of Equipment Unit 

If implemented during 1993 

Tonnes Handled per year 

tonnes/day 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) refuse 

EQUIPMENT COST 51.78% 
PERSONNEL COST 7.27% 
CONSUMABLE COSTE 29.88% 
OTHER COSTS 11.27% 

TOTAL COST 100.00% 

ROTO PACKER 

S *A 

SJA'ttr 218.400 
SJA'tr 327.800 
SJA'ftr 74.880 
SJA1tr 58,160 

SJA/ea 119,127
 
SJA/ea 48.800
 
SJA/ea 31.200
 
SJA/ea 29.250
 

SJAiset 9.750
 
SJANea 24.960
 

140.719 

1.0701.848 

0 

409.500 

3.634.475 

available) 2.883 

1.260.59 SJA 

299.08 SJA 

http:1.260.59


Page 1 	 Table RP-9-DS ROTO PACKER Page 2 Table RP-9-DS ROTO PACKER 
JAMAICA Cost Comparisons

January 'Q03 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

Consumables 
Type of Equipment Rear Loader. Manually Loaded Fuel ( 700 litres/hr ).( 21.840 litres@ 100 SJA.lr 218.400 

Engine Oil ( 1.50 libeshr ).( 4.680 litres@ 700 SJA.1tr 327.800Capacity 9 0 cubic meters Trans Oil ( 0 40 liic-silhr ).( 1.248 libes@ 800 SJA0tr 74.880 
Hydrc Oil 0.30 i ,es/hr )( 936 Irtres@ 60 0 SJA'ltr 50.180Capital Cost of Equipment 1.950.000 SJA 65000 SJA (Wherls per Equipment Ont 6 
Tees 1100 repl his ).( 17 Otires Ca 70000 SJA/ea 119.127

Spn;e Parts 97,500 5 00% o Capital Cost of Equipment Brake Lnng 600 repl his ).( 31 2 units @ 15000 SJA/ea 48,800
Customs 921.375 Brake Drum 1200 repl hrs ).( 15 6 urits @ 20000 SJA/ea 31.200
Total Capital investment 	 2.988.875 SJA Clutch Pft 1600 repl hrs ).( 2 0 units @ 15000 0 SJ/'ea 29.250 

Filters 80 repl his ).( 39.0 sets Ca. 2500 SJA/set 9,750Estimated Economic Life Prot. Gear 1000 repl his )( 12.5 sets @ 20000 SJA/ea 24.980
Based on Planned Use 5 years Other 15% additional over above costs) 140.719 

(seals, grease, battery, alternator, etc)
Number of Shifts per Day 1 00 shifts/day ........... 

Total Consumablas 1.078.848
Hours of Operation/Year 	 3,120 hours/year 

Special Costs Attributable to Storage and
Number of Trips per Shift 2.8 trips!shift 10 km one way Containment at the Source 0 

Complete Loads per Shift 2 52 loads/shift 
Miscellaneous Costs 21% of capital cost of equipment 409.500

Typcal Density of Solid (taxes,insurance, registration, customs, etc.) 
Waste in Loaded Vehicle 0.50 Tonnes cubic mele 

Annual Cost of Equipment Unit 3.634.475Typcal Productivity 11 3 tonnes/day If implemented during 1993 

SJA 

Annualized Capital Cost, when purchased in 	 1993 Tonnes Handled per year 
( 2.968.875 @ intof 60.00% over life utilized) 	 1.882.083 

11.3 tonnes/day 312 days/yr 90% available) 3.182 
Cost of Personnel 

1.00 Driver 62.400 SJA/year 62.400 Cost per Tonne 1.14223 SJA
 
3 00 Workers 37.440 SJA/year 112.320
 
0 00 Attndts 31.200 $JIyear 0
 
020 Workshp Prsonnl 56,160 SJA/year 11.232 Aver. Cost per Person ( 0 24 tonnes/cap/yr) refuse 270.99 SJA
 
0 10 Suprvsry Prsonnl 74.880 SJA/yea 7,488
 
0 10 Inspctn Peronnl 0 SJA/year 0
 

Administration 30% of above 
 58.032 	 EQUIPMENT COST 51.78%
Benefits 	 5% of above 12.574 PERSONNEL COST 7,27%
 

CONSUMABLE 
COSTE 29.68%
 
Annual Personnel Costs/Shift 264,046 OTHER COSTS 11 .27%
 

Annual Personnel Costs 	 264.046 TOTAL COST 10000% 

10-Jan-94 

/01 



Page 1 Table RP-9-T ROTO PACKER 
JAMAICA Cost Comparisons 

January 1993 30 $JA per US Dollar 

Type of Equipment Rear Loader. Manually Loaded 

Capacity 9.0 cubic meters 

Capital Cost of Equipment 1.950.000 SJA 655)O SJA 

Spare Parts 97.500 5.00% of Capital Cost of Equipment 
Customs 921.375 
Total Capital Investment 2.968.875 SJA 

Estimated Economic Life 
Based on Planned Use 5 years 

Number of Shifts per Day 1.00 sh~fls/day 

Hours of Operation/Year 3.120 nours/year 

Number of Trips per Shift 30 trips/shift 5 km one way 

Complete Loads per Shift 2 66 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0 50 Tonnes/cubic meter 

Typiccl Productivity 12 0 tonnes/day 

SJA 

Annualized Capital Cost, when purchased in 1993 
1 2.968.875 @ int. of 6000% over life utilized) 1.882.083 

Co~st of Pers.onnelShft 

' 00 -. rver 62.400 SJA/year 62.400 
3.00 Workers 37,440 $JA/year 112,320
 
0 00 Attndts 31.200 $JA'year 0
 
0 20 Workshp Prsonnl 56.160 SJA/year 11.232 

0.10 Suprvsry Prsonnl 74,880 SJA/yea 7.488 
0.1P Inspctn Peronnl 0 $JAdyear 0
 

Administration 30% of above 58.032 

Benefits 5% of above 12.574 


Annual Personnel Costs/Shft 264.046 

Annual Personnel Costs 264,046 

10-Jan-94 

Page 2 Table RP- 9-T ROTO PACKER 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 700 likes/hr ).( 21.8,40 lrsesC, 100 SJA,'ltr 218.400 
Engine Oil ( 1 50 libfrs/hr ).( 4.620 1,teskZ 700 SJA.ltr 327.600,
Trans Oil ( 0.40 Ifresihr ).( 1 243 1,-j s0 600 SJAItr 74 880 
Hydrlc Oil ( 0 30 ibesi'hr ).( 936 Irlres@ 80.0 SJA.'tr 56.160 
(Wheels per Equipment Unit) 5 
T-es 1100 repl hrs )M( 17 0 tires CL) 70000 SJA/ea 119.127 
Brake Lnng 600 repl hrs ).( 31 2 units Cj 15000 SJA/ea 48Z00 
Brake D"um 1200 repl hrs ).( 15 6 units !iR 20000 SJAiea 31.200 
Clutch Pit 1600 repl hrs )( 2 0 units C, 150000 SJAjea 29,250 
Filters 80 repl hrs )( 390 sets (Ca 2500 SJA/set 9750 
Prot. Gear 1000 repl hrs )( 12.5 sets @ 20000 SJNea 24 960 
Other 15% additional over above costs) 140.719 

(seals. grease, battery, alternator, etc) 

Total Consumables 1,078.846 

Special Costs Attributable to Storage and 
Containment at the Source 0 

Miscellaneous Costs 21 1, of capital cost of equipment 409.500 
(taxes. insurance. registration, customs. etc.) 

Annual Cost of Equipment Unit 3.634.475 
If implemented during 1993 

Tonnes Handled per year 

( 12.0 tonnes!day 312 days/yr 90% available) 3.356 

Cost per Tonne 1.083 05 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) refuse 25695 SJA 

EQUIPMENT COST 51.78% 
PERSONNEL COST 727% 
CONSUMABLE COSTE 29.68% 
OTHER COSTS 11 .27% 

TOTAL COST 100.00% 



Page 1 Table AR - 15 - DX ARM ROLL 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type of Equipment 	 Arm Roll Truck 
Loading Set of Litiorle Containers 

Capacity 15 0 cubic meters 

Capital Cost of Equipment 2.825.217 $JA 60000 SUSitruck 
3000 SUS/container

Spare Parts 141.261 500% of Capital Cost 

Customs 1,334.915 

Total Capital Investment 4.301.393 SJA 


Estimated Economic Life 

Based on Planned Use 5 years (replace containers mid-way) 


Number of Shifts per Day 	 1.00 shifts/day 


Hours of Operation/Year 	 3.120 hours/year
 

Number of Tnips per Shift 4.7 trips/sh 30 km one way 

Complete Loads per Shil 4 23 loads/shift 

Typcal Density of Solid 
W-aste in Loaded Vehicle 0 25 Tonnes/cubic meter 

Typcal Productivity 15 8 tonnes/day 

SJA 

Annualized Capital Cost. when purchased in 	 1993 
4.301.393 @ int of 60.00% over life) 2,726,818 

Cost of Per1onnellShrft 

1 00 Dirver 62.400 SJA/year 62.400 
1 00 Workers 
2 35 Attndts 
0 20 Workshp Prsonnl 

37.440 
31.200 
56,160 

SJAdyear 
SJAiyear 
SJA'year 

37.440 
73.252 
11.232 

0 10 Suprvsry Prsonn 
0.10 lnspctn Peronnl 

Administration 

74.880 SJAjyear 
0 SJA/year 

30 00% of above 

7.488 
0 

57,544 
Benefits 500% of above 12.468 

Annual Personnel Costs/Shift 281,824 

Annual Personnel Costs 261.824 

10-Jan-94 

Poge 2 Table AR - 15 -DX 

JAMAICA Cost Comperisons 

Consumables -- -
Fuel ( 10 0 litres/hr ).( 31.200 litres@ 10 0 
Engine Oil 
Trans Oil 

( 1 50 litres/1hr
0.03 litres/hr 

).(
)( 

4.680 litres@ 
94 litres@ 

700 
600 

Hydrlc Oil 1 004 litres/hr ).( 125 litresCa 600 
(Wheels per Equipment Unit) 6 
Tires 11 0 repl hrs ).( 17.0 tires . 70000
Brake Lnng 600 repl hrs ).( 31.2 units @ 1500 0 
Brake Drum 1200 repl hrs ).( 15 6 units g 20000 
Clutch Pit 1600 repl his .( 2 0 units 150000 
Filters 80 repl hrs ). 39 0 sets @ 2500 
Prot. Gear 1000 repl his )( 62 sets @ 2000 0 
Other 15% additional over above costs) 

(seals. greae. battery, alternator, etc.) 
Total Consumables/Year 

Special Costs Attributable to Storage and 
Containment at the Source 

Miscellaneous Costs 21% of capital cost of equipment 
(taxes. insur'-nce. registration. etc.) 

Annual Cost of Equipment Unit 
If implemented during 1993 

Tonnes Handled per year 

15.8 tonnes/day 	 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 

EQUIPMENT COST 59.04% 
PERSONNEL COST 5.67% 
CONSUMABLE COSTE 22.44% 
OTHER COSTS 12.85% 

TOTAL COST 100.00% 

ARM ROLL 

SJA 

SJAiqtr 312.000 
SJA'ltr 327.600 
SJA,'ltr 5.018 
SJA,,Itr 7.488 

SJA/ea 119,127
SJA/ea 48.800
 
SJAjea 31.200
 
SJA/ea 29.250
 

SJA/set 9.750
 
SJA/ea 12.480
 

135.197 

1.036.508 

0 

593.796 

4.618.445 

available) 4.450 

1.037.84 SJA 

246.23 SJA 

http:1.037.84


Page 1 Table AR - 15 -OL ARM ROLL 
JAMAICA Cost Comparisons

Januar, 1993 30 SJA per US Dollar 

Type of Equipment Arm Roll Truck 
Loading Set of Liftable Containers 


Capacity 15 0 cubic meters 


Capital Cost of Equipment 3.123,529 SJA 60000 $US/truck 
3000 SUS/container

Spare Parts 158.178 500% o Capital Cost 

Customs 1.475.888 

Total Capital Investment 4.755.574 SJA 


Estimsted Economic Life 

Based on Planned Use 5 years {eeplace containers mid-way) 


Nun ber of Shits per Day 1.00 shitsiday
 

HOLL . of Opeation/Year 3.120 hours/year 

Number of Trips per Shift 6 4 trips/shift 20 km one way 

Complete Loads per Shift 5.72 loads/shift 

Typical Density of Solid 
Was,te in Loaded Vehicle 0 25 Tonnes/cubic meter 

Typical Productivity 21 4 tonnes/day 

SJA 

Annualized Capital Cost, when purchased in 1993 
4.755,574 @ int of 60 00% over life) 3.014,740 

Cost of PersonnelShrft 

1 00 Driver 62.400 SJA 'ear 62,400 
1 00 Workers 37,440 $JA/ybir 37.440 
3 18 Attndts 31.200 SJAVyear 99.106
0 20 Workshp Prsonnl 56 150 $JA/year 11.232 
0 10 Suprvsry Prsonni 74 880 SJAyear 7.488 
0 10 Inspctn Peronni 0 SJAJyear 0 

Administration 30,00% of above 85,300 
Benefits 5 00% of above 14,148 

Annual Personnel Costs/Shift 297.114 

Annual Personnel Costs 297,114 

10-Jan-94 

Page 2 Table AR - 15 - DL ARM ROLL 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 100 litresihr ).( 31.200 hrtres@' 100 SJA'ltr 312.000 
Engine Oil ( 1 50 lities/hr ).( 4.680 litres@ 70,0 SJA'ltr 327.600 
Trans Oil (0 03 litres/hr ).( 94 litresia, 800 SJA.It! 5.616 
Hydric Oil ( 0.04 lities/hr ).( 125 libres@ 60.0 SJAltr 7.488 
(Wheels per Equipment Unit) 6 
Tires 11O0 repl his ).( 7 0 tires C, 7000C, SJAIea 119.127
Brake Lnr g 600 repl his ).( 31 2 units (i 15000 SJA/ea 46.800 
Brake Drum 1200 repl hrs ).( - 6 unis @ 20000 SJAlea 31.200 
Clutch PIt 1600 repl his ).( 2 0 units 150000 SJA/ea 29.250 
Filters 80 repl his ).( 39 0 sets @ 2500 SJA/set 9.750
Prot Gear 1000 repl his )( 6.2 sets (d, 2000.0 SJAJea 12480 
Other 15% additional over above costs) 135.107 

(seals, grease, battery, alternator. etc) 

Total Consumablest'Yea 1.038.508 

Special Costs Attributable to Storage and
 
Containment at the Source 
 0 

Miscellaneous Costs 21% of capital cost of equipment 655.941 
(taxes. insurance, registration, etc.) 

Annual Cost of Equipment Unit 5.004.303 
If implemented during 1993 

Tonnes Handled per year 

(21 4 tonnes/day 312 days/yr 90% available) 6.021 

Cost per Tonne 831 19SJA 

Aver Cost per Person ( 0.24 tonnes/cap/yr) 197 20 SJA 

EQUIPMENT COST 60.24% 
PERSONNEL COST 5V4% 
CONSUMABLE COSTE 20.71% 
OTHER COSTS 13,11% 

TOTAL COST 10000% 



Page 1 Table AR- 15-DS 
 AIIM ROLL Page 2 	 Table AR 15-DS ARM ROLL
JAMAICA Cost ComparisonsJanuary 1993 30 $JA per US Dollar JAMAICA Cost Comparisons 	 SJA 

Type of Equipment Arm Roll Truck Fuel es 100 itiesihr H 312X4 ltresea, 100 SJAltr 312.000Loading Set of Liftable Containers 
Capacity 15 0 cubic meters 	 Engine Oil 1 50 lites/hr ).( 4.680 hlrcs@ 70 0 SJA 1tr 327.500Trans Oil (0 03 fibes/hr ).( 94 I:.res@ 600 SJA rr 5,818

Hydrlc Oil (0 04 litres/hr .( 125 lltres@'Capital Cost ofEquipment 3.475.385 SJA 	 600 S..lk itr 7,48860000 SStruck (Wheels per Equipment Unit) 6 
3000 $!US/container Tires 11O0 repl his ),(Spare Parts 173.769 5 00'- of Capital Cost 	 17 0 tires C., 70000 SJAJea 119.127Brake Lnng.ustms 1.842.119 	

600 repl his ).( 31 2 units @ 15000 SJAJea 46.800
Brake DrumTotalCapital Investment 5.291.273 SJA 	

1200 repl his ).( 15 6 units @ 20000 SJA~ea 31.200
Clutch Pit 1600 rep his )( 2 0 units 150000 SJA/ea 29.250 
Fitters 80 repl his ).(Estimated Economic Life 	 39 0 sets @ 2500 SJAt/set 9.750Prot Gear 1000 rep his ).(Based on Planned Use 	 6 2 sets @ 20000 SJA/ea 12.4805 years (replace containers mid-way) Other 15% additional over above costs) 135,197 

Number of Shifts per Day 100 shifts/day 	 (seals.grease,battery, alernator. etc ) 

Hours of OperationiYear 3.120 hours/year 	 Total ConsumablesfYear 1.036.508 

Number of Trips per Shift 8 3 trips,shift 10 km one way 	 Special Costs Attributable to Storage and
Containment at the Source 0 

Complete Loads per Shift 7 48 loads/shift 
Miscellaneous CostsTypical Density of Solid 	 21%; of capital cost of equipment 729.831(taxes, insurance. registration. etcWaste in Loaded Vehicle 0 25 Tonnesicubic meter 
Annual Cost of Equipment UnitTypical Productrvity 28 0 tonres'day 	 5.459.417If implemented during 1993 

SJA 
Annualized Capital Cost. when purchased in 1993 Tonnes Handled per year

5.291.273 @ intof 6000% over life) 3.354.340 

Cost ofPetonnelShrft 	 (28 0 tonnes/day 312 days/yr 90% available) 7.873 

1 00 Driver 62.400 SJA/year 62.400 Cost per Tonne 693 42 SJA1 00 Workers 	 37,440 SJAJyea 37.440
4 15 Atlndts 	 31.200 SJA.yea 129.600
0 20 Workshp Prsonnl 58.160 SJAIyear 11.232 
 Aver. Cost per Person ( 0 24 tonnes!cap/yr) 	 164 51 SJA0 10 Suprvsry Prsonnl 74.880 SJA,/year 7,488

P) 10 Inspctn Peronnl 
 0 SJA'year 	 0Adrnon;,,','trnton 	 3000% ofabove 74.448 	 EOUIPMENT COST 81,44%Benefits 5 00% ofabove 16,130 	 PERSONNEL COST 6.20% 

CONSUMABLE COSTE 18.99%
Annual Personnel Costs/Shft 	 338.738 OTHER COSTS 1337%
 
Annual Personnel Costs 
 338,738 	 TOTAL COST 100 00% 

10-Jan-94 



Page I Table AR - 15-T ARM ROLL 

January 1992 
JA,AICA Cost Comparisons

30 $JA per US Dollar 

Typ,- of Equipment Arm Roll Truck 
Loading Set of Liftable Cor tinefs 

Capacity 15 0 cubic meters 

Capital Cost of Equipment 

Spare Parts 
Customs 

Total Capital Investment 


Estimated Economic Life 
Based on Planned Use 

Number of Shifts per Day 

HoLS s f Operation/Year 

Nurber of Trips per Shift 

Complete Loads per Shift 

Typical Density of Solid 
WVaste in Loaded Vehicle 

T~ ,-Ica Ptoductrvity 

Anrualized Capital Cost, when purchased in 
5 705.223 @ int of 

Cost of PefsonnelShn 

1 00 Driver 

1 00 Workers 

4 91 Attndts 

020 Workshp Prsonnl 

0 10 Suprvsry Prsonnl 

0 10 lnspctn Peronnl 


Administration 

Benefits 


Annual Personnel Costs;Shrft 

Annual Personnel Costs 

10-Jan-94 

3.747.273 	SJA 60000 SUS/fruck 
3000 SUS/container

187.364 5 00% of Capital Cost 
1.770,580 
5.705.223 SJA 

5 years (replace containers mid-way) 

1 00 shifts/day 

3 120 hours/year 

9 8 trips/shift 5 km one way 

8 84 loads/shift 

0 25 Tonnes/cubic meter 

33 1 tonnes/day 

1993 
60 00% over life) 

62.400 SJAtyear 
37.440 SJA'year 
31 200 SJA'yea
56.160 SJA'yeat 
74,880 SJA,'yeat 

0 SJAJyea 
30 00% of above 

5 00% of above 

SJA 

3.616.759 

62.400 
37.440 

153.164 
11.232 
7.488 

0 
81,517 
17.,62 

370.903 

370.903 

Page 2 Table AR -15 -T ARM ROLL 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel C 10 0 liteshr ).( 31.200 lItes@., 
Engine Oil ( 1 50 Itres/lr ).( 4.680 lrres@. 
Trans Oil (0 03 Irtres/hr ) ( 94 lites, 
Hydrlc O ( 0 04 libes/h I ( 125 litres@', 
(Wheels pe. quipment Unit) 6 
Tres 
Brake Lnng 

1100 repl hrs 
600 repl hrs 

. 
).( 

17 0 tires i 
31 2 units 6i, 

Brake Drum 
Clutch PR1 

1200 repl hrs 
1600 repl hrs 

).( 
).( 

15 6 units (1 
2 0 units 

Filters 
Prot Gear 
Other 

(seals. 

80 repl hrs ).( 39 0 sets C,
1000 repl his ).( 6 2 sets @ 
15% additional over above costs) 

grense. battery, alternator. etc ) 

Total ConsumablesYear 

Special Costs Attributable to Storage and 
Containment at the Source 

100 
70 0 
800 
800 

7000 0 
15000 
2000 0 

150000 

2500 
20000 

SJA1tr 312000 
SJA.ltr 327.600 
SJA,'tr 5616 
SJAItt 7.488 

SJA,'ea 119.127 
SJA~ea 45,800 
SJAiea 31.200 
SJAiea 29.250 

SJAjset 9 750 
SJAJea 12.480 

135.197 

1.036 508 

0 

Miscellaneous Costs 21% of capital cost of equipment 788.927 
(taxes. insurance, registration, etc1 

Annual Cost of Equipment Unit 5.811,097
If implemented during 1993 

Tonnes Handled per year 

(33 I tonnes/day 312 days/yr 90% available) 9305 

Cost per Tonne 624 53 SJA 

Aver. Cost per Person ( 0.24 tonnes/capyr) 	 148 17 SJA 

EQUIPMENT COST 8224% 
PERSONNEL COST 638% 
CONSUMABLE COSTt 1784% 
OTHER COSTS 13.54% 

TOTAL COST 10000% 

/07?
 



Page I 	 Table AR -8 - DX ARM ROLL Page 2 	 Table AR - 8-OX ARM hOL!. 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per LSJA JAMAICA Cost Comparisons 	 SJA 

Typeof Tr quimenckConsumables	 ArmRol 
Type of Equipment Arm Roll Tn ck Fuel ( 9 0 litres/hr ).( 28.080 frbes@ 100 SJA.1l, 280.800Loading Roll On/Roli Off Containers Engine Oil ( 1 50 libes1hr ).( 4.080 lrfes(i, 700 $ 44.,., 327,600Capacity 8 0 cubic meters Trans Oil ( 003 litzes/hr ).( 94 litres(a 600 $-;,Altr 5.fl 10 

HydrIc Oil 1 0 04 litres/hr )( 125 litres@a, 800 SJA'lr 7 4.8Capital Cost of Equipment 2.054.348 SJA 40000 SUS/truck (Wheels per Equipment Unt) 6 
2500 SUS/container TiesSpare Parts 	 1100 repl hrs ).( 17 0 tir i, 70000 SJA,,'ea 119.127102.717 500% of Capital Cost Brake Lnng 600 repl hrs )( 31 2 units 1C00 0 S.,A..ea 486800Customs 970.679 Brake Drum 120G repl hrs ).( 15 6 units (E 2000 0 SJeaTotal Capital Investment 3.127.745 SJA 	 31.200

Clutch Pt 1600 repl hrs ) ( 2 0 uni& 1 '000 0 SJAiea 29.250 
Fitters 80 repl hrs ),(Estimated Econonic Life 	 39 0 sets C, 2500 SJA/set 9.750Prot Gear 1000 repl hrs ).( 6 2 sets @ 2000 0 SJAJea 12.480Based on Planned Use 5 years (replace containers mid-way) Other 15' ad 'itional over above costs) 130.517 

(srals. grease. balery, alternator, etc)Number of Shifts per Day 1.00 shifts/day 
To.al Consumables;'Year 1.000.628Hours of OperationiYear 	 3,120 hours/year 

Special Costs Attributable to Storage andNumber of Trips per Shift 	 4 7 brips/shirft 30 km one way Containment at the Source 0 
Complete Loads per Shift 4 23 loads/shift 

Miscellaneous Costs 21% of capita cost of equipmentTypical Density of Solid 	 431,413
(taxes. insurance, registration, customs, etc)

Waste in Loaded Vehicle 0 25 Tonnesicubic meter 
Annual Cost of Equipment UnitTypical Productivity 8 5 lonnesiday 	 3.676,661
If implemented during 1993 

SJA 

Annualized Cs jital Cost. when purchased in 1993 	 Tonnes Handled per year
3.127.745 @ int of 6000% over life) 1.982.797 

8 5 tonnes/day 312 days/yr 90% available) 2.373Ccst of Personnel, Shift 

1 00 Driver 	 62.400 SJA/year 62,400 Cost per Tonne 1.549 13 SJA1 00 Workers 37.440 SJA/year 37.440 
2 35 Attndts 31,200 SJA'year 73.2520 20 Workshp Prsonnl 56.160 SJA.year 11.232 Aver. Cost per Person ( 024 tonnes/cap/yr) 	 367 53 SJA0 10 Suprvsry Prsonnl 74.880 SJA.iyear 7.488 
0 10 Inspctn Peronnl 	 0 SJAdyear 0

Administration 	 30 00% of above 57.544 	 EQUIPMENT COST 53.93%
Benefits 	 5 00% of above 12.488 	 PERSONNEL COST 7 12% 

CONSUMABLE COSTE 2722% 
Annual Personnel Costs/Shift 	 261.824 OTHER COSTS 11.73% 

Annual Personnel Costs 	 281.824 TOTAL COST 100.00% 

10--Jan-94 



Pace 1 Table AR - 8- DL ARM ROLL Page 2 Table AR - e- DL 	 ARM ROLL 
JAMAICA Cost Comparisons

January !993 30 SJA per US Dollar 	 JAMAICA Cost Comparisons 	 sJ 

ConsumablesType of Equipment Arm Roll Truck Fuel ( ,.; litesihr )( 28.L80 litres@ 100 SJA'ftr 280.800 
Loading Roll On/Roll Off Containers Engine Oil ( 1 50 libes/lr ).( 4.680 Itres@ 700 SJNt 327,600Capacity 8 0 cubic meters Trans Oil ( 003 litres/hr ),( 94 litresl.i 600 SJAItr 5.816 

Hydrlc Ol I 0.04 litres/hr ),( 125 litrt., 600 S.It/I 7,488Capital Cost of Equipment 2.302.941 SJA 40000 SUSitruck (Wheels per Equipment Unit) 6 
2500SU3/container Ties 1100 repl hrs )( 7 0 tires @ 700- 'j SJAJea 119,127Spale Fats 115,147 5 00% of Capital Cost Brake Lnng 600 repl hrs ) ( 31 2 units (Li 150C . SJA/ea 46.800

Customs 1.088,140 Brake Drum 1200 repl hrs ).( 15 6 units @ 200 u SJA/ea 31.200
Total Capital Investment 3,506,228 SJA Clutch PR 1800 rm'p:hirs ),( 2 0 units 15000 0 SJA/ea 29.250 

Filters 80 rep! is ).( 39.0 sets @ 2500 SJA/set 9,750Estimated Economic Life 	 1
Prot. Gear 1000 re. l his )( 6 2 sets @ 20000 SJAiea 12.480Based on Planned Use 5 years (replace containers mid-way) Other 15% additcnal over above costs) 130,517 

(seals. grease, battery, alternator. etc)
Number of Shifts par Day 1.00 Lhlfts/day .........
 

Total Consumables/Year 1.000.828
Hour, of Operation/Year 3.120 hours/year 

Special Costs Attributable to Storage and
Number of Trips per Shift 6.4 trips/shft 20 km one way Containment at the Source 0 

Complete Loads per Shift 5 72 loads/shift 
Miscellaneous Costs 21 %; of capital cost of equipment 483,618

Typical Density of Solid (taxes. insurance, registration, etc) 
Waste in Loaded Vehicle 0 25 Toniies/ctibic meter 

Annual Cost of Equipment Unit 4.004.091
Typical Productivity 11 4 lonnes'day 	 If implemented during 1993 

SJA 

Annualized Capital Cost, when purchased in 1993 	 Tonnes Handled per year 
3.506.228 @ int of 60 00% over life) 2,222.732 

o 11 4 tonnes/day 312 days/yr 90% available) 3.211
Cost of Personnel Shift 

1 00 Driver 	 62.400 SJAlyear 62.400 Cost per Tonne 1.246.98 SJA 
1 00 Workers 37.440 SJAyew 37.440
 
3 18 Atlndts 31.200 SJA'year 99.106
 
0 20 Workshp Prsonnl 56.160 SJA/year 
 11.232 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 295 85 SJA 
0 10 Suprvsry Prsonnl 74.880 SJA'year 7.488 
0 10 	Inspctn Peronnl 0 $JA/year 0
 

Administration 30 00% of above 
 65,300 EQUIPMENI COST 55.51%
 
Benefits 5 00% 
 of above 14.148 	 PERSONNEL COST 7.42% 

CONSUMABLE COSTE 24 99%
 
-Annual Personnel Costs/Shft 297.114 
 OTHER COSTS 12.08% 

Annual Personnel Costs 	 297.114 TOTAL COST 10000% 

10-Jan-94 

http:1.246.98


Page 1 Table AR - 8 - DS ARM ROLL 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per UIS Dollar 

Type of Equipment 	 Arm Roll Truck 
Loading Roll On/Roll Off Containers 

Capacity 8 0 cubic meters 

Capital Cost of Equipment 

Spare Parts 
Customs 
Total Capital Investment 

Based on Planned Use 

Number of Shifts per Day 
H our s of O pe r ation / fear 

Number of Trips per Shift 

Complete Loads per Shift
Typlet of Si 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost, when purchased in
{ 3.952.644 @ int of

3.952,t4 @DPronSof 

Cost of PersonneliShft 

1 00 Drrver 
1 00 Workers 
4 15 Attndts 
0.20 Workshp Prsonnl 

0 10 Suprvsry Prsonn 

0 10 Inspctn Peronnl 


Administration 
Benefits 

Annual Personnel Costs!Shift 

Annual Personnel Costs 

10-Jan-94 

2,596.154 SJA 40000 $US/truck 
2500 SUS/container

129.808 5 00% of Capital Cost 
1,226.883 
3.952.644 SJA 

5 years (replace containers mid-way) 

1 00 shifts/day 
3.120 hour s/ye a r 

8 3 trips/shrft 10 km one way 

7.48 loads/shift 

0 25 Tonnes/cubic meter 

15 0 tonnes/day 

1993 
60 00% over life)
60o lf15 

62.400 SJA/year 
37,440 SJA'year 
31.200 SJA/year
56,160 SJA'year 
74.880 	 $JA,'year 

0 SJAiyear 
3000% 	of above 

5 00% of above 

SJA 

2.505,732 

62 400 
37.4,.1 

129.600 
11,232 
7.488 

0 
74.448 
16,130 

338.738 

338.738 

Page 2 	 Table AR- 8- DS ARM ROLL 

JAMAICA 

Consumables
 
Fuel ( 9.0 Irtres/hr ).( 

Engine Oil 1.50 libes/hr ).( 

Trans Oil (0 03 libesihr ).( 
HydrI: Oil ( 0.04 litres/hr ).(
(Wheels per Equipment Unit) 
Ties 1100 repl hrs ),(
Brake Lnng ( 00 repl hrs )H(
Brake Drum 1200 repl hrs ).(
Clutch Pit 1600 repl hrs ).( 
Fitters 80 hrsProt 	 Geer 1000 replrepl -rs .(,( 

28.080 lItres@, 
4.680 	litres@, 

94 lftes ., 
125 litres@a, 

6 
17 0 tires C. 
31 2 units 6,; 
15.5 units 0 
2 0 units 

39 0 sets @6 2 sets Ca, 
Other 15% additional over above costs) 

(seals, grease. battery, alternator. etc )reas Total,, bater, alernaor0.6c8 

T t l C n u a l s ' e tt 
Special Costs Attributable to Storage and 

Containment at the Source 

Cost Comparisons 	 SJA 

100 
70 0 
600 
600 

70000 
15000 
20000 

150000 

2500
2000.0 

SJA..'/tt 280.800 
SJA.'tr 327.600 
SJAjhr 5618 
SJAttr 7.488 

SJAiea 119.127 
SJAiea 46.800 
SJAPea 31200 
SJAJea 29.250 

SJA/set 9.750
SJA'ea 12.480 

130.517 

. 0 . 2 

0 

Miscellaneous Costs 21% 	 of capital cost of equipment 5 '5,192
(taxes. insurance. registratior;., etc) 

Annual Cost of Equipmernt Unit 4.390.291 
Ifimplemer,,ed during 1993 

Tonnes Handled per ,ear 

0 tonnes/day 312 days/yr 90% available) 4.199 

Cost per Tonne 1.045 55 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 248 06 SJA 

EOUIPMENT COST 57 07% 
PERSONNEL COST 7.72% 
CONSUMABLE COSTE 22.79% 
OTHER COSTS 12.42% 

TOTAL COST 100.00% 

//6 
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Page 1 Table AR-8-T ARM ROLL 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per US Dollar 

Type of Equipment 	 Arm Roll Truck 

Loading Roll On/Roll Off Containers 


Capacity 8 0 cubic me'ers 

Capital Ccst of Equipment 2.822.727 SJA 40000 StS/truck 

2500 $US/contai!-jr


Spare Parts 141.138 500% of Cqptal Cost

Customs 
 1.333.739 

Total Capital Investment 4.297,602 SJA 


Estimated E"-onomic Life 

Based on Planned Use 
 5 years (replace containers mid-way) 

Number of Shifts per Day 1 00 shifts/day 

Hours ol Operat'oniYea 3.120 hours/year 

Nurnber of Trips per Shift 98 trips/shift 5 km .,ne way 

Complete Loads per Shift R 84 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0 25 Tonnes/cubic meter 

T-pical Productivity 17.7 tonnesiday 

SJA SJA 

Annualized Capital Cost. ,vhc~i purchased in 1993 
4,297.602 g int of 60,00% over life) 2.724.414 

Coft of PefsonneliShrft 

1 00 Liver 62.400 SJA'year 82.400 
1 00 Workers 37.440 SJA./year 37.440
4 91 Atfndts 31.200 SJA/year 153.1640 20 Work.hp Prsonnl 56.160 $JA,'year 11.232 
0 10 Suprvsry Prsonnl 74.880 SJA/year 7.488
C 10 Incp:tn Per:nnl 0 SJA/year 	 0Administration 3000% of above 	 81.517 

Benefits 500% of above 17.662 

Annual Personnel Costs/Shift 370.903 

Annual Personnel Costs 370,903 

10-Jan-94 

Page 2 Table AR-8- T 

JAMAICA Cost Comparisons 

Consumables 

,Wheels per Equipment Unit) 6 

Fuel ( 0 Irtres, hr )( 28.080 lires@ 100 
Engine Oil 
Trans Oil 

(
(0 

1 50 IIteshr 
03 Irtieshr 

)( 
).( 

4.680 irtes@ 
94 rtresi, 

700 
600 

Hydrlc Oil 004 litresh ) ( 125 Itres@ 800 

i'ies I100 repl hrs )( 17 0 tires C,, 70000 
Bralke Lnnp 630 repl hirs .( 3' 2 units (,i i 500 0 
Brakse Drum 1 1200 repl hrs )( 15 6 units (H 20000 
Clutch Pt f 1800 rep his ) ( 2 0 units 150000 
Filters 80 repl his 1 ( 39 0 sets @ 2500
-rot Gear 1000 repl his ). 6 2 sets (w 20000 

Other 15% additional over above costs) 

(seals. greast battery. alternator ec ) 

Total Consumables[Yoar 

Spec'al Costs Attribtable to Storage andCc-itainment at the Source 

Miscellaneous C,sts 21% of capital cost of equipment
(taxes. insurance. registration etc) 

Annual Cost of Eqi'.,ment Unit 
If implemented during 1993 

Tonnes Handled per year 

( f. 7 tonnes/day 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yw) 

EQUIPMENT COST 58.11% 
PERSONNEL COST 791% 
CONSUMABLE CC.,STE 21 34% 
OTHER COSTS 12.84% 

TOTAL COs r 10000% 

ARM ROLL 

SJA 

SJAttr 280.800 
SJA.ttr 327.600 
SJA;Itr 5.61C 
SJA/ltr 7.488 

SJAiea 119.127 
SJA/ea 41.800 
SJA/ea 31.200 
SJA~ea 29 250 

SJA/set 9.750 
SJA/ea 12,480 

130.517 

1,000,628 

0 

592.773 

4.688,718 

available) 4.963 

944 83 SJA 

224 16 SJA 

///
 



Page 1 Table FT-4--DX FARM TRACTOR 

January 1993 
JAMAICA Cost Comparisons 

30 SJA per LS Dollar 

Type of Equipment Farm Tractor of about A5 h.'with Open Tipping Trailer 

Capacity 4 0 cubic meters 

Capital Cost ofEquipment 

Spate Patts 
Customs 
Total Capital Investment 

Estimated Economic Life 
Based on Planned Use 

Number .f Strhts pet Day 

HoIws of OperationYear 

Number of Trips per Shift 

Complete Loads per Shift 

Typical Density of Solid 

Waste in Loaded Vehicle 

Typical Productivity 

Annualized C'pdtal Cost when purchased in 
I 2.055.375 @ intof 

Cost of Personnel,Shift 

1 00 Driver 


2 00 Workers 

0 00 Atndts 

0 20 Workshp Prsonnl 

0 10 Suprvsry Prsonn 

0 10 Inspctn Peronnl 


Administration 
Benefits 

Annual Personnel Costs!Shft 

AnnuLl Personnel Costs 

10-Jan-94 

1,350.000 SJA 35000 StJSitractor 
5000 SUS/trailer 

67,500 5 00% of Capitr. Cost 
837.875 

2.055,375 SJA 

5 years (trailer replaced mid-way) 

1.00 shifts/dai 

3.120 hours/year 

2.6 trips/shift 30 km one way 

2 9 loads/shift 

0 30 Tonnes/cubic meter
 

3 5 tonnes/day 


SJA 

1993 
60 00% over lif) 

62.400 SJAJyear 
37.440 SJA/year 
31.200 SJA.year 
56.160 SJ,,'year 

74.880 	 $JA/year 
0 SJA/year 

30 	00% of above 
500% of above 

1,302.981 

62.400 

74.880 
0 

11.232 
7,488 

0 
46.800 
10.140 

212.940 

212.940 

Page 2 Table FT 4-DX 	 FARM TRACT 

JAMAICA 

Consumables 

Fuel 1 6 0 lit sr ).( 
Engine Oil ( 1 00 litrcsihr ).( 
Trans Oil ( 0 02 litres/hr 1.( 
Hydric Oil ( 0 13 lites/hr ).( 
(Wheels per Equipment tJnri) 
Tres 2000 repl hrs ).( 
Brake Lnng 600 repl his ).( 
Brake Drum 1200 rept hs )( 
Clutch Pit 2500 rep; h:s ).( 

ilters 80 repl his )( 
Prot Gear 1000 repl hrs 

1 2 units 

39.0 	sets @ 
.4A( sets @, 

Other 15,% additional over a.)ove costs) 

(seals. grease, battery, alternator, etc) 

Total ConsumablesiYew 

Speciel Costs Attributable to Storage and 
Containment at the Source 

Cost Comparisons 	 SJA 

18.72C ltres, 100 SJA.'Ktr 187.200 
3 120 litres@, 700 SJA,.Itr 218.400 

82 litres , 60 0 SJA.ttr 3.744 
488 lires(& 600 SJA'tRY 28.080 

6 
9 4 tires C, 70000 SJAea 65 520 

31 2 units , 15000 SJA,,ea 46800 
156 units @fp 20000 SJA'ea 31.200 

150000 
2500 

20000 

SJA,'ea 
SJA/set 
SJA/ea 

18.720 
9.750 

18.720 
94 220 

722,354 

0 

Miscellaneous Costs 21 % of capital cost of equipment 283.500 
(taxes. insurance, registration. etc) 

Annual Cost of Equipment Unit 2,521.775 
If implemented during 1993 

Tonnes Handled per year 

S 	 3 5 tonnes/day 312 dayslyr 90% available) 976 

Cost per Tonne 2.5P2 83 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/y) 	 612 78 SJA 

EQUIPMENT COST 51.67% 
PERSONNEL COST 844% 
CONSUMABLE COSTE 2884% 
OTHER COSTS 11 .24% 

TOTAL COST 100.00% 

11.
 



Page 1 	 Table FT-4 -DL FARM TRA17TOR Page 2 Table FT-4- OL FARM TRACT 
JAfLA!CA Cost Comparisons

January 1993 30 SJA per US Dollar 	 JAMAICA Co' Comp&.sons SJA 

Type of Equipment 	 Farm Tractor of about 65 hp with Open Tipping Trailer Con-umables
Fuel ( 60 Itrusihr ),( 18.7'0 fibr.s@ 10.0 SJA'ltr 187.200 
Eng;-.- Oil t ).( 3,120 libres@( 100 lities/hr 	 700 SJA, 218.400Capacity 4 0 cubic meters 	 Mr
Trans Oi ( 0 02 litiesihr ).( 62 lirtes@ 600 SJA.tr 3,744 
Hydrc Oil ( 0 15 litres/hr )(Capial Cost ofEquipment 1.350.000 SJA 35000 $USractor 	 (Wheels per Equipment IONm) 

46 .jes@ 600 SJAl 28.080 
6 

5000 $US/trailer Ties 2000 rep hirs ).( 9 4 tires Ca- 7000 0 SJe 65.520Spare Parts 	 67.500 5 00% of Capital Cost Brake Lnng 600 repl hrs ) ( 31 ..units @ 150') 0 SJAVea 48.800Customs 637.875 Brcke Druin 1200 repl hrs ),( 15 6 units CI 2000 0 SJArea 31.200Tc:al Cnpital Investment 	 2.055.375 SJA C vich Pir 2500 repl hrs ;.(2 urns 1E.000 0 SJA.'ea 18,720 
Filters 80 repl hrs 1, 39 0 sets (- 2500 SJA/set 9 7 _NoEstimated Economic Life Prot. Gear 000 repl hrs ).( 9 4 sets @ 2000 0 SJA,!se 18.720Bised on Planned Use 	 5 years (trailer replaced mid-way) Othei '5% additional over above costs) 	 91.220 

(seats. ,eas. battery, alternator, -tc)ujmber of Shifts per Day 1 00 shifts/day
 
Total ConsumablesiYar 
 722.354Hours of Operat:oniYear 	 3.120 hours/year 

Special Costs AtlributabL. !cStor-,r andNumber of Trips per Shift 	 3 1 trips/shift 20 km one way Containment at t;rl Source 0 

Complete Loads per Shift 3 4 loc.s/shif 
Miscellaneous Costs 21% of capr-it cost of equipmont 283.500Typical Dens,'y of Solk! (taxes. insurance, regqrsration, etc.)

Was.te in Loaded Vehicle 0 30 Tcnnes/cubic meter 
Annuai Cost of Ec Jpment Unit 2.521.77.5Typical Produt!,vity 4 1 tonnes/day 	 If implemented during 1993 

SJA 

Annualized Capital Cost. vhen purchased in 1993 Tonnes Hand:ed per year

2 055,375 @ intof 6000% over life) 1.302.981
 

4.1 tonnes/day 312 days/yr 90% available) 1.144Cost of PersorneShft 

1 00 Drr.er 	 62,400 SJA.'vear 62.400 Ccst per Tonne 2.204.85 SJA
2 00 Workers 	 37,440 SJk,,ear 74,880

0 00 Attndt-. 31,200 SJA/yea; 0

0 20 Workshp Prsonnl 
 56,160 SJA/year 11.232 	 Aver. Cost per F. son ( 0.24 tonnes/capllyr) 523.10 SJA
0 10 ';uprvsry Prsonnl 74.880 SJ3'year 7.488 
0 10 lirspctn Peronril 	 0 SJAyear 0

Administration 	 30 00% of above 	 46,800 EQUIPMENT COST :1.67%
Benefits 	 5.00% of above 10.140 	 PERSONNEL COST 844% 

"CONSU.',IABLE COSTE 28.64%
Annual Personnel Costs iShift 	 212,940 OTHER COSTS 11.24% 

Annua Personnel Costs 	 212.940 TOTAL COST 100.00% 

10-Jan- 94 

http:2.204.85


Page 1 Table FT-4 DS FARM TRACTOR 
JAMAICA Cost Comparisons
 

January 1993 
 30 SJA per US Dollar 

Type of Equipment Farm Tractor of about 65 hp with Open Tipping Trailer 

Capacity 4 0 cubic meters 

Capital Cost of Equipment 1.350.000 SJA 35000 SUS/bracto, 
5000 SUS/brailer 

S, ire Parts 67.500 5 00% of Capital Cost 
Customs f37.875 
Total Capital Investment .0;5,375 SJA 


Estimated Economic Life 

Based on Planned Use 5 years (bailer replaced mid-way) 


Number of Shifts per Day 1 00 shfts/day 

Hours o1 Operation!Year 3,120 hours/year 

Nu-.bet of Trips per St.ift 3 5 trips/shift t0 krr. one way 

Compkte Loads per Shrft 3 8 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 3 30 Tonnes/cubic meter 

Typical Productilty 4 6 1 ,.rr.s/Ce 

SJA 

Annualized Capital Cost. when purchased in 1993 
2.055.375 @ intof 6000% over life) 1,302.981 

Cost of PersonneliShilt 

1 00 Driver 62.400 SJA/yeaw 62,400 
2 00 Workers 37.440 SJAIyear 74,880 
0 00 Attndts 31.200 SJANyaar 0 
0 20 Workshp Prsonnl 56,160 SJAiyear 11.232 
010 Suprvsry2"rsonnl 74.880 3JA'yeer 7,488 
0 10 Inspctn Peronri 0 SJA.'yenr 0 

Administration 30 00% of above 48.800 
B..nefits 500% of above 10.140 

Annual Personnel Costs/Shift 212.940 

Anrual Personnel Costs 212.940 

10-jan-g4 

Page 2 Table FT- 4 - CS FARM TqACT 

JAMAICA Cost Compa-isons SJA 

Consumables 

Fuel ( 60 litresihr ) 18,720 I.IresC. 100 SJA.,Itr 187.200 
Engine Cr1 ( 1 00 litres/hr .20 lItres@ SJA.'ltr 218.40C1. 700 
Trans Oil ( 0 02 litesihr )( 62 Ires@, 600 tJ5'ttr 3.744 
Hydrlc Oil ( 0 15 litres/hr ).( 468 lrbres@ 500 Jkf'tfr 28,080 
(Wheels per Equipment Unit) 6 
Ties 2000 repl his ).( g 4 tires , 70000 SJA.Ioa 65.523 
Brake Lnng 600 repl hrs ),( 31 2 units (i' 15000 SJA/ea 46,800 
Brake Drum 1200 -epl hr, ).( 15 6 units @ 2)L:9 0 SJ.A/oa 31.200 
Clutch PRt 2500 repl his ) ( 1 2 units 150000 SJA.'ea 18 720 
Filters EC "eplhrs ).( 39 0 sets Ca 2500 SJA/et 9.750 
Prot Gear 1000 repl hrs ).( 94 sets lQ 20000 SJA~ea 18,720 
Other 15% additional over above costs) 94.220 

(seals, grease, battery, alternator. etc) 

Total Consumables/Year 722.354 

Special Costs Attributable to Storge and
 
Containment at the Source 
 0 

Miscellaneous Costs 21% of capital cost of equipment 283.500 
(tases. insurance, regisration. ec) 

A'vrual Cost of Equipment Unit 2.521.775 
If implemented during 1993 .... . .. 

Trunnes Handled per year 

4 6 tonnes/day 312 days/yr 90% available) 1.291 

Cost per Tonne 1.952.87 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 463 32 SJA 

EQLAPMENT COST 51 ,7% 
PERSONNEL COST 8 44% 
CONSUMABLE COSTE 28.64% 
OTHER COSTS 11 24% 

TOTAL COST 100.00% 

http:1.952.87


Page 1 Table E- -4 -T FARM TRACTOR 

January 1993 
JAMAICA Cost Comparisons 

30 SJA pet US Dollar 

Type of Equipment Farm Tractor of rx.Lut 65 hp with Open Tipping Trailer 

Capacity 4 0 cubic meters 

Capital Cost of Equipment 

Spare Par; 
Custon's 
Total Capital Investment 

Estimated Economic Life 
Based on Planned Use 

Number or Shifts per Day 

Hours of OperationiNear 

Number of Trips per Shift 

Complete Loads per Shift 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost. when purchased in 
2.055.375 @ intof 

cost of PersonnelShift 

1 00 Driver 

2 00 Workeri 

000 Attndts 

0 20 Workshp Prsonnl 

0 10 Suprvsry Prsonnl 

0 '0 	Inspctn Peronnl 


Administration 

Benefits 


Annual Personnel Costs/Shift 

Annual Personnel Costs 

10-Jan --94 

1.350.000 	SJA 35000 $US'ractor 
5000 $US/trailer

67,500 5.00% of Capital Cust 
637,875 

2,055,375 S.;A 

5 yeas (bt.e:!rreplaced mid-way) 

1.00 	 shifts/day 

3 120 hours/year 

3 7 trips/shift 5 km one way 

4.1 	 loads/shift 

0 30 Tonnes/cuhic meter 

4.9 to.nes/day 

$JA
 

1993 
60,00% over life) 

62.400 SJAdyear 
37.440 SJA/year 
31.200 $JA/year 
56.160 SJA'year 
74.880 	 $JA/yaar 

0 SJV,,ea 
30.00% 	 of above 
500% of above 

1.302.981 

62.400 
74.880 

0 
11.232 


7.488 
0 

46.800 
10.140 

212.940 

212.940 

Page 2 

JAMAICA 

Consumables 
Fuel ( 60 lrbisihr 
Engine Oil ( 1 00 ltes/hr 
Trans Oil 0 02 tcjs/hr 
HydrIc Oil ( 0.15 libes/hr 
(Wheels per Equipment Unit) 
Ties 2000 repl his 
Bri".eLnig 600 1eplhrs 
Brake DrL"n 1200 repl hrs 
Clutch PIt 2500 repl hrs 
Fitters 80 repl his 
Prot 	Gear 1000 repl hrs 

Table FT- 4- T 

Cost Comparisons 

).( 18.720 Ifres@ 
).( 3.120 lilres@ 
),H 62 Itres@ 
),( 468 I'bes@ 

6 
).( 94 tires @ 
). 31 2 units @ 
1.1 15 6 units (ip 
)( 1 2 units 
).( 39 0 sets Ca, 
).( 9.4 sets @ 

100 
700 
600 
600 

7000 0 
15000 
20000 

150000 
2500 

20000 
Oi:;qr 15% additonal over above costs) 94.z20 

(seals. 3rease. battery. alternator, etc) 

Total Consum ablesiYear 	 722.354 

Special Costs Attributable to Storage and 
Containment at the Source 0 

Miscellaneous Costs 
(taxes insurance, registration, etc.) 

21% of capital cost of equipment 283.500 

Annual Cost of Equipment Unit 
If implemented during 1993 

2.521.775 

Tonnes Handled per year 

4 9 tonnes/day 312 days/yr 90% available) 1 380 

Cost per Tonne 1.826 88 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 	 433 43 SJA 

EQUIPMENT COST 51.67% 
PERSONNEL COST 8.44% 
CONSUMABLE COSTS 28.64% 
OTHER COSTS 11.24% 

TOTAL COST 100.00% 

'/5"
 

FARM rRACT 

SJA 

SJAtr 187.200
 
SJA.L'tr 218.400
 
SJA!Itr 3,/44
 
SJA'ttr 28.080
 

SJA/ea 65.520
 
SJA/ea 46.800
 
SJA'ea 31.200
 
SJAkea 18.720
 

SJA/set 9.750
 
SJA/ea 18.720
 



___ 

Page 1 Table OT-13-DX OPEN TIPPER 

January 1993 JAMAICA Cost Comparisons
30 SJA per US Dollar 

'ype of Equipment Open Tipper, ManJally Loaded from Dustbins 

Capacity 13.0 cubic meters 

C'ipta. C,5 t ce Equipment 

Spare Parts 

Customs 

Totnl Capital Investment 


Estimated Economic Life 

Based on Planned Use 


Number of Shifts per Day 

Hours of OpertionYear 

Number of Tripc per Shift 

Complete Loads per Shift 

Typicai -",3nsityof Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost, when purchased in 
2.283.750 @ at of 

Cost of PersonnelShrft 

1 00 Driver 
4.00 Workers 

0 00 Attndts 

0 15 Workshp Prsonnl 

0 15 Suprvsry Prsonnl 

0 10 Inspctn Peronnl 


Adminisbratior, 
Benefits 

Annual Personnel Costs/Shift 

Annual Personnel Costs 

10-Jan-94 

1.500.000 SJA 50000 SUS/truck 

75,000 5.00% of Capital Cost 
708,750 

2.283,750 SJA 

5 years 

1.00 shifts/day 

3.120 tours/year 

1.9 trips/shift 

2.0 loads/shift 

0 30 Tonnes!cubic meter 

80 tonnes/day 

1993 
60.03% ov-?r life) 

62.400 SJA/year 
37.440 SJA.'year 
31.200 JA/year
55.160 SJA/year 
74.880 SJA/year 

0 $JA/year
30.00% of above 
500% of above 

30 km one way 

$ZA 

1.447.756 

62.400 
149,760 

0 
8.424 

11.232 
0 

69.545 
15.068 

316.429 

316.429 

Page 2 Table OT- 13- DX 

JAMA!CA Cost Comparisons 

ConsumablesFuel ( 9.00 litres/hr ).( 
Enr'ne Oil ( 1 50 litresihr ).(Trans Oil ( 0.32 litres/hr ).( 
Hydrlc Oil ( 0.11 litresI, ),( 

(Wheels per Equipment Unit) 

Tires 1100 repl hrs ).(

brakc Lnng 600 'epl hrs )( 

Brake Drum 1200 repl hrs ).(

Clutch Pit 1800 repl hrs )( 

Filters 80 repl his )(
Prot. Gvar 1000 .ept hrs ).( 

28.080 lItres@ 
4.680 Itres@

998 litres@ 
343 liresC.' 

4 
113 tires @'
20 8 units (@ 
10 4 units @ 
2 0 units 

390 sets @
15 6 sets @ 

10.0 
70,0
600 
60 0 

70000 
15000 
2000 0 

15000 0 

2500 
20000 

Other 15% additirnal over above cC-

(seals gease battery aternator etc 

Total Consumbles/ eaf 

Special Costs Attibutable t. Storage and 
Containment at the Source 

Miscellaneous Costs 21% of capital cost of equipment
(taxes, insurance, registration, etc.) 

Annual Cost of Equipment Unit 
If implemented during 1993 

Tonnes Handled per year 

( 8 0 tonnes/day 312 daysyr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yri 

EQUIPMENT COST 46.85% 
PERSONNEL COST 10.20% 
CONSUMABLE COSTE 33.00% 
OTHER COSTS 10.15% 

TOTAL COST 10000% 

OPEN TIPPER 

SJA 

SJA'qtr 280.800 
SJAi/tr
SJA.'r 

327,800
59.904 

SJAjItr 20.592 

SJAea 
SJN/ea 

79.418 
31.200 

SJA/ea 20.800 
SJAiea 29.250 

SJA/set
SJA/ea 

9.750 
31.200 

133.577 

-

1,02.091 

0 

315.000 

3.1 0.277 

available) 2.235 

1.388 24 SJA 

329 36 SJA 

P 



--

---------- 

Page I Table OT-- 13- DL OPEN TIPPER Page 2 Table OT-13- DL OPEN TIPPER 
JAMAICA Cost Comparisons


January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons FJA
 

Consumables -Type of Equipment Open Tipper Manually Loaded from Dustbins Fuel ( 900 liti sihr ).( 28.090 Ilres@ 100 SJA&Itr 280.8)0
Engine Oil ( 1 50 libes/hr ).( 4.5tr0 Irtres@ 70 0 SJA'ltr 327.630Capacity 13 0 cubic meters Trans Oil 0.32 litres/hr ).( 998 litres i, 600 SJA'ttr 59.S04 
Hydrlc Oil ( 0 11 litres/hr ).( 343 litra.(7, 600 SJA.'tL" 20.592Capital Cost of Equipmen: 1.500.000 SJA 50000 SUS/truck (Wheels per Equipment Unit) 4 
Tires 1100 repl hrs ),( 11 3 tires 3a, 70000 SJA/ea 79.418Spare Parts 75,000 5.00% of Capital Cost Brake Lnng 600 repl hrs ).( 20 8 units 1 SJA/ea15000 31.200Customs 708.750 Brake Drum 1200 repl hrs ).( 10 4 undts ', 20000 SJA/ea 20.800Total Capital Investment 2.283.750 SJA Clutch PIt 1600 repl hrs ) 20 units 150000 SJA/ea 29.250 
Filters 80) repl hrs ).( 39 0 sets @ 2500 SJA/set 9.750Estimated Economic Life Prot. Gear 1000 repi h% )( 156 sets @' 20000 SJA/ea 31.200Based on Planned Use 5 years Other 15% additrinal over above costs) 133.577 

Number of Shifts per Day 1.00 shifts/day...... (seals. grease, battery, alternator. etc.) 

Total Consumables/Year 1,024.091 
Hours of OpeationiYear 3. 120 hours/year 

Special Costs Attributable to Storage andNumber of Trips per Shift 2.1 trips/shift 20 km one wav Containment at the Source 0 

Complete Loads per Shift 2.3 IL,.dsishift 
Miscellaneous Costs 21% of capital cost of equipment 315.000Typical Density of Solid (taxes, insurance. registration. etc.)

Waste in Loaded Vehicle 0 30 Tonnes/cubic meter 
Anttjal Cos! of Equipment Unit 3.103.277Typical Productivity 8.9 tonies/day If implemented during 1993 

Annualized Capital Cost. when purchased in 1993 Tonnes Handled per year
1 2.283.750 @ intof 60 00% over life) 1.447.756 

Cost ofPersonnelShift 89 tonnes/day 312 days/yr 90% available) 2.492 

1 30 Driver 62.400 SJA'year 02.400 Cost pe4"Ionne 1.245.12 SJA
4 00 Workers 37.440 SJA/year 149.760 
0 00 Attndts 31.200 SJA/year 0
0 15 Workslip Prsonnl 56.160 SJAjyear 8.424 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 295.41 SJA 
0 15 Supivsry 1'1ori 74.8S0 SJA'year 11.232 
0 10 Inspc n Peronnl 0 SJA/year 0
 

Administration 30.i.IC% of above 69.545 
 EQUIFMENT COST 46865%
 
Benefits 500% of above 15.068 
 PErSONNEL COST 10.2C%/.
 

CONSUMABLE COSTE 33.00%
 
Annua Personnel Costs/Shft 316.429 OTHER COSTS 10.15%
 

Ann,..;; Per%,onnel Costs 3191.429 TOTAL COST 10000% 

;0-Jan-94 

http:1.245.12


Page 1 Table OT- 13-CS OPEN TIPPER 

January 1993 
JAMAICA Cost Comparisons

30 SJA per US Dollar 

Type of Equipment Open Tipper. Manually Loaded from Dustbins 

Capacity 1^ 0 cubic meters 

Capital Cost of Equipment 

Spare Parts 
Citstoms 
Total Capital Investment 

Estimated Economic Life 
Based on Planned Use 

Number of Shifts per Day 

Hours of OperationYear 

Number of Trips per Shift 

Complete Loads per Shitft 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Producvity 

Annualized Capital Cost. whecn purchased in 
( 2.283.750 intol,---------

2.28,79 0t of F 

C. , 	 tfFersonnel/Shftt 

1.00 Driver 
400 Workers 

000 Attndts 

0.15 Workshp Prsonnl 

0 15 Suprvsry Prsonn 

0. 10 Inspctn Peronnl 

Administration 
Benefits 

Annual Personnel Costs'Si.ift 

Annual Personnel Costs 

10-Jan-94 

1,500.000 SJA 5000"0 SUS/truck 

75,000 5 00% of Capital Cost 
708.750 

2,283,750 SJA 

5 years 

1.00 shifts/day 

3.120 hours/yewr 

2.2 trips/shift 10 km one way 

2 5 loads/shift 

0.30 Tonnes/cubic meter 

9 6 tonnes/day 

1993 
60.00%. over life)
60D0% o l6 

62.400 SJA'year 
37.440 SJA/year 
31,200 SJA/yea
56.160 $JAIyear 
74.880 	 SJA.'year 

0 SJAIyear 
30.00% 	 of above 
500% of above 

SJA 

1.447.758 

82,400 
149,780 

0 
8,424 

11,232 
0 

69,545 
15.068 

318,429 

318.429 

Page 2 	 Table OT- 13 - DS 

JAMAU;A 
Consumables 

Fuel ( 900 lifteslr ).( 
Engine Oil ( 1 50 litres/hr )(
Trans Oil ( 0 32 litres/hr )( 
HydrIc Oil ( 0.11 libes/hr )(
(Wheels per Equipment Unit) 
Ties I I0 repl hrs )(
Brake Lnng 600 repl his )( 
Brake Drum 1200 repl his ).(
Clutch PIt 1600 repl h:s ).( 
Filters 80 repi his ),( 
Prot. Gear 1000 repi his ),( 

Cost Compariscn 

28.080 fitresa 
4.680 litres@' 

998 litres@ 

343 litresia,
4 

11 3 tires C 
20.8 units @ 
10 4 units @ 

. 0 units 
39 0 sets @ 
15 6 sets ' 

Other 15% additonal over above costs) 
(seals, grease, battery. alternator, etc) 

Total Consumables/Year 

Special Coits Attributable to Storage and 
Containment at the Source 

Miscellaneous Costs 

100 
70 0 
800 

800 

70000 
15000 
20000 

150000 
2500 

20000 

OPEN TIPPER 

SJA 

SJA.ltr 280,800 
SJAItr 327.600 
SJA'Itr 59.904 
SJAIltr 20.592 

SJAea 79418 
SJAiea 31.200 
SJA/ea 20.800 
SJA~ea 29.250 

SJA/set 9.750 
SJAJea 31.200 

133.577 

. . . . . . . . . . 

1.024.091 

21% of capital cost of equipment 
(taxes, insurance, registratron. customs. etc.) 

Annual Cost ai.Equipment Unit 

If implementer. during 1993 

3.1 03.277 

Tonnes Handled per year 

tonnes/day 312 days/yr 90% available) 2.699 

Cost per Tonne 1.149 71 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 272 77 SJA 

EQUIPMENT COST 
PERSONNEL COST 
CONSUMABLE COSTE 
OTHER COSTS 

TOTAL COST 

4565% 
10.20% 
33 00% 
10.15% 

100.00% 

, / / 

0 

315.000 



Page 1 Table OT - 13- T OPEN TIPPER 
JAMAICA Cost Comparisons

Ja'nuary 1993 30 SJA per US Dollar 

Type of Equipment Open Tipper, Manually Loaded from Dustbins 

Capacity 13 0 cubic meters 

Capital Cost ofEqjipment 1.500.000 SJA 50000 $US/bruck 

Spare Faji 75.000 5 00% of C pital Cost
Customs 708.750 

Total Capital Investment 2.283.750 SJA 


Estimated Economic Life 

Based on Planned Use 5 years 


Number of Shifts per Day 1 00 shifts/day 

Hours of OperatioriYe- 3.120 hours!year 

Number of Trips p,;rShift 23 trips!shift 5 km one way 

Complete Loads p3; . hift 	 2 6 loads/shift 

Typical Density of Solid 
Waste ir.Loaded Vehicle 0 30 Tonnesfcubic meter 

Typical Productivity 10 0 tonnes/day 

SJA 

Anrualized Capital Cost. when purchased in 	 19g3 
2.283.750 i,? intof 60.00% over life) 1.447.756 

Co:;t 	of Personnel, Shift 

1 00 Dri er 62.400 SJAiyear 62.400 
4 00 Workers 57.440 SJA4t oar 149.760 
0 00 Atln :L' 31.200 $JA'year 0 
0 15 Workshp Prsonnl 56.160 $JA'year 8.424 
0 .5 SLprvsry Prsonnl 74.880 SJA/year 11.232 
0 10 Inspctn Peronnl 0 SJA/year 0 

Administration 30,00% of above 69,545
Benefits 500% of above 15.068 

Annual Personnel Costs/Shift 316.429 

Annua Personnel Costs 316,429 

10-Jan-94 

Page 2 Table OT- 13 -T 	 OPEN TIPPER 

JAMAICA Cost Comparisons 	 SJA 

Consumables
Fuel ( 9 00 lites/hr ).( 28.080 Irbres@ 100 SJA'Itr 280 80 
Engine Oil ( 1 50 litres/hr ),( 4.680 Ilrres@ 70 0 SJA.'tr 327.600Trans Oil 0 32 litres/hr 1.1 998 lItres0 80 0 SJA.ftr 59.904 
Hydrlc Oil ( 0 11 litres/hr .1 343 litres@, 60 0 SJAj'!:r 20.592 
(Wheels per Equipment Unit) 4 
Tres 1100 repl hs ).( 11 3 tires C 70000 SJA;ea 79.418 
Brake Lnng 000 repl hrs ).( 20 8 units (c', 1500 0 SJA/ea 31.200
Brake Drum 2C0 repl his ).( 104 units r 20000 SJA/ea 20 800 
Clutch PIt 160 rep hrs )( 2 0 units 150000 SJAiea 29 250 
Filters 80 repl his ).( 39 0 sets @ 2500 SJA/set 9 750 
Prot. Gear 1000 repl his ).( 15 6 sets ai, 20000 SJA/ea 31 200
Other 15% additional over above costs) 133 577 

(seals, gra:e. battery, alternator. etc) 
........
 

Total ConsumablesYear 	 1 024,091 

Special Costs Attributable to Storage and
 
Containmant at the Source 
 0 

Miscellaneous Costs 21% of capital cost of equipment 315000 
(taxes. insurance, r.gi.tration. etc.) 

Annual Cost of Equipment Unit 3 103 277 
If implemented during 19g93 

Tonnes Handled per year 

10.0 tonnes/day 312 days/yr 90% available) 2816 

Cost per Torne 1.102 01 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yt) 	 261 45 SJA 

EQUIPMENT COST 46.65% 
PERSONNEL COST 10.20% 
CONSUMABLE COSTE 33.00% 
OTHER COSTS 10.15% 

TOTAL COST 10000% 



--------- 

Page I Table SK-6-OX SKIP Page 2 Table SK-8- DX SKIP 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

ConsuimablesType of Equipment Container Lift (Skip) Truck Fuel ( 90 litres/hr ).( 28.080 litres@ 10 0 SJA.'Rr 280 800Loading Set of Liftable Containers Engine Oil ( 1 50 litres/hr ).( 4,680 litres@, 700 SJA.tr 327.800Capacity 6 0 cubic meters Trans Oil ( 003 litres/hr ).( 94 lites@ 600 SJA,'tr 5816 
Hydr;c Oil ( 003 litres/hr ). 94 lItre-.,, 800 SJA.RF 5,618Capital Cost of Equipment 2.048,723 SJA 50000 SUS/truck (Wheels per Equipment Unit) 6 

1600 SUS/container Ties 11 O0 repl his ).( 17 0 tires E, 70000 SJA,'ea 110 127Spare Parts 102,339 5 00% of Capital Cost Brake Lnng 800 repl his ).( 31 2 units (i, 15000 SJA..a 48 300Customs 967.105 Brake Drum 1200 repl hrs ).( 15 6 units (0 20000 $JZea 31 200Total Capital Investment 3.118,227 SJA Clutch PIt 100 repl hrr ) ( 2 0 units 150000 S': ", a 29.250 
Filters 80 repl hrs ).( 39 0 sets @ 2500 SJA.'set 9 750Estmated Economic Life Prot Gear 1000 repl his ).( 14 8 sets C 20000 SJAjea 29.B28Based on Planned Use 5 years (replace containers mid-way) Other 15% additional over above costs) 132.808 

(seals. crease. battery, alternator. etc )Num ber of S hifts per D ay 1.00 shifts/day ota l onato )ete. 
Total Consu,'iablesYear 1.018.194

Hours of OperationYear 3.120 hous,:yewu 
Special Costs Attributable to Storage andNumber of Trips per Shift 4.7 trips/shft 30 km one way Containment at the Source 0 

Complete Loads per Shift 3 29 loads/sfrft 
Miscellaneous Costs 21% of capital cost of equipment 429.824Typical Density of Solid (taxes. insurance, registration, customs. etc)

Waste in Loaded Vehicle 0 30 Tcnnes/cubic meter 
A ial Cost of Eqci'pment Linit 3.885.337 

Typical Productivity 59 lonnas/day If implemented during 1993 

SJA.. 
 .
 

.onualii"ed Capital Cost, when purchased in 1993 Tonnes Handled per year 
3.116.227 (o int of 60 00% over life) 1.975.495(reflects opportunity cost of capital, even ifa grant) ( 5 9 tonnes/day 312 days/yr 90% available) 1.861 

Ccst ol PersonnelShfft 

1 00 Driver 62.400 SJAIyear 62,400 Cost pe Tonne 2.21.8 27 SJA1 00 Workers 37.440 SJA/year 37.440 
2 35 Attndts 31,200 $JAk OIL' 73.252
0 20 Workshp Prsonnl 5,180 SJAJyear 11.232 Aver. Cost .. Person ( 024 tonnes/cap/yr) 526 :-t. SJA
010 SLfrvsry Prsonn 74.880 SJA'year 7.488
 
0 10 Irispctn Peronnl 0 SJAyear 0
 

Admintsiyation 
 30 00% of above 57.544 E(.UIPMENT COST 53 &0%
 
Benefits 500% of above 12.488 
 PERSONNEL COST 7.1 r% 

CONSUMABLE COSTE 2783% 
Annual Personnel Costs/Shift 2i1,824 OTHER COSTS 11 .86% 

Annual Personnel Costs 251.824 TOTAL COST 10000% 

10-Jan-94 



Page 1 lable SK-6-DL SKIP 
JAM.IAICA Cost Lomparisonn
 

January 1993 
 30 SJA per US Dollar 

Type of Equipment Containv-r L:it (Skip) Truck 
Loading Set of Liftable Containers 


Capacity 6 0 cubic meters 


Capital Cost of Equipment 2.205.882 SJA 50000 SUS/iruck 
1C0 SUS/container 

Spare Parts 110.294 5 00% ot Capital Cost 
Customs 1.042.279 
Total Capital Investment 3.358.456 SJA 

Estimated Economic Life 

Based on Planned Use 5 years (replace container- mid-way) 


Number of Shifts per Day 1 00 rhifts/day 

Hoirs of Operationr'Year 3.120 hours/year 

Number of Trips per Shift 6 4 trips/shill 20 km one way 

Complete Loads per Shift 445 loads/shift 

Typical Density of Solid 

Waste in Loaded Vehicle 1.30 Tonnes/cubic rreter 

Typical Prnductrvil 8 0 tonnes/day 

SJA 

Annualized Capital Cost. when purchased in 1993 
3.358.456 @ int of 60 00% over life) 2,129,054

(reflects opportunity cost of capital, even if a grant) 

Cost of PersonneliShift 

1 00 Drrver 62 400 SJAyear 62.400 
1 00 Workers 37,440 SJA.'.tar 37.440 
3 18 Attndts 31.200 SJA,,year 99.108 
0 20 Workshp Prsonnl 56.160 SJAJyear 11.232 
0 10 Supfvsry Prsonnl 74.880 SJA/year 7.488 
0 10 Inspctn Peronnl 0 SJA/year 0 

Administration 30.00% of above 65,300 
Benefilts 500% of above 14 148 

Annual Personnel Costs/Shrft 297,114 

Annual Personnel Costs 297.114 

10- Jan-i.4 

Page2 Table SK C DL SKIP 

JAMAICA Cost Comparisons SJA 

Co- -mables 
Fuel ( 00 Irtres/hr ).( 28,080 lrtresi 10 0 SJA.ltr 280.800 
Engine Oii 1 .50 Iitashr )( 4 680 ltresai' 70 0 SJAT1r 327.600 
Trans Oil 1 0 (3 lites/hr ) ( 94 Irtres, 60 0 SJAltr 5616 
Hydrlc Oil ( 003 lites/hr ) 94 lrtres i 60 0 SJA,'Itr 5616 
(Wheels per Equipment Unit) 6 
Ties ( 1100 repl his ) ( 17 0 tires L 70000 SJAjea 119127 
Brake Lnng 60': 7opl his ).( 31 2 units qi 15000 SJAjfa 46800 
Brake Drum C 1200 repl hrs ).( 15 6 units 6@ 20000 SJAJea 31.200 
Clutch PR ( 1600 repl his )( 2 0 units 150000 SJA,'ea 29.250 
Fitters ( .30 repl his ).( 39 0 sets @ 2500 SJA,'.et 9.750 
Prot Gear ( 1000 repl hrs ).( 17 4 sets Ca 20000 SJA.'en 34 797 
Other ( 15% additional over above costs) 133.583 

(seals. grease. battry. alternator etc ) 
. .. . 140 

Total Consumab!esiYear 1 024.140 

Special Costs Attributable to Storage '.d 
Containment ai the Source 0 

Miscellaneous Costs 21 %; of capital cost of equipment 463.235 
taxes, insurance. registration. etc) 

, ' t Annual Cost of Equipme Unit 3.913.543 

If implemented during 1993 

Tonnes Handled pe year 

( 8 0 to'nes/day 312 cays/yr 90% available) '1.248 

Cost per Tonne 1.741 12 SJA 

Aver. Cost per Person ( 0.24 tonnescap/yr) 413 08 SJA 

EQUIPMENT COST 54.40% 
PERSONNEL COST 7.59% 
CONSUMABLE COSTE 2.17% 
OTHER COSTS 11 84% 

TOTAL COST 100.00% 

http:SJA,'.et
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Page 1 Trible SK-6 -DS SKIP Page 2 Table SK -6--DS SKIP 
JAMAICA Cost Compar/.ns

January 1993 30 SJA per US Do:lar JAMAICA Cost ComparisonsConsumables SJA 

Type of Equipment Container Lift (Skip) Truck Fuel 990 lrbes/hr )1' 28.080 ltres@ 100 SJA.Itr 280.800Loading Set of Liftable Coniainers Engine Oil ( 1 50 litres/hr j.(Cap.Rcity 6 0 cubic meters 4680 lIresa 700 SJAUtr 327.600Trans Oil 0 03 lies,r )( 94 Irtresi, 600 SJAltr 5.616 
Hydrlc Jil ( 0.03 libes/hr )( 94 litresa 600 SJAltrCapital Cost of Equipment 2.393.538 SJA 561650000 $US/bruck (Wheels per Equipment Unit) 6

1600 SUS/container Tires I 100 repl r )(Spare Parts 17 0 tires d, 70000 SJAJea119.877 5.00% of Capital Cost I i g 127Brake Lnng 600 repl his ).(Custonis 1.130.9,7 
31 2 units (4, 1500 0 SJA/ea 46 800 

Brake Drum 1200 repl hFs ).( 15 6 units Cv 20000 SJAieaTotti! Cipital Investment 3.844.162 SJA 31.200
Clutch PIt 1300 repl his )( 2 0 units 150000 SJAea 29,250 
Filters 80 repl hisEstimated Economic Life )( 390 sets @ 2500 SJA'set 9.750
 

Bannd on Planned Use 5 years (replace containers mid-way) 
Prot. Gear 1000 repl his ).( 20 4 sets C, 20000 SJA/ea 40 896

Other ;5" additional over above costs) 134 498 

Number of Shifts per Day 1 00 shifts/day (senis, grease. battery, alternator, etc ) 

Hours of Operation/Year 3.120 hours/year Total Consumbles/Year 1,031.154 

Numbe, of Trips per Shift Special Costs Attributable to Storage and8 3 brips/shrft I( km one way Containment 't the Source 0 
Complete Loads per Shift 5 82 loads/shift 

Miscellaneous Costs 21 ' of&capital cost of equipment 502.843Typical Density of Solid (taxes. insurance, registration. custo,-ms. etc )Was e in Loaded Vehicle 0 30 Tonnes/cubic meter 
Annual Cost of Equipment Unit 4.182 709T',pical Productivity 105 tonnes/day If implemented during 1993 

SJA 

Ant-,ualized Capital Cost. when purcha'rrd in 1993 Tonnes Handled per year
3.644.162 @ int of 60.00% over life) 2,310.174(reflects opportunity cost of capital, even if a grant) ( 10 5 tonnes/day 312 days/yr 90% available) 2939

Cost of PersonnelShift 

I O0Driver 62,400 SJA..year 82.400 Cost per Tonne 1.423 02 SJA1.00 Workels 37.440 $-'%year 37.440
4 15 Attnd3 31.200 SJA/year 129,600
0 20 Workshp Prsonnl 56.160 SJA'year 11.232 
 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 337 61 SJA0 10 Suprvsry Prsonnl 74.880 SJA/year 7.488

0 10 Inspctn Peronn 0 SJA'year 0


Administration 30.00% of above 74.448 EOUIPMENT COST 55.23%Benefits 5.00% of above 18.130 PERSONNEL COST 8.10% 
CONSUMABLE COSTS 24 65%

Annual Personnel Costs/Shift 338,738 OTHER COSTS 12 02%
 
Annual Personnel Costs 
 338.72S TOTAL COST 10000% 

10-Jan-94 

http:Compar/.ns
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Page 1 Table SK-6-T SKIP 

JAMAICA Cost ; rnparisonsJanuary 1993 30 SJA per USGDollar 

Type of Equipment Container Lift (Skip) Truck 
Loading Set of Liftable Containers 


Capacity, F 0 cubic rn ers 


Capital Cost of Equipment 2.538.545 SJA 50000 StIS,'truck 
1600 $US/container

Spare Parts 128.927 5 00% of Capital Cost 

Customs 
 1,199.4r3 
Total Capital Investment 3.864.935 SJA 

Estimated Economic Life 
Based on Planned Use 5 years (replace contain'-rs mid-,ay) 

I'llmber of Sh iftsper Day 00 shift/day 

Hours of OperationYear 3.120 hours/year 

Number of Trips per Shift 98 trips/shift 5 km one vay 

Comp!ete Loads per Shift 687 loads/shift 

Typical Density of Solid 

Waste in Loaded Vehicle 0 310 Tonnes/cub;c meter 

Typical Productivity 12 4 tonnes!day 

?_1A SJA 

A-.nualized Capital Cost. when purchased !. 1993 
3.864.935 @ int of 60 00% over life; 2450,130(reflects opportunity cost of capital, even if a orant) 

Ccst of PersonneliShift 

1 00 Driver 62,400 SJA'year 62.400 
1 00 Workers 37.440 SJA.,'year 37.440 
4 91 Attndts 31.200 SJA'year 153.1840 20 Workshp Prsonnl 56,160 SJA/year 11.232 
0 10 Suprvsry Prsonnl 74.880 SJAIyear 7.488 
0 10 Inspctn Peronnl 0 SJA/year 0 

Administration 30.00% of above 81.517 
Benefits 500% of above 17,662 

Annual Personnel Costs/Shift 370.903 

Annual Personnel Costs 370.903 

10-Jan-94 

Page 2 Table SK--6--T 

JAMAICA Cost Comparisons 
Consumables 

Fuel ( 9 0 litres/hr )( 28.080 Itres., 100 
Engine Oil ( 1 50 libes/hr ).( 4.680 litresiw 70 0 
Trans Oil ( 0 03 litres/hr ).( 94 litresG, 800 
Hydrlc Oil ( 003 lites/hr )( 94 lirres@* 600 
(Wheels per Equipment Unit) 6 
Ties 1100 repl his ).( 17 0 tires C, 7000 0
Erike Lnng 600 repl hts ).( 31 2 units 6i 15000 
Brake Drum 1200 repl his )( 15.6 units c 20000 
.. llutch Pit 1600 repl hrs ).( 2 0 units 150000 
Filters 80 repl his ) ( 39 0 sets Ca- 2500
Prot. Gear 1000 rep hrs )( 22 8 sets 0 20000 
Other 15% additional over above costs) 

(seals. grease, battery, alternator. etc.) 

Total Consumables/Year 

Special Costs Attributable to Storage and
 
Containment at the Source 


Miscellaneous Costs 21% of capital cost of equipment
(taxes. insurance, registration, customs. etc.) 

Annual Cost of Equipment Unit 

It implemented during 1993
 

Tonnes Handled per year 

( 12 4 tonnes/day 312 days/yr 90% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 

EOUIPMENT COST 55 80% 
PI-RSONNEL COST 8.45% 
CONSUMABLE COST. 23.61% 
OTHER COSTS 12.14% 

TOTAL COST 100.00% 

SKIP 

SJA 

SJA,'tr 280.800 
SJA'tr 327,600 
SJA'tr 5.616 
SJA'ttr 5.616 

SJAiea 119.127
 
SJAiea 48.800
 
SJAkes 31.200
 
SJ~iea 29.250
 

SJA/set 9.750
 
SJA/ea 45.609
 

135.205 

1.036.573 

0 

533.095 

4.390.701 

available) 3.474 

1,263.97 SJA 

299.88 SJA 

http:1,263.97


Page 1 	 lable SL-8-DX SIDE LOADER Page 2 Table SL - 8-DX S;DE LOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 
.. on:,jmables 

Type of Equipment Side Loader Non-Compactor Tipping Truck Fuel ( 5 00 libesihr ) 15,600 lites@' 100 SJAJItr 158,000
Engine Oil ( I 50 ies/hr )( 4 680 Iibes@, 700 SJA.'ltr 327.600Capacity 8 0 cubic meters Trans Oil ( 0 32 Ibtesihr ).( 998 litres@ 600 SJA,'tr 59.904 
Hydric Oil 1 0 11 libes/hr ). 343 Iibesa, 600 SJA.'ttr 20.592Capital Cost of Equipment 1.200.000 SJA 40000 $US/truck (Wheels per Ljipment Unit) 4 
Tires t 1100 rep[ hrs ).( 11 3 tires Ca, 70000 SJA./ea 79.418Spare Parts 	 60,000 5 00% of Capital Cost Brr-ke Lnng ) 60 repl hrs ).( 20 8 units 4,. 15000 SJAIfea 31.200Customs 	 587.000 Brake Drum ( 1200 rep hrs )( 10 4 units (r 2000 0 SJA,'eta 20.800Totnl Capdal Investment 	 1.827.000 SJA Clutch PR ( 1600 repl hrs ) 2 0 units 150000 SJA/ea 29.250 
Filters ( 80 repl hrs ) 390 sets 0 2500 SJA/set 9.750Estimated Economic Life Prot. Gear ( 1000 repl hrs ).( 156 sets @ 20000 SJA,'es 31 200Based on Planned Use 	 5 years Other 15 additional over above costs) 114.857 

(seals. gree.e battery, alternator. etc ) 
Number of 3l-.fts per Day 1 00 shifts/day 

Total ConrsumablesYear 880.571 
HOLrS of Operation/Year 3.120 hours/year 

Special Costs Attributable to Storare andlumber of Trips per Shift 2 3 trips/shift 	 030 lkmone way 	 Containmen' atthe Source 

Complete Loads p. Shift 2 0 loads/shift 

Miscellaneous Costs 21% of capital cost of equipmentTypical Density ofSolid 	 252.000(taxes. insurance. registration. eL. .)
Waste in Loaded Vehicle 0 30 Tonnes/cubic meter 

Annual Cost of Equipment Unit 2605.928Typical Productivit, 	 4 8 tonnes/day If implemented during 1993 

SJA 

Annualized Capital Cost, when purchased in 1993 Tonnes Handled per year

1.8,7.000 @ int of 6000% 
over Irfe) 1.158.205 

Co4t ofPersonnelShft 4 8 tonnes/day 312 days/yr 90% available) 1 339 

1 00 urrver 	 62.400 SJA,'vear 62.400 Cost per To;ine 1.946 05 SJA
4 0C Workers 37.440 SJAjyear 149.780 
)00 Attndts 31.200 $JAlyear 0

0 20 Workshp Prsonnl 56,160 SJA/year 11.232 	 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 461 70 SJA0 10 Suprvsry Prsonnl 74.880 :JA'year 7.48t
 
0 10 Inspctn Peronnl 0 SJAyear 0
 

Administration 30 00% of above 
 69.264 	 EQUIPMENT COST 44 45% 
Becnefits 	 5.00% of above 15.007 	 PERSONNEL COST 1209% 

CONSUMABLE COST € 33.79%
 
Annual Personnel Costs/Shift 315,151 
 OTHER COSTS 9.87% 

Annual Personnel Costs 	 315.151 TOTAL COST 100.00% 

10-Jan- 94 



Page I Table SL-8 P' SIDE LOADER 
JAMAICA Cost Comparisons

January 19b2 	 30 SJA per US Dollar 

Type of Equipment Side Loader Non-Coripactof Tipping Truck 

Capacity 8 0 cub~c meters 

Capital Cost of Equipment 1,200.000 SJA 40000 SUSitruck 

Spare Parts 	 60.000 5 00% of Capital Cost 
Cu:toms 	 507,000 
Tolil Capital Investment 1.827.000 5JA 

Estimated Economic Life 
Based on Planned Use 5 years 

Number ci Snrfts per Day 	 1 30 shifts/day...... 

hours of OperationYear 	 3,120 hours/year 

Number of Trips per Shift 	 27 trips/shift 20 km one way 

Complete Loads per Shift 	 2 28 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 	 0 30 Tonnes/cubic metty 

Typical Productivity 	 5 5 to;ines/day 

SJA 

Annualized Copital Cost, when purchased in 1993 
1.827,000 @ int of 5000% over life) 1.158.205 

Cost of Per°.onneU Shft 

1 00 Drrter 62.400 SJA/year 62.400 
4 00 Wcrkers 37.440 $JAyear 149,760 
000 /!nlts 31.200 SJA./year 0 
Q 20 Workshp Prsonnl 56.160 $JA/year 11.232 
0 . 0 Suprvsry P.sonnl 74,880 SJAye ar 7.488 
0 10 	Inspctn Peronnl 0 SJA,'year 0 

Administration 30.00% of abcve 69,264 
Benefits 5.00% of above 15,007 

Annual Personnel C )sts/Shift 	 315.151 

Annual Personnel Costs 	 315.151 

10-Jan-94 

Page 2 Table SL - 8 DL 	 SIDE LOADER 

JAMAICA Cost Comparisons 	 SJA 

Consumables 
Fuel 5 00 lites/hr )( 15.600 Iresr(Zi 100 SJAttr 158.000 
Engine Oil ( 1 50 itres/hr )( 4.580 Irtes@w 70 0 SJAltr 327.600 
Trans Oil ( 032 lites/hr ),( 998 litresla 60 0 SJA,'Ptr 59.904 
Hydrl: Oil 0.11 litres/hr ),( 343 Itres@, 600 SJAtr 20,592 
(Wheels per Equipment Unit) A 
Tres ( 11O0 repl hrs ) ( 113 tiresc 70000 SJea 79,418 
Brake Lnng ( 600 repl hrs ),( 20 8 units @, 1500 0 SJA/ea 31,230 
Brake Drum ( 1200 repl hrs )( 10 4 units C,) 20000 SlI.ea 20.800 
Clutch Ptt 1600 repl hrs ).( 2 0 units 15000 0 SJA'ea 29.250 
Fihler= 80 repl hi.s )( 39 0 sets C, 2500 SJA/set 9.750 
Prot. Gear ( 1000 repl hrs ),( 15 6 sets Ca 20C0 0 SJA.'ea 31.200 
Other 1 15% additional over above costs' 	 114.857 

(seals, grease. battery alternator. etc) 

Total Consumables/Year 	 880.571 

Special Costs Attibutable to Storage and 
Containment at the Source 0 

Miscellaneous Costs 21% of capital cost of equipment 252.000 
(taxes. insurance. registration, etc) 

Annual Cost of Equipment Unit 2.605.928 
If implemented during 1993 

Tonnes Handled per year 

C 	 55 tonnes/day 312 days/yr 90% available) 1.539 

Cost per Tonne 1,693.31 SJA 

Aver. Cost per Person ( 0 24 tonnes/cap/y) 	 401 74 SJA 

EOUIPMENT COST 44A5% 
PERSONNEL COST 12 09% 
CONSUMABLE COSTS 33.79% 
OTHER COSTS 98!7% 

TOTAL COST 100.00% 

http:1,693.31


Page 1 	 Tnb!e SL -8 - DS SIDE LOADER Page 2 Table SL- 8- DS SIDE LOADER 
JA.ACA Cost ComparisonsJanuary 1993 30 SJA per US Dollar JAMAICA Co't! Comparisons 	 SJA 

Consumables7ype of Equipment Side Loader Non-Compactor Tipping Truck Fuel ( 5 00 litres/hr ).( 15.600 litres(a 100 SJA.ltr 156.000 
Engine Oil ( 1 50 litres/hr ),( 4,680 Iibes@ 70 0 SJ.1'ktrCapacity 8 0 cubic meters 	 327,600Trans 0, ( 0 32 libresihr )( 998 litres6D 500 SJA.'ttr 59.904 
Hydrkc Oil ( 0 1I Iitres/hr ).( 343 lrtres(.@ 600Capital Cost of Equipment 1.200.000 SJA 	 SJAlt 20.59240000 SUSitruck 	 (Wheels per Equipment Unit) 4 
Tires 1100 repl hrs )( 11 3 tires , 7000 0 SJA/eaSpawre Parts 80,000 	 794185 00% ,'fCapital Cost 	 Brake Lnng 600 re,,i hrs ) ( 20 8 units Cw 1500 0 SJAjea 31,200Customs 	 567,00 Brake Drum 1200 repl hrs )( 10 4 units ' 20000 SJA.,'ea 20600Total Capital Investment 	 1.827.000 SJA Clutch Pit 800 repl hrs )( 3 9 units 150000 SJAea 58.500 

Estimated Economic Lrfe 	 Fiters 80 repl hrs ).( 39 0 sets @ 2500 SJA/set 0.750Prot Gear 1000 repl hrs )( 15 6 sets C 20000 SJJA,,rea 31.200Bn-'d on Planned Use 	 5 years Other 15% ndditonal over above costs) 119.245 
(seals, grease battery alternator. etc)

Number 	of Shifts per Day 1.00 shifts/day 
Total Consumable. Year 914.209Hours of OperationNear 	 3.120 hcurs/year 

Number of Trips per Shift 	 Special Costs Attributable to Storage and30 trips/shft 10 km one way Containment at t-0 Source 0 

Complete I.oads per Shift 2 54 Ioadsis,'tft 
Miscellaneous Costs 21% of capital cost of equipmentTyp~cal Density of Solid 	 252.000(taxes. insurance, registration, customs. etc

Waste in Loadsd Vehicle 0 30 Tonnes/cubic meter 
Annual Cost of Equipment UnitT~pical Productivity 6.1 tonnes,:day 	 2.039.565If implemented dur;ng 1993 

SJA 

Annualizr d Capital C st. wh-n purchased in 1993 Tonnes Handled per year
1.827,000 g int of 0,00% over life) 1.158.205 

6 1 tonnes/day 312 days/y 90% available) 1.709Ccst of Personne, Shft 

1 00 Driver 	 62,400 $JA'year 62.400 Cost per Tonne 1.544.51 SJA
4 00 Workers 37440 SJAyvear 149.760 
0 O0Atndts 31 200 SJAjyear 00 20 Workshp Prsonnl 56,160 SJA,,'year 11.232 Aver Cost per Person ( 0.24 tonnes/cap/yt) 	 36643 SA0 10 Suprvsry Prsonnl 74.880 SJA~year 7.488
 
0 10 lnspct.i Peronnl 0 SJA,'year 0


Administration 
 30 00% of above 	 6#,.264 EOUIPMENT COST 43.88%
Benefits 	 5.00% of above 15.007 PERSONNEL COST 11.94%
 

CONSUMABLE --OSTE 34.63%
 
Annual Pesonnel Costs/Shift 313.151 OTHER COSTS 
 955% 
Annual Personnel Costs 315.151 TOTAL COST 10000% 

10-Jan-94 

http:1.544.51
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Page 1 Table SL-B-T SIDE LOADER Page 2 Table SL- 8-T SIDE LOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

Consumahle,."Type of Equipment Side Loader Non-CJmpactor Tipping Truck Fuel 5 00 hlies/hr )( 15.600 Iiftes@ 100 SJA.'Rtr 156.000 
Engine Oil ( 1 50 Irtres/hr )( 4.680 Iires@, 70 0 SJA.'tr 327.r00Capacit 8 0 cubic meters Trans Oil 0 32 litres/hr ),( -:98 lites@', 600 S.!A,'Ktr 59,904 
Hydric Oil 0 11 litresihr )( 343 litres@. 600 SJh.tr 20.592Capital Cost ofEquipment 1.200.000 SJA 40000 $US/kruck (Wheels per Equipment Unit) 4 
Tres 1100 repl his ).( 11 3 tires Ce 70000 SJAjea 79.418Soue Parts 80,000 5.00% c! Capital Cost Brake Lnng 600 repl his ).( 20 8 units i 15Ci)1 SJA,'ea 31.200Customs 567,000 Brake Drum 1200 repl hrs )( 10 4 units z@, 200J 0 SJAlea 20.800Total Capital Investment 1,827,000 SJA Clutch PIt 1600 repl his 20 units 150000 SJea 29.250 
Filters 80 repl hirs ).( 39 0 sets @ 2500 SJAset ':.7.50Estimated Economic Life Prot Gear 1000 repl his ),( 15 6 sets @ 2000.0 SJA.'ea 31.200Based on Planned Use 5 years Other 15% additional over above costs) 114.857 

(seals. g"-..se, battery, alternator. etc) 
Number of Shifts per Day 1 00 shifts/day ......... 

Total ConsumablesYear 880 57; 
Hours of Operation/Yea 3.120 hours/year5 

Special .osts Attributable to 5"arage andNumber ot i rips per Shift 3 2 trii.ishiff 5 km one way Containment at the Source 

Complete Loads per Shift 2 7 loads/shift 
Misce!la,'neous Costs 21% of capit;l cost of equipment 252.30T'pical Density of Solid (taxes, insurance. registration, customs, etc 

Waste in Loaded Vehicle 0 30 Tonnestcubic meter 
Annual Cost of Equipment Unit 2.605.928Typical Productivity 6.4 tonnes/day If implemented during 1993 

SJA 

Annualized Capital Cos, when purchased in 1993 Tonnes Handled per year
 
I B27,000 @ int of 60.00% over life) 1.158.205
 

Cost ofPersonnelShift 6.4 tonres/day 312 days/yr 90% available) 1.09 

1 00 Driver 62.400 $JA/yea 62.400 Cost per Tonne 1.440.58 SJA 
4 00 Workers -7.440 $J,/year 149.760
 
C 00 Attrdts 31.200 SJA~year 0

1 20 Workshp Prsonnl 56.160 $JA'year 11,232 
 Aver Cost per Person ( 0.24 tonnes/cap/yr) 341 78 SJA 
0 10 Suprvsry P.so-inl 74,880 SJA.'year 7.488 
0 10 Inspctn Peronnl 0 SJA'year 0 

Administration 30 00% of above 69.264 EQUIPMENT COST 44.45%
 
Benefits 500% ofabove 
 15,007 PERSONNEL COST 12.09% 

CONSUMABLE COSTE 3.79%

Annual Personnel Costs/Shift 315.151 OTHER COSTS 387%
 

Annual Persor-nel Costs 315.151 TOTAL COST W10,00% 

10-Jan-94 

http:1.440.58


Prs"q 1 Table Tl - 50- DX TRANSFER TRK Page 2JAM=AICA Cost ComparisonsTbeT-"50 	 TableT- 50-DX TRANSFER TRI
January 1993 	 DXRA S E TR30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

over life) 4,632.820 

Type of Equipment Tractor Traile, Long Haul Truck to 
Transfer I arge Trailers to Disposal SiteCapacily 50 0 cubic meters (useable space - minus e:,,ction system) 

Cap.'4l Cost of Equipment 4.800.000 SJA 80000 SUS, teucktractr 
240.000 5 00% 40000 SUS/trailer f-eof Capital Cost ct

Spate Parts 
Customs 2.268.000 
Total Capital Investment 7.308.000 SJA 

Estimatr d Econonic Life 
Based on Planned Use 5 years (replace trailer mid-way) 

Consum be 
Fuel es 15 0 itreshi H 46.800 lrtres@
Engine Oil ( 1 0 liib.sih ).( 5 304 Ifres@Trans Oil ( 0 04 fi eslhr )( 25 lr es@v 
Hydrlc Oil 1 0 04 litres/hr ),( 125 Irtres@', 
(Wheels per Equipment Unit)
Tires 1500 his )( 

14 
Brake Lnng 600 replrepl hrs 2S 1 tires (2,)( 72 8 units (iH
Brake Drum 1200 repl his ),( 364 units ,,
Clut:.,' PIt 1500 rept his 1( 20 units 
File,s 80 repl hisProt. Gear 1000 repl hrs )

) (
( 

39 0 sets Ca
31 sets @

Other 15% additional over above costs) 

100 
70 0 
60 0 

600 

I05C0 01500 0 
2000 0 

150000 

2500
20000 

SJA'ltr 
SJA,',tr 
SJA.'Itr 

-,JA,tr 

SJAieaSJA;ea 
SJAiea 
SJA'ea 

SJA'set
SJA,'ea 

_ _48000 
371 280 

7,488 

7.488 

203 840179 200 
72 800 
29 250 

9.750
6.240 

192 :00 
Number of Shifts per Day 1.0 shifts/day (seats. Teat -. battery. alternator, etc) 

Hours of Operation/Year 3.120 hors/year Total ConsumablesYear 1478.136 
Number of Trips per Shift 

Complete Loads per Shift 

4 0 tripsl/shift 

3 6 loads/shift 

30 kim one way 
Special Costs Attibutable to Storage and 

Containme,.t at the Source 0 

Typial Density of SolidWaste in Loaded Vehicle 

Typical Productivity 

0 35 Tonnes/cubic meter 

54.0 tonnes/day 

Miscellaneous Costs 
(t,,es insurance regrbaton etc.) 
Annual Cost of Equipm,r,! UnitIf implementea curing 

21% of capital cost of eqrigpment 

1993 

1.008.00o 

7.261 

SJA 
Annualized Capital Cost. when purchased in 

7.308.000 @ int of 60.00%c 
1993 Tonnes Handled per year 

Cost of PersonnelShft 54 0 tonnes/day 312 days/yr 90% availa!,fe)
1.00 Driver 62.400 	 SJA/year 62.400 

lost per Tonne000 Workers 	 478 88 SJA37,440 SJAyear 00 00 Attndts 31.200 SJA/year0.50 Workshp Prsonnl 	 056.160 ..Jkdyear 28.080 Aver. Cost per Person 1 0.24 tonnes/cap/yr)0.20 Suprvsry Prsonnl 	 11361 SJA74.880 SJA/year 14.9760 20 Inspctn Peronnl 0 SJA/yearAdminist;-ion 	 030.00% of above 31.637Benefits 	 EOUIPMENT COST 63.80%5 00% of above 5.273 PERSONNEL COST 1.96% 
CONSUMABLE COSTSAnn.jal PersonnEl Costs/Shift 20.36%

142.368 OTHER COSTS 13 889Annual Personrel Costs 142.366 TOTAL COST 100.00% 

1t --Jan- 94 

15.163 



Page I Table TT -50- DL TRANSFER TRK 
JAMAICA Cost ComparisonsJanuary 1993 30 fJA per US Dollar 

Type of Equipment Tractor T
railer Long Haul Trucs, to 


Transfer Large Trailers to Dispostl Site 

Capacity 50 2 cubic meters (useable space minus ejection system)
-

Capital Cost of E:uipment 4,800.000 SJA 80000 SUSitruck tractor 
40000 SUSitrailer + eect

Spare Parts 240.000 5007% of Capital Cost 
Customs 2,268.000 
Total Capital Investment 7.308.000 SJA 

Estimated Economic Life 

Based on Planned Use 5 years (replace traiie, mid-way) 


Number of Shifts per Day 1.U shifts/day
 

Hcrs of OperationNear 3, 120 hours/year
 

Numbe' of Trips per Shift 5.1 trips/shrft 20 km one way 


Comiplete Loads per Shift 4.6 Ioads/sh't 

Typical Density of Solid 
Vlaste fn Loaded Vehr:le 0 35 Tonnies.icubi. meter 

Ttpical Productivity 69 4 tonne./day 

SJA 

Annualized Capital Cost, when pLrchased in 1993 
7.308.000 @ iut of 60 00% over life) 4.632.820 

Co;t ot Personnel, Shift 

1 00 Drrver 62.400 $JA'year 62.400 
100 Workers 37.440 SJAIyear 0 

000 Attndt. 31,200 SJA.yetv 00 50 Workshp Prsonn 56,160 SJA/yerr 28,080 
020 Suprvsry Prsonnl 74.880 ,JAyear 14,976
0 20 Inspctn Peronnl 0 SJAJyear 0

Administration 30.00% of above 31.637 
Benefits 5 00% of above 5.273 

Annual Personnel Costs/SI .11 142.366 

Annual Personnel Costs 142.356 

11 -Jan-94 

Page 2 Table TT- 50-DL TRANSFER TRK 

JAMAICA Cost Comparisons SJA
 
Consumables 


-__
 
Fuel 15 0 lites/hr ).( 46.800 Irtres@ 
 10.0 SJAftt 468.000 
Engine Oil 1.70 lftres/,r ).( 5 304 litresCa, 700 S.JA.1r 371.280 
Trans Oil 0 04 itreshr ). 125 Itres@' 600 ,JA'hr 7.488 
HydrI: Oil 0.04 litres/hr 1.125 ItesC, 600 SJAJItr 7.488
(Wheels per Eouipment Unt) 1-
Tres 150"0 rep! hi.., .1 29 1 tires C; 105000 SJAiea 203.840
Brake Lnng 600 repl hi- )72 8 unr, Ca 15000 SJkea 109.200 
Brake Drum 1200 repI his ). 38 4 unit- Z, 20000 SJAiea 72.800 
Clutch Ptt 1600 repl his )( 2 0 units 150000 SJA,'ea 29.250 
Filters 80 repl his ).( 39 0 sets @ 2500 SJAjset
Pro'. Gear 1000 rep his ).( 3.1 sets @ 2000 0 SJ.,'ea 

9750 
6.240 

Other 15% additi:rwt- ,hbove costs) 192.800 
(seals, grease. battery, alternato , . etc.) 

Total Consumables/Year 1.478 136 

Special Costs Attributable to Storage and
 
Containment at the Souce 
 0 

Miscellaneous Costs 21% of capital cost of equipment 1.008.000(taLxes. insurance. registration. etc.) 

Annual Cnst of Equipment Unit 7.261.322
If implemented during 1993 

Tonnes Handled per year 

69.4 tonnes/day 312 days/yr 90% available) 19 496 

Cost per Tonne 372 46 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 88.37 SJA 

EQUIPMENT COST 63 80% 
PERSONNEL COST 1.96% 
CONSUMABLE COSTE 20.36% 
OTHER COSTS 13 rd% 

TOTAL COST 100.00% 



Page 1 	 Table TT- 50- DS TRANSFER Tr" Page 2 Tablt T7'- 50 -DS TRANSFER TRK 
JAMAICA Cost Comparisons

January 1993 30 SJA per LIS Dollar JAMAICA Cost Comparisons SJA 

Consumables
Type of Equipment Tractor Trailer Long Haul Truck to Fuel ( I50 litres/hr ).( 46.800 lires@, 100 SJA,ttr 468000

Transfer Large Trailers to Disposal Site Engine Oil ( 1 70 litres/hr ).( 5.304 lities@, 70 0 SJAttr 37 1,780
Capacity 5r 0 cubic meters (useable space - minus ejection system) Trans Oil (0 04 lites/hr ).( 125 litres@ 600 SJA, ti 7488 

Hydrc Oil 004 tlies/hr ),( 125 litres@a, 600 SJA,"ft 7.488Capital Cost of Equipment 4,800.000 SJA 80000 SUSitruck tractor (Wheels per Equipm,_-nl Unit) 14 
40000 nUS/trailer-f eject Ties 1500 repl hrs ).( 29 1 tires @, 1051-1 0 SJA/ea 203 840Spare Parts 240.000 5 00% of Capital Cost Brake Lnng 600 repl his ).( 728 units (i 15000 SJA'ea 109 200

Customs 2.268,000 Brake Drurl 1200 repl his ).( 36 4 units Q1 20000 SJAea 72.800Total Capital Investment 	 7.308,000 SJA Cltitch PIt 1600 rep! his ).( 2 0 units 150000 SJ~iea 29.250 
Filters 80 repl his ).( 39.0 sets C, 2500 SJAset 9,750Estimated Economic Life Prot. Gear 1000 repl his ).( 3 1 sets Ca, 2000 0 SJAiea 6,240Based cn Planned Use 	 5 years (replace trailer mid-way) Other 1 5% additional over abov% costs) 192.800 

(seals. grease, battery. alternator. etc.)
Number of Shifts per Day 1.0 shifts/day . 

Total C-onsumables'Year 1.478.136Hours of Operation/Year 	 3.120 hours/year 
Special Costs Attributable to Storage and 

Number of Trips per Shift 6 4 trips/shift 10 km one way Containment at the Source 0 

Complete Loads per Shift 5 7 loads/shift 
Miscellaneous Costs 2: % of capital cost of equipment 1.008.000

Typical Density of Solid (taxes. insurance. registration, customs. etc)
Waste in Loaded Vehicle 0 35 Tonnes/cubic meter 

Annual Cost of Equipment Unit 7.261.322Typical Productivity 85 8 tonnestday 	 If implemented during 1993 

SJA 

Annualized Capital Cost. when purchased in 	 1993 ronnes Handled per year 
7.308.000 (;Dint of 60 00% over life) 4.632.820 

858 tonnes,'day 312 days/yr 90% available) 24.083 
Cost of PersonnelShrft 

1.00 Driver 	 62.400 SJA.'year 62.400 Cost per Tonne 301 52 SJA 
000 Workers 37.440 SJA'yea 0 
0 00 Attndts 31,20J SJAyew 0 
0 50 Workshp Prsonnl 56.160 $JAJyeaw 28,030 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 71 53 SJA 
0 20 uprvsry Prsonnl 74.880 SJA,'year 14.976 
0 2C Inspctn Peronni 0 $JA/year 0 

Administration 30 00% of above 	 31.637 EQUIPMENT COST 63.80%
 
Benefits 5 00% 
 of above 5.273 	 PERSONNEL COST 1.96% 

CONSUMABLE COSTE 20.36%
 
Annual Personnel CostsiShrft 142.366 OTHER COSTS 13.88%
 

Annual Personnel Costs 	 142.366 TOTAL COST 100.00% 

I I -Jan-94 



Page 1 Table TT-50-T TRANSFER TRK Page 2 Table 'T 50 -T TRANSFER TRK 
JA.MA!CA Cost Comparisons 

January 1993 30 SJA per US Dollar JAMAICA Cost Comparison. SJA 

Consumables 
Type of Equipment Tractor Trailer Long Haul Truck to Fuel ( 15 0 litres/hi ).( 46300 Irtres@, 10 0 SJA.l't. 488.000 

Transfer Large Traile s to Disposal Site Engine Oil ( 1.70 litJesthr ).( 5 104 libes@ 700 SJA.,ltr 371.280 
Capacity 50 0 cubic nie'ers (useable space -- minus ejection system) Trans Oil 0 04 Ires/hr ).( 125 litres@, 600 SJA'Rr 7.488 

Hydrlc Oil ( C 04 Iresihr ).( 125 litres@ 600 SJA.,l 7.488 
Capital Coat of Equipment 4.800.000 SJA 80000 SUSitruck t 'ctor (Wheels per Equi:.ment tUJrSl 14 

40000 SUSitrailer+ eject Ties 1500 repl his ).( 2Y 1 tires (H, 10500 0 SJA,'ea 203.840
Spare Parts 240,000 5.00% of Capital Cost Brake Lnng 600 repl his )( 72 8 units i. 15000 S.AJea 109.200 
Customs 2,2&3.000 Brake Drum 1200 repl his ) ( 36 4 units (i 20000 SJA~ea 72.800 
Total Capitai Investment 7.308.000 SJA Clutch Pit 1600 rcpl his ).( 2 0 i-.ts 150000 SJA',Sa 29.250 

Fitters 80 repl his ).( 390 sets Ca 2500 SJA/set 9.750 
Estimated Economic Life Prot Gear :000 repl his )( 3 1 sets @ 20000 SJAiea 6.240 
Based on Pirnned Use 5 years (replace trailer mid-way) Other 15% additional over above costs) 192.800 

(sen;s. grease battery, alternator, etc)
Number of Shifts per Day 1 0 shift/day 

To!tl ConsumablesiYear 1.478.136 
Hours of ,perationiYea"3.120 hours/year 

Special Costs Attributalie to Storapg and 
Number of Trips per Shift 7 2 trips/shift 5 km one way Containmoerl at the Source 0 

Completq Loads per Shift 	 6 5 ,oads/shift 
Miscelianeous Corts 21 of capital cost of equipment 1.008 000 

Typical Density of Solid (taxes. insurance, registration, etc 
Va.te in Loaded Vehicle 0 35 Tonnes/cubic me'er 

Annual Cost of Equipment Unit 7,281 322 
Typical Productivity 97 2 tonnes/day if implemented du, ing 1993 

SJA 

Annualized Capital Crst. when purchased in 1993 Tonnes Handled per year 
7,308.000 @ int of 60 00% over life) 4.632.820 

Sr72 tonnes/day 312 days/yr 90% available) 27.294 
Cost of PersonneliSht 

1 00 Driver 	 62.400 SJA/year 82.400 Cost per Tonne 286 04 SJA 
0 00 Workers 37.440 SJAyear 0 
0 00 Attndts 	 31.200 SJA/year 0 
0.50 Workshp Prsonn 58.150 SJA/yeaw 23,080 Ave.. Cost per Person ( 0.24 tonnes/cap/yr) 53 12 SJA 
0 20 Suprvsry Prsonnl 74,880 SJAiyear 1,1,978 
0 20 Inspctn Peronnl 0 $JAJyear 0 

Administration 30 00% of above 31.637 	 EQUIPMENT COST 83 00% 
Benefits 	 5.00% of above 5,273 PERSONNEL COST 4..6%
 

CONSUMABLE COST-
 2a 36%
 
Annual Personne, Costs/Shift 142 366 OTHER COSTS i 3.88%
 

Annual Personnel Costs 	 142 Z66 TOTAL COST 100.00% 

11 -Jan-94 



MONTEGO BAY GREATER METROPOLITAN AREA
 

JAMAICA
 

ANALYSIS OF SOLID WASTE COLLECTION EQUIPMENT
 

PUBLIC SECTOR SERVICE COSTS
 



PUBLIC SECTOR SERVICE COSTS
 

ASSLPTIONS:
 

1. 	 Typically Western Parks 
and Markets is provided with new
 
equipment by trne Ministry of Local Government.
 

2. 	 Borrowing Lor purchase of equipment and spares, including

shipping and customs duties, is assumed to be at the interest
 
rate which the government uses to finance its treasure bonds,

i.e., currently 43% per year.
 

3. 	 Customs duties and brokerage charges are estimated to cost
 
about 5% of total equipment and spares purchase costs.
 

4. 	 Western Parks and Markets is not required to fully cover all
 
insurance needs, because of hidden subsidies the
when
government accepts responsibility for repair and replacement
 
costs, insurance at 11% of capital cost per year is assumed.
 

5. 	 While equipment may last many years, an economic life of 
5
 
assumed, on
years is 	 based economic life calculations
 

conducted in many other countries which indicate a range of 5
 
to 8 years is possible depending on roal conditions, driver
 
skills, and preventative maintenance efforts.
 

6. 	 Western Parks and Markets typically operates one shift daily,

for a period of about 8 hours, without overtime pay.
 

7. 	 Loading 
rates are estimated based on observations and
 
interviews conducted in Montego Bay in November 1993. Much
 
more data of this kind would be needed to have definitive
 
costing results. No differences were observed between the
 
productivity of the private sector workers versus the Western
 
Parks and Markets workers, which is not unusual given there is
 
no significant difference in their respective compensation.
 

8. 	 Personnel salaries are currently set by the Ministry of Local
 
Government, and are the same for both the private and public
 
sector.
 

9. 	 Benefits provided are currently minimal. Social security is
 
provided; nedical assistance and disability pay for on-the­
job injuries is provided; and medical insurance is planned

for the coming year... at an assumed total cost of 15% of
 
salaries.
 

10. 	 Consumables are purchased at market rates.
 

11. 	 Downtime is low, 
because repairs are made immediately at
 
private workshops, but highei than the private sec.tor because
 
there are fewer disincentives to maximize performance. It is
 
assumed that the fleet is 80% available.
 



HOW ARE THE TABLES LABELED?
 

1. 	 The tables providing costs for each truck type have a three
part 
label, i.e., Table AR-15-DS. The first part (AR)
indicates the type of truck, i.e., Arm Roll. 
The second part
(15) 	indicates the capacity of the truck, 
i.e., 15 cubic
meters. The third part (DS) 
indicates the 
one way distance

traveled, i.e., 
direct short distance.
 

2. 	 The types of trucks analyzed are as follows:
 

AR - Arm Roll
 
SK - Skip Lift
 
SL - Side Loader
 
FT - Farm Tractor
 
TT - Transfer Trailer
 
FC - Front End Loader lifting Containers
 
RC - Rear End Loader lifting Containers
 
RL - Rear End Loader (manually loaded)

RP -	Poto Packer (special type of rear end loader)
 

3. 	 The distances analyzed are as 
follows:
 

DX - direct extra long - 30 km one way

DL - direct long -. 20 km one way

DS - direct short - 10 km one way

T - transfer (or direct very short) 
- 5 km one way
 

4. 	 The round-trip travel times 
for Montego Bay (including 10
minutes to unload at the dump site) are assumed as 
follows:
 

DX - 105 minutes, 40 km/hour speed

DL - 75 minutes, 40 km/hour speed

DS - 55 minutes, 30 km/hour
 
T - 45 minutes, 20 km/hour
 

5. 
 The loading times and stop-to-stop times for various equipment

units are assumed as follows:
 

AR, SK - 10 minutes to pick up roll on/roll off or skip
container 

OT, SL, RP ­ 12 minutes to load each c.m., 30 minutes of total
 
stop-to-stop time
RL - 9 minutes to each 30load c.m., minutes of total
 
stop-to-stop time


RC, FC - 2 minutes to load each c.m., 
40 minutes of total
 
stop-to-stop time
 

FT - 10 minutes to load each c.m., 
60 minutes of total
 
stop-to-stop time


TT - 30 minutes to fill trailer by gravity feed from an
 
unloading platform
 

/3'!
 



1 B C D E2 F
JAMAICA ECON-T.WK1 

34 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS5.0 KM ONE WAY TO UNLOAD 
5 

Exchange/$USD: 30 $JA6 
78 CAPACITY: FRONT END REAH END REAR ENDCONTAINERS CONTAINERS REAR END 
9 MANUAL MANUALSize per Unit, cubic meters 25.0 18.0 18.0 10.0

10 
11 PRODUCTIVITY:
12 Tonnes per Year 8,736 7,719 3,941 2,859
13 
14 ECONOMIC LIFE:15 Yea rs 5 5 5 5
16 
17 COSTS
18 Initial Cost per Unit 19,569,375 13,915,555 3,307,500 2,315,250
19 
20 Annual Cost per Unit21 Straight-Line Depreciation 
22 

3,913,875 2,783,111 661,500 463,050Peisonnel 635,556 555,599 329,199 329,199
23 Consumables 910,797 853,175 924,660 863,07724 Special Site Costs25 Miscellaneous 0 112,463 0 01.952,500 1,388,400 330,000 231.000
2627 Total (with 1) 13,071,500 9,716,634 3,201,771 2,555,814
282 9 Cost per Tonne (w;th i) 1,49630 .............. .. .. . .. 1,259 812 894
.. . ..3 01 .... .. . ...............................................................................
 

..................................................................................................................................................................... 

..........................
 

31 
32 ROTO PACKER33 CAPACITY. MANUAL
34 Size oer Unit, cubic meters 9.0 
35 
36 PRODLICTIVITY:
 
37 Tonnes per Year 
 2,320 
38 
39 ECONOMIC LIFE.
 
40 Years 
 5 
41 
42 COSTS
 
43 Initial Cost per Unit 
 2,149,875 
44 

SAr,rnual Cost per Unit
 
46 Straight-Line Depreciation 
 429,975

Pe:sonnel 286,143 
48 Consumables 663,077
49 Special Site Costs 050 Miscellaneous 214,500 
51
 
52 Total twrth I) 
 2,415,363 
53
 
54 Cost per Tonne (with i) 
 1,041 
55 
56
 
57
 
58 
 14-Jan-94 



1 B 

2 


3 

4 

5 


6 
7 

8CAPACITY:
 
9 Size per Unit, cubic meters 


jJ 
11 PRODUClIVilY: 
12 Tonnes per Year 
13 
14 ECONOMIC LIFE:
 
15 Years 


16 
17 COSTS: 
18 Initial Cost per Unit 
19 
20 Annual Cost per Unit
21 Straight-Line Depreciation

22 Personnel 

23 Consumables 

24 Special Site Costs 

25 Miscellaneous 


26
27 Total (with) 

26
29 Cost per Tonne (with i) 

31 
SAASKIP 


33 CAPAC!TY­
34 Size per Unt cubic meters 

35 
36 PRODUCTIVITY: 
37 Tonnes per Year 
3a 
39 ECONOMIC LIFF:
 
40 Years 

41 
42 COSTS:
43 Initial Cost rpe.r Unit 
44 
45 Annual Cost per Unit 
46 Straight--Line Depreciation 
47 Personnel 
48 Consumables 
49 Special Site Costs 
50 Miscellaneous 
51 
52 rotal (with i) 
53
54 Cost per Tonne (with i) 
55 
56 
57 
58 16-Jan-94 

C D E F 
JAMAICA ECON-TWK1 

ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
5.0 KM ONE WAY TO UNLOAD 

ARM ROLL 

15.0 

7,719 

5 

3,698,386 

739,677 
349,748 

a29,206 

0 
369,000 

3,357,075 

435 

LIFT 

6.0 

2,402 

5 

2,567,823 

513,565 
349,748 
822,996 

0 
256,200 

2.685,032 

1,118 

Exchange/$USD: 

ARM ROLL 

8.0 


3,431 

2,751,239 

550,24a 
349,748 
a00,502 

0 
274,5W3 

2,770,559 

808 

30 $JA 

FARM TRACTOR OPEN TIPPER 

4.0 13.0 

954 1,947 

5 

1,488,375 1,653,750 

297,675 330,750 
232,323 341,309 
577,883 819,273 

0 0 
146,500 165,000 

1,666,767 2,134,538 

1,767 1,096 

SIDE LOADER TRANSFER TRUCK
 

8.0 

1,251 

5 

1,323,C00 

264,600 
339,963 
704,457 

0 
132,000 

1,823,585 

1,458 

50.0 

18,870 

5 

5,292,000 

1,058,400 
163,363 

1,182,509 
0 

528,000 

4,462,531 

236 



1 B C D E F2 JAMAICA ECON-DS.WK13 ECONOMIC ANALYSIS OF COLLECTION AND TRFNSPORT SYSTEMS4 10.0 KM ONE WAY TO UNLOAD5 Exchange/$USD: 30 $JA 
6 
7 FRONT END REAR ENDaCAPACITY: REAR END REAR ENDCONTAINERS CONTAiNERS MANUAL MANUAL9 Size per Unit, cubic meters 25.0 1e.0 18.0 10.0 

10 
11 PRODUCTIVITY: 
12 Tonnes per Year 8,134 7,130 3,782 2,696
13 
14 ECONOMIC LIFE:
 
15 Years 
 5 5 5 5 
16 
17 COSTS:
18 Initial Cost per Unit 18,504,892 13,105,779 3,307,500 2,315,250
19 
20 Annual Cost per Unit
21 Straight-Line Depreciation 3,700,978 2,621,156 661,500 463,05022 Personnel 613,686 534,208 329,199 329,19923 Consumables 910,797 850,437 924,660 863,07724 Special Site Costs 0 103,878 025 Miscellaneous 1,846,293 1,307,606 330,000 231,000

0 

26
27 Total (with i) 12,422,715 9,207,013 3,201,771 2,555,814
28
29 CoL per Tonne (with i) 1,527 1,291 847 948
3 0 .........................................................................................
 "" " ......... ...............................................................................................................................................................................................
 
31 
32 ROTO PACKER33 CAPACITY: MANUAL

34 Size per Unit, cubic meters 9.0
 
35 
36 PRODUCTIVITY:
 
37 Tonnes per Year 
 2,200 
38
 
39 ECONOMIC LIFE: 
40 Years 5 
41 
42 COSTS:
 
43 Initial Cost per Unit 
 2,149,875 
44 
45 Annual Cost per Unit 
46 Straight-Linn Depreciation 429,975
47 Personnel 286,143
48 Consumables 863,0'7
49 Special Site Costs 0 
50 Miscellaneous 214,500 
51 
52 Total (with i) 2,415,363 
53 
54 Cost per Tonne (with i) 1,098 
55 
56
 

57
 
58 14-Jan-94 



1 B 

2 
3 
45 
5 

6
 
7 

8 CAPACITY:

9 Size per Unit, cubic meters 

10 
11 PRODUCTIVITY:
12 Tonnes per Year 
13 
14 ECONOMIC LIFE:
15 Years 

16 
17 COSTS:
18 Initial Cost per Unit 
19 
20 Annual Cost per Unit21 Straight-Line Depreciation 

22 Personnel 

23 Consumables 

24 Special Site Costs 

25 Miscellaneous 


26
27 Total (with i) 

25
29 Cost per Tonne (with i) 

3: 
32 

33 CAPACITY:
 
34 Size por Unit, cubic meters 

35 
36 PRODUCTIVITY: 
37 Tonnes per Year 


38 
39 ECONOMIC LIFE:
40 Years 
41 
42 COSTS:
43 Initial Cost per Unit 
44 
45 Annual Cost per Unit
46 Straight- Line Depreciation
47 Personnel 
48 Consumables 
49 Special Site Costs 
50 Miscellaneous 

51 
52 Total (with i) 
53
54 Cost per Tonne (with i) 
55 
56 
57 
58 16-Jan--94 

C D E F 
JAMAICA ECON-DS.WK1

ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
10.0 KM ONE WAY TO UNLOAD 

ARM ROLL 

15.0 

5,443 

5 

3,465,242 

693,048 
323,403 
829,206 

0 
345,738 

3,193,422 

587 

SKIP LIFT 

6.0 

2,032 


5 

2,443,479 

48a,696 
323,403 
819,624 

0 
243,794 

2,582,084 

1,271 

Exchange/$USD: 

ARM ROLL 

8.0 

2,903 

5 

2,556,952 

511,390 
323,403 
800,502 

0 
255,115 

2,629,791 

906 

30 $JA 

FARM TRACTOR OPEN TIPPER 

4.0 13.0 

893 1,866 

5 5 

1,488,375 1,653,750 

297.675 330,750 
2C.2,323 341,309 
577,883 819,273 

0 0 
148,500 165,000 

1,686,767 2,134,538 

1,889 1 1,14 

SIDE LOADER iANSFER TRUCK 

8.0 

1,182 


5 

1,323.000 

264,600 
339,963 
731,367 

0 
132,000 

1,850.495 

1,566 

50.0 

16,650
 

5 

5,292,000 

1,058,400 
163363 

1,182,509 
0 

528,000 

4,462,531 

268 

/6J'
 



1 B C D E F2 JAMAICA ECON-DL.WK13 ECONOMIC ANALYSIS OF COLLECTION AN' TRANSPORT SYSTEMS
 
4 
 20.0 KM ONE WAY TO UNLOAD5 Exchange/$USD: 30 $JA 
6 
7 FRONT END REAR END REAR END8 CAPACITY: REAR ENDCONTAINERS CONTAINERS MANUAL MANUAL
9 Size per Unit, cubic meters 25.0 18.0 18.0 10.0 

10 
11 PRODUCTIVITY:
 
12 Tonnes per Year 
 7,148 6,186 3,498 2,419
13 
14 ECONOMIC LIFE:
15 Years 5 5 5 5 
16 
17 COSTS:
 
18 Initial Cost per Unit 16,763,011 11,807,994 3.307,500 
 2,315,250 
19 
20 Annual Cost per Uni
21 Straight-Line Depreciation 3,352,602 2.361,599 661,500 463,05022 Personnel 577,898 499,926 329,199 329,19923 Consumables 910,797 846,049 924,660 863,07724 Special Site Costs 0 90,119 0 025 Miscellaneous 1,672,500 1,)78,122 330,000 231,000
26 
27 Total (with i) 11,361,067 8,390,269 3,20 i,771 2,555,814
28
 
29 Cost per Tonne (with i) 1,580 1,356 915 
 1,056 
30 .................................................................
..........
.......
.....
....................................................................................................................... 
....................................................................
 

32 ROTO PACKER 
33 CAPACITY: MANUAL
 
34 Size per Unit, cubic meters 9.0 
35 
36 PRODUCTIVITY: 
37 Tonnes per Year 1,993 
38 
39 ECONOMIC LIFE: 
40 Years 
 5
 
41 
42 COSTS:
 
43 Initial Cost per Unit 
 2,149,875 
44 
45 Annual Cost per Unit 
46 Straight-Line Depreciation 429,975
47 Personnel 286.143 
48 Consumables 863,077
49 Special Site Costs 0 
50 Miscellaneous 214,500 
51 
52 Total (with i) 2,415,363 
53 
54 Cost per Tonne (with i) 1,212 
55 
56 
57 
58 14-Jan-94 



1 B 
2 
3 

4 

5 

6
 
7 

8 CAPACITY:
 
9 Size per Unit, cubic meters 


10
 
11 PRODUCTIVITY:
 
12 Tonnes per Year 


13 
14 ECONOMIC LIFE:

15 Yea rs 

16 
17 COSTS: 
18 Initial Cost per Unit 

19
 
20 Annual Cost per Unit
21 Straight-Line Depreciation 

22 Personnel 

23 Consumables 

24 Special Site Costs 

25 Miscellaneous 

26 
27 Total (with i) 

28
 
29 Cost per Tonne (with i) 


31
 
32 
33 CAPACITY: 
34 Size per Unit, cubic meters 
35
 
36 PRODUCTIVI 1Y: 
37 Tonnes per Year 
38 
39 ECONOMIC LIFE:
 
40 Years 


41
 
42 COSTS: 
43 Initial Cost per Unit 
44
 
45 Annual Cost per Unit 
46 Straight-Line Depreciation 
47 Personnel 
48 Consumables 
49 Special Site Costs 
50 Miscellaneous 
51 
52 Total (with i) 
53
 
54 Cost per Tonne (with 1) 


55 
56 
57 
58 16-Jan-94 

C D E F 
JAMAICA ECON-DL.WK1 

ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS 
20.0 KM ONE WAY TO UNLOAD 

.xchange/$USD: 30 $JA 

ARM ROLL ARM ROLL FARM TRACTOR OPEN TIPPER 

15.0 8.0 4.0 13.0 

4,162 2,220 791 1,723 

5 5 5 5 

3,163,526 2,305,522 1,488,375 1,653,750 

632,705 461,104 297,675 330,750
289,309 289,309 232,323 341,309
829,206 800,502 577,883 819,273

0 0 0 0 
315,635 230,029 148,500 165,000 

2,981,636 2,447,620 1,686,767 2,134,538 

716 1,103 2,13S 1,239 

SKIP LIFT SIDE LOADER TRANSFER TRUCK 

6.0 8.0 50.0 

1,554 1,064 13,478 

5 5 5 

2,282,564 1,323,000 5,292.000 

456,513 264.600 1,058,400 
289,309 339,963 1C-3,363 
815,260 704,457 1,182,509 

0 0 0 
227,739 132,000 528,000 

2,448,857 1,823.585 4,462,531 

1,576 1,714 331 



1 B C D E F2 JAMAICA ECON-DX.WK1
 
3 ECONOMIC ANALYSIS OF COLLECTION AND TRANSPORT SYSTEMS
45 30.0 KM ONE WAY TO UNLOADExchange/$USD: 30 $JA 
6 

87 CAPACITY: FRONT END REAR END REAR END REAR ENDCONTAINERS CONTAINERS MANUAL MANUAL
9 Size per Unit, cubic meters 
 25.0 18.0 18.0 10.010
 
1PRODUCTIVITY:


12 Tonnes per Year 6,043 5,161 3,145 2.097
13 
14 ECONOMIC LIFE:15 Years 5 5 5 5
16 
17 COSTS:
18 Initial Cost per Unit 14,820,144 10,399,072 3,307,500 2,315,250
19 
20 Annual Cost per Unit21 Straight-Line Depreciation 2,964,029 2,079,814 661,500 463,05022 Personnel 537,980 462,708 329,' 99 329,19923 Consumables 910,797 841,285 924,660 86,,07724 Special Srte Costs 0 759182 025 Miscellaneous 01,478,654 1.037,549 330,000 231,000
2627 Total (with i) 10,176,922 7,503,583 3,201,771 2,555,814
2829 Cost per Tonne (with i) 1,683 1,454 1,018 1,21930 ................
..................................................................................
................................................................................................................................................................................................
 
31 
32 ROTO PACKER33 CAPACITY: MANUAL34 Size per Unit, cubic mters 9.0 
35 
36 PRODUCTIVIIY:
 
37 Tonnes per Year 
 1,747 
38 
39 ECONOMIC LIFE'
 
40 Years 
 5 
41 
42 COSTS: 
43 Initial Cost per Unit 2,149,875 
44 
45 Ar. ual Cost per Unit 
46 Straight-Line Depreciation 429,975
47 rersonnel 286,143
48 Consumables 863,07749 Special Site Costs 0
50 Miscellaneous 214,500
51
 
52 Total (with i) 
 2,415,363 
53 
54 Cost per Tonne (wth i) 1,382 
55 
56 
57 
58 14-Jan-94 

/ul
 



1 B C D E F2 JAMAICA ECON-DX.WK1 
3 ECONOMIC ANALYS;S OF COLLECTION AND TRANSPORT SYSTEMS
45 30') KM ONE WAY TO UNLOADExchange/$USD: 30 $JA 
6 
7 
8 CAPACITY:9 Size per Unit, cubic meters 

10 

ARM ROLL 

15.0 

ARM ROLL 

8.0 

FARM TRACTOR 

4.0 

OPEN TIPPER 

13.0 

11 PRODUCT!VITY:
12 Tonnes per Year 

13 
3,077 1,641 675 1545 

14 ECONOMIC LIFE:
15 Years 

16 
5 5 5 

17 COSTS:
18 Initial Cost per Unit 

19 
2,907,724 2,092,353 1,488,375 1,653,750 

20 Annual Cost per Unit21 Straight-_:ne Depreciation 
22 Personnel 
23 Consumables 
24 Special Site Costs 
25 Miscellaneous 

2627 Total (with i) 

2829 Cost per Tonne (with i) 
30. . . . . . 

581,545 
260,403 
829,206 

0 
290,113 

2,802,078 

911 

418,471 
260,403 
800,502 

0 
208,761 

2,293,171 

1,398 

297,675 
232,323 
577,883 

0 
148,500 

1,686,757 

2499 

330,750 
341,309 
819,273 

0 
165,000 

2,134,538 

1,361 

32 
33 CAPACITY: 

SKIP LIFT SIDE LOADER TRANSFER TRUCK 
34 Size per Unit, cubic meters 6.0 8.0 50.0 
35 
36 PRODUCTIVITY: 
':7 Tonnes per Year 

38 
1,149 926 10,483 

39 ECONOMIC LIFE:
40 Years 

41 
5 5 5 

42 COSTS: 
43 Initial Cost per Unit 

44 
2,146,136 1,323,000 5,292,000 

45 Pnnual Cost per Unit
46 Straight-Une Depreciatic 
47 Personnel 
48 Consumables 
49 Special Site Costs 
50 Miscellaneous 

51 
52 Total (with i) 

53
54 Cost per Tonne (with i) 

429,227 
260,403 
811,560 

0 
214,127 

2,335,903 

2,034 

264,600 
339,963 
704,457 

0 
132,000 

1,823,585 

1,970 

1,058,400 
163,363 

1,182,509 
0 

526,000 

4,462,531 

426 
55 
56 
57 
58 16-Jan-94 



Page 1 Table FC-25 -CX FEL CONT 


Jar..:ary 1993 
 JAMAICA Cost Comparisons
3 5 SJA per US Dollar 

Type of Equipment Fron End Loader. Totally Mechanically Loaded 
from 5 cm Mechanicaly eftableContainers


Capacity 25.0 cubic meters 


13442,308 SJA 125000 
4000Spare Parts 8tZ,115 5% of Capital Cost of Equipment

Customs 705.721 

Total Capital investment 14.820,144 SJA 


Estimated Economic LrfeBased on Plannec! Use 
5 years (containers replaced mid-way) 

Number of Shifts per Day 1.00 shifts/day 

Hours of Operation/Year 2.496 hours/year 

Number of Trips per Shift 2.2 trips/shrft 30 km one way 

Complets Load- per Shift 1.94 loads/shift 
Typ:: - Density of Solid 

Waste in Loaded Vehicle 0.55 Tonnes/cubic meter 

Typical Productity 24 tonnes/day 

SJA 
Annualizad Capital Cost. when purchased in 1993 

14.820.144 @ int. of 43.00% over life utilized) 	 7.249,490 

Cost of PersonnelShift( 

1.00 Driver 62.400 SJA/year 62.400 

1 00 Workers j7.440 SJA/year 37,440

4 90 Attndts 
 31.200 SJA/year 152.7271 00 Workshp Prsonnl 55.160 3JA/year 5a.150 
0.50 Suprvsry Prsonnl 74.880 $JAIyear 37.440

0 50 Inspctn Peronnl 
 55.160 SJA/year 28.080Administration 25% of above 	 93,562

Bene.ts 15% of above 	 70.171 

Annual Personnel Costs/Shift 537.980 
Annual Personnel Costs 537.980 

13-Jan-94 

Page 2 

Consumablers 

Fuel ( 
Engiic Oil ( 
Traa'. Oil 
Hycdrlc Oil ( 

FEL CONT 

SJA 

SJA'ltr 249,600 
SJA'Jtr 282.083 
SJA'ltr 59.04 
SJARTr 44.928 

SJA/ea 95,302
SJA/ea 37.440 
SJA/ea 24.980 
SJA/ea C 

SJA./set 7.800 
SJA/ea 9.984 

118,800 

910,797 

0 

1.478,a54 

10.175.922 

av.aiable) 6.048 

1,682.69 SJA 

399.22 SJA 

(Wheels per Equipment Unit) 

Ties 1100 repl his 

Brake Lnng 600 repl hrs 

Brake%Pium 1200 repl hrs 

Clutch Pt 1600 repl hrs 


Filters 80 1epI hrs 

Prot. Gear 1000 repl his 


JAMAICA 

10.00 libes/hr 
1.50 litres/hr 
0.40 litres/hr 
0.30 litres/hr 

Other 15% additional over above costs) 
(seals, grease, betery, alternator, etc,)
 

Total Consumabis 


Special Costs Attributable to Storage and 
Containment at the Source 

Miscellaneous Costs 
(taxes, insurance, registration, ec) 

Annual Cost of Equipment Unit 
ff implemented during 

Tonnes Handled per year 

24 2 tonnos/day 

Aver. Cost per Person ( 

EQUIPMENT COST 
PERSONNEL COST 
CONSUMABLE COSTS 
OTHER COSTS 

TOTAL COST 

71.23 A 
5.29% 
8.95% 

14.53% 

100.00% 

Table FC-25-DX 

Cost Comparisons 

).( 24,960 litres@ 
)(
1.1 
),( 

)(
).k 
).( 
)( 

).(
),( 

3.744 litres@ 
998 Ietre,@ 
749 libres a, 

6 
13.6 tires @
25.0 units @ 
12.5 	units @ 
00 units 

31.2 sets @ 
5 0 sets @ 

10.0 
700 
600 
6J.0 

105000 
1500.0 
2000.0 

150000 

2500 
2000.0 

11% of capital cost of equipement 

1993 

312 days/yr 80% 

Cost oar Tonne 

0.24 tonnes/cap/yr) 

http:1,682.69


Page 1 Table FC-25 -DL FEL CONT Page 2 Table FC-25- DL FEL CONT
 
January 1993 JAMAICA Cost Comparisons


30 -JA per US Dollar JAMAICA Cost Comparisons 	 SJA 

Type of Eqvtipment Front End Loader. Totally Mecha. .ally Loaded 	 Consumables
Fuel ( 10.00 litres/hr ),( ;"4,980 lites@ 10.0
from 5 cm Mechanically Liftable Containers 	 SJAIT 249.600 
Capacity 25.0 cubic meters 	 Er-gine Oil ( 1.50 litres/hr ).( 3,744 litres@ 70.0 SJAtr 282.080Trans Oil ( 040 lites/hr )( 998 litres@ 800 JA./r 59.904 
Capital Cost of Equipment 15.204,545 SJA 125000 

Hydrc Oil ( 030 litres/hr ),( 749 litres@ 800 SJA't 44.928(Wheels per Equipment Unit) 6 
Spare Parts 4000 Tres 1100 repl his ).(780.227 5% of Capital Cost of Equipment Brake Lnng 	

136 tires @ 105000 SJA/ea 95,302
Customs 	 600 repl his )( 25.0 units @ 15000 SJAJea798,239 	 37.440Brake Drum 1200 repl his ) ( 12.5 units Q 20000Total Capital Investment 18.783.011 	 SJA/ea 24.960Clutch Pitr !A 	 1600 repl hrs )( 0 0 units 150000 SJA/ea 0 
Estimated Economic Life Filters 80 repl his ).( 31.2 sts @ 250.0 SJA/set 7.800Prot. Gear 1000 repl his ),(Based on Planned Use 5 years (containe1- replaced mid-way) 	

5.0 sets Cw 2000.0 SJA/ea 9,984Otfier 15% addit-onal over aove costs) 118.800 

Number of Shifts per Day 1.00 shIfts/day 	 (seaa.grease batty, aternate,, etc.) 

Hours of OpeationfYear 	 2.498 hours/year Total Consumables 	 910.797 

Number of "'rips per Shift 2 3 trips/shift 20 km one way 	 Special Costs Attributable to Storage andContainment at the Source 0 
Complete Loads per Shift 2.29 	 loads/shift 

Miscellaneous CostsTypical Density of Solid 	 11% of capital cost of equipement 1.672.500(taxes, insurance, registration, etc.)Waste in Loaded Vehicle 	 0.55 Tonnes/cubic meter 

Annual Cost of Equipment UnitTypical Productivity 	 11.361.08729 tonnes/day If implemented during 1993 

SJA 
Annualized Capital Cost, when purchased in 1993 Tonnes Handler per year

16,763.011 @ int. of 43.00% over life utilized) 	 8.199.872 
Cost of PersonnelS!,ift (28.8 tonnes/day 312 days/yr 80% availab!e) 7,148 

1.00 Driver 62.400 $JA/year 82.400 Cost per Tonne 1,589.49 SJA1.00 Workers 37,440 SJA/year 37.440
5.79 Attndts 31.200 SJA/year 180.4981 00 Workshp Prsonnl 58.180 SJA/year 58,160 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 	 377.11 SJA0.50 Suprvsry Prsonnl 74,880 $JA/year 37,440

0 50 Inspctn Peronnl 58.180 SJA/year 28.080


Administration 25% of above 100.504 	 ECLIIP.)ENT COST 72.18%Benefits 15% of above 75.378 	 FERSONNEL COST 509% 
CONSUM \BLE COSTS 8.021, 

Annual Personnel Costs/Shift 	 577.898 OTHER COSTS 14.72:
 
Annual Personnel Costs 
 577,898 TOTAL COST 100.00% 

13-Jan-94 

http:1,589.49


Page 1 Table FC-25-DS FEL CONT 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per US Dollar 

Type of Equipment Front End Loader. Totaly Mechanicaly Loaded 

fim 5 cm Mechanically Liftable Containers 


Capacity 25.0 cubc meters 


Caprtal Cost of Equipment 1.784,483 $JA 125000 

4000
Spate Parts 6ag.224 5% of Capital Cost of Equipment

Customs 881.185 
Total Capital Investment 18,504.892 ,A 


Estimated Economic Life
Bsed on 
Based on Planned Use 5 years (containers replaced mid-way) 

Numaer of Shifts per Day 1.00 shifts/day 

Hours of Operation/Year 2.498 hours/year 

Number of Trips per Shift 2.9 trips/shift 10 km one way 

Complete Loads per Shift 2.61 loads/shift 
Typical Density of Solid 

Waste in Loaded Vehicle 0.55 Tonnes/cubic meter 

Typical Productivity 33 lonnes/day 

SJA 
Annualized Capital Cost. when purchased in 1993 

18.504,892 0 int. of 43.00% over life utilized) 9.051.939 
Cost at PersonnliShift 

1.00 Driver 62.400 SJA/year 62.400 
1.00 Workers 37.440 SJA/ye&, 37,440 
6.58 Attndts 31,200 $JA/year 205,3921.00 Workshp Prsonnl 56.160 SJA/year 56,160 
0.50 Suprvsry Prsonnl 74,880 SJA/year 37.440 
0.50 Inspctn Peronnl 56.160 SJA/year 28.080Administration 25% of above 106,728

Benefits 15% of above 80,046 

Annual Personnel Cotis/Shift 613.686 

Annual Personnel Costs 813.686 

13-Jan-94 

Page 2 Table FC-2f-DS rEL CONT 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 10.00 libes/hr )( 24.960 litres@ 10.0 SJA.'tr 249.600
Engine Oil ( 1.50 litres/hr ).( 3.744 litres@ 700 SJAqtr 202.080Trans Oil ( 0.40 litres/hr ).( 998 litresi 60.0 SJA/fr 59.904 
Hydric Oil ( 0.30 jibes/hr ).( 749 Irtres@ 60.0 SJA'61r 44.928(Wheels per Equipmznt Unt) 6 
T'res 11X0 repl h , )( 1 6 tires @ 105000 SJA/ea 95.302Brake Lnng GO0repl hrs 2L. 0 units 0).( 15000 SJAlea 37.440
Brake Drum 1200 repl hrs ).( 125 units @ 2000.0 $JA/ea 24.980Clutch Pit 100 repl hrs ),( 0.0 units 150000 SJA/e, 0 
Filters 80 rep' his ),( 31.2 sets C 2500 SJA/set 7.300Proj. Gear ( 1000 ropi hrs )( 5.0 sets @ 2000.0 SJA/ea 9984
Other ( 15% additional over above costs) 118.800 

(seals, grease. battery, alternator, etc) 

Total Consumables 910797 

Special Costs Attributab;. to Storage andContainmc ' at the Source 0 

Miscellaneous Costs 11% of capital cost of equipement 1.848,293 
(taras.;nsurance. repistation etc.) 

Annual Cost of Equipment Unit 12.422.715If implemented during 1093 

Tonnes Handled per year 

32.6 tonnes/day 312 days/yr &0% available) S.134 

Cost per Tonne 1.527.35 $JA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 36230 SJA 

EQUIPMENT COST 72.87% 
PERSONNEL COST 4.94% 
CONSUMABLE COSTE 7.33% 
OTHER COSTS 14.8a% 
TOTAL COST 100.00% 

http:1.527.35


Page 1 Table FC-25 -T FEL CONT 

January JAMAICA Cost Comparisons1993 


30 SJA per US Dollar 

Type of Equipment Front End Loader. Totally Mechanically Loadedfrom 5 cm Mechanically Liftable ContainersCapacity 25.0 cubic meters 

Capital Cost of Equipment 
 17.750.000 SJA 125000 

Spare Partscsts 4000400P187500 5% of Capital Cost of EquipmentTotal Capital Investment 
 19.589,375 SJA 


Estimated Economic Life 


Based on Planned Use 
5 years (containers replaced mid-way through truck life) 

Number of Shifts per Day 1.00 sh f.%/day 

Hours of Operation/Year 2,495 hours/year 
Number of Trips per Shift 3.1 trips/shift 5 km one way 

Complete Loads per Shift 2.80 loads/shift 

Typical Density of SolidWaste in Loaded Vehicle 0.55 Tonnes/cubic meter 
Typical Productvity 35 tonnes/day 

Annualized Capital Cost, when purchased in 
SJA 

1993 
19.589.375 @ int. 43.00% over life utilized) 9,572.846
 

Cost of PersonneliShift 
1 00 Drrver .400 SJA/year 82,400
1.00 Workers J.440 SJA/year7.07 Atndts 37.4401.00 Worksho Prsonnl 31.200 SJAJyear58.160 $JA/year 220,60858.160a 
0 50 Suprvsry Ptsonnl 74.8?0 SJA/year0.50 Inspctn Peronnl 37,440
 

Administration 56,160 SJAJ'year 28.080
25% of above 110,532
15% of above

Benefits 
82,899 

Annual Personnel Costs/Shift ------- ­635.556 

Annual Personnel Costs 635.556 

13-Jan-94 

Page 2
 

Table FC-25-T FEL CONT
JAMAICA Cost Comparisons SJA 

Consumabl1es- - _______________________
Fuel10uel ( 10.0 litres/hr),( 2.960 litres@ 100Trans Oil ( SJA~ltr 249.00E..ginOil 1.50 liles/hr{0.40 les/hr )(M, 3744 lires@998 I~tesa 70050 0 SJA.1ItrSJAltr 252.08059.904(Whe};s per Equipment Unit)Hydrlc oI ( 030 litreshr )( 749 litresg
(We.sprEupetUi)6 60.0 SJA/Itr 44,928 
Tires 
 ( 1100 repl hrs ).(Brake Lnng t,O0 replhrs H.( 13.6 tires @ 105000 SJAJea 95.30225 0 units @ 1500.0 SJA/ea 37.440Brake Drum 1200 repl hrsClutch Pit (( 1800 repl hrs ),( 12.5 units @ 20000)( SJA/ea 24.9600.0 unitsProt. Gear 150oFilters ( 80 0 SJAJea1000 replrepl hrshrs )()( 31.2 se- @ 2500 SJA/set 7.80005.0 sots @ 20000 SJA/ea 9,984Other ( 15% additional over above costs) 

- - - - --1-,800
 

Total Consumables 
.. .797910.797 

Special Costs Attributable to Storage andContainment 

at the Source
 

Miscellanaus Costs(taxes, insurance, registration, etc.) 
11% of capital cost of equipement 

If implemented during Annul CotofEquimentUnit1.952.5001993 
If i 90313,071.500 duingple ente 


Tonnes Handled per year 

35.0 tnnes/day 312 days/yr 80% available) 8,730 

Cost per Tonne 1,498.28 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 354.99 SJA 

EQUIPMENT COST 73.23% 
PERSONNEL COST 4.86% 
CONSUMABLE COST 8.97%OTHER COSTS 14.94% 

TOTAL COST 100.00% 

http:1,498.28
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Page 1 	 Table AC-18-OX R/LOAD CONT 
JAMAICA 

January 1993 Cost Comparisons30 SJA per US Dollar 

Type of Equipment Rear Loader, Partially Mechanically Loaded from 1.0 cm. 
Containers 


Capacity 
 1.0cubic meters 

Capital Cost of Equipment 

Spare Parts 

Customs 

Total Capital Investment 


Eiimated Economic Life 

Based on Planned Use 


N um ber of Shifts per Day 

Hours of Operation/Year 

Number of Trips per Shift 

Complete Loads per Shift 

TypialWaste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost, when purchased in 
10.399,072 @ int of 

Cost ofPers:nnelShift 

1.00 [river 

2 00 Workers 

418 Attndts

050 Workshp Prsonnl 

0 20 Suprvsry Prsonnl 

020 Inspctn Peronnl 


Administration 

Benefits 


9.432,285 SJA 100000 SUS/truck
700 SUS/container47I,.'3 5.00% of Cpital Cost 

495.194 
10,399.072 SJA 

5 years (replace containers mid-way) 

1.00 shifts/day 

2.498 	 hours/year 

23 trips/shift 30 km one way 

2.09 loads/shit 

Dnsit of olid(taxes, 

Annual Personnel Cost.,'Shift 

Annual Personnel Cost 

13 -Jan-94 

0 55 Tonnes/cubic meter 

20.7 tonnes/day 

43.00% 

62,400 


37,440 
31,200
56.160 


74,880 
58.160 


25% 
15% 


SJA SJA 
1993 

over life) 5,086.858 

SJAtyear 62,400 

SJA/year 74.880 
$JAyear 130,315
$JA/year 	 28,080 

SJA 'year 	 14,978
SJA/year 11,232

of above 80,471 
of above 60.353 

462.708 

462.708 

Page 2 


JAMAICA 
Conisumables 

Fuei 8.00 litres/hr 
Engine Oii ( 1.50 litres/hr 
Trans Oil ( 0.04 litres/hr 
Hydrlc Oil [ 0.U4 litres/hr
(Wheels per Equipment Unit) 
7-res ( 1100 repl hrs
Brake Lnng 6800 repl hrs 
Brake Drum 1 1200 repl his 
Clutch Pit ( 1600 ;epl hrs 
Fiteri ( 80 repl ;irs
Prot. Gear ( 1000 rep hrs 

Table RC-18-DX 	 R/LOAD CONT
 

Cost Comparisons SJA 

Other ( 15% additional over above costs) 

(;zaals. grease. battery, alternator, sic.) 

Total Consum ablesicear 

Special Costs Attribulable to Storage andContainment at the Source 

)( 
)H( 
),( 
). 

),(
),( 
).( 

),( 
).(
),( 

19,968 Mies@ 
3,744 litres& 

100 litres@ 

100 lit es@ 
6
 

13.6 tires @
25.0 units @ 
;2.5 	units @ 

1 6 units 
31.2 sets @
202 sets @ 

10.00 
70.00 
80.00 

60.00 

9.100 
1,500 
2,000 

15.030 
250 


2,000 

SJA'lt 199.680 
SJA'ftr 282.080 
SJA'fr 5.990 
SJA/Itr 5.99,0 

SJA/ea 123.892
SJA/ea 37.440
 
SJAea 24.90
 
SJA/ea 23.400
 

SJA/set 7.800 
SJA/ea 40.319 

109,733 

- - - - -,tc.)
 

841,265 

75.182 

Miscellaneous Costs 11% of capital cost of equipment 1.037.549 
insurance, registration, etc.) 

Annual Cost of Equipment UnitIf impii.-ented during 1993	 7.503.583 

Tonnes Handled per year 

(20.7 	 tonnss/day 312 daysyr 80% availab!e) 5,161 

Cost per Torine 1,454.04 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 344.97 SJA 

EQUIPMENT COST 87.79% 
PERSONNEL COST 6.17% 
CONSUMABLE COSTE 11.21% 
OTHER COSTS 14.83% 

TOTAL COST 100.00% 

j, 7/.
 

http:1,454.04


Page 1 Table RC- 18- DL R,1OAD CONT 

JAMAICA Cost Comparisons


January 1993 30 SJA per US Dollar 

rype of Equipment Rear Loader. Partially Mechanically L,.-ded from 

1 0 c m Containers 


Capacity 18 0 cubic meters 


Capital Cost of Equipment 10.710.199 SJA 100000 SUSitruck 
700 SUS/container

Spare Parts 535.510 5 00% of Capital Cost 

Customs 
 562.285 

Totai Capta! :nvestment 11.807.994 SJA 


Estimated Economic Life 

Based on Planned Use 5 years (replace containers mid-way) 


Number of Shifts per Day 	 1.00 shifts/day 

Hours of Operation/Year 	 2.496 hours/year 

Numb'r of Trip3 per Shift 	 2 8 trips/shrft 20 km one way 

Complete Loads per Shift 	 2 50 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0 55 Tonnes/cubic meter 

Typical Productrvity 	 24.8 lonnes/day 

SJA SJA 

Annualized Capital Cost. when puchased in 1993 
11.807,994 @ int of 43 00% over life) 5.776.053 

Coi.t of PersonneShftt 

1 00 Driver 62,400 $JAIyea 62.400 
2 00 Workers 37.440 SJA/year 74,880
5 01 Attndts 31,200 SJA/year 15C.207
0 50 Workshp Prsonnl 56.160 SJA/yea 28.080 
0 20 Supwvs' , Prsonnl 74.880 SJAiyear 14.976 
0 20 	lnspctn Peronnl 56.160 SJA.year 11,232

Administration 25% of above 86,944
Benefits 15% of above 65.208 

Annual Personnel Costs/Shft 	 499.926 

Annual Personnel Cost 499.926 

13-Jan-94 

Page 2 Table RC- 18-DL 	 R/LOAD CONT 

JAMAICA Cost Comparisons 	 SJA 

ConsumabitS 
Fuel ( 8.00 lItres/hr ) ( 19.968 Itres@a 1000 SJAItr 199.t680 
Engine Oil ( 150 Itres/hr .I1 3.744 litres@ 70 00 SJAtr 262.080 
Trans Oil ( 004 litres/hr )( 100 iitres.~ 6000 SJA.'ftr 5.990 
Hydrlc Oil ( 004 litres/hr ).( 100 litresC" 60.00 SJA.'tr 5.990
(Wheels per Equipment Unt) 6 
Tires 1100 r-p: hrs ) ( 13 6 tires @ 9,100 SJA,'ea 123.892
Brake Ling 600 r,.pl his ).( 25 0 units @ 1.500 SJA ea 37.440 
Brake Drum 1200 repl his ).( 12 5 ur, its @ 2,000 SJA'ea 24.960 
Clutch PIt 1600 repl his ).( 1 6 units 15.C.-0 SJAjea 23.400 
Fiters 80 repl hrs ).( 31 2 sets @ 250 SJA/s-,t 7.800
Prot bee" 1,000 repl hrs ).( 22 2 sets @ 2,000 SJA.ea 44 462 
Other 15% additional over above costs) 110.354 

(seals. grease. battery, alternator, etc) 

T.'al ConsumablesYear 846.049 

Special Costs Attributable to Storage and
 
Containment at the Source 
 90.119 

Miscellaneous Costs 11% of r.,pital cost of equipment 1.178.122 
(taxes insurance, registrtion. etc.) 

Annual Cost of Equipment Unit 8.390.269 
If implemented during 1993 

Tonnes Handl'd per year 

24 8 tonnes/day 312 days/yr 80% available) 8.186 

Cost per Tonne 1 356 38 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 	 321.80 SJA 

EOUIPMENT COST 68.84% 
PERSONNEL COST 596% 
CONSUMABLE COSTE 10.08% 
OTHER COSTS 15.12% 

TOTAL COST 100.00"_/ 



-- 

1 

Page 1 Tabe RC - 18-DS RIlOAD CONT 
January 1993 JAMAICA Cost Compaisons


30 SJA per 03 Dollar 


Type of Equipment Rear Loader. Partially Mechancally Loaded from 1 0 c m 
Containers 


Capacity 
 180 cubic meters 

Capital Cost of Equipment 11.887.328 SIA 100000 SUSibuck 


Spare Parts 700 SUS/container

594.366 5 00% of Capital CostCustoms 624.085 

Total Capital Investment 13.105.779 SJA 

Estimated Fcononic Lfe 

Based cn Planned Use 
 5 years (replace containers mid-way) 

, i, ."; r'teto f S h ,rt, 1 0 s h ift:: perD ay sday 


HoUws cfOperalon,'Y- a 2.496 hours/year 


Number of Trips per Shift 3 2 trips/shift 10 km one way 

Compirte Loads per Shift 2 89 loacls!shift 
; p~a!Desl,.of"ShdMiscellaneous 


7 p-cal Densit. of Solid.Va.te in Lo."fed Vehicle 0 55 Tonnescubtic rreter 

Tp'pcal Proouct,,it) 28 6 tonnes/day 

SJA SJA 
Arirrualh:ed Captal Cost, ,'her,purchased in 1993 

13. 105779 Cx intof 43 00% over !rfe) 6.410.884 

Cort or Personnel Shift 

1 00 lCrrver 62.400 SJA'year 62.400 
200 Workers 37.440 SJA,/yea 74,8805 77 Attndts
050 Wortshp Prscnnl 31.200 $JA,.year 180.05555.16,3 SJA'year 28.080 

0 20 Suprvsry Prsonnl 
 74.880 SJA'year 14.976

020 In-,pctn Peronnl 
 56,160 SJA. yearAdministraton 11.23225"% of above 92,906Benefit" 15% of above 69.679-- ---CONSUMABLE 

Annual Personnel CostsShift 534.208 

Annual Personnel Cost 534.208 

13 -Jan-94 

Page 2 Taole RC - 18- DS 
RIOAD CONT 

JAMAICt, Cost Comparisons SJA 

Fuel 8 00 lireshr . 19.988 IrtesCa 1000 SJAltr 199680Engine Oil C 1 50 litre r/hr )( 3.744 triesa, 70 00 SJAttr 282.080Trans Oil 0 04 libes/hr ( 100 lidres i, 6000 SJA.'ftr 5.990 
Hydrlc Oil (0 04 itres/hr ).( 100 lIrtes@ 60.00 SJA,'ltr(Wheels per Equipment Unit) 5.9906
 
Tires 1100 repl hrs 
 ).( 13 6 tires @ 9.100Brake Lnng 600 repl hrs SJAJea 123.892).( 25 0 units (li 1.500 SJA'ea 37,440Brake Drum 1200 repl his )( 12 5 units i' 2.000 SJAea 24 960Clutch Pft 1800 repl hrs ).( 16 units 15.000 SJAiea 23400 
Fitters 80 repl hrs )( 31 2 setsProt. Gear -, 250 SJAjset 7.8001000 repl hrs ),( 24 1 set3 Ca, 2,000 SJA.,ea 48 278Other 15% additional over ,rbove co',ts) -.10.927 

(se a ls . g e a s e. b atte r y a lt er n a t o r . e tc )
 

Total ConsumablesiYear 
 850,437
 

Special Costs Attributable
to Storage and
 
Contajn-eent at the Souice 103.a78 

Costs 11 -% of capital cost of equipment 1.307.606 
Mtxeinscane Cost ain etco.a)tlcsto(taxes. insurance regisbation etc.) qipetI.376~ 

Annual Cost of Equipment Unit 
If implemented during 1993 9.207.I13 

Tonnes Handled per year 

286 tonnes/day 312 days/yr 80% available) 7.130 

Cost per Tonne 1291.27 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 308.35 SJA 

EQUIPMENT COST 69.63% 
PERSONNEL COST 5.80%COSTS 9 24% 

OTHER COSTS 15.33% 

TOTAL COST 100 30% 



Page 	 Table RC - 18 -T R/LOAD CONT 
JAMAICA 	 Cost Comparisons

January 1993 3C ?!JA per US Dollar 

Type of Equipment Rear Loader. Partially Mechanically Loaded from 1 0 c m 

Containers 


Capacitj 18 0 cubic meters 


Capital Cost of Equ!prnent 12,621.818 SJA 100000 $US/iruck 

700 SUS/container


Spare Pa-ts 831,091 5 00% of Capital Cost 

Customs 662.645 

Total CaPital Investment 13.915,555 SJA 


Estimated Economic Life 
Based on Planned Use 	 5 years (replace containers mid-way) 

Number of Shifts per Day 	 1 00 shifts/day 

Hours cfOperationicar 	 2.496 hours/year 

Number of Trips per Shift 	 3 5 trips/shrft 5 km one way 

Complete Loaids per Shift 	 3 12 loads/shrft 

Typical Densty ofSolid 
.aste n Loaded Vehicle 	 0 55 Tonnesicubic mete 

T,,pical Productrviti 	 30 ')tonnes/day 

SJA SJA 

Annualized Capitai Cost. when purchased in 	 1993 
13 915.555 @ int ot 43.00% over Irfe) 6,806.997 

Cost cfPersonnel,Shrt 

1 0 Drr.er 62.400 SJA.'year 62.400 
2 0i Workers 37.440 SJk'year 74.880 
3 25 Attndts 31.200 SJA. year 194.936
0 50 Workshp Prsonnl 56 160 SJAI ear 28.080 
020 Suprvsry Prsonnl 74.880 $JA./year 14.976 
0 20 	Inspctn Peronnl 56.160 SJAIyear 11.232 

Administration 2 % of above 96.626 
Benefits 15% of above 	 72,459 

Annual Personnel Costs/Shft 	 555.599 

Annual Personnel Cost 	 555.599 

13-Jan-94 

Page 2 Table RC -18 -T 	 R/LOAD CONT 

JAMAICA Cost Comparisons 	 SJA 

Co Tyumables
Fuel 2 (200 libes/hr 19.968 Irtres@ 10.00 SJA.P. 199.680 
Engine Oil ( 1 50 Irtres/hr ).( 3.744 Irtres. 70 00 SJA.'ltr 282.080 
Trans Oil ( 004 Irtes/hr ) ( 100 I-s(* 60000 SJA.ltr 5.990 
Hydrlc Oil ( 004 Iitresihr ),( 100 Irlav ' 60.00 SJA'ttr 5.990 
(Wheels per Equinment Unit) 6 
Tires 1100 repl hrs )( 13 6 tires@, 9.100 SJA,'ea 123.892 
Brake t nn;, 600 repl hrs ).( 25 0 units (P. 1.500 SJA/ea 37,440
Brake Drum( 1200 repl hrs ).( 12.5 units 6i) 2000 SJA./ea 2 1-.30 
Clutch Pit 1300 rep! hrs ).( 1 6 units 15,000 SJAiea 23.400 
Fitters 80 repl his ).( 31 2 sets ' 253 SJA/set 7.800 
Prot Gear 1000 repl his ) ( 253 sets C, 2.0!X% SJA/ea 50.658 
Other 15% additional over above costs) 111.284 

(seals, grease, battery, alternator. etc) 

Total Consumables/Year 	 853.175 

Special Costs Attributable to Storage and
 
Containment at the Sourca 
 112.463 

Miscellaneous Costs 11% of capital cost of equipment 1.3S8.400 
(taxes, insurance. registration, etc.) 

Annual Cost of Equipment Unit 9.716.834 
If implemented during 1993 

Tonnes Handled per year 

f 30.9 tonnas/day 312 days/yr 80% available) 7,719 

Cost per Tonne 1.258.72 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 	 298.63 SJA 

EQUIPMENT COST 70.06% 
PERSONNEL COST 572% 
CONSUMABLE COSTE 8.78% 
OTHER COSTS 15.49% 

TOTAL COST 100.00% 

http:1.258.72


Page 1 Table RL -10-DX REAR LOADER 
JAMAICA Cost Comparion--January 1993 30 SJA per US Dollar 

Type of Cupment Rear Loader. Manually Loaded 


Capacity 100 cubic meters 


Capita: Cost of Equipment 2.100,000 SJA 70000 SUS/truck 

Spa; a Parts 105.000 5 00% of Capital Cost

Customs 
 110.250 

Totid Capital Investment 2,315,250 SJA 


Estimated Econonic Life 

Based on Planned Use 
 5 

Number of Shifts per Day 1 00 shittsi.ay 

Hours of OperationwYear 2.496 hours/year 

Number of Trips per Shift 1 9 trips/shft 30 km one way 
Complte Loads per Shft 1 68 loads/shift 

Tvpcal Densit of Solid 
Vas!e -jLoaded Vehicle 0 50 Tonne3scubic meter 

1yp~cal Productit,' 8 4 tonnes~day 

SJA SJA 

,nr~uali:ed Capital Cost,when purchased 11 1993 

2315.250 intof 
 43 00% over life) 1.132,538 

Co,8.ofPersonneIShift 


1 00 Dr ver 62.400 SJA,'year 62.400 
30C Workers 27,440 SJA.'year 112.320
000 Attndts 31.200 SJA.'year 0050 Worksnp Prscnnl 56.160 SJAyear 28.080 
C 20 Suprvnry Prsonnl 74,880 SJAiyear 14.976 
0 2G Inspctn Peronni 55.160 $JA.'year 11.232Administation 25% of above 57.252 

Benefits 15% of above 42,939 

Annual Personnel Costs/Shift 329.199 

Annual Personnel Costs 329.199 

13-Jan-94 

Page 2 Table RL - 10 -DX 

JAMAICA Cost Comparisons 

Cor. urablesFu-; ( 7 00 libes/hr ).( 17.472 Irres@a. 100 
Engine Oil ( 1 50 Irtres/hr )( 3.744 1Ies-
Trans Oil 0 40 Itres/hr )( 998 Irtret;(, 

700 
800 

HydrIc Oil ( 0 30 lhtrus/hr )( 749 ftro'.s@ 60 0
(Wheels per Equipmsnt Unit) 6 
Tires 1100 repl his ) ( 36 tires Ca, 70000Brake Lnng 600 repl hrs )( -'S 0 units (@, 15000 
Brake Drum 1200 repl hirs ).( 12 5 units (2. 20000 
Clutch PIt 1600 repl hrs )( I5 units @ 150CC)0 
Filters 80 repl hrs 12t( sets @ 2500Prot. Gear 100) repi hrs ).[ 10 0 sets @ 20000 
Other 15% additional over above costs) 

(senis. grease, bnttery.anernator, etc.)
 

TotalConsumablesiYeat 


Special Costs Atributable to Storage and
 
Contrnment at the Source 


Miscellaneous Costs 11 % of capital cost of equipment
(taxes. insurance. 'egistration, etc.) 

Annual Cnst of Equipment Unit 

If implemented during 1993
 

Tonnes Handled per yar 

8.4 tonnes!day 312 days/yr 80'', 

Cc..;' per tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 

EQUIPMENT COST 44 .31% 
PERSONNEL COST 12.88% 
CONSUMABLE COSTE 33.77% 
OTHER COSTS 9.04% 

TOTAL COST 100.01.% 

REAR LOA)ER 

SJA 

SJA,'ltr 174.720 
SJA,'tr 262.080 
SJA,'tr 59.904 
S.IA.'tt 44.928 

SJAiea 95302 
SJAj.ea 37.440 
SJA/ea 24.960 
SJA/ea 23.400 

SJAJset 7,800
SJAkea 19.968 

112.575 

863.077
 

0 

231.000 

2.555.814 

available) 2.097 

1.219 00 SJA 

289 21 SJA 

/5 



Page 1 Table RL-10- DL REAR LOADER Page 2 Table RL -1O-DL REAR I OADER 
JAMAICA Cost Comparisons.

January 1993 30 SJA per US Dollar JAMAICA Cost Compauisons SJA 

Type of Equipment Rear Loader. Manually Loaded Consumalas
Fuel ! 7 00 Istresihr )( 17.472 lrtres3.' 100 SJA.tr 174,720 
Engine Oil ( 1 50 Irtres/hr ).( 3.744 Irtres@ 700Capacity 10 0 cubic meters SJA. tr 282.080
Trans Oil ( 0 40 lieeslhr ).( 998 lItres-' 600 SJAftr 59.904 
Hydrlc Oil 0 30 Iresihr ).( 749 Itres a 600 SJA,'tr 44.928Caprtr Cost ot Equipment 2.100.000 SJA 70000 SUStruck (Wheels per Equipment Unit) 6 
Tires 1100 repl h.s ).( 13 6 tires @ 70000 SJA/ea 95,302Spare Parts 105.COO 5 00% of Capital Cost Brake nng 600 repl his ) ( 25 0 unit- ,F3 15000 SJA/ea 37.440Customs 110.250 Brake Drum 1200 repl hrs ).( 12 5 unrt- l!y 20000 SJAiea 21.960Total Capital Investment 2.315.250 SJA Clutch Plt 1600 rept his ),( 1 6 units @ 15000 0 SJAj'ea 23.400 
Fitters 80 repl hrs )(Estir'ated Economic Life 31 2 sets C., 2500 SJA/set 7.800
Prot. Gear !000 repl his ) ( 10 0 sets @ 20G 0 SJAjea 19968Based on Planned Use 5 ° Othe 15't additonal over above costs) 112.575 

i':eals. grease, battery, alternator. etc ) 
Nurnbef of Shifts per Day 1 00 shifts/day 

Total ConsumablesYearHOurS Cf Operaioi yeat 2.498 hours/year 863.077 

Special Costs Attributable to Storage andNuber of Trips per Shift 2 2 trips/shfl 20 km one way Containment at the Source 0 
Corplete Loads per Shift 1 94 loadsishift 

Miscellaneous Costs 11% of capita cost of equipment 231.000Tp-cal Densrty of Folid (taxes insurance., registration. etc 
Vate in Loaded V,ehicle 0 !0 Tonnes/cubic meter 

Annual Cost of Equipmer1 Unit 2.555.814Typ,cal Productrvity 9 7 tonnes/day If implemented during 1993 

SJA SJA 

Anrualized Capital Cost. when purchased in 1993 Tonnes Handled per year

2,315,250 @ int of 4300% 
over Irfe) 1,132,538 

Cost of Pe9sonnelShft ( 7 tonnes/day 312 days/yr 80% available) 2.419 

1 00 Driver 62.400 $JA,'year 62.400 Cost per Tonne 1.056.47 SJA
3 00 Workers 37.440 $JA.iyear 112.320 
0 00 Attndts 31.200 SJA/year 00 50 Workshp Prsonnl 55.160 $JA/year 28,080 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 250.65 SJA
0 20 Suprvsry Prsonnl 74.880 SJAJyear 14.976
 
0 20 Inspctn Peronnl 56.160 SJAiyear 11.232


Administration 25% of above 57.252 EQUIPMENT COST 44.31%
Benefits 15% of above 42.939 PERSON' EL COST 12.88% 

CONSUMABLE COSTS 33.77%
 
Annual Personnel Costs/Shrft 329.199 OTHER COSTS 
 9.04%
 
Annual Personnel Costs 329.199 TOTAL COST 
 100.00% 

13-Jan-94 

/ ,32.­

http:1.056.47


Page I Table AL- 10 -DS REAR LOADER 

.JAMAICA Cost Comparisons


Januar ' 1993 30 5JA per US Dollar 


Type of Equipment Pear Loader, Manually Loaded 

Capacity 10 0 cubic meters 

Capital Cost of Equipment 2,100.000 SJA 70000 SUS/truck 

Spare Parts 105.000 5 00% of Capita Cost 
Customs 110.250 
Total Capital Investment 2.315.250 SJA 

Estimated Economic Life 
Based on Planned Use 5 

'Jurne of Shifts pao Day 1 00 shlfts/day 

2,496 hours/year'o .rs of Operation:'Year 

'.umbe" of Trips per Shift 24 trrps.'shrft 10 km one way 

ComplEte Loads per Shift 2 16 loads/shft 

Tp,cal Denstv of Solid 
)a-.te ,i Loaded Vehicle 0 50 Tonnescubic meter 

Tpcal Produclrvilt 10 8 tonnes/day 

SJA SJA 

Annuali:ed Capital Cost. when purchased in 1993 
2.315.253 @ irt of 4300% over Irfe) 1.132,538 

Cost of Personnel Shr't 

1 00 Driver 62,400 $JA'yer 62,400 
3 0C Workers 37.440 SJAyear 112.320 
0 00 AtIndt-s 31.200 SJAyear 0 
0 50 Workshp Prsonnl 56.160 SJA,'year 28.080 
0 20 Suprvsry Prsorinl 74,880 SJA.yea, 14.976 
020 lnspctn Peronnl 55.160 SJAyear 11,232

Administation 25% of above 57.252 
Benefits 15% of above 42.939 

----.-----

Annual Personnel Costs/Shift 329.199 

Annual Personnel Cos.s 329.199 

13 -Jan-94 

Page 2 Tahle RL- 10 -DS REAR LOADER 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 7 00 iltreshr ) ( 17.472 l;,les@ 100 SJA.'ltr 174.720 
Enginr.e Oil ( 1 50 Itbes hr )( 3.744 Irtes® 70 0 SJA.'t: 262.080 
Tram. Oil ( 0 40 Itre.ihr ) 1 998 Ilbes@, 800 SJA.'tr 59.904 
HydrLc il 0 30 lIres!ir ).( 749 Irtres . 800 SJA.Ir 44.928 
(Wheels per Equipment Unt) 6 
Tires 1 1100 repl hrs )( 138 tires Ca, 70000 SJAee 95302 
Brake Lnng 600 repl his ) ( 25 0 units (i 15000 SJAjea 37,440 
Brake Drum 1200 repl hirs )( 12 5 units 6, 20000 SJAiea 24 960 
Clutch Pht 1600 repl his ).( 6 units I. 150000 SJAkea 23.400 
Filters 80 repl his ).( 31 2 sets Ca 2500 SJA/set 7800 
Prot Gear 1000 repl his ).( 10 0 sets Ca, 20000 SJAjea 19,968 
Other 15% over above costs)'dditional 112.575 

(seals. g. ;asa. battery alternator. etc) 
... .. 

Taa Consumebles,'Year 883 077 

Special Costs Atfributable to.Stoi age and 
Contrirnment at the Source 0 

Miscellaneous Costs 11% of cap-tat cost of equipment 231.000

(taxes, insurunce. registration. etc)
 

Annual Cost of E-quipment Unit 2,555 814 
If implemented during 1993 

Tonnes Handled per yew 

( 10 8 tonnes/day 312 days/yr 80% available) 2.696 

Cost per Tonne 948 11 SJA 

Aver Cost per Person ( 0 24 tonnesfcapyl) 22494 SJA 

EQUIPMENT COST 44.31% 
PERSONNEL COST 1288% 
CONSUMABLE COSTE 3377% 
OTHER COSTS 9.04% 

TOTAL COST 10000% 

/ .J.
 



Page 1 Table RL- 10-T REAR LOADER
JAMAICA Cost ComparisonsP

January 93 30 SJA per US Dollar 

Type o f E q u ip m e n t R e L o d er M ndCRear Loader. Manually Loaded 

Capacity 100 cubic meters 

Capital Cost of Equipment 2.100.000 SJA 70000 SUS/truck 

Spare Parts 
Customs 

105,000 
110.250 

5 00% of Capital Cost 

Total Capital Investment 2,315.250 SJA 

':',mated rconomic Life6-'m ,Panned UsLie 5 
6-seo , Planned Use 5 

Number ofShifts per Day 1.00 shiftsday 

Hours cf Operation,Year 2.496 hours/yea 

Number of Trips per Shift 25 trips/shift 5 km one way 

Complete Loads per Shft 2 29 loads/shift 

Typical Density c fSold Typcl Desityc I olid(taxes, 
.Vaste in Loadeo Vehicle 0 50 Tonneslcubic meter 

Ty :alProductvityF 11 5 tonnes/day 

SJA SJA
 

Annualized Capita! Cost, %knenpurchased in 1993 
2.315.2!0 @ int of 4300% ov,!r iae) 1,132,538 

Cot ofPersonnel1Shrft 


1 00 Drrver 62.400 SJA/year 62.400 
300 Workers 37.440 SJA,"yeai 112,320
0 00 Atlndts 31.200 SJA/yea 0050 Workshp Prsonnl 56.150 $JA/year 28.080 
0 20 Suprvsry Prsonnl 74.880 $.Irvyear 14,976
0 20 Inspctn Peronn' 56.160 SJA,'year 11.232Administration 25% of above 57.252 

Benefits 15% of above 42.939 

Annual Personnel Costs/Shrft 329.199 

Annual Personnel Costc 329.199 

13-Jan-g,! 

Page 2 Table RL- -0-T
 

JAMAICA Cost Comparisons 

o n s u m a b les 

(Wheels per Equipment Unit) 

Fuel ( 7 00 Irtres/hr ).( 17.472 Irtres@ 100 
Engine Oil 
Trans Oil 

( 1 50 lIres/hr 
0 40 Irtres/hr 

).( 
)( 

3.74, Irtres@ , 
998 hirtes(i 

700 
600 

Hydrlc Oil ( 0 30 Irties/hr ).( 749 lfes@ 600 
6 

Tires 1100 repl his )( 13 6 tires (q 70000Brake Lnng 600 repl hrs ) ( 25 0 units qu 15000 
Broke Drum 1200 repl his ) ( 12 5 units (m 20000 
Clutch Pt 1600 rtpl his ) ( 1 6 units (@, 15000 0 

Filters 80 repl his ) ( 31 2 sets C 2500Prot Gear 1000 rep his ) 10 0 sets Ca 20000 
Other 15' additional over above costs) 

(seals, grease battzry alternatoretc )
 

Total Consumables/'ear 


Special Costs Attributable to Storage and
Containment at the Source 

Miscellaneous Costs 11% of capital cost of equipmentinsurance. regpstration. etc.) 

Annual Cost cA Equipment Unit 
If implemented during 1993 

Tonnes Handled per year 

11 5 tonnesiday 312 daysyr 80% 

Cost per Tonne 

Aver Cost per Person ( 0.24 tonnes/cap/yr) 

EOUIPMENT COST 44 31% 
PERSONNEL COST 12.88%
CONSUMABLE COSTE 33.77% 
OTHER COSTS 904% 

TOTAL COST 100.00% 

REAR LOADER 
SJA
 

SJA Itr 174.720 

SJA.'tr 262.080 
SJA. tr 59.904 

SJAItr 44.928 

SJAea 95302 
SJA'ea 37.440 
SJA,.ee 24 960 
SJA.(ea 23 400 

SJA/iset
SJA,'ea 

7800 
19 968 

112,575 

863.077
 

0 

231.000 

2.555.814 

av&ilable) 2.859 

893 94 SJA 

212.09 SJA 



Y Page 1 Table RL- 18-DX REAR LOADER Page 2 Table RL- 18-DX REAR L OADER 
JAMAICA Cost Comparisons


January 1993 
 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

Consumables 
Type of Equipment Rear Loader, Manual], Loaded Fuel ( 800 lrresjhr ).( 19.968 Irtres , 100 SJAIhr 199.880 

Engine Oil ( 1 50 !.ses/hr ).( 3.744 Irtres@, 700 SJAtr 282.080 
Capacity 18 0 cubic meters Trans Oil 0 40 litres/hr ) ( 998 ltres(, 600 SJAltr 5W.904 

Hydrlc Oil ( 0 30 Irtres/hr )( 749 litresC' 600 SJA'rtr 44.928 
Capital Cost of Equipment 3.000.000 SJA ln0000 $US/'-uck (Wheels per Equipment Unit) 6 

Tires 1100 repl his ).( 13 6 :es C.' 91000 SJAvea 123892 
Spare Parts 150.000 5.00% of Capital Cost Brake Lnng 600 repl hrs ).( 25 0 units (al 15000 SJAiea 37 440 
Customs i57,500 Brake Drum 120.') repl his ) ( 12 5 units , 20000 SJAvea 24.960 
Total Capital Investment 3.307,500 SJA Clutch Pit 1600 repl his )( 1 6 units @ 150000 SJA.,ea 23.400 

Filters 80 repl his ) ( 31 2 sets ., 2500 SJA,/set 7.800
Estimated Economic Life Prot. Gear 1000 repl his ) ( 10 0 sets C, 20000 SJAiev 19988 
Based on Planned Use 5 Other 15% additional over above costs) 120,608 

(seals, grease. battery, alternator, etc)
Number of Shifts per Day 1 00 shifts/day 

Total Cons umablesYear 924.660 
tours of Operationi ear 2,493 hours/year 

Special Costs Attributable to Storage and 
Number of Trips per Shift 1.4 trips/shift 30 km one way Containment at the Source 0 

Complete Loads per Shift 1 27 loads/shift 
Miscellr.;reous Cost- 11% of capital cost of equipment 330.000

Typical Density of Solid (taxes. insuranc- iegistration. customs. etc.) 
Waste in Loaded Vehicle 0 55 Tonnes!cubic meter 

Annual Cost of Equipment Unit 3.201,771 
Typical Productivity 12 6 tonnes/day If implemented during 1993 -. . . . 

SJA 

Annualized Capital Cost. when purchased in 1993 Tonnes Handled per year 
3.307.500 (@ int of 43.00% over life) 1,617,912 

12.6 tonnes/day 312 days/yr 80% available) 3.145 
Cost of PersonnelShrft 

1 00 Driver 62,400 SJA/ye, 62.400 Cost per Tori.. 1.018 08 SJA 
3 00 Workers 37.440 SJAyeai 112.320 
0 0.) Attndts 31.200 SJA/year 0 q
0 50 Workshp Prsonnl F5.160 $JAdyear 28.080 Aver. Cost per Person ( 024 tonnes/cap/yr) 241.54 SJA 
0 20 Suprvsry Prsonnl 74,880 SJA.year 14.976 
0 2C Inspctn Peronnl 56,160 SJAiyear 11.232
 

Administration 25% of above 57.252 EQUIPMENT COST 50.53%
 
Benefits 15% of above 42.939 PERSONNEL COST 1028%
 

CONSUMABLE COSTE 
 28.88%
 
Annual Personnel Costs/Shift 329.199 OTHER COSTS 10 31%
 

Annual Personnel Costs 329.199 TOTAL COST 100.00% 

14-Jan-94 



Page 1 	 Table RL- 18- DL REAR LOADER Page 2 Tabe 9L - .8 -DL REAR LOADER 
JAMAICA Cost Comparison-

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons 	 SJA 

Consumables
Type of Equipment Rear Loader, Manually Loaded Fuel ( 8 00 irtres/hr H,( 19.968 Ites@' 100 SJA'lt 199.680 

Engine Cil f 1 50 Irbes/hr ).( 3.744 litres@ 70 0 SJA.Itr 282.080Ca'acity 18 0 cubic meters Trans Oil ( 040 litres/hr ).( 998 lites@ 80 0 SJAfftT 59.904 
Hydrlc Oil ( C 30 lib es/hr ).( 749 litresla 600 SJA,'Itr -,4.928Capital Cost of Equipment 3.003.000 SJA 100000 SUS/truck (Wheels per Equipment Unit) 6 

1res ).( 13 6 tires @ 910C 0 SJkea 123.892I100 repl hrsSpare Parts 150.000 5.00% of Capital Cost B:a;.e Lnng 600 repl his )( 25 0 units Cd) 15003 SJAjea 37.440Customs 157.500 	 Brake Drum 1200 rep! i;s ),( 12 5 units @ 20000 SJA/ea 24 960Total Capital Investment 	 3.307,500 SJA Clutch PIt 1600 repl his ).( 1.6 units C 15C-,. L' SJA/ea 23.400 
Filters 80 repl 1". )r( 31 2 sets @ 2500 SJA/set 7800Estimated Economic Life Prot. Gear 1000 rep his ).( 10.0 ,ets @ 2C00 0 SJA/ea 19.9685,ed on Planned Use 	 5 Other 15% additonal over above costz) 	 120.608 

(seals. gr'ase,. attery. alternator. etc ) 
Number cf Shifts per Day 1.00 shifts/day 

Total Consumablesiear 924.650 
Hours o! OperationiYear 2.498 hours/year 

Special Costs Attributable t 
o Storage and

Number of Trips per Shift 1 6 trips/shift 20 km one way Containment at the Source 

Complete Loads per Shift 1 42 loads/shift 
Miscellaneous Costs 11% of capital cost of equipment 330.000Typical Density of Solid (taxes. insurance, registration, etc.)

Waste in Loaded Vehicle 0 55 Tonnes!cubic meter 

Annual Cost of Equipment Unit 3.201.771Typical Productrvit/ 14 0 tonnes/day 	 If implemented during 1993 

SJA SJA 

Annualized Capital Cost. when purchased in 1933 Tonnes Handled per year

3,307,500 @ int of 43 00% 
 over life) 1.617.912 

Cost of PersonneShift 1 14.0 tonnes/snsy 312 days/yr 80% available) 3.498 

1 00 Driver 	 62.400 SJA/year 62.400 Cost per Tonne 915 23 SJA 
3 00 Workers 37.440 SJA'/year 112.320 
0 00 Atlndts 31.200 SJAyear 0 q
050 Workshp Prsonnl 56.160 SJA~year 26.080 	 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 217.14 SJA
0 20 Suprvsry Prsonnl 74.880 SJA/year 14.976
 
0 20 Inspctn Peronnl 56,160 SJAyear 11.232
 

Administration 	 25% of above 57,252 EQUIPMENT COST 50.53%
Benefits 	 15% of above 42.939 	 PERSONNEL COST 10.28% 

CONSUMABLE COSTE 23.88%
 
Annual Personnel Costs/Shift 329.199 OTHER COSTS 1Z 31%
 

Annual Personnel Costs 329.199 	 TOTAL COST 100.00% 

13-Jan-94 



Page 1 Table RL- 18- DS REAR LOADER 

JAMAICA Cost Co:oparisons
 

January 1993 30 SJA per US Dollar 


Type of Equipment Rear Loader, Manually Loaded 

CaPacity 18 0 cubic meters 

Capital Cost of Equipment 3.000.000 SJA 100000 SUS/truck 

Spae Pa-t 150.000 5.00% of Capital Cost 
Customs 157.500 
Total Capital Investment 3.307.500 SJA 

Estimated Economic Life 
Based on Planned Use 5 

Number of Shifts per Day 1 00 shifts/day 

Hours of Operation/Year 2.496 hours/year 

Number of Trips per Shift 1.7 trips/s;it 10 km one way 

Complete Loads per Shift 1.53 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0.55 Tonnes/cubic meter 

Typical Productvity 15 2 tonnes/day 

SJA SJA
 

Annualized Capital Cost, when purchased in 1993 
3.307.500 @ into! 43.00% over life) 1.617.912 

Cost of Personnel, Shft 

1 00 Driver 62.400 SJA/year 62.400 
3 00 Workers 37.440 SJA.year 112.320 
0 00 Attndtz 31.200 SJA/year 0 
0 50 Workshp Prsonnl 56.160 SJA'year 28.080 
0 20 Suprvsry Prsonnl 74.880 SJA/year 14.976 
0 20 Inspctn Peronnl 56,160 SJA/year 11.232 

Administration 25% of above 57.252 
Bcnefits 15% of above 42,939 

Annual Personnel Costs/Shrft 329.199 

Annual Personnel Costs 329.199 

14 -Jan-94 

Page 2 TabloIPL- 18-DS 

JAMAICA Cost Comparisons 

Consumables 
Fuel 8 00 li8es/ihr ).( 19.968 litresC, 100 
Engine Oil ( 1.50 libesihr ).( 3.744 irje.@, 70 0 
Trans Oil 0 40 lites/h: ).( 998 lIftes2) 800 
Hydrlc Oil ( 0.30 libes/hr ), 749 litres@a 800 
([Wheels per Equipment Unit) 6 
Tires 1100 repl hrs ),( 13 6 tires Cw C1Flo 0 
Brake Lnng 600 repl hrs ) ( 25 0 unils @ 15000 
Brake Drum 1200 repl hs ).( 12 5 units (P 20000 
Clutch PIt 11600 repl hrs ),( 1 6 units @ 15000 0 
Filters 80 repl h-s ),( 31 2 sets C, 2500 
Prot. Gear 1000 repl hrs ).( 10 0 sets C, 20000 
Other 15% additional over above costs) 

(seals, grease. batIery, alternator, etc.) 

Total Consumables/Year 

Special Costs Attributable to Storage and
 
Containment at the Source 


Miscellaneous Costs 11% of capital cost of equipment 
(taxes. insurance. registration, etc.) 

Annual Cost of Equipment Unit 
If implemented during 1993 

Tonnes Handled per year 

( 15.2 tonnes/day 312 days/yr 80% 

Cost per Tonne 

q 
Aver. Cost per Peison ( 0.24 tonnes/cap/yr) 

EQUIPMENT COST 50.53% 
PERSONNEL COST 1028% 
CONSUMABLE COSTE 28.88% 
OTHER COSTS 10.31% 

TOTAL COST 100.00% 

REAR LOADER 

SJA 

SJA.*r 199.680 
SJA/Rtr 282.080 
SJA.ts 59.904 
SJAIr 44.928 

SJA'ea 123.892 
SJNea 37.440 
SJA/ea 24.960 
SJA/ea 23.400 

SJA./set 7.800 
SJA/ea 19. 68 

120.50t: 

924.6860 

0 

330.000 

3.201.771 

available) 3.782 

846 67 SJA 

200.87 SJA 



Page I Table RL-18-T REAH LOADER 

JAMAICA Cost Comparisons


January 1g93 30 SJA per US Dollar 

Type of Equipment Rear Loader, Manually Loaded 

Capacity 180 cubic meters 

Capital Cost of Equipment 3.000.000 SJA 100000 SUS/truck 

!pare Parts 150.000 5.O0% of Capital Cost 
157.500 


Total Canital Investment 3.307.500 SJA 


Estimated Economic Life 

Based on Planned Use 5 


Numb er of Shifts per Day 1.00 shifts/day 

Hours of OperatbonYa 2,496 hours/year 

Number of Trips per Shift 1.8 trips/shift 5 km one way 

Complete Loads per Shift 1.59 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0.55 Tonnes/cubic meter 

Typical Productivity 11.8 tonnes/day 

$JA SJA 

Annualized Capital Cost, when purchased in 1993 
3.307,500 @ intof 43.00% over life) 1.617,912 

Cost of PersonolelShift 

1 00 Driver 62.400 SJA/year 62.400 
3.00 Workers 37,440 $JAJyear 112.320 
0 00 Attndts 31.200 SJA/year 0
0 50 Workshp Prsonnl 56.160 SJA/year 28,080 
0.20 Suprvsry Prsonnl 74.880 SJA/year 14.976 
0 20 Inspctn Peronnl 56,160 $JA/year 11,232

Administration 25% of above 57,252
Benefits 15% of above 42.939 

Annual Personnel Costs!Shift 329,199 

Annual Personnel Costs 329,199 

14-Jan-94 

Page 2 Table RL-18-T 

JAMAICA Cost Comparisons 

Consumables 
Fuel 8 00 litres/hr ,.( 19.968 tres@' 100 
Engine Oil ( 1.50 litres/hr ].( 3.744 lrtres(a, 700 
Trans Cil ( 0.40 litres/hr ).( 998 lifres@ 600 
Hydric Oil 0 30 litres/hr .( 749 litres@ 800 
(Wheels per Equipment Unit) 6 
Tires 1100 repl hrs )( 13 6 tires Ca' 91000 
Brake Lnng 600 repl hrs ).( 25 0 units CH, 15000 
Brake Drum 1200 repl hrs )( 12 5 units @ _000.0 
Clutch Pit 1600 repl hrs ).( 1.6 u its @) 150000 
Filters 80 repl hrs ).( 31.2 sets @ 2500 
Prot. Gear 1000 repl hrs ).i 100 sets @ 20000 
Other 15% additional over above costs) 

f aals. grease, battery, alternator, etc.) 

Total Consumables/Year 

Special Costs AtbribL' ible to Storage and
 
Containment at the Source 


Miscellaneous Costs 11% f capital cost of equipment
(taxes, insurance, registration, customs. etc.) 

Annual Cost of Equipment Unit 
If implemented during 1993 

Tonnes Hanoled per year 

15.8 tonnes/day 312 days/yr 80% 

Cost per Tonne 

Aver. Cosl per Pe:srn ( 0.24 tonnes/cap/yr) 

EQUIPMENT COST 50.53% 
PERSONNEL COST 10.28% 
CONSUMABLE COSTE 28.88% 
OTHEP COSTS 10.31% 

TOTAL COST 100.00% 

REAR LOADER 

SJA 

SJA'ltr 199.680 
SJAItr .182.080 
SJA'tr 59.904 
SJA,:tr 44.928 

SJAVea 123.92
 
SJAjea 37.440
 
SJA/ea 24,960
 
SJA/ea 23.400
 

S,Aiset 7.800
 
SJ/fea 19 9d8
 

120,608 

924,680 

0 

330.000 

3.201.771 

avilable) 3,941 

812 39 SJA 

192,74 SJA 



-------

Page 1 Table RP-9 - LX ROTO PACKER 

January 1993 JAMAICA Cost Comparisons30 SJA per '; Dollar 

Type of Equipment Rear Loader Manually Loaded 

Capacity 9o cubic meters 


Capital Cost of Equipment 1.950,000 SJA 65000 $JA 


Spare Parts 
 97,500 5.00% of Capital Cost of EquipmentCustoms 102.375 

Total Capital Investment 2.149.875 SJA 


Estimated Economic Life 

Based on Planned Use 
 5 years 

Number of Shifts per Day 1.00 shifts/day 

Hours of Operation'Year 2,498 hours/yew 

Number of Trips per Shift 1.7 trips/shift 30 km one way 

Complete Loads per Shift 1 56 loads/shift 

Typical Density of Solidregistation
Waste in Loaded Vehicle 0 50 Tonnes/cubic meter 
Typical Productivity 7 0 tonnes/day 

SJA 

Annualized Capital Cost, when purchased in 1993 
2.149.875 @ int. of 43.00% over life utilized) 1,051,843 

Cost of Personnel7Sh.ft 

1.00 Driver 62.400 $JA/year 62.400 

3 00 Workers 
 37.440 SJA/year 112.3200 00 AttndL-
020 Workshp Prsonnl 31.200 SJA/yea 056.180 SJA/year 11.232 
0.10 Supt vsry Prsonnl 74.880 SJA/year 7.4880.10 Inspctn Peronnl 56.160 SJAiyear 5.616Administration 25% of above 49.764

Benefits 15% of above 37.323 

Annual Personnel Costs/Shift 286.143 

Annual Personnel Costs 286.143 

14-Jan-94 

Page 2 

Consumables
Fuel ( 
Engine Oil 
Trans Oil 

(
( 

Ht-drlc Oil ( 
tWheels per Equipment Unit) 
Tires 1100 repl hrs )(
Brake Lting 600 repl hrs ) (
EzJ!:e Drum 1200 repl hrs )(
Clutch Pt 1600 repl hrs ),( 
Filters 80 repl his )(Prot. Gea 1000 repl hrs ).( 

JAMAICA 

7.00 litres/hr ).( 
1 50 libes/hr ).(
040 litres/hr ).( 
0.30 litres/hr ).( 

Other 15% additional over above costs) 

(seals, grease, battery, alternator. etc.) 

Total Consumab!es 

Special Costs Attributable to Storc.ge and
Containment at the Source 

Miscellaneous Costs 11% of capital cost of equipmentcustoms etc.) 2 4, 500 

Annual Cost of Equipment Unit 

If implemented during 


Tonnes Handled per year 

70 tonnesiday 

Aver. Cost per Person ( 

EOUIPMIENT COST 
PERSONNEL Cj3T 
CONSUMABLE COSTS 
OTHER COSTS 

TOTAL COST 

43 54% 
11 85% 
35.73% 

8.88% 

100.00% 

Table RP--9-DX 

Cost Comparisons 

17,472 lit6s@ 

3.744 lires@
998 Iitres@., 
749 litresi 

6 
13.6 tirps r 
25 0 units @, 
125 units (5 
1.8 u:iits @ 

31 .2 sets Ca 
100 sets @ 

ROTO PACKER 

SJA 

100 SJAt 174.720 
700 SJA/ftr 282 080
600 SJA.ttr 59,904 
80 0 SJk'ltr 44.928 

70000 SJAea 95.302
15000 SJ/,ea 37.440 
20000 SJ.Aea 24,980 

150000 SJAiea 23.400 
2500 Sj,.-Jset 7.8002000 0 SJAiea 19.968 

112.575 

863.077 

0 

2.415.363 
1993 

312 days/yr 80/%available) 1.747 

Cost per Tonne 1,382.42 SJA 

0.24 tonnes/cap/yr) refuse 327.98 SJA 

http:1,382.42
http:Storc.ge
http:Personnel7Sh.ft


Page 1 Table RP-9-DL ROTO PACKER 
JAMAICA Cost Com parsonsJanuary 1993 30 SJA per US Dollar 

Type of Equipment Rear Loader. Manu.;lly Loaded 

Capacity 9 0 cubic meters 

Capital Cost of Equipment 1.950.000 SJA 65000 SJA 
Spare Parts 97.500 5 00% of Capital Cost of Equipment
Customs 102.375 

Total Capital Investment 2,149.875 SJA 


Estimated Economic Life 
Based on Planned Use 5 years 

Number of Shifts per Day 1 00 shifts/day 

Hours of Operation/Year 2.496 hours/year 

Number of Trips per Shift 2.0 trips/shrft 20 km one way 

Complete Loads per Shift 1.77 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0 50 Tonnes/cubc meter 

Typical Productrvity 8 0 tonnes/day 

SJA 
Annuali:ed Capital Cost. when purchased in 1993 

2.149.875 @ int. of 43.00% over life utilized) 1.051,643 

Cost of Personnel/Shft 

1 00 Driver 62.400 SJA/year 62,400 
3 00 Workers 37.440 SJA/yea 112,320
0.00 Attndts 31.200 $JA/year 00 20 Workshp Prsonnl 56.160 SJA/year 11.232 

0 10 Suprvsry Prsonnl 74,880 $JA'year 7.488
 
0.10 Inspctn Peronnl 58,160 SJA/year .).616

Administration 25% of above 49.764 
Benefits 15% of e.oove 37.323 

Annual Personnel Costs/Shift 286,143 

Annual Personnel Costs 286,143 

14-Jan-94 

Page 2 Table RP-9-DL 

JAMAICA Cost Comparisons 

Consumables 
Fuel 7 ).(T00 litres/hr 17.472 litres, 100 
Engine Oil ( 1.50 Irtres/hr )( 3.744 Irtres@, 700
Trans Oil ( 0 40 litresihr ).( 998 litres® 60Hy-'4,c Oil 0.30 litresthr ).( 749 Irtres@, 60,0 
(Wheels per Equipment Unit) 6
Tires 1100 repl hrs )( 13 6 tires C 7000 0 
Brake Lnng 600 repl hrs ). 25 0 units C 1500 0 
Brake Drum 1200 repl hrs )( 12 5 units 20000 
Clutch PIt 1600 repl hrs 1.1 1 6 units vj,. 150000 
Filters 8 rep! hrs )( :1 2 sets @, 2500
Prot. Gear 1000 rep hrs ).( 100 sets (C, 20000 
Other 15% additional over above costs) 

(seals. grease, battery, alternator. etc.) 

Total Consurnables 

Special Costs Attributable to Storage and
 
Containment at the Source 


Miscellaneous Costs 11% of capital cost of equipment
(taxes. in.urance, registbation, customs. etc.) 

Annual Cost of Equipment Unit 

If imclemented during 1993
 

Tonnes Handled per year 

t 8.0 tonnes/day 312 days/yr 80% 

Cost per Tonne 

Aver. Cost per Person ( 0.24 tonnes/cap/yt) refuse 

EQUIPMENT COST 43 54% 
PERSONNEL COST 11 85% 
CONSUMABLE COSTE 35.73% 
OTHER COSTS 8.88% 

TOTAL COST 10000% 

ROTO PACKER 

SJA 

SJA'ltr 174.720 
SJA r 282.080 
SJA.ftr 59.904 
SJA'Itr 44.928 

SJAies 95.302 
SJAea 37.440 
SJA,"en 24 960 
SJAta 23400 

SJAiset 7.800 
SJAiea 19.988 

112.575 

863,077 

0 

'14.500 

2.415.363 

available) 1.993 

1.211.75 SJA 

287.49 SjA 

http:1.211.75


Page 1 Table RP-9-DS ROTO PACKER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type of Equipmpnt Rear Loader, Manually Loaded 

Capacity 9 0 cubic meters 

Capital Cost of Equipment 1,950.000 SJA 65000 SJA 

Spare Parts 97.500 5.00% of Capital Cost of Equipment
Customs 102.375 
Total Capital Investment 2,149.875 SJA 

Estimated Economic Lrfe 
Based on Planned Use 5 years 

Numbe; of Shifts per Day 1.00 shifts/day 

Hours of OperationiYear 2.496 hours/year 

Number of Trips per Shift 2 2 trips/shrft 10 km one way 

ComplEte Loads por Shift 95 loaL's/shift 

Typical Density of Solid 
Viaste in Loaded Vehicle 0 50 Tonnes/c jbic meter 

Typical Productivity 8 8 tonnes/day 

SJA 

Arnualized Capital Cost. when purchased in 1993 
2.149.875 @ int. of 4300% over rfe utilized) 1,051,643 

Cos't of Personnel 

1 00 Driver 62,400 SJA/year 62.400 

300 Workers 37.440 $JA/year 112,320

0 00 Attndts 31.200 SJA/year 0

0 20 Workshp Prsonnl 56.160 SJA/year 11,232 

0 10 Suprvsry Prsonnl 74.880 SJA/year 7,488

0.10 Inspctn Peronnl 56,160 SJ.Aryear 5,616

Administration 25% of above 49,764
Benefits 15% of above 37,323 

Annual Personnel Costs/Shft 286.143 

Annual Personnel Costs 286.143 

14-Jan-94 

Page 2 Table RP-9-DS ROTO PACKER 

JAMAICA Cost Comparisons SJA 
Consumabl-_3 

Fuel ( 700 lires/hr ).( 17.472 irtres@ 100 SJA.,tr 174.720 
Engine Oil ( 1 50 litres/hr ).( 3.744 Irtres@a, 70 0 SJA.'l.r "62.080 
Trans Oil ( 0 40 litres/hr ).( 998 litres(w 60 0 SJA.'ftr 59.904 
Hydrlc Oil ( 0 30 litres/hr ).( 749 lrtres@ 80 0 SJA.rj 44,928
(Wheels per Equipment Unit) 6 
Tires 1100 repl his )j 13 6 tires @ 7000 0 SJA/ea 95.302
Brake Lnng 600 repl hrs ).( 25 0 unis @ 15000 SJAea 37.440 
Brake Drum 1200 repl his ).( 12 5 units @ 1000 0 SJAica 24.960 
Clutch PIt 1600 repl hrs ).( 16 units @ 15000 0 SJAlea 23.400 
Filters 80 repl hrs ).( 31.2 sets @ 2500 SJAset 7.800
Prot. Gear 1000 repl hrs ).( 100 sets @ 20000 SJA,,ea 19.968 
Other 15% additional over above costs) 112.575 

(seals. ease, battery. alternator. ec) 

Total Consumables E83.077 

Special Costs Attributable to Storage and
 
Containment at the Source 
 0 

Misceilaneous Costs 11% of capital cost of equipment 214.500 
(taxes, insurance, registration, customs. etc.) 

Annual Cost of Equipment Unit 2.415.363 
If implemented during 1993 

Tonnes Handled per year 

8.8 tonns/day 312 days/yr 80% available) 2,200 

Cost per Tonnf, 1,097.97 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yt) refuse 260.49 SjA 

EQUIPMENT COST 43.54% 
PERSONNEL COST 11.85% 
CONSUMABLE COSTE 35.73% 
OTHER COSTS 8.88% 

TOTAL COST 100.00% 

// l/
 

http:1,097.97


Page 1 Table RP 9-T ROTO PACKER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type of Equipment Rear Loader, Manually L: .cled 

Capacity 9 0 cubic meters 

Capital Cost ot Equipment 1.950.000 SJA 65000 SJA 

Spare Parts 97.500 5 00% of Capital Cost of Equipment
Customs 102.375 

Total Capital Investment 2.149.875 SJA 


Estimated Economic Life 
Based on Planned Use 5 years 

Number of Shifts per Day 1 00 shrfts day 

Hours of Operatiorn,,Year 2.496 hours/year 

Number of Trips per Shift 23 trips'shift 5 km nne way 

Complete Loads per Shift 2 07 loadsshift 

Typical Density of Solid 
Waste in Loaded Vehicle 0 50 Tonnesicubic meter 

TVyical Productrvit i 9 3 tonnes,,day 

SJA 

Annuali:ed Capta! Cost. when purchased in 1993 
2.149 875 @ int of 43 00% over Irf. utilized) 1.051.643 

C9st of PersonnelShrft 

00 Driver 62.400 $JA'yea 62.400 

3 00 Workers 37,440 SJAyear 112.320
 
0 00 Attndts 31,200 SJA/year 0
0 20 Woiksnp Prsonnl 56.160 SJA/yeai 11.232 

0 10 Suprvsry Prsonnl 74,880 SJA.'year 7.488
 
0 1C inspctn Peronnl 56.160 $JA.'year 5.616
Administration 25% of above 49.764 

Benefits 15% of above 37.323 

Annual Personnel Costs,!Shift 286.143 

Annual Personnel Costs 286.143 

14 -Jan-94 

Page 2 Table RP --g-T ROTO PACKER 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 7 00 libes/'i )( 17.472 Iitres@, 100 SJA.It 174.720 
Engine Oil ( 1 50 Iresihr ) ?.744 irtres(' 70 0 SJA,'i' 262080
Trans Oil ( 0 40 litres/hr ).( 998 rtresiil 600 SJAiltr 59,904
Hydrlc Oil 1 0 30 Irtres/hr ) ( 749 Irres@., 80 0 SJA.'It 44.928 
(Wheels per Eouipment Unt) 6 
Tires 1100 repl his ).( 13 6 tires (:a 70000 SJAiea 95.302Brake Lnng 600 repl his ) ( 25 0 units (,, 1500 0 SJA/ea 37 440
Brake DrunI 1201, repl hs ) 12 5 unrts Cw 2000 0 SJAea 24.960
Clutch Pit 1600 repl his ) ( 66 units (ii 15000 0 SJA/ea 23400 
Filters 80 repl hirs ) ( 31 2 sets @, 2500 SJA/set 7 Z00Prot Gear 1000 repl his ).( 10 0 sets C, 20000 SJAjea 19.968
Other 15', additional over above costs) 112.575 

(seals, grease attery, alternator etc 

Total Consumables 863.077 

Special Costr. Attributable to Storage and
 
Containment at the Source 
 0 

Miscellaneous Costs 11%oof capital cost of equipmeit 214.500
(taxes. insurance registration, customs etc 

Annual Cost of Equipment Unit 2.415.363 
If implemented during 1993 

Tonnes Handled per year 

( 3 tonnesday 312 days/yr 80% available) 2320 

Cost per Tonne 1.041.08 SJA 

Aver Cost per Person ( 0 24 tonnes/cap/yr) refuse 24700 SJA 

EQUIPMENT COST 43 54% 
PERSONNEL COST 11 85% 
CONSUMABLE COSTE 3573% 
OTHER COSTS Z 88% 

TOTAL COST 100 00% 

http:1.041.08


Page 1 Table SL ­8- DL SIDE LOADER 

January 1993 
JAMAICA Cost Comparisons

30 SJA per US Dollar 

Type of Equipment Side Loader Non-Compactor Tipping Truck 

Capacity 8.0 cubic meters 

Capital Cast ofEquipment 


Spare Parts 
Customs 
Totd Capital Irvestment 

Estimated Economic Life 
Based on Planned Use 

Number of Shifts per Day 

Hours of Operation/Year 

Number of Trips per Shit 

Complete Loads pe Shift 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost, when pumchased in 
1,323.000 @ intof 

Cost of Per sonneiSirft 

1 00 Driver 
4.00 Workers 
0.00 Attndts 
0.20 Workshp Prsonnl 
0.10 Supfvsry Prsonnl 
010 Inspctn Peronnl 


Administrabon 

Benefits 

Annual Personnel Costs/Shift 

Annual Personnel Costs 

16-Jan-94 

1,200,000 SJA 40000 $US/t'uck 


80" 0 5.00% of Capial Cost 
83,uOO 

1.323.000 SJA 

5 years 

1.00 shift/day 


498 hours/year
 

2.1 trips/shift 20 kn one way 

1.78 loads/shift 

0.30 Tonnes/cubic meter 

4 3 

43.00% 

62,400 
37.440 
31.200 

56.160 
74.baO 
56,160 

25.00% 
15.00% 

tonnes/day 

$JA 

1993 

over life) 647.165 

$JA/yea 62.400 
SJA/year 149.750 
SJA/year 0 
SJAdyawr 11,232 
SJA/year 7.488 
$JAjyaar 5.616 

of above 59.124 
ofabove 44.343 

339.963 

339.963 

Page 2 1able SL-8-DL SIDE LOADER 

JAMAICA 

Consumables
Fuel ( 5.00 litres/h- ).( 
Engine Oil ( 1.50 iitres/,r )(
Trans Oil ( 0 3. litres/hu ).(
Hydric Oil 0 11 litres/hr ).( 

(Wheels per Equipment Unit)
Tres 1100 iepl hrs ).(
Brake Lnng 600 repl is )( 
Brake Drum 1200 repl his ),( 
Clutch Pit 1600 repl hrs )( 
Filters 80 repl his )(
Pot. Gear 1000 rep hrs )( 

12.480 litres@ 
3.744 lires@ 

799 ites@ 
275 litres@ 

4 
9.1 ties g 

16 6 units @ 
8.3 urits @ 
1 6 units 

31.2 sets @ 
12.5 seth@ 

Other 15% additional over above costs) 
(seals, grease. battery. alternator, etc.) 

Total ConsumrablesYew 

Special Costs Attributable to Storage and 
Contiunmer! at the Source 

Cost Comparisons SJA 

100 
700 
600 

60.0 

70000 
1500.0 
2000.0 

15000 0 
250.0 

2000.0 

SJA.'b 124,800 
SJA/Ir 282.080
 
SJA/Ib 47.923
 
SJA(Ir 18.474
 

SJA/ea 83,535 
SJA/ea 24.960 
&JAJea 16.840 
SJAJea 23.400 

SJAdset 7,800 
SJA/ea 24.9V6 

91.880 

- - - - - -tc.)
 

704.457 

0 

Miscellaneous Costs 11% of capital cost of equipment 132,000
(taxes, insurance, registrat.,m. etc.) 

Annual Cost of Equipment Unit 1.823.585
Ifimplemented during 1993 = 

Tonnes Handled per year 

4.3 tonnes/day 312 days/yr 80% available) 1,084 

Cost per Tonne 1.713.95 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 408.63 JA 

EOUIPMENT COST 35.49% 
PERSONNEL COST 18.84% 
CONSUMABLE COST! 38.83% 
OTHER COSTS 7.24% 

TOTAL COST 100.00% 

/6<:
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Page 1 Table SL-8-DL SIDE LOADER 

JAMAICA Cost Comparisons
January 1993 30 SJA per US Dollar 

Type of Equipment Side Loader Non-Compactor Tipping Truck 

Capacity 8.0 cubic meters 

Capital Cost of Equipment 1,200,000 SJA 40000 SUS/Ibuck 

Spare P-'ts 60.000 5.00% of Capital Cost 

Customs 63.000 

Total Capital Investment 1.323.000 SJA 


Estimated Economic Life 

Based on P~lined Use 5 yews 


Number of Shifts per Day 1.00 shifts/day 

Hours o. Operatoniear 2.496 hours/year 

Number of Trips per Shift 2.1 trips/shifl 20 km one way 

Complete Load- per Shift 1.78 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0.30 Tonnes/cubic meier 

Typical Productrvity 4.3 tonnes/day 

SJA 

Annualized Capittal Cost. when purchased in 1993 
1.323.000 @ int of 43.00% over Irfe) 647.165 

Cost of Personnel/Shit 

00 Driver 62.410 SJAjyear 62,400 

4 00 Workers 37.440 SJA/year 149,760
0.00 Attndts 31.200 SJA/yeoar 0 
0 20 Wcrkshp Prsonnl 58,100 $JA/year 11.232 
0.10 Suprvsry Prsonn 74,880 SJA/year 7.488 
0 10 	lnspctn Peronnl 56.160 SJAlyear 5.618 

Administration 25.00% of above 59.124 
Benefits 15.00% of above 44.343 

Annual Personnel Costs/Shift 339.0d3 

Annual Personnil Costs 339.963 

16-Jan-94 

Page 2 Table SL-8-DL 	 SIDE LOAOER 

JAMAICA Cost Comparsons 	 SJA 

Consam ables 
Fuel ( 5.00 litresthr ).( 12.48(', .lres@ 100 SJA/Itr 124.800 

Engine Oil 1.50 litres,'v ).( 3.744 lIex@ 70.0 SJA/(r 282,080Tras Oil 032 Ires/hr ).( 799 Itres@a 800 $JA/b 47,923 
Hydrlc Oil ( 0.11 litres/hr ),( 275 li1res@ 60.0 SJAlt 18,474 
(Wheeks per Equipment Unit) 4 
Tires 1100 repl hrs ).( 9.1 tires 0 70000 SJA/ea 53.535
Brake Lnng 600 repl hrs )( 16.6 units 6D 15000 SJA/ea 24.960 
Brake Drum 1200 rep! hrs )( 8.3 units @ 2000.0 SJAJea 16.640 
Clutch Pit 1600 repl hrs ).( 1.8 units 150000 SJAjea 23.400 
Filters 80 repl his ),( 31.2 sets @ 250.0 SJA/.sot 7.800 
Prot. Geri 1000 repl his ).( 12.5 sets 0 2000.0 SJAiea 24,960 
Other 15% addrinal over above costs) 21.8"0 

(seals. grease, battery. aternator. etc.) 
ec.	 - - - - - - - -

Total Cons umables/Year 	 704.457 

Special Costs ArsibutabIe to Storage and
 
Cntainment at the Source 
 0 

Miscellaneous Costs 11% ui capital cost of equipment 132,000 
(taxes. insurance. regist .Uon, etc.) 

Annual Cost of Equiprent Unit 1.823.585 
tf implemented during 1993 

Tonnes Handled per yea 

( 	 4.3 tonnes/day 312 days/y 80% avariable) 1.084 

Cost per Tonne 1.713.95 3JA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 	 406.63 SJA 

EOUIPMENT COST 35,49% 
PERSONNEL COST 18.% 
CONSUMABLE COS_-T' 38.63% 
OTHER COSTS 7.24% 

TOTAL COST 100.00% 

http:1.713.95


Page 1 Table S:L-8-DS SIDE LOADER 

January 1993 
JAMAICA Cost Comp

30 SJA per US Dollar 
arisons 

Type of Equipment Side Loader Non-Compactor Tipping Truck 

Capacity 80 cubic meters 

Capdal Cost of Equipment 

Spare Pawt 
Customs 
Total Capital investment 

Estimated Economic Life 
Based on Planned Use 

Number of Shift per Day 

Hours of OpecraonJYear 

Number of Trips pc ,h',ift 

Complete Loads per Shift 

Typical Density ofSolid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost. when purchased in 
1.323.000 @ int of 

Cost of PersonneliShlt 

1 00 Drriver 

4 00 Workers 

0 00 Attndts 

020 Wotkshp Prsonnl 

0 10 Supevsry Prsonnl 

0.10 Inspctn Peronnl 


Administration 

Benefits 


Annual Personnel Costs/Shift 

Annual Personnel Costs 

16-Jan-94 

1.200.000 SJA 40000 SUS/buck 

60.000 5.
63.000 

1,323.000 SJA 

00% of Capita Cost 

5 years 

1.00 shifts/day 

2.496 hours/year 

2.3 trips/shft 10 km one way 

1.97 loads/zhift 

0.33 Tonnes/cubic meter 

4.7 

43.00% 

62.400 
37.440 
31.200 
58.160 
74.880 
56.160 

25.00% 
15.00% 

tonnes/day 

SJA 

over life) 
1993 

647.165 

SJAjyear 
SJA/year 
SJA/year 
SJAdyear 
SJA/year 
SJA/year 

of above 
of above 

62.400 
149.760 

0 
11.232 

7.488 
5.616 

59.124 
44,343 

339.G33 

339.963 

Page 2 Table SL-8-DS SIDE LOADER 

JAMAICA 

Consumables
Fuel 5.00 Irtres/hr )( 
Engine Oil ( 1.50 Itres/hr )(
Tran Ot ( 0 32 Ites/hr )( 
Hydric Od ( 0.11 Ires/hr ).( 
(Wheels per Equipment Unit) 
Ties 1100 repl hrs ),(
Brake Lrng ( 00 repi hrs ).( 
Brake Drum 1200 repl hrs )( 
Clutch PIt 800 repl his ).( 
Filters 80 repl his ).( 
Prot. Gear 1000 rerI his )( 
LCther 15% additionaJ over above costs) 95.398 

(seals. grease. battery. aiternator, etc.) 

Total ConsumablesYear 711.307 

Special Costs AM ibutable to Storage and
 
Containment atthe Source 
 0 

Miscellaneous Costs 11% of capital cost of equipment 132.000 
(taxes. insurance. registration, customs, etc.) 

Annual Cost of Equipment Und't 1,850.495
If implemented during 1993 

Tonnes Handled per year 

4 7 tonnes/day 312 days/y 80% available) 1.182 

Cost pm Tonne 1.566.18 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/r) 371.58 S.JA 

EQUIPMENT COST 34.97% 
PERSONNEL COST 18.37% 
CONSUMABLE COST! 39.52% 
OTHER COSTS 7.13% 

TOTAL COST 100.00% 

Cost Comparisons SJA 

12.480 Ilres@ 10.0 SJAItr 124.800 
3,744 Iires(o) 70.0 SJA/b" 252.080

799 Iitres@ 500 $JAjlt 47.923 
275 titres@ 60.0 SJAt 10.474 

4 
91 tires (a 7000.0 SJA/ea 63,535

16.6 units @ 15000 SJA/ea 24,9g0 
8 3 units @ 2000 0 SJA/ea 16.640 
3.1 L' its 15000 0 SJA/es 48.800 

31.2 sets @ 250.0 SJA/st 7.800 
12.5 sets @ 200.0 SJA/es 24.960 

/ 

http:1.566.18


Page 1 	 Table SL-8-DS SIDE LOADER Page 2 Teble SL- 8-DS SIDE LOADER 
JAMAICA Cost Comparisons

January 1993 30 $JA per US Dollar JAMAICA Cost Comparisons 	 SJA 

ConsumablesType of Equipment Side Loader Non-Compactor Tipping Truck Fuel 500 lites,.iv )( 12,480 litres@ 10 0 $JAfllt 124,800 
Engine Oil ( 1.5) Ires/r )( 3,744 lIes@ 70 0 SJA/Ib' 282.080Capacity 8C-cubic meters Trans Oil ( 0:2 lit.sfr ).( 790 litres@ 600 SJAJbr 47.923 
Hydrlc Oil ( 0 11 lires/hr )( 275 Irtres@ 600 SJA/Ib 18.474Capital Cost of Equipment 1.200.000 SJA 40000 SJ'Sftruck 	 (Wheels per Equipment Unit) 4 
Tires 1100 repl his ).( 91 bres C.) 70000 NAWea 83,535Spire Parts 	 t",O,0oo 5.00% of Capital Cost Brake Lnng 600 repl his ).( 168 units @ 15000 SJA/ea 24.980Customs 13.000 	 Brake Drum 1200 repl his ).( 8 3 units @ 20000 SJAJea 18,040Total Capita investment 	 1.323.000 SJA Clutch Pit 800 replhis )( 3.1 units 15000 0 SJA/ea 4.8C3 
Fitters 80 repl his ).( 31.2 sets @ 2500 SJA/set 7,800Estimated Economic Life Prot. Gear 1000 rep]Pis ).( 12.5 sets @ 20000 SJA/ea 24.980Based on Planned Use 	 5 years Other 15% additional over above costs) 	 95,398 

(seats, grease, battery. aftarnator. etc)Number of Shift per Day 1.00 shIfts/day 
Total Consumables/Yea, 731.387

Hours of Operation/Year 	 2.498 hours/yea 

Special Co-tr Attributablo to Storage andN';umber of Trips per Shift 2.3 trips/shift 10 km one way Containment at the Source 	 0 

Complete Loads per Shit 1.97 kds/shift 
Miscellaneous Costs 11% f capital cost of equipment 132,000Typical Density of Solid (taxes. insurance. registration, customs, etc.)

Wa.ute in Loaded Vehicle 0 30 Tonnes/cubic meter 

Annual Cost of Equipment Unit 1.850.495Typc,:al Productivity 4 7 tonnes/day If inplemented during 1993 

SJA 

Annualizea Capital Cost, when purchased in 1993 Tonnes Handled per year

1.323,000 @ int of 43.00% over life) 647.165
 

4.7 tonnes/day 312 days/yr 80% available) 1.182
Cost df Per sornel, Shift 

100 Driver 	 62,400 $JA/yew, 62.400 Cost per Tonne 1,580.18 SJA 
4 00 Workers 37.440 SJAJyear 149,760 
0 00 Attndts 31,200 SJA/year 0
0 20 Workshp Prsonn 58,160 SJA/year 11,232 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 371.58 SJA 
0 10 Supvsry Prsonnl 74,880 $JA/yea 7.488 
0.10 	Inspctn Peroinnl 58.160 SJA/year 5.618
 

Administration 25.00% 
 of above 	 59.124 EQUIPMENT COST 34.1.% 
Benefits 	 15.00% of above 44.343 	 PERSONNEL COST 18.37% 

CONSUMABLE COSTE 39.52% 
Annual Personnel Costs/Sht 	 339.963 OTHER COSTS 7.13% 

Annual Personnel Costs 	 339,963 TOTAL COST 100.00% 

16-Jan-94 

http:1,580.18
http:lites,.iv


Page 1 Table SL-8-DX SIDE LOADER Page 2 Table SL-8-DX SIDE LOADER 
JAMAICA Cost ComparisonsJanur-y 1993 30 SJA per US Dolla, JAMAICA Cost Comparisons SJA 

Type of Equipment ConsumaLlesSide Loader Non-Compactor Tipping Truck Fuel ( 500 lIr es/hr ).( 12,480 lrres@ 100 SJA/It 124.800 
Engine Oil ( 1.50 lilies/hr ).(Capacity 8 0 cub.c meters 3.744 liees0 700 SJAIltr 262.080Trams Oil ( 0.32 lies/hr ).( 799 Irtres& 600 $JAAr 47.923 
Hydric Oil ( 0 1 1 lilies/hr ).( 275 lides@ 60.0 SJAllbr 13.474Capital Cost of Equipment 1.200,000 SJA 40000 SUS/truck (Wheels per Equipment Unit) 4 
Tires 1100 repl hrs ),( 9 1 tires @ 70000 S.JA/ea 83.535Spare Parts 60.000 5.00% of Capital Cost Brake Lnng t300 re'il hrs ).( 16 6 units @ 15000 SJA/ea 24.960Customs 03.000 Brake Drum 1200 re;:i hrs ).( 83 units @ 20000 SJAlea 186.40Total Captnjl Invesiment 1.323.000 SJA Cich PIt 1600 repl hit ).( 1 6 units 150000 SJNea 23,400
Fiftrs 80 repl hrs ).( 31.2 sets @ 2500 SJA/set 7,800Estimated Ecornomic Life Prot. Gear 1000 repl his ).( 12.5 sets 0 20000 $-JA/ea 24.90Based on Planned Use 5 yews Other 15% additna; over above costs) 21.86 

(seals. grease. batery, atlefirrotn, etc.%Number of Shifts per Day 1.00 shifts/day 
ToWd ConsumablesiYear 704457Ho..as c Operabon/Year 2.498 hours/year 

Spe cial Costs Attributable to Storage andh ..mber of Trips per Shift 1.8 trips/shift 30 km one way Contarrnent at the Source 0 

Compl,.e Loads per Shift 1.5 loads/shft 
Miscellaneous Costs 11% of captal ceit of equipment 132,000Typical Densdv ol Solid ttaxes. insurance. registration. etc.)

Wate in Loaded Vehicle 0.30 Tonnes/cJbic m,.,er 
Annual Cost of Equipment Unit 1,823,585Typical Productrvity 3.7 tonnes/day 11implemented during 1993 

SJA
 

Annuali:ed Capo.!1 Cost. when purcl.-sed in 1993 Tonnes Handled per year
1,323,000 @ int of 43.00% over life) 647.165 

3.7 tonnes/day 312 days/yr 80% availabie) 926
Cost of Per sonneliShrt 

1 00 Driver 62,400 SJA/year 62,400 Cost per Tonne 1.989.78 SJA
4 00 Workers 37.440 SJA/year 149.780
 
0 00 Ancdtsm 31.200 SJA'year 0

0 20 Workshp Prsonnl 56.180 SJA/yenr 11.232 Aver. Cost per Person ( 
 0.24 tonnes/capyr) 487.33 SJA r 10 Suprvsry Prsonnl 74.880 $JA/ye 7.488
 
0 10 lnspctn Peronnl 5e.160 SJA,/year 5.616


Adminis ution 25 00% of above 59.124 EQUIPMENT COST 35.49%
 
Benefits 15.00% of above 44,343 
 PERSONNEL COST 18.64% 

CONSUMABLE COSTE 38.03%Annual Personnel Costs/Shill 339.063 OTHER COSTS 7.24% 

Annual Personnel Costs 339,963 TOTAL COST 100.00% 

16-Jan-94 

http:1.989.78


----- 

Pe~-.i 1 rable SL -8-DX SIDE LOADER 

January 1993 JAMAICA Cost Comparisons

30 SJA per US Dollar 


Type of Equipment Side Loader Non - Comp&or Tipping Truck 

Capaciy 8 0 cubic metals 


Capital Cost of Equipment 1.200,000 SJA 40000 SUS/truck 


Spare Parts 
 60.000 5 00% of Capita Cost
Customs 
 63.000 

Total Cupda Investment 
 1.323,000 SJA 

Esed on LnfeEstmated Economic Life 

Based on Planned Use 5 years 

Number of Shifts per Day 1 00 shifts/day 

Hours of Ope:abonfYear 2.496 hours/year 

Number of Trips per Shift 1 8 trips/shft 30 kin one way 

Complete Loads per Shift 1.5 loads/shift 

TypMcal Densi of Sohd Typial ensty o S~lid(taxes, 
Waste in Loaded Vehicle 0 30 Tonnes/cubic meter 

Typical Pfoductvity 3 7 tonnes/day 

SJA 
Annualized Capital Cost. when purchased in 1993 


1.323.000 @ intof 43,00% over life) 547.165 

Cost of Per sonne'/Shrt( 

1 00 Driver 62.400 SJA/year 52.400 

4 00 Workers 
 37.440 SJA/year 149.7800 00 Attndts 31.200 SJA/year020 Woikshp Prsonnl 058,1 0 SJAyear 11.232 

0 10 Suprvsry Prsonnl 
 74 880 S.JA.'year 7.4880. 10 Inspctn Peronnl 56.160 SJA/yeex 5.618Administrabon 25.00% of above 59.124

Benefits 15,00% of above 44.343-CONSUMABLE 

Annual Personnel Costs/Shrtt 339.963 

Annual Personnel Costs 339.963 

16-Jan-94 

Page 2 Table SL -8-DX 
SIDE LOADER 

JAMAICA Cost Comparisons SJA
 

ConsumablesFuel 5 00 litres/hr ).( 12,480 Ite@ 10.0 SJA/lr 124.800 
Trans Oil ( v 32 litres/hr ).().(Engine Oil ( 1.50 litres/ht 3.744 Irtres-7r,9 libes , 700 $JAfft 202.08080 0 SJAVTU 47.923 
Hydric Oil ( 0 11 Itres/hr ).( 275 lItres@
(WVhe-elsper Equipment Unit) 

600 SJA.b 10.474
4
 

T-e!; I 1100 replhrs 
 ).( 9 1 tires @ 70000 SJA/eaBrake Lnng 600 repl his ).( 83.53516 6 units OH 15000 SJAea 24.900Brake Drum 
 1200 repl his ).( 8 3 units @ 20000 $JA'ea 18.840Clutch P2t 1600 repl his ).( ; js.ss 150000 $JA/ea 23.400 

Filter 80 repl hrs ).(Plot Geat 1000 repl h- 31.2 sets @ 2500 SJA/set 7,800).( 12 5 sets @ 20000 SJA/ea 24.00
Other 15% additiral over above costs) 91.88 

(seals. grease, battey,afterralot,
etc)
 

Total Consumablecea 
 704.457
 

Special Costs Attributable to Storaj;a and
 
Containment adthe Source
 

Miscellaneous Costsinsurance. registration, etc.) 11% of capita cost of equipment 132.000 

Annual Cost of Equipment Unit 
If implemented during 1.823.515

1993
 

Tonnes Handled per year 

3.7 tonnes/day 312 days/yr 80% available) 926 

Cost per Tonne 1.96978 SJA 

wer. Cost per Person ( 0.24 tonnes/cap/yt) 487.33 SJA 

EOU;PMENT COST 35.49% 
PERSC)NNEL COST 18.84%COSTE 380[3% 

OTHER COSTS 7.24% 

TOTAL COST 100.00% 

///.
 



Page 1 Table ,S- 8-T SIDE LOADER Page 2 Table SL-8-T SIDE LOADER 
JAMAICA Cost Compar,,ons

January 1993 30 SJA p-r US Dollar 	 JAMAICA Cost Comparisons SJA 

Consumables
Type of Equipment Side Loader Non-Compactor Tipping Truck 	 Fuel 5 00 It: :/hr 12.480 lires@ 10.0 S.JAflt 124.800 

Eng' ie Oil ( 1.50 litres/hr ).( 3.744 lrres@ 70 0 SJA/(r 282.080
Capacity 8 0 cuoic meters Trans Oil ( 0.32 ldres/hr ). 799 lrIes@ 60,0 SJA,/r 47.923 

Hydric Oil 0.11 litres/hr )( 275 Iies@ 800 SJAIr 15.474
Capital Cost of Equipment 1.200.000 $JA 43000 $US/truck 	 (Wheels per Equipment Unit) 4 

Tires . ).( 70000 SJAlea 83.5351100 repl his 9 1 tires C 
Spare Parts 80.000 500% of Capital Cost 	 Brake Lnng 800 repl his ).( 16.6 units @ 15000 $Jiea , 

24 90 
Customs 83.000 	 Brake Drum 1200 repl his )( 8 3 units & 20000 SJA/ea 18.840
Total Capital Investment 	 1.323.000 SJA Clutch Pit 1800 repl hrs ).( 1.8 units 150000 SJA/ea 23.400 

Filters 80 repl hrs )( 31.2 sets @ 2500 SJAJset 7.800 
Estimated Economic Life Prot. Gear 1000 repl his ).( '2.5 sets @ 2000.0 $JA/ea 24.980 
Boaed on Planned Use 5 years Other 15% additional over above costs) 91.888 

(seals. grease batter y. after nalor, err.) 
Number of Shif:s per Day 1.00 shifts/day 

Total Consum mi.es/Year 704.457 
Hoirs of Opefation/Year 2.496 hours/year 

Special Costs Attroutable to Storage and
Number of Trips per Shift 2.5 trips/shift 5 km on- way Containment at the Source 	 0 

Compile Loads per Shift 2.1 loads/shift 
MiscellaneOts Costs 11% of capital cost of equpment 132.000

Typical Density of Solid (taxes. insu;r:nce, registation, customs, etc.) 
Waste in Loaded Vehicle 030 Tonnes/cubc meter 

Annual (;cst of Equipment Unit 1.823.585
Typicl Productrvitt 5.0 tonnes/day If implemented during 1993 

SJA 

Annualtod Capital Cost. when pLrchased in 1993 Tonnes Handled Dai year 
1.3...C00 9 rntof 43.00% over life) 647.165 

5.0 tonnas/day 312 days/yr 80% available) 1.251 
Cost of PerscnnelIShrft 

1 00 Drrver 62.400 -JAJyew 62.400 Cost per Tonne 1.458.14 SJA 
4 00 Workers 37.440 SJA/year 149.760 
0.00 Attndts 	 31.200 $JAJyear 0 
0.20 Woikshp PrsonnI 53.160 SJAlyear 11.232 Aver. Cost per Person( 0.24 tonnes/cap/yr) 345.94 SJA 
0 10 Suprvsry Pisonnl 74.880 SJA/yea. 7.488 
0.10 Inspctn Peronnl 56.160 SJA/yea. 5,816


Administration 25.00% of above 59.124 EQUIPMENT COST 35.49%
 
Benefits 15.0C% of above 44.-43 PERSONNEL CCST 18.64%
 

-----.... CONSUMABLE COSTE 38.83%
 
Annual Personnel Costs/Shift 339.963 OTHER COSTS 7.24%
 

Annual Personnel Costs 	 339.963 TOTAL COST 100.00% 

16-Jan-94 

http:1.458.14


---------- 

Page 1 Table SL-8- T SIDE LOADER 
JAMAICA Cost Comparisons

January 1993 30 SJA per US Dollar 

Type of Equipment Side Loader Non-Compactor Tipping Truck 

Capacity 8.0 cubic meters 

Capital Cost of Equipment 1.200.000 SJA 40000 SUS/Iruck 

Spare Parts 50.000 5.00% of Capital Cost 

Cu'toms 83.0Wd 

Total C,-pitaJ Investment 1,323.000 SJA 

Estime.J Economic Life 
Based on Planned Use 5 years 

Number of Shirts per Day 1.00 shifts/day 

Hours of Operation/Year 2,498 hours/year 

Number of Trips per Shift 2.5 trips/shift 5 km one way 

Complete Loads per Shift 2.. loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0.30 Tonnes/cubic meter 

Typical Productivity 5.0 tonnes/day 

SJA 

Annualized Capital Cot, when purchased in 1993 
1.323.000 @ int of 43.00% over life) 647.165 

Cost of Psonnel/Shift 

1.00 Driver 62.400 SJA/year 62.400 
4.00 Workers 37.440 SJA/yea 140.760 
0.00 Attndts 31,200 $JAyear 0
0.20 Workshp Prsonnl 58,160 SJA/yer 11.252 
0.10 Suprvsry Prsonnl 74.880 $JA/year 7.488 
0.10 In..pctn Peronnl 58.150 $JA/yea 5.616 

Administration 25.00% of above 59.124 
Benefits 15.00% of above 44.343 

Annual Personnel Cocts/Shift 339,963 

Annual Personnel Costs 339.963 

16-Jan-94 

Page 2 Table SL-8-T SIDE LOADER 

JAMAICA Cost Comparisons SJA 

Consumables
Fuel ( 5.00 litres/hr ),( 12.430 litres@ 10.0 SJAltr 124.800 
Engine Oil 1.50 litres/hr )( 3.744 litres@ 70.0 SJAJtr 282.080 
Trans Oil ( 0.32 litres/hr ).( 799 litresg 60.0 $JA(ltr 47.923 
Hydric Oil ( 0.11 litres/hr M,( 275 litres@ 80.0 !-JA/ltr 18.474
(Wheels per Equipment Unit) 4 
Ties 1100 repl his ),( 9.1 tires @ 7000.0 SJA/ea 63.535 
Brake Lnng 800 repl hrs ).( 18.8 units @ 1500.0 SJA/ea 24.960 
Brake Drum ( 1200 1spl hrs )( 8.3 units @ 20000 SJA./a 10.840 
CIutchi Pit 1600 repl hrs ),( 1.8 units 15000.0 SJA/ea 23.400 
Filters 80 repl hrs ),( 31.2 sets @ 250.0 SJA/set 7,800
Prot. Gear 1000 repl hrs ),( 12.5 sets @ 2000.0 SJA/ea 24.980 
Other 15% rdditional over above costs) gl,888 

(seals, grease. battery, ,'ternat.,etc.)
Total ConsunrablesiYenr 704.457 

Special Costs Attributable to Storage and
 
Containment at the Source 
 0 

Miscellaneous Costs 11% of capital cost of equipment 132,000
(taxes, insurance, regstration, customs. etc.) 

Annual Cost of Equipment Unit 1.823,585
If implemented during 1993 

Tonnes Handled per year 

( 5.0 tonnes/day 312 dsys/yr 80% available) 1.251 

Cost per Tonne 1.458.14 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 345.94 SJA 

EQUIPMENT COST 35.49% 
PERSONNEL COST 18.64% 
CONSUMABLE COSTE 38.63% 
OTHER COSTS 7.24% 

TOTAL COST 100.00% 

http:1.458.14


--------- 

Page 1 Table TT-50-DL TRANSFER TRK 
JAMAICA Cost CormparisonsJanuary 1993 30 $JA per US Dollr 

Type af Equipment Tractor Trailer Long Hrul Truck to 
Transfer Large Trailers to Disposrl Sita 


Capacity 50.0 cubic meters (useable space - minus ejection system) 


Capital Cost of Equipment A.800.000 SJA 80000 SUS/tuck tractor 
40000 $U:/traJler+aject 

Spare Parts 240.000 5.00% &iCapital CostCustoms 252.000 

Total Capital Investment 5,292.000 SJA 


Estimated Economic Life 

Based on Plannr.d Use 
 5 years (replace trailer mid-way) 

Num ber of Shifts per Day 1.0 shifts/day 

Hours of Operation/Yea 2.49a hours/year 

Number of Trips per Shift 4.0 trips/shift 20 km one way 

Complete Loads per Shift 3.8 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0.35 Tonnes/cubic meter 

Typical Productivity 54.0 tonnes/day 

SJA 
Annualized Capital Cost, when purchased in 1993 

5.292,000 g tnt of 43.00% over life) 2,588.859 

Cost of Personnel/Shift 

1.00 Driver 82,400 SJAtyear 62,400 
0.00 Workers 37,440 SJAlyear 0
0.00 Attndts 31.200 $JA/year 00.50 Workshp Prsonnl 58.180 $JA/year 28.080 
0.20 Suprvsry Prsonnl 74.880 SJA/year 14.978
0.20 Inspctn Peronnl 58,180 $JAjyear 11,232Administration 25.00% of above 29,172

Benefitb 15.00% of above 17.503 

Annual Personnel Costs/Shift 163,363 

Annual Personnel Costs 163.383 

16-Jan-94 

Page 2 Table "T-50-DL TRANSFER TRK
 

JAMAICA Cost Coi'parisons SJA
 

Consumables
Fuel ( 15.0 litres/h )( 37,44Z, litres@ 10.0 $JA/i 374,400
Engine Oil ( 1.70 litres/hr )( 4,243 libes@ 70.0 $SJA/bt 297.024
Trans Oil ( 0.04 Ibres/hr )( 100 lires@ 60.0 SJA/Vr 5.990

Hydrlc Oil ( 0.04 lI,s/hr ).( 100 litres@ 00.0 SJA/lb 5,990
(Wheels pir Equipment Unit) 14
 
lires 1500 repf his ).( 23.3 tires @ 
 10500.0 $JA/ea 183.072
 
Brake Lnng 600 repi his ).( 58.2 unit: @ 1500.0 SJAJea 87,380
Erake Drum 1200 repi h~s ),( 29.1 units @ 2000.0 $JA/ea 58,240
Clutch Pit 1600 repl his ).( 1.8 units 150000 SJA/ea 23.400
 
Filters 
 80 rep his ).( 31.2 sets @ 250.0 SJA/st 7,800Prot. Gear 1000 rep! his )( 2.5 sets @ 2000.0 SJAJea 4.992

Other 15% addilional over abo,.e costs) 
 154.240 

(seals, grease. batry, alternator, e:c.)r, - - - -lte-at -c-

Total Consumables/Yew 1.182,509 

Special Costs Attributable to Storage and
Containment at the Source 0 

Miscellaneous Costs 11% of capital cost of aquipment 528.000
(taxes, Insurance, registration. etc.)
 

Annual Cost o' Cquipment Unit 4,482,531If implemented during 1993 

Tonnes Handled per year 

54.0 tonnes/day 312 days/yr 80% available) 13,478 

Cost per Tonne 331.09 SJA 

Aver. Cost per Person ( 0.24 tonnes/czp/r) 78.55 ,JA 

EQUIPMENT COST 58.01% 
PERSONNEL COST 3.88% 
CONSUMABLE COSTE 26.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 



------- 

Page I Tr.ble TT- 50- DL TRANSFER TRK 
JAMAICA Cost CompariscnsJanuary 1993 30 $JA per US Dollar 

Type of Equipment Tractor Trailer Long Haul Truck to 
Transfer Large Trailers to Disposal Site 


Capacity 50.0 cubic mcters ­(useable space minus ejection system) 

Capital Cost of Equipment 4,800.000 SJA 80000 SUS/Ibuck tractor 
40000 SUS/trailer+ejectSpare Parts 240.000 5.00% of Capital Cost


Customs 
 252.000 

Total Capital Investment 5,292,000 SJA 


Estimated Economic Life 

Based on Planned Use 
 5 years (replace trailer mid-way) 

Number of Shifts per Day 1.0 shifts/day 

Hours of Operation/Year 2.496 hours/year 

Number of Trips per Shift 4.0 trips/shift 20 km one way 

Complete Loads per Shift 3.8 loads/shift 

Typcaj Density of Solid 
Waste in Loaded Vehicle 0.35 Tonnes/cubic meter 

Typical ProductKity 54.0 tonnos/day 

$.)A 

Annualized Capital Cost, when purchased in 1993 
5.292.000 @ int of 43.00% over life) 2.588.659 

Cost of Personnel/Shift 

1.00 Driver 82.400 $J6lyear 62.400 
0.00 Workers 37.440 $JNye!,.r 0
0.00 Attndts 31,200 $JA/year 00.50 Workshp Prsonnl 56.160 $JA/year 28.080 
0.20 Suprvsry Prsonnl 74.880 SJA/year 14,978
0.20 Inspctn Peronnl 58,160 $JA/year 11,232

Administration 25.00% of above 29,172
Benefits 15.00% of above 17.503 

-

Annual Personnel Costs/Shift 163.363 

Annual Personnel Costs 163.383 

16-Jan-94 

Page 2 Table T-50-DL TRANSFER TRK 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 15.0 litres/hr ).( 37.440 lilres@ 10.0 SJA/tr 374.400
Engine Oil ( 1.70 ibres/hr ).( 4.243 libres@ 70.0 SJAtr 297.024
Trans Oil 0.04 libres/hr )( 100 libes@ 60.0 SJA/lt 5,.n 
Hydric Oil ( 0.04 litres/hr )( 100 litres@ ..0 SJA/Itr 5,990(Wheels per Equipment Unit) 14 
Tres 1500 repl his ),( 23.3 bres 9 10500.0 SJA/ea 183,072Brake Lnng WO0repl hrs ).( 5P.2 units @ 1500.0 SJA./ea 87.380
Brake Drum 1200 repl hrs )( 29.1 units g 2000.0 SJA/,,)a 58,240
Clutch PIt 1800 repl hr5 ).( 1.6 units 15000.0 SJA/ea 23.400 
Filters 80 rept his ),( 31.2 sets @ 25C.0 SJAiset 7.800Prot. Gear ( 1000 rep hrs )( 2.5 sets @ 200).0 SJAJea 4.992
Other ( 15% additional over above costs) 154.240 

(seals, groa. bt: y, alternator, otc.) 

To' Consumo-.les/ear 1.182.509 

Special Costs Attributable to Storage and
 
Containment at the Source 
 0 

Miscellaneous Costs I I% of capital cost of equipment 528,000
(taxes, insurance, registration. etc.) 

Annual Cost of Equipment Unit 4.482,531If implemented during 1993 

Tonnes Handled per year 

54.0 tonnes/day 312 days/yr 80% available) 13.478 

Cost per Tonne 331.09 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 78.55 SJA 

EQUIPMENT COSY 58.01% 
PERSONNEL COST 3.86% 
CONSUMABLE COSTS 28.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 



---------- 

Page 1 7able TT-50-DS TRANSFER TRK 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per US Dollar 

Type of Equipment Tractor Trailer Long Haul Truck to 
Transfer Large Trailers to Diaposal Site 


Capacity 50.0 cubic meters (useable space - minus ejection -ystem) 


Capital Cost of Equipment 4,800,000 SJA 80000 $USilruck tractor 
40000 $US/trailer+ejectSpare Parts 240.000 5.00% of Capital Cost

Custome 252.000 

Total Capital Invostment 5.292,000 SJA 


Estimated Economic Life 

Based on Planned Use 
 5 vews (replace trailer mid-way) 

Number of Shifts per Day 1.0 sh~fts/day----------

Hours f Operation/Year 2.498 hours/year 

Number of Trips per Shift 4.9 trips/shift 10 km one way 

Complete Loads per Shift 4.4 loads/shft 

Typical Density of Solid 
Waste in Loaded Vehicle 0.35 Tonnes/cubic meter 

Typica-l Productivity 86.7 tonnes/day 

SJA 
Annualized Capital Cost. when purchased in 1993 

5.292.000 @ int of 43.00% over life) 2.588.65P 

Cost of Personnel/Shift 

1.00 Driver 62.400 $JA/year 62,400 
0.00 Workers 37.440 SJA/year 0
0.00 Attndts 31,200 $JA/year 00.50 Work.,hp Prsonnl 56,160 SJA/year 28,080 
0.20 Suprvsry Prsonnl 74.880 SJA/year 14.976
0.20 Inspctn Peronnl 58,160 SJA/year 11.232

Administration 25.00% of above 29,172
Benefits 15.00% of above 17.503 

Annual Personnel Costs/Shift 163.363 

Annual Personnel Costs 163.363 

16-Jan-94 

Page 2 Table IT-50-DS TRANSFER"RK 

JAMAICA Cost Comparisons SJA 

Consumables
Fuel ( 15.0 litres/hr ).( 37.440 irbres@ 10.0 $JA/Nr 374.400
Engine Oil ( 1.70 lites-nt ).( 4.243 litres@ 70.0 SJA/Ir. 297.024
Trans Oil ( 0.04 litreslhr ),( 100 lites@ 60.0 SJA/Itr 5.g90
Hydrlc Oil ( 0.04 litres/hr ),( 100 Irtres@ 80.0 SJA/br 5.990(Wheels per Equipmant Unit, 14 
Tires 1500 repi hrs ).( 23.3 tires P 10500.0 $.JP/ea 103.072Brake Lng 600 repl hrs ).( 1500.058.2 units CD SJA/ea 87.300
Br-.aL Orum 1200 repl hrs ).( 29.1 units @ 2000.0 SJA/ea 58,240
C,ulch PIt 1000 repl hrs ).( 1.6 units 15000.0 SJA/ea 23.400 
Filters 80 repl hrs ).( 31.2 sets @ 250.0 SJA/set 7.800Prot. Gear 1000 repl hrs ).( 2.5 sets @ 2000.0 SJA/ea 4.992
Other 15% additicnal over above costs) 154,240 

(seals. grease. battery, altenator. etc.) 

Total ConsumablesiYear 1,1 82,509 
Special Costs Attributable to Storage and


Containment atthe Source 
 0 

Miscellaneous Costs 11% of capital cost of equipment 528.000
(taxes. insurance, registration, customs, etc.) 

Annual Cost of Equipment Unit 4.462.531
Ifimplemented during 1993 

Tonnes Handled per ye 

88.7 tonnes/day 312 days/yr available)80% 18.650 

Cost per Tonne 268.02 $JA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 63.59 SJA 

EQUIPMENT COST 58.01% 
PERSONNEL COST 3.86% 
CONSUMABLE COSTS 26.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 



Page I Table"'-50-DS TRANSFER TRK 
J.MA!CA Cost Comparisons


January 1993 30 SJA per LIS Dollar 


Type of Equipment Tractor Trailer Long Haul Truck to 
Transfer Large Trailers to Disposal Site 

Capacity 50.0 cubic meters (useable space - minus ei-ction system) 

Capital Cost of Equipment 4.800.000 SJA 80000 $US/truck tractor 
40000 $UStraiter+eject

Spare Parts 240.000 5.00% of Capital Cost 
Customs 252.000 
Total Capital Investment 5.292.000 SJA 

Estimated Economic Life 

Based on Planned Use 5 years (replace trailer mid-wa) 


Number of Shifts oer Day 1.0 shifts/day
 

Hours of Operation/Year 2.498 hours/year
 

Number of Trips per Shift 4.9 trips/rhift 10 km one way 


Complete Loads per Shift 4.4 loads/shift
 

Typical Density of Solid 

Waste in Loaded Vehicle 0.35 Tonnes/cubic meter
 

Typical Productivity 86.7 tonnes/day 


SJA 

Annualized Capital Cost. when purchased in 1993 
5.292.000 @ int of 43.00% over life) 2.588.659 

Cost of Personnel/Shift 

1.00 Driver 62.400 SJAtyer 62.400 
0.00 Workers 37.440 $JA/year 0 
0.00 Attndts 31,200 SJAyear 0 
0.50 Workshp Prsonnl 56,160 $JAIyear 28.080 
0.20 Suprvsry Prsonnl 74.880 $JA/year 14.978 
0.20 Inspctn Peronn 56,160 $JA/year 11.232 

Administration 25.00% o' above 29,172 
Benefits 15.00% of above 17,503 

Annual Personnel Costs/Shift 163,383 

Annual Personnel Costs 163.363 

16-Jan-94 

Page 2 Table TT- 50-DS TRANSFER TRK 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 15.0 litres/hr ).( 37.440 litres@ 10.0 SJA/b 374.400 
Engine Oil ( 1.70 litres/hr )( 4.243 litrcs@ 70.0 SJAf/tr 297.024 
Trans Oil ( 0.04 litres/hr ).( 100 litres@ 80.0 SJAtra 5.900 
Hydric Oil ( 0.04 litres/hr .( 100 litres@ 60.0 sJVitr 5.990 
(Wheels per Equipment Unit) 14 
Tires 1500 repl hrs ).( 23.3 tires @ 10500.0 SJA/ea 163.072 
Brake Lnng 600 repl hrs ),( 58.2 units g 1500.0 SJA/ea 27.350 
Brake Drum 1200 repl hrs ),( 29.1 units @ 20000 $JA,/a 58.240 
Clutch Pit 1600 repl hrs )( 1.8 units 150000 SJA/ea 23.400 
Filters 80 repl hrs ),( 31.2 sets @ 250.0 SJA~set 7.800 
Prot. Gear 1000 rep[ hrs )( 2.5 sets @ 2000.0 SJA/ea 4.992 
Othor 15% additional over above costs) 154,240 

(seals, grease. battery, alternator, etc.) 

Total Consumables/Year 1.182.509 

Sp,,clal Costs Attributable to Storage and
 
Containment at the Source 0
 

Miscellaneous Costs 11% of cpplta cost of equipment 528,000 
(taxes, insurance, registration, customs. etc.) 

Annua; Cost of Equipment Unit 4.482,531
If implemented during 1983 

Tonnes Handled per year 

66.7 tonnes/day 312 days/yr 80% available) 10.850 

Cost per Tonne 268.02 SJA 

Aver. Cost per Person ( 0.24 tonnes/cap/yr) 63.59 $JA 

EQUIPMENT COST 58.01% 
PERSONNEL COST 3.86% 
CONSUMABLE COSTE 26.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 



----------- 

Page 1 Table TT-50- DX TRANSFER TRK 
JAMAICA Cost Comparisons 

January 1993 30 SJA per US Dollar 

Type of Equipment Tractor Trailer Long Haul Truck to 
Transfer Le.rge Trailers to Disposal Site 

Capacity 50.0 cubic meters (useable space - m;nus ejection system) 

Capital Cost of Equipment 4,800.000 5JA 80000 SUS/truck tractor 
4C000 SUS/trailer+eject

Spare Parts 240,000 5.00% of Capital Cost 
Customs 252,000 
Total Capital Investment 5,202.000 SJA 

Estimated Economic Life 

Based on Planned Use 5 years (replace tirsler mid-way) 


Number of Shifts per Day 1.0 shifts/day 

Hours of Operatlon/Year 2.498 hours/year 

Number of Trips per Shift 3.1 trips/shift 30 km one way 

Complete Loads per Shift 2.8 loads/shift 

Typical Density of Solid 
Waste in Loaded Vehicle 0.35 Tonnes/cubic meter 

Typical Productir.ity 42.0 tonnes/day 

f.JA 

Annualized Capital Cost, when purchased in 1993 
5.292.000 @ int of 43.00% over life) 2,588,659 

Cost of Personnel/Shift 

1.00 Driver 82.400 $JA/year 62,400 
0.00 Workers 37.440 SJA/year 0 
0.00 Attndts 31.20' SJA/yew 0 
0.50 Workshp Prsonnl 58.160 $JA/year 28.080 
0.20 Suprvsry Prsonnl 74,820 $JA/year 14.976 
0.20 lnspctn Peronnl 58.160 SJA/year 11,232 

Administration 25.00% of above 29,172 
Benefits 15.00% of above 17.503 

Amiual Pe:aonnel Costs/Shift 163.363 

Annuai Personnel Costs 163,363 

15-Jan-94 

Page 2 Tab efTT - 50-DX TRANSFER TRK 

JAMAICA Cost Comparisons SJA 

Consumables 
Fuel ( 15.0 litres/hr ).( 37.440 litreiC. 10.0 SJAfItr 374.400 
Engine Oil ( 1.70 I~res/hr ).( 4.243 litres@ 70.0 SJA/ftr 217,024 
Trans Oil 0.04 litres/hr ).( 100 lires@ 60.0 SJA~tr 5.990 
Hydric Oil ( 0.04 litres/hr ),( 100 litres@ 80.0 SJA/It 5,990 
(Wheels per Equipment Unit) 14 
'ies 1500 tepi hrs ).( 23.3 tires @ 105000 SJA/ea 183.072 
Brake Lnng 600 repl hrs ).( 58.2 units @ 1500.0 SJAea 87.380 
Brake Drum 1200 repl hrs ) 29.1 units @ 20000 ',JAJea 58.240 
Clutch PR 1800 repl hrs ).( 1.8 units 15000.0 SJA.ea 23,400 
Filters 80 repl hrs ).( 31.2 sets @ 250.0 SJA/set 7.800 
Prot Gear 1000 repl hrs ),( 2.5 sets @ 2000.0 SJAJea 4,992 
Othr 15% additional over above costs) 154.240 

(seals. gease. battery. alternator. etc.) 

Total Consumables/Year 1.182.509 

Special Costs Attributable to Storago and
 
Containment at the Sotce 0
 

Miscellaneous Costs 11% of capital cost of equipment 528.000 
(taxes. insurance, registration. etc.) 

Annual Cost of Ecq..pment Unit 4,4a2.531 
If implemented during 1993 

Tonnes Handled per year 

42.0 tonnes/day 312 days/yr 80% available) 10.483 

Cost per Tonne 425.68 SJA 

Aver. Cst per Person ( 0.24 tonnes/cap/yr) 100.99 SJA 

EQUIPMENT COST 58.01% 
PERSONNEL COST 3.66% 
CONSUMABLE COSTE 26.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 



Page 1 Table TT-50- DX -RANSFER TRK Page 2 Tabie TT- 50- DX TRANSFER TRK 
JAMAICA Cost Comparisons 

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

Consumables 
Type of Equipment Tractor Trailer Long Haul Truck to Fuel ( 15.0 litres/hr ).( 37.440 litres@ 10.0 SJA./tr 374.400 

Transfer Large Trailers to Disposal Site Engine Oil ( 1.70 litres/hr ).( 4.243 litres@ 70.0 SJAltr 297.024 
Capacity 50.0 cubic meters (useable space - minus ejection system) Trans Oil ( 0.04 litres/hr M.( 100 litres@ 60.0 SJAAU 5.990 

Hydrlc O1 ( 0.04 litres/hr ),( 100 litres@ 60 0 >JA/Itr 5.9 '0 
Capital Cost of Equipment 4.800.000 5JA 80000 SUS/truck tractor (Wheels per Equipmi nt Unit) 14 

40000 SUS/btraler+e~ect Tires 1500 repl his ).( 23.3 tires @ 10500,0 JA/ea 103.072 
S.. e Parts 240.000 5 G0% of Capital Cost Brake Lnng 800 repl his ).( 58.2 units @ 1500.0 SJA/ea 87.360 
Customs 252.000 Brake Drum 1200 repl hrs )( 29.1 inits @ 20000 SJA/ea 58.240 
Total Capital Investment 5,292,000 SJA Clutch PIt 1600 repl Irs ).( 1.6units 150000 SJAdea 23,400 

Filters 80 repl his M,( 31.2 sets @ 250.0 SJA/set 7.800 
Estimated Economic Life Prot. Gear 1000 repl hrs ) ( 2.5 sets @ 2000.0 SJAJea 4.902 
Based on Planned Use 5 years (replace trailer mid-way) Other 15% additional over above costs) 154.240 

(seals. grease. battery, alternator. etc.) 
Number of Shifts per Day 1.0 shifts/day 

Total Consumables/year 1.182,509
Hours of Operation/Year 2,496 hours/year 

Special Costs Attributable to Storage and 
Number of Trips per Shift 3.1 trips/shift 30 km one way Containment at the Source 0 

Complete Loads per Shift 2.8 loads/shift 
Miscellaneous Costs 11% of capital cost of equipment ,28.000 

Typical Density of Solid (taxes. insurare. registration, et..) 
Waste in Loaded Vehicle 0.35 Tonnqs/cubc meter 

Annual Cost of Equipment Unit 4.462.531 
Typical Productivity 42.0 tonnes/day If implemented during 1993 

SJA 

Annualized Capital Cost. when purchased in 1993 Tonnes Handled per yea­
5.292.000 @ intof 43.00% over life) 2,588.659 

42.0 tonnes/da9/ 312 days/yr 80% available) 10.483 
Cost of Personnel/Shift 

1.00 Driver 62.400 SJA/year 62,400 Cost per Tonne 425.68 S.JA 
0.00 Workers 37.440 SJA/year 0 
0.00 Attndts 31.200 $JA/year 0 
0.50 Workshp Prsonnl 56.160 SJA/year 28.080 Aver. Cost per Person ( 0.24 tonnes/cap/yr) 100.99 SJA 
0.20 Suprvsry Prsonnl 74.880 $JA/year 14.9,'6 
0.20 Inspctn Peronn 56,160 SJA/year 11,232
 

Administration 25.00% of above 29.172 EQUIPMENT COST 58.01%
 
Benefits 15.00% ofabove 17,503 PERSONNEL COST 3.60%
 

---------- CONSUMABLE COST! 26.50%
 
Annual Personnel Costs/Shift 163.363 OTHER COSTS 11.83%
 

Annual Personnel Costs 163.303 TOTAL COST 100.00% 

16-Jan-94 



Page 1 Table TT-50-T TRANSFER TRK 

January 1993 
JAMAICA Cost Comparisons

30 SJA per US Dollar 

Type of Equipment Tractor Trailer Long Haul Truck to 

Capacity 
Transfer Large Trailers to Disposal Site 

50.0 cubic meters (useable space - minus ejection system) 

Capital Cost of Equipment 4.800.000 SJA 80000 SUS/truck tractor 
40000 SUS/trailer+eject

Spare Parts 240.000 5.00% of Capital Cost 
Customs 252.000 
Total Capital Investment 5.292.000 SJA 

Estimated Economic Life 
Based on Planned Use 

Number of Shifts per Day 

Hours of Operation/Yea 

Number of Trips per Shift 

Complete Loads per Shift 

Typical Density of Solid 
Waste in Loaded Vehicle 

Typical Productivity 

Annualized Capital Cost. when purchased in 
5.292.000 @ ant of 

Cost of Personnel/Shift 

1.00 Driver 
0.00 Workers 
0.00 Attndts 
0.50 Wofkshp Prsonnl 
0.20 Suprvsry Prsonnl 
0.20 Inspctn Peronnl 


Administration 

Benefits 


Annual Personnel Costs/Shift 

Annual Personnel Costs 

16-Jan-94 

5 yea.s (replace trailer mid-way) 

1.0 shits/day 

2.498 hours/year 

5.6 trips/shift 5 km one way 

5.0 loads/shift 

0.35 Tonnes/cubic meer 

75.6 tonnes/day 

SJA SJA 

1993 
43.00% over life) 

62.400 SJA'year 
37.440 $.JAiyear 
31.200 $JA/year
58.1-30 $JA/year 
74.880 SJA/year 
56.160 SJA.'year

25.00% of above 
15.00% of above 

2.588.659 

62.400 
0 
0 

28.080 
14.976 
11.232 
29.172 
17.503 

163.363 

163.363 

Page 2 7able TT- 50-T 	 TRANSFER TRK 

JAMA CA 

ConsumablesFuel ( 15.0 libres/hr )( 
Engine Oil ( 1.70 litres/hr ).( 
Trans Oil ( 0.04 litres/hr ).( 
Hydric Oil ( 0.04 lires/hr ).( 
(Wheels per Equipment Unit) 
Tires 1500 repl his ).(
Brake Lnng 600 repl his ).( 
Brake Drum 1200 repl his )( 
Clutch PIt 1 600 repl his ).( 
Filters 80 repl his ).(
Prot. Gear 1000 repl his ).( 
Other 15% additional over above costs) 

(seals, grease, battery. afternalor, etc.) 

Total Consumables/Yea 

Special Costs Attributable to Storage and 
Containment at the Source 

Cost Conparisons 	 ZJA 

37.440 litres@ 
4.243 	libres@ 

;00 litres@ 
100 l[re-@ 

14 
23 3 tires @
58 2 units P 
29.1 units 0 

1.6 units 
31.2 sets @ 
25 sets @ 

10.0 
70,0 
60.0 
80.0 

fJdtt 
SJA,?. 
SJA./tr 
SJAJit 

374.400 
297.J24 

5.990 
5.990 

105000 
1500.0 
2000.0 

150000 
2500 

2000.0 

SJA/ea
JAJea 

SJA.Iea 
SJA/ea 

SJA/set
S.JAJea 

183.072 
87.380 
58.240 
23.400 

7.800 
4.992 

154.240 

1.182.509 

0 

e oMiscellaneos 11% of capital cost of equipment 	 528.000Costs 

(taxes. insurance, registration, etc.)
 

Annual Cost of Equipment Unit 4.462,531
If impemented during 1993 

Tonnes Handled per year 

75.6 tonnes/day 312 days/y 80% available) 18.870 

Cost per Tonne 236 49 SJA 

Aver. Cost per Person ( 0.24 tonnes/capyr) 	 58 11 SJA 

EQUIPMENT COST 58.01% 
PERSONNEL COST 3.86% 
CONSUMABLE COS7E 28.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 

/ ..K,.; 



Page 1 Table TT-50-T TRANSFER TRK 
JAMAICA Cost ComparisonsJanuary 1993 30 SJA per US Dol'ar 

Type of Equipment Tractor Trailer Lon.-Haul Truck to 
Transfer Large Trailers to Disposal Site 


Capacity 50.0 cubic meters (useable space - minus ejection system) 


Capital Cost of Equipment 4.800.000 SJA 80000 St IS/Ituck tractor 
40000 SUS/tailer+eject

Spare Parts 240.000 5.00% of Capital Co.l?
Customs 252.000 
Total Capital Investment 5.292.000 SJA 

Estimated Economic Life 
Based on Planned Use 5 years (replace trailer mid-way) 

Number of Shifts per Day 1.0 shifts/day 

Hours of Operation/Year 2.498 hours/year 

Number of Trips per Shift 5.6 tripb/shift 5 kr. one way 

Complete Loads per Shift 5.0 toads/shit 

Typical Density of Solid 
Waste in Loaded Vehicle 0.35 Tonnes/cubic meter 

Typical Productivity 75.8 tonnes/day 

$JA SJA 

Annualized Capital Cost, when purchased in 1993 
5.292.000 0 int of 43.00% over life) 

Cost of Per sonneliShift 

1.00 Driver 62.400 SJA/year 
0.00 Workers 
0.00 Attndts 
0.50 Workshp Prsonnl 

37,440 
31.200 
5.160 

SJA/year 
$JA/year
SJAJyear 

0.20 Suprvsry Prsonnl 
0.20 Inspctn Peronnl 

Administration 

74.880 SJAyear 
56,160 SJA/year

25.00% of above 
Benefits 15.00% of above 

Annual Personnel Costs/Shift 

Annual Personnel Costs 

16-Jan-94 

2,588.659 

62.400 
0 
0 

28.080 
14.978 
11.232 
29.172 
17.503 

163.363 

163,363 

Page 2 Table TT-50-T TRANSFER TRK 

JAMAICA 

Consumables
Fuel ( 15.0 itres/hr ).( 

Engine Oil ( 1.70 lilies/hr ).( 

Trans Oil ( 004 litresflv ).( 

HydrIc Oil ( 0.04 litres/hr ),(

(Wheels per Equipment Unit)

Tres 1500 repl hrs ).(

Brake Lnng 600 repl his ).(

Brake Drum 1200 repl his )( 

Clutch PIt 1600 repl his ).( 

Filters P0 repl his ).(

Prot. Gear 1000 repl his ).( 


37.440 lres@ 
4.243 libres@ 

100 litreso 
100 Irtres@ 

14 
23 3 tires @ 
58.2 units C 
29.1 anits 0 

1.8 units 
31.2 sets @
25 sets 0 

Other 15% additional over above costs) 

(seals. grease, battery, alternator. etc) 

Total Consumables/Year 

Special Costs Attributable to Storage and
Containment at the Source 

Cost Comparisors SJA 

100 
70 0 
60.0 
60.0 

105000 
15000 
2000 0 

150000 
2500 

2000.0 

SJAItr 374.400
 
.JAltr 297.024
 

SJA.b 5.900
 
SJA./ltr 5.990
 

SJAJea 183.072
 
S.JA.ea 87.380
 
SJA/ea 58.240
 
$JAea 23.400 

SJAfset 7.800 
SJAlea 4.992 

154,240 

- - - - -e- -r, -c­

1.182.509 

0 

Miscellaneous Costs 
(taxes, insurance, registration. etc) 

11% of capital cost of equipment 528.000 

Annual Cost of Equipment Unit 
If implemented during 1993 

4.482.531 

Tonnes Handled per year 

75.6 tonnes/day 312 dys/yr 80% available) 

Cost per Tonne 238.49 SJA 

Aver. Coat per Person ( 0.24 tonnes/cap/yrn v-.11 SJA 

EQUIPMENT COST 58.01% 
PERSONNEL COST 3.86% 
CONSUMABLE COSTi 28.50% 
OTHER COSTS 11.83% 

TOTAL COST 100.00% 

i/7!i;
 

18.870 





LANDFILL EQUIPMENT COSTS:
 

Landfill Bulldozer data for a Caterpiller D7H WDA Series II, or
 
equivalent (price includes ripper attachment and all 
options for
 
landfill operation)
 

Capital Cost: $US 301,000
 

Spare Parts: n/a (should purchase maint. contract 
 as an
 
alternative)
 

Number of shifts per day: 1 avg. work 2hrs. per day with 1 6 hour
 
day per week when new cut is made.
 

Hours of operation per year: est. 832
 

Productivity: 43 tons/hr
 

Typical Productivity: 350 tons per day
 

Consumables:
 
Fuel: 28 liters per hour
 

estimate 15,000 liters per year (includes maint. hours and
 
movement to and from operation plus emergency work) at $JA 10
 
per liter= $JA 150,000
 

Engine oil: .109 liters per hour
 
Trans oil: .070 liters per hour
 
Hydrlc oil: .045 liters per hour
 
Final drives: .C68 liters per hour
 
Filters change interval
 
Engine: 250 hours
 
Transmission: 500 hours
 
Hydraulic: 500 hours
 
Fuel Primary: 2000 hours
 

Final: 500 hours 
Air Primary: 2000 hours 

Secondary: 1000 hours 
Total. # of filters changed over = 272000 hours at a cost of $US
 

240
 



SITE DEVELOPMENT
 

A site development 
plan for the near term operation of the
Retirement Dump or any other operation would normally consider the
degree of environmental protection required, 
or desired, and the
available resources to accomplish these goals. In addition the
plan would consider the long tero requirements for site operation

and development.
 

In the absence of much of this type of 
information it is useful to
develop a set of assumptions which will be utilized 
 in the
preparation of a minimal 
 site development plan. A set of

assumptions for this project 
are outlined below:
 

a) The site must remain in operation for 6 days week
a 10
hours per day while the site development plan is implemented.

b) The operating tonnage will remain between 80 and 100 tons
 
per day for the next 4 years.

c) The site consists of approximately 
25 acres of useable
 
land.
 
d) An immediate goal of the plan is 
to eliminate the ongoing
health hazards related 
to fires; vectors, such as flies,

rodents and dogs; 
and to minimize the formation of leachate.

Any methane generation must be contrclled to prevent

explosion.

e) Financial resources 
will be made available to develop the
site as a cut and 
cover landfill as a near term 
operating
 
practice.

f) Management will adhere to the implementation of this site
development plan without modification and will implement the
 
operating procedures subsequently.

g) Jamaica will ultimately adopt a set of procedures for the

permitting and operation of 
 landfills which closely

approximate the guidelines currently reviewed
being

(Procedures and Requirements for Permitting and Operation of
Waste Disposal Facilities) by the 
NRCA and the Underground

Water Authority.
 

In an effort to gain the most utility from the site and to position
the facility for future development as required by 
whatever
procedures are ultimately adopted by 
the national government it
would be to
useful divide 
the site into two components. These
 
components will be referred to as 
section 
1, the 8 and 1/2 acres
currently in operation, and section 2, that portion set aside fL.r
future development, the 16 and 1/2 
acres which are unused at this
 
time ( see diagram no.1 ).
 

The first major step in site development will require the
commitment of financial resources 
to accomplish the following
 
activities:
 

a) A bulldozer with ripper attachment must be purchased. 
The

size of this equipment should be equivalent to a Caterpiller
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D7H. Although this piece of equipment can push considerably

greater tonnage than required it will allow for the ripping of
 
cuts and pushing the resultant dirt without an undue strain on
 
the equipment. The equipment 
should be purchased with a
 
maintenance contract can be the
which negotiated with 

individual dealer of the selectel hardware. 
 This equipment

should be purchased with a negotiaced residual valuec± schedule
 
that will allow it to be traded at year four, five or six with
 
a certain residual value. It 
can be traded for equipment

which will be required to operate under an operating plan as

required under the aforementioned future legislation. Money

must be made available to hire a fulltime operator for this

equipment. This operator should be paid to operate the
 
equipment and perform the required operator maintenance. The

existing position for a site attendant should be upgraded to
 
an operator position to allow for an operator to be on site at

all times yet still allow for illness, vacation schedulng and
 
a 60 hour per week operating schedule.
 

b) Money must be spent to survey and stake the existing 8 and
 
1/2 acre site. 
 The 8 and 1/2 acres should be surveyed and

staked to allow for a 
1 percent slope from the approximate

centeline ( see line a on diagram 1 )o 
Survey crews should

also stake 100 ft by 30 ft cuts as outlined on diagram 1.

This survey work snould not be undertaken until the bulldozer
 
is on the site to do the required earthmoving.
 

c) A contractor should be hired to move the refuse lining both
 
sides of the entry road onto the site for burial. This will

require a contractor with a bucketloader, with at least a 5

cubic yard bucket, and 3 to 5 end dump type trucks of 20 to 40
 
yard capacity. This phase of the development plan stould
 
occur after the bulldozer is on site and the site has been
 
staked, graded and the first cuts have been made to allow for
 
burial of the material.
 

d) A contract must be let to have gravel delivered to the site

for methane venting. Contract will require 1300 cubic yards

per year at a rate of 25 cubic yards per week usage.
 

Once a bulldozer and operators are available surveyors must be

brought in to accomplish the survey as outlined above. 
After site
drainage is established and sufficient gravel has been delivered
 
cuts should be made which are 
100 ft by 30 ft and the refuse and

ashes on the site should be compacted and buried (for cut and
 
burial detail see Operating Procedures).
 

After the site has been cleaned the contractor responsible for

cleaning the access road should be brought on site and the material
 

access
from the road should be moved, compacted and buried. At

this juncture it would be worth exploring the possibility of having

a ditch, of approximately 4 ft depth and 4 ft width dug on 
both

sides of the access road from the main road onto the site. 
These

ditches could be constructed with the idea of limiting mobility of
 



vehicles to the road surface and 
making it difficult if not

impossible for large trucks to dump their loads anywhere but on the

fill itself. As this is not critical to stop illegal dumping on the

road, if dump attendants perform their duties, it is mentioner 
 for

consideration only. "xtra mioney would be required 
to hire a

backhoe and dump trucks to construct the barriers and they should
 
be considered only after critical site development functions have
 
been funded.
 

Money should be made available to provide a gate, at the dump

entrance, to stop illegal dumping on the site at night. 
Additional
 
fencing should also be considered ti minimize unauthorized access
 
to the facility. 
As a minimum a loccable shelter for the bulldozer

should be constructed to insure it is not stolen or vandalized.
 

The successful implementation of this plan should not hamper the
 
daily operation of the dump. As a starting point 
all on site
refuse should be pushed to the southwest portion of the site. As

shown on diagram 1 initial gradiiig for drainage and initial 
cuts

will be made on the east side of the facility. After the east side

is graded and all reuse on the site is buried grading for drainage
 
can be continued on the west portion of the fill. 
 Traffic can be
routed around the development on the eastern portion, while

development is ongoing, by an actively involved landfill attendant.
 

The existing condition of the 
site can be at least partially

attributed to 
lack of adequate management. In implementing this

plan the operators of the site must be well 
briefed on what is
occurring on the facility and contractors must be coordinated and
 
performance monitored. A landfill manager should be added to the

Western Parks and Markets staff to perform these and other required

management functions. Ultimate success or failure of this plan as

well as the success of future operations will largely depend on

quality management. Perhaps the most important single

recommendation that .an be made would be to hire a site manager and
 
provide that person with the training and support required to move

this operation from a "dump" to operating landfill. A person
an 

with a construction background should be recruited in the absence

of any existing landfill managers. This person should be enrolled
 
in the 4 day seminar "Manager uf L'ndfill Operations Training and

Certification", sponsored by the Solid Waste Associaticn of North

America. Upon completion of that training the individual should be

given the responsibility to generate and operating budget for the

facility and manage it's day to day operations. This person should
 
also be charged with keeping the facility in compliance with

regulatory processes 
as they are developed and refined. In an

effort to avoid conflicts with collection staff this person should
 
report directly to the Parks and Markets board of directors.
 

As a starting point for a site manager 
the following site
 
development budget is recommended. All costs are estimated 
in

Jamaican dollars. All estimates are at the high end of the scale
 
based on quotes from available Jamaican suppliers of goods and
 



services except where noted. (note exchange rate of $30 J = $1 
U.S.) 



Capital Expenditures: (value of land was not included based on lack
 
of available market rate)
 

Bulldozer ( with Ripper and Landfill Equipment Package= $8,220,000

amortized over 10 years= $822,000 per year
 

Facility for Bulldozer storage and repair= $1,050,000 ( no local
 
est. available ) amortized over 20 years= $52,500 per year
 

Gates and fenco= $30,000 approx. minimal amount amortized over 20
 
years= $1,500 per year
 

Survey Work: $150,000 est. amortized over 5 years= $30,000
 

Total Capital= $9,450,000
 
Per year= $906,000 for the first 5 years
 

Operating Budget:
 

Salaries:
 
Manager: $50,000
 
Operators (2ea): $70,000)
 
Attendent: $30,000
 
Fringes (20%): $30,000
 
Total: $180,000
 

Contractual:
 
Bulldozer Maint.: $600,000 based on similar U.S. contract no local
 
est. available
 

Contract to deliver gravel: $390,000 no local est available
 

Commodities:
 
Fuel: $150,000
 
Bulldozer Catastrophic Parts Failure: $180,000

Office Supplies: $1000
 
Postage: $500
 
Phone: 
$2000 est. depends on long listance
 
Misc: $5,000
 

Total Annual: $2,414,500 for the first 5 years
 

Rate would equal $2,414,500 per year/24,960 tons per year or $96.73
 
per ton Jamaican
 

Recovery of 
the landfill costs can begin by institution of a
landfill permit fee. Based on the 
recognized cost per ton
operators can be charged a disposal permit based their truck
on

size and estiniated number of trips to the fill on an annual basis.

A permanent sticker can be affixed to their windshield to indicate

they have paid 
for the permit for that vehicle. In order to

mitigate rate shock and minimize illegal dumping it might be
prudent to institute the rate at a first year 25% 
of actual cost.
 



The rate could be increased a:s required for the next three years

until a full recovery fee is realized.
 



OPERATING PROCEDURES
 

An operations plan for the Retirement Dump must of necessity be a
 
relatively simple. This operating procedure will be divided into
 
two major sections:
 

a) construction and closure of a cut
 
b) basic dump operating procedures
 

The operation of a cut and fill landfill should be viewed 
as an

interim measure during which time improved landfill construction
 
procedures are developed and funded.
 

The dimensions of each cut were chosen to 
allow disposal of six

days worth of refuse. The math for the cut dimensions is as
 
follows:
 

a) length top= 200 ft
 
b) length bottom= 80 ft
 
c) width= 30 ft
 
d) depth= 10 ft
 

area= i/2x(sum of the parallel sides)x height
 
1/2x ( 200 ft + 80 ft ) x 10 ft
 
1/2x ( 280 ft ) x 10 ft
 
2800 sqft divide by 2
 
1400 sqft
 

volume= area x width
 
volume= 1400 sqft x 30 ft
 
volume= 42,000 cubic ft
 

volume in cubic yds= cubic ft divide by 27
 
volume in cubic yds= 42,000 sqft divided by 27
 
volume in cubic yds= 1555.55 cubic yds
 

Incoming volume at 80 tons per day is estimated in cubic yards at:
 
a) 
Since garbage comes in compacted and uncompacted the
 
average density is estimated as 400 lbs per cubic yard.

b) 80 tons x 2000 lbs per ton= 160,000 lbs
 
c) compaction can be increased by making three passes of the
 
bulldozer over 
the refuse spread in the pit to 700 lbs per

cubic yd.

d) pit capacity for refuse alone = 160,000 lbs divided by 700
 
lbs per cubic yd= 229 cubic yds per day

e) 229 cubic yds per day x six days of operation=1371 cubic
 
yards of required space for refuse.
 
f) 1 ft of daily cover over each days refuse adds 22 cubic
 
yards per day for 5 days or 110 cubic yards.

g) cover for day six must fill the remaining volume of the pit

to prevent ponding of water on the surface. The amount of
 
cover will vary based on actual disposal but in no case should
 
be less than 2 ft of compacted soil.
 



The basic construction 
of the cut should be undertaken in the
 
manner described:
 

a) The survey team, discussed in landfill
the development
plan, will have staked areas (see diagram 1) which are 200 ft
long and 30 
ft wide. The portion 40ft on either side of the
center of the 200 ft dimension will be 10 ft in depth.
bulldozer 
will rip this section and develop 
The
 

it to the

dimension shown in diagram 2.
 

b) An additional two 
feet of dirt should be ripped out and
recompacted. 
The dirt should be cleared from the pit and then
spread over the floor in 6 inch lifts. 
These lifts should be
compacted with several passes of the bulldozer. This process

will hamper leacnate migration to groundwater.
 

c) The tail edge, 
in this case the south slope, of the cut
will be lined with 5 to 
6 inches of gravel over the entire
surface. 
This gravel will allow any methane generated to vent
 
to the surface.
 

d) Dirt removed from the cut 
should be situated to the
northeast side of the cut to facilitate daily cover. 
 Excess
dirt will be utilized 
to maintain drainage of the site for
filling low areas and for the final cap which will be placed
on the cut when it is filled at the end of the week.
 

e) Each cut should be constructed in order to allow a 10 foot
wide dividing wall between it and the preceding cut.
 

Basic Landfill Operations:
 

a) The site should open 
for operations at approximately 6 a.m..
This timing seems to be consistent with the time the first loads
are currently entering the site for disposal. 
Some loads have come
in as early as 
5:30 a.m. and this might be a useful alternative.
 

b) As vehicles enter the site the site attendant should check to
see that they have a disposal permit affixed to their vehicle. (see
site development presented below).
 

c) Vehicles should be routed to the tipping area of the active cut
and allowed to dump at the north side of the cut. 
After refuse has
been tipped and the 
truck has cleared the tipping face 15 to 30
min. should be 
made available for scavengers to recycle any
material from the load. 
 The 30 ft wide tipping face should allow
at least two loads to be tipped at the same time.
 

d) After each load has been checked by the scavengers the bulldozer
operator should push the load into the cut spreading it across the
cut to 
as uniform a thickness as possible. 
 Once the refuse has
been spread at least 3 passes but no more than 5 should be made by
the bulldozer over the to
refuse maximize in place compaction.
 



This operation should continue until the last load of the day is
 
taken.
 

e) At 3 p.m. or 3:30 p.m., dependent on starting time, daily cover
 
should be placed. Utilizing some of the material stockpiled to the
 
northeast of the cut the operator should push one foot of dirt
 
cover over the refuse in the pit. Again, several passes should be
 
made over the dirt to compact it and maximize the site life. This
 
cover should be complete enough that very little if any refuse is
 
exposed. The site manager should personally inspect cover as often
 
as possible to insure it is being accomplished properly. This
 
operation should consume approximately 1/Z hr and complete a full
 
10 hour day of facility operation.
 

f) The next business day the first loads will be pushed on top of
 
the previous days compacted cover and operations will start again.
 

At the end of each week final cover will be placed on the pit.

This will be accomplished at the close of business Saturday and
 
will be performed essentially in the same manner as daily cover.
 
In the case of final cover however a minimum of two feet of dirt
 
will be spread and compacted. In no case however will any space be
 
left in the pit. Enough dirt must be pushed to completely fill the
 
pit and allow for a cap which will carry water off or the pit.

Care must be taken to leave the gravel exposed at the tail of the
 
pit to insure proper methane venting. Gravel fill should be added
 
to the tail, if required. to insure that a water catchment basin is
 
not formed which will aggravate the formation of leachate.
 

In addition to the above basic operations procedures it would be
 
useful to develop additional criteria for the management of the
 
scavenger population. As to the management of populations, a
 
social scientist might be included in the IDB study to provide

additional recommendations for the organization and management of
 
this group. It is optimistic to assume that the site attendant
 
will be able to exert any real control over this population. In
 
fact the site attendant had been rather seriously injured, just

prior to our investigation, by a scavenger who was unwilling to
 
follow the guidance of the site attendant.
 

The manager should undertake to develop clear and concise job

descriptiors for each of the personnel on the site. This person

should also be prepared to expand these operating procedures to
 
include :
 

a) Emergency procedures
 
b) Wet weather operations
 
c) Load inspection procedures
 
d) Site drainage maintenance plan
 
e) Road maintenance plan
 

In order to accomplish the above tasks the person selected should
 
be enrolled in the previously mentioned SWANA landfill course
 
immediately upon hire.
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PURPOSE:
 

This report reviews two sites in the Negril area, these 
are the Orange Bay
 

Dump and the proposed Cousins Mountain Landfill site. Due 
to the available
 

time to review the disposal situation in the Negril area a detailed study of
 

t.,e Orange Bay site and a comprehensive feasibility study of the Cousins
 

Mountain site were not possible. What I will attempt to do in this report is
 

cover general impressions of the problems with the Orange Bay Site and provide
 

impressions of the feasibility of the Cousins Mountain site to 
include
 

questions which have not been addressed, regarding the viability of Cousins
 

Mountain as a landfill site.
 

ORANGE BAY PACKGROUND:
 

The Orange Bay Dump is located in a mangrove swamp some 500 to 1000 yards from
 

the shore of the bay. It consists of about five acres of open land bisected by
 

a road with material deposited on both sides. The material is largely
 

deposited directly in the waters of the swamp itself. Trucks 
can access the
 

site only because aggregate material is periodically deposited to provide a
 

roadbed. Traffic on this surface quickly causes the material to be submerged
 

and more material must be deposited to allow the dump to be used. It would
 

appear that there are some 8000 to 10000 cubic yards of refuse on the surface
 

at this time. Several small fires were burning during our visit but the fact
 

that most of the garbage was at least partially submerged and wet made the
 

probability of any large fire very remote. Material at the site appears to be
 

residential and commercial refuse from the surrounding area.
 

ORANGE BAY DISCUSSION:
 

The fact that the refuse site is submerged in water causes two immediate
 

problems. Large amounts of leachate are 
formed on an ongoing basis. According
 

to an interview with Katie Thacker, president of the Orange Bay Coral Reef
 

Society, a 
large plum of leachate can he seen migrating from the dump site
 



into the water of the bay. This leachate plum is reported to have caused
 

damage to the bay and continues to destroy both the coral and the habitat it
 

provides. It would appear likely that the leachate and any related
 

sedimentation will eventudlly prove to have a negative environmental effect on
 

the area immediately surrounding the dump site and degradation of the
 

mangroves may occur over time. Since the leachate is flowing into the bay it
 

is unlikely that any contamination inland would occur. Problems from leachate
 

which are likely to affect the su.rrounding area include:
 

a) depletion of dissolved oxygen
 

b) bacterial and viral contamination
 

c) increased mineral content in the bay to include (chloride, sulfate,
 

bicarbonate, sodium, and potassium)
 

d) nutrient enrichment
 

c) hazardous substances ( e.g. heavy metals) entering the food chain, in
 

the bay, and affecting human health.
 

The second immediate problem would be the generation of large amounts of
 

landfill gas. Decomposition of garbage forms landfill gas which is primarily
 

composed of the following:
 

a) methane (CH4), nearly 50%
 

b) carbon dioxide (C02), nearly 50%
 

c) nitrogen .4%
 

d) trace amounts of volatile organic compounds
 

e) trace amounts of hydrogen
 

f) trace amounts of hydrogen sulfide
 

g) trace amounts of carbon monoxide
 

Generally in the situation in place in Orange Bay we would expect that due to
 

the fact that the refuse in sitting primarily above the water, and is
 

decomposing in an aerobic condition, that higher volumes of C02 are being
 

formed than CH4. C02 will increase water hardness and decrease pH. CH4 when
 

/64:
 



concentrated at levels of 5% to 15% poses an explosive hazard. The combination
 

of CO2 and CH4 may displace soil oxygen and interfere with plant growth.
 

Orange Bay Dum? is certainly an environmental hazard. Given the amount of time
 

we had available under the scope of work and the lack of hard data on
 

leachate concentration and composition it is difficult to accurately predict
 

what impacts the dump will have on the environment in the near and long term.
 

As mentioned earlier the immediate impact would appear to be to the coral reef
 

and this has occurred after the dump has been in operation for approxiametly
 

ten yearr according to officials from the municipality of Luce. Dumping
 

continues at the site despite the fact that Western Parks and Markets
 

management indicated it was closed and loads were being taken to other dumps
 

in the area.
 

ORANGE BAY RECOMMENDATION:
 

There should be no question regarding the fact that this site should be closed
 

immediately. Damage to thc coral reef, aquatic life and the surrounding
 

vegetation is almost certain to be occurring. There appears to be no
 

significant level of scavenging ongoing at the site which would require
 

consideration of the social problem of removing the economic basis for a
 

population as a closure consideration. During our visit we met one individual
 

who identified himself only as the dump attendant and dump closure should not
 

affect his livelihood if he were transfered to another location.
 

Recommendations for the site would be to close the site immediately and
 

reroute trucks to other dumps in the area. This should be done by placing a
 

fence across the road with no gate other than a small gate for people to pass.
 

An environmental consultant familiar with landfills should be hired to make a
 

determination as to alternatives. Methane and leachate studies should be
 

conducted to determine constituents of the leachate being generated and its
 

potential impact. Gas generation studies should also be conducted to determine
 

gas generation patterns and their potential impacts. Based on these tests a
 

decision should be made regarding the ultimate disposition of the site. The
 



possibility of moving the in plac- .fuse at a reasonable cost seems remote.
 

The requisite equipmeht is not available in the area and a viable alternative
 

site has not been developed. Some on site mitigation strategy might be
 

considered based on testing results.
 

COUSINS MOUNTAIN BACKGROUND:
 

As an alternative to the Orange Bay dump WPM is attempting to develop the
 

Cousins Mountain site (CMS). Paul Carrol and I toured this site to look at its
 

potential as a landrill. It is my understanding that approxiametly $700,000 J
 

is available for site development specifically for development of an access
 

road and gate facilities for the dump attendent.
 

COUSINS MOUNTAIN DISCUSSION:
 

The most immediate and obvious problem with this site is accessibility. This
 

site is approxiametly 1 1/4 miles from the hardsurface road supporting access.
 

The last 1 1/4 miles is impassable to any vehicle but a pickup truck at this
 

time. In fact the last 200 yards must be traversed on foot to gain access to
 

the location. Clearly if vehicles cannot reach the site they will dump at any
 

of the numerous places on the road rather than go on to the actual dump site.
 

Without the benefit of some study of the subgrade required and the time to
 

perform an engineering estimate of the amount of material that requires
 

removal to create a reasonable two lane, unpaved, access to the site, it is
 

difficult to determine the ultimate cost of the access road. An educated guess
 

would be about three to four times the amount of money budgeted for the entire
 

site development.
 

The actual dump site is an area estimated to be about 20 acres total of which
 

only five acres are clear of trees. This site sits at the base of a fairly
 

steep slope. Depth to bedrock at the site has not been determined. No drainage
 

plan has been developed and no site clearing plan has been envisioned. Public
 

Works staff in Luce .ndicate that the operations plan for the site will be a
 



basic cut and cover landfill operation. Yet, no data has been developed
 

regarding the depth to bedrock and no determination has been made regarding
 

the availability, either on site or off site, of cover material. For a
 

sanitary landfill, there should be enough soil over bedrock to provide a
 

minimum depth of 1.5 meters of undisturbed Foil plus at least 2 meters more of
 

soil for cover. (assuming a ratio of 1:4 soil :refuse) l. is difficult to
 

envision that this facility will not be operated in the manner that Retirement
 

site in Montego Bay is operated which basically consists of dumping material
 

and burning it. No operating budget is available and no plans have been made
 

for the availability of a bulldozer with required attachments to support a cut
 

and cover operation.
 

The Underground Water Authority has determined that this would be an
 

acceptable landfill site based on regional geology and surficial studies of
 

the site. There appears to have been little consideration given to leachate
 

formation on the site and the potential for it to De washed down the slope
 

onto land currently used for grazing cattle. The nature of the bedrock in the
 

area suggests fracturing could be a problem and groundwater contamination
 

could result over time. Apparently the process of permit application beitg
 

reviewed by the Natural Resource Conservation Authority and sponsered by the
 

Underground Water Authority was not utilized to evalute the site conditions.
 

This is most probably due to the fact this process has not been approved for
 

implementation by the agencies.
 

COUSINS MOUNTAIN RECOMMENDATION:
 

The major problem with the selection and potential operation of this site is
 

systemic to the disposal system in the country as a whole. Given the lack of
 

co-ordinated solid waste management planning at the national level and little
 

or no solid waste management expertise in the system it appears that this site
 

will come on line as another of the many dump sites already in existence. In
 

an effort to short circuit this the following recommendations should be
 

considered:
 



a) a minimal site study should be conducted to develop a plan for
 

development which is consistent with the geology and physical makeup of the
 

site. This study should be conducted by a :onsulting firm which has the
 

personnel to develop local contacts for lab work and to develop local
 

conr.racts for whatever well drilling and other tasks are required to develop
 

data required to produce an intelligent and environmentally sound
 

rec-.tme;ndation. The study should look at the availability of cover material,
 

to include alternative sources; cubic yards of material expected to be
 

deposited; site life ?xpected; potential for the site to meet criteria
 

outlined in the proposed permitting ond operating criteria for landfills
 

currently being considered; and a closure plan for final size disposition when
 

it has reached capacity.
 

b) additionally planning and budgeting should be conducted in an effort
 

to develop a road into the site which will ensure accessibility even in times
 

of inclement weather.
 

c) a budget should be developed to insure that the equipment,
 

specifically a bulldozer equivalent to a D7 Caterpiller, is available for full
 

time operations. Thi. should include a budget for staffing and an on site
 

refueling facilities. Staffing should include an equipment operator and a
 

landfill attendant with a backup person to allow for vacations and illness
 

etc. A maintenance contract for the equipment should be included in the budget
 

to insure operability and longevity of the investment.
 

A cost estimate for the c.bove would fall into the following range: ( all
 

estimates are in US dollars )
 

a) site study to include engineered plans $100,000-$200,000
 

b) road construction into site $40,000 to $60,000
 

c) site clearing and development would depend on findings of study.
 

d) purchase of bulldozer and fueling facility to include first year
 

maintenance plan $300,000-$370,000
 

e) gate and gate house $10,000-$12,000
 

A total cost of $450,000 to $642,000 plus site development dollars is
 



considerable by Jamacian standards. However, it is an extremely inexpensive
 

project by any measure which recognizes the importance environmental concerns
 

in disposal planning.
 

SUMMARY:
 

As I indicated the problem with CMS siting relates largely to inexperience at
 

all levels of involvement with any type of landfilling operation. Should a
 

siting study be funded, it would be useful to require that the consultants
 

work with staff from the Natural Resources Conservation Authority (NRCA), the
 

Underground Water Authority (UWA), the Ministry of Local Governments, and
 

Western Parks and Markets to familiarize them with all facets of the process.
 

Staff from these agencies should be dedicated to the project fulltime. These
 

personnel could then form a task force to work with the IDB in their
 

forthcoming study to further broaden their expertise and provide them with an
 

overview of all solid waste disposal issues related to the island. This group
 

could then form the core of an interagency task force which 4ould review
 

existing regulations and anticipated regulations for their respective
 

agencies. This process could be beneficial as they could both bring a positive
 

understanding of environmental disposal issues to the table in addition to and
 

understanding of their agencies internal policies and procedures. Should a
 

group like this be formed it might be very useful to introduce them to the
 

concepts of TQM (Total Quality Management) to enhance their ability to work
 

together as a team. TQM is a management philosophy which recognizes that
 

employees at all levels of the organization should be empowered in developing
 

process and in decision making.
 

This team concept might be expanded to have the siting consultants outline
 

closure options for the Orange Bay facility. Having this team work on both
 

projects would provide an incountry group which would be capable of
 

implementing any closure decisions and siting requirements identified by the
 

IDB study. Although the initial cost of this program would be high in terms of
 

near term dollars and agency manpower it would greatly reduce the future cost
 



of bringing in outside experts to perform this type of work on the other
 

dumpsites in the system. The net effect would be to develop a Jamacian team
 

capable cf managing the dumps and new landfill sitings who are interactive
 

with the respective agencies involved. The long term savings in terms of
 

dollars and the positive net effect on decisions related to the environment
 

make this an option worth considering.
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Page 1 	 Table FC 25 D!,t FEL CONT 

JAMAICA Cost Comparsons

January 1993 
 30 SJA per US Dollar 

Type of Equipment Front End Loadar Totally Mechanically Loaded 

from 5 cm Mechanically L~ftable Containers 


Capacity 25 0 cubic meters 


Cipital Cost or Equipment 20.508.621 SJA 125000 
4000 


Spate Pa ts 
 1 025,431 5 of Capital Cost of Equipment 

Customs 9.690 323 

Total Capital Investment 31,224 375 SJA 

EstimatedEconomic Life 
Based on Planned Use 	 5 yeats (containers replaced mid-way) 

Number of Shifts per Day 	 t 00 shrtts/day 

Hours cf OperationYer 	 3.120 hours/year 

Number of Trips per Shift 	 3 7 trips shift t0 km one way 

Complete Loads per Shfl 3 35 loads shift 

Typical Densit. of Solid 
.Va'.te in Loaded Vehicle 0 55 Tonnescubic meter 

1
T ,pical Productot, 	 42 tonnes-day 

SJA 

;',inuair:ed Capital Cost when purchased in 	 1993 
I Z1 224,375 ,O mt of 60 00'n over life utilized) 19.794 325 

C -.1 of Per sonnel Shft 

1 00 Dr'er 	 62 4C0 SJAyear 62,400 
1 00 Workers 37 440 SJA.'yea 37.440
 
8 46 Atlndts. 31 200 ZJAyeat 264,075

1 00 Workshp Prsonnl 56 160 SJA.yea 56.160 

0 50 Suprv-sry Prsonnl 74 880 SJA.'ye"u 37.440
 
0 50 	lnPpcn Peronn 0 SJA,'year 0
 

Administration 30 - of above 137.255 

Benefits 
 5 of above 	 29,738 

--- .... 
Annual Personnel Costs,Shrft 624,508 

Annual Personnel Costs 624 508 

Page 2 Table FC 25 OS 

JAMAICA Cost Comparsons 

Con'sum-ables 
Fuel ( 10001fites'hr )( 31.200 ltresZ. 100 
Engine Oil 1 1 50 Irteshr ).1 4 680 Iresi?, 700 
Trans Oil ( 0 40 lIres/hr ( 1 248 ItresGi 600 
Hydrlc Oil 0 30 Irtyes/hr ).( 936 Itesfii 600 
(Wheels per Equipment flnt) 6 
Tres 1t100 repl hrs ).( 70 tires , 105000 
Brake Lnng 600 repl his ) ( 31 2 units vi 15000 
Brake Drum 1200 repl hrs ) ( 15 6 units ,i 20000 
Clutch Pit 1600 repl hrs ) ( 0 0 units 150000 
Fitters 80 repl hrs ) ( 39 0 sets tC. 2500 
Prot Gear 1000 repl his )( 6 2 setsci' 20000 
Other 15 , adodional over above costs) 

(seals grease battery, alternator. etc 

Total Consumables 

Special Costs Atbibutable to Storage and 
Containment at the Source 

Miscellaneous Costs 21 of capital cost of equipement
(itr.es insurance regisbation etc 

Annual Cost of Equipment Unit 
If implemented during 1993 

Tonnes Handled per year 

(41 9 tonnes!day 312 days/yr 90% 

Cost per Tonne 

Aver Cost per Persc ( 0 24 tonnestcap/yr) 

EQUIPMENT COST 76 53% 
PERSONNEL COST 2 41% 
CONS' IMABLE COST, 4 40% 
OTHER COSTS 16 85% 

TOTAL COST 100 00% 

FEL CONT 

SJA 

SJAltr 312.000 
SJA. Itr 327 600 
SJA. ltr 74 880 

SJA t! 56 160 

SJAiea 119 127 
SJkea 46800 
SJA. ea 31 200 
SJA, ea 0 

SJA.'set 9 750 
SJA. ea 12 480 

148 500 

1 138 497 

0 

4 306,810 

25864 140 

available) 11.765 

2 198 48 SJA 

521 59 SJA 

09 -Jan-94 



Page 1 Table FC 25 T FEL CONT Page 2 Table FC 25 T FEL CONT 
JAMAICA Cost Comparison.

January 1993 30 SJA per US Dollar JAMAICA Cost Comparisons SJA 

--------- -~~ - Conisumablf,;---Type of Equipment Front End Loader. Totally Mechanically Loaded - ~-
Fuel ( 10 00 litesh )( 31 200 lrtres, 100 SJA ltr 3'2.000from 5 cm Mechanically Liftable Containers Engine Oil ( 1 50 lreshr ) ( 4 680 Irbesi 700 SJA. t r 327.600Capacity 25 0 cubic meters Trnns Oil 0 40 litreshr ).( 1 248 rioesrf 60 0 SJA ftr 74,880 
Hydrlc Oil ( 0 30 ltreshr ).( 936 Itresi , 600 SJA1tr 56.160Capital Cost of Equipment 21.750.000 SJA 125000 (Wheels per Equipment (tnf) 6 

7pare Fa'rt 
4000 Ties I00 repl hrs ) 17 0 ires 105000 SJAjea 119,1271,087.500 5', of Capial Cost of Equipment Brake Lnng 600 repl his )( 31 2 units i 15000 SJA. ea 46.800CwitA-ms 10.276.875 Brake Drum 1200 repl his 1 15 6 units , 20000 SJA.ea 31 200TotalCapital Investment 33.114.375 SJA Clutch Pt 1600 repl his ) 0 0 unds 150000 SJAiea 0 

Fiters 80 repl his )( 39 0 sets K 2500 SJA&set 9.750Est,mated Economic Life Prot Gear 100C repl his ).( 6 2 sets C-. 20000 SJAea 12 480Bas',d on Planned Use 5 years (containers replaced mid -way through truck life) Other 15% addilonal uver above costs) 148.500 
(seals. grease batter, alternator. etcNumber of Shifts per Day 1 00 shrfts/day 

Total Consumables 1.138.497HoL.rs ofOperation Year 3.120 hours/year 

Special Costs Attributable to Storage andNur-rbe, of Trips per Shift 4 0 trips shift 5 km one way 0Containment at the Source 

Complete Loads per Shift 3 60 loadsshrft 
Miscellaneous Costs 21 '. of capital cost of equipement 4,587.500T pcal Densit,.,of Solid (tia.es insurance, registration etc )

,'/a-,te in Loaded Vehc:e 0 55 Tonries'cubic meter 
Annual Cost of Equipment Unit 27.349.674i pcal Productivity 45 tonnes,'day Ifimplemented during 1993 

SJA 

Antualized Capital Cost. when purchased in 1993 Tonnes Handled per year
 
33 114 375 (,0_ 60 00% over life utilized) 20.992.468
intof 

450 tonnes/day 312 daysyr 90% available) 12.636
Cost of PersonnelShift 

I 00 Dri.er 62.400 SJAyear 62.400 Cost per Tonne 2.164 42 SJA 
1 00 Workers 37.440 SJA.'year 37.440
 
9 09 At-I ts 31.200 SJAyear 283,636

I 00 Worurshp Prsonnl 56.160 SJA.'year 56.160 Aver 
 Cost per Person ( 0 24 tonnes/cap/yr) 513 51 SJA 
0 50 Suprvsry Prsonnl 741.880 SJA.iyea, 37.440 
0 50 Inspctn Peronnl 0 SJA'year 0 

Administration 30% of above 143.123 EQUIPMENT COST 76 76% 
Benefits 5'*v of above 31.010 PERSONNEL COST 2 38% 

CONSUMABLE COSTS 4 16%

Annual Personnel Costs/Shift 651.209 
 OTHER COSTS 1670% 

Annual Personnel Costs 651,209 TOTAL COST 100 00% 

09-Jan -94 


