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A brief
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and
presentation of the various disposal options. 
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Mr. Brian Spielmann served as Solid Waste Technical Specialist for
collection options presented. Mr. Spielmann was responsible forthe evaluation of the current collection system and developingprivatization options and recommendations for collection service.
In addition, he conducted the weighing program and evaluated
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1.0 EXECUTIVW SUIMOA
 

1.1 OBJECTIVES
 

The overall purpose of this project is to assist the Gaborone City
Council (GCC) in developing a strategy for improvement to the solid
waste collection and disposal services. 
A major ccmponent of this
study is to assess the viability of transfering part or all of

these services to the private sector.
 

1.2 BACXGROUND
 

The City of Gaborone, Botswana is undergoing rapid growth in both
its population and genezal economy. This growth has placed great
pressure on public facilities and services provided by the GCC. 
To
effectively address the increased needs of its growing population,

the GCC has bean considering the privatization of several public
serviceo, including solid waste collection and disposal.
 

In 1989, the GCC discussed the potential of privatization of solid
waste services with the United StatAs Agency for 
International

Development (USAID). Subsequently, funding was approved, and the
Consultancy was engaged 
in April 1991 to provide technical

assistance for Phase I of this project. 
Phase I consists of the
development of privatization strategies for consideration by the
GCC. If the GCC elects to proceed with privatization strategies

outline herein, Phase II will be initiated. This phase would

consist oZ technical assistance in implementation.
 

The Consultancy worked with the assistance of a Steering Committee

composed of City Council and Central governmental representatives.

A detailed review 
and assessment of exiating conditions was
conducted and provided to the Steerinq Committee members through a
series of formal meetings and informal discussions. The Steering
Committee provided feedback on the alternatives and recommendations
 
were then developed for cordideration by the GCC.
 

1.3 EXISTING CONDITIONS
 

The waste collection system evaluated found
was and to be
inefficient due an inadequate organizational structure, minimal
supervisory training, low productivity, equipment downtime, and
 poor routing. Collection service was fourd to be erratic with some
 areas receiving twice per week service while others were serv,ced

less than once every two weeks.
 

Disposal at the City's landfill 
was also found to be deficient

resulting in environmental and health 
problems. Scavenging,
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resulting in environmental and health problems. 
 scavenging,
frequency fires and unauthorized waste oil dumping were noted as
operational problems. The lack of qualified middle management and
appropriate organizational structure 
contribute 
to a minimal
accountability for landfill operations.
 

1.4 PRIVATIZATION PROGRAMME RBCOMMNDATIONS
 

The underlying motivation for suggesting privatization options is
the inability of ex'.sting governmental structures to respond
quickly to changing conditions that ara indqmic in 
solid waste
management. The privatization programme recommended to the GCC can
be divided into collection alternatives and disposal alternatives.
The collection programme composed
is of three recommendations:
incremental privatization of residential collection, privatization
of commercial/industrial 
collection, and privatization of Old
Naledi with new
a collection 
strategy. In addition, it is
recommended that operation of the 1Pndfill be privatized.
 
Incremental Privatization of Residesttial Collection ­ involves
contracting collection of 
refuse in 
a portion of Gaborone to a
private company. The contractor would be selected through
appropriate tenders. and assisted in organizing and operating the
business of providing waste collection service to about one third
of the residential plots of the City. 
 Analysis indicated this
would be the smallest segment that could be economically feasible
considering the capital costs involved.
 

Privatization of 
Come cial/Industrial Collection 
- Under thisscenario, the City Council would franchise through a tender process
the collection of refuse from all commercial/industrial businesses
in Gaborone at fixed unit prices defined in the agreement. The
price would vary depending on the se:vice provided. Since industry
would be paying directly for refuse collection service, an annual
cost3 savings of P600,000 is expected.
 

Privatization of Old Naledi vith New Collection Syste 
- Due tocurrent and previous failures to address the 
inadequate refuse
collection in Old Naledi, collection and litter service would be
contracted to a local private organization, such as the Village
Development Committje, which is based in the area. 
 In order to
address the unique characteristics of the 
area *a new collection
system is recommended. 
The financial analysis indicates that this
option could be implemented at 
current collection costs, while

service would be improved.
 

Landfill -
With the completion of the new landfill, consideration
should be given to privatization of its operation. Effective and
environmentally safe operation requires immediate 
responses to
short term problems and accountability for performance. Therefore

private operation is recommended.
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Since the new landfill will be a valued resource, the project team
further recommends the 
construction 
of a sorting facility and
composting plant in order to extend the life of the new landfill.
These systems could become part of the landfill opera-inn% tnn+-,-j­
or could be operated under separate tenders.
 

1.5 PHASE II IMPLEMENTATION 
Subject to review and approval by the GCC, the foll(are recommended to be performed in Phase II 

to 
of th o 

1. Prepare the appropriate documents and traini., 
%­privatize the collection of one-third 

& 

(9,000 plots) of the
current residential collection system.
 
2. Prepare the appropriate documents and 
training programmes
for the privatization of all commercial and industrial waste
generators in the City.
 
3. Prepare the appropriate 
documents and training programmes
for the privatization of collection services in Old Naledi.
 
4. Prepare the appropriate documents 
and operating manual
for the private operation of the new landfill.
 
5. Provide technical 
and management services to upgrade the
remaining two-thirds of the current 
residential collection
system, to include management and operations training.
 
6. Prepare preliminary engineering designs, 
cost estimates and
material market 
studies for 
waste sorting and composting
facilities, and a deposit/return system for beverage cans.
Work should also include the design of 
a pilot composting


system.
 

7. Evaluate potential of 
 source separation of
materials. salvageable
Suggested steps include: detailed material market
survey; pilot curbside collection program; and implementation
of office paper recycling program.
 
8. Work with the appropriate city and Central 
Governments to
evaluate existing laws and bye-laws, and propose changes
where necessary to address solid and hazardous waste issues
identified in this report.
 

It has 
been a major goal of the Consulting Team to objectively
evaluate the existing systems and the economic and governmental
framework in which they operate. 
This evaluation is reflected in
the recommendations 
found in Chapter 6 the
implementation of Chapter 7. 
and methods of
 

practicality The Team is confident of both the
of implementing these 
recommendations 
and of the
 



financial and environmental benefits that will accrue to the City.
We welcome the opportunity to have provided these services and to
assure 
our continued interest in the city of Gaborone and itscitizens.
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2.0 INTRODUCTION
 

2.1 BACKGROUND
 

Botswana, a resource-rich country located in Southern Africa, is
presently experiencing unprecedented growth in its economy, which
is largely based on the mining and export of diamonds, copper, and
nickel. 
Since Independence in 1966, Botswana has experienced rapid
transformation 
from an almost entirely rural a
to relatively
urbanized 
country. The population of Gabrone, the nation's
capital, has increased at an annual rate of over nine percent over
the last ten years and currently stands at over 138,000. 
 By the
year 2001, population is projected to be 
240,000, with some
estimates as high as over 500,000. 
This rapid expansion has placed
great pressure on public facilities and services provided by the
Gaborone City Council (GCC).
 

To effectively address the increased 
infrastructure and service
needs of its growing population, The GCC has been considering the
privatization of 
several public services. In particular, the
privatization of solid waste collection and disposal was identified
 
as a priority area.
 

In 1989, the GCC discussed the potential of privatization of solid
waste with the United States Agency for International Development
(USAID). 
 As a result, the USAID prepared a request for technical
assistance under the Private Provision of Social Services. 
 This
funding was subsequently approved in March 1990 for 
a two phase
project consisting of technical assistance for both the development
and implementation of privatization strategies 
of solid waste

servicee.
 

The Consultant Team was engaged in April 1991 to provide technical
assistance for Phase I of the project. 
 Phase I consists of the
development of privatization strategies for consideration by the
GCC. 
 This report contains the findings of Phase I and outlines
recommendations 
for improvements 
to the existing system and
privatization.
 

If the GCC elects to proceed with privatization strategies outlined
herein, Phase II will be initiated. 
 This phase would consist of
technical assistance in the implementation of these strategies.
 

2.2 GOALS AND OBJECTIVES
 

The overall project objective is 
to assist the GCC in developing a
strategy for improvements to the solid waste management services.
 

2-1
 



The major emphasis of this study includes evaluating options for
privatization of these service.
 

Phase I consists of review and assessment of the existing solid
waste management system in order to make recommendations to the GCC
regarding the feasibility of privatization. A key objective of
Phase I is to present 
the GCC with a detailed plan
privatization of solid waste management. 
for
 

As previously stated, the
purpose of Phase II is to provide additional technical assistance
to the GCC in the implementation of improvements to the solid waste
management system and privatization strategies which are selected
by the GCC. A major component of both phases is to identify areas
of needed training for key GCC staff, and to assist in training

development.
 

2.3 METHODOLOGY
 

The Consultancy worked 
under the direction of the Steering
Committee composed of City Council 
 and Central Government
representatives. 
 The Committee included representation from a
variety of departmental offices to provide comprehensive input into
the broad spectrum of issues evaluated by the Consultancy.
 

The methodology for Phase I, consists of three m3jor tasks: review
and assessment of existing conditions; development of alternatives
for privatization; and recommendations 
for privatization and
improvements to the existing 
solid waste system. Exhibit 2.1
presents a flow chart summarizing the relationship of these three

major tasks.
 

The review and assessment of 
existing conditions evaluated the
current collection and disposal 
system. Specific areas of
investigation included: 
waste generation and composition; costs
analysis; management structure; 
institutional structure; 
budget;
and local bye-laws. 
 A time and motion study was conducted to
provide an accurate assessment of the 
current collection system
efficiency and effectiveness. 
 Waste generation rates were
determined based on a weighing program conducted over a two week
period during the months of April and May. 
Waste composition data
was obtained from a previous waste sorting study conducted in 1985
 
by NZA.
 

To assess the management system for service delivery, interviews
were conducted 
with public officials from 
both the Central
government and GCC. 
 This provided a framework for evaluating
budgets, 
 legal and institutional considerations, management
policies, and regulatory statues. Interviews were also held with
representatives from the private sector to ascertain the current
level of private activity and potential for further 
private
involvement in solid waste service delivery.
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Findings 
from the review and assessment 
were provided to the
Steering Committee members through a series of formal meetings and
informal discussions. 
 This provided 
a mechanism for continuous
feedback and communication between the Consultancy and the Steering
Committee. A description and 
assessment 
of these findings are
contained in Chapter 3.
 

Information derived from the review and assessment formed the basis
for tho development 
 of privatization alternatives.
privatization collection Five
alternatives 
were developed.
alternative Each
was evaluated for 
costs 
impact and contractual and
management issues. 
These are discussed in detail in Chapter 4 of
this report.
 

In addition, six technical disposal options 
were developed and
evaluated for 
costs and 
landfill diversion. These 
are also
discussed in Chapter 4.
 

The alternatives were then presented to the Steering Committee for
feedback. 
 Based 
on the assessment 
of the alternatives
direction from and
the Steering Committee, recommendations 
were
developed for consideration of the GCC. 
These recommendations are
presented in Chapter 6 of this report. 
 The decision of the GCC
regarding the recommended alternatives will determine the timing
and extent of Phase II.
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3.0 DESCRIPTION OF CURRENT SYSTEM 

3.1 INTRODUCTION
 

This chapter presents background information which was critical for
the development of privatization options and improvements to the
existing system. 
 It provides a thorough overview of the current
solid waste management system in Gaborone. 
This includes: waste
generation and composition; collection; 
 disposal; finance
structure; budget; and regulatory legislation.
 

3.2 WASTB GENERATION AND COMPOSITION
 

3.2.1 Population
 

The project team reviewed many documents regarding existing
population estimates of Gaborone, projected future population and
estimated growth rates. In addition to documented information the
Team received numerous verbal opinions regarding values both above
and below the documented estimates and projections. The three most
recent documented 
sources of published information are; 1)
"Population Projections, 1981-2011", published in' 1987, by the
Ministry of Finance and Development Planning, which is based on the
1971 and 1981 census, 
2) The current draft of the National
Development Plan No.7. 
(NDP7), and 3) Euroconsult, February 1990,
"Accelerated Urban 
Land Servicing Program, Needs Assessment
Summary". The following table provides a 
summary of the information
included in these two documents, for both population estimates and
growth rates within each five year period. Annual growth rates are

shown in parentheses.
 

Data Surcs1986
 

Population
 
Projections 95,163 138,471 189,187 248,896 320,310
 

(% Annual Incr.) (9.10%) (7.32%) (6.31%) (5.74%)
 

NDP7 94,211 136,396 184,594 239,367 NA
 
(% Annual Incr.) (8.96%) (7.07%) (5.93%) 
 (NA)
 

Euroconsult 
 NA 178,373 307,399 529,756 NA
 

(% Annual Incr.) (NA) (11.5%) (11.5%) (NA)
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3.2.2 Waste Generation and Composition
 

A waste generation and composition evaluation was performed to
 
estimate the quantity, in both mass and volume, of the waste
 
generated in the City of Gaborone. In addition to a computer
 
calculation of theoretical waste generation and composition, a two
 
week weighing programme was conducted to determine actual waste
 
collected and disposed at the current landfill. The Waste
 
Generation and Composition study plus the two-week weighing program
 
are presented in Appendices B and C and are summarized in the
 
following table:
 

Total Population Estimate (1991) 138,471
 
Total Waste Generation (TPD)* 84
 
Estimated Current Recycling (TPD) 10
 
Estimated On-Site Disposal (TPD) 14
 
Results of Weigh Program (TPD) 60
 

* TPD - Tonnes per Day
 

A significant problem in the Waste Generation Study was the 
estimate of on-site disposal and the effect of transient population 
on waste generation. On-site disposal, which includes littering, 
burning, and illegal dumping, was found to be extensive in the SHHA 
and low income areas. It was also noted that small waste 
incinerators were observed throughout the city and also within the 
National Government Enclave. 

The fact that much of the City's residents return to their home 
villages and cattle posts on weekends and holidays also has an
 
effect on waste generation. Waste generated by these Gaborone
 
residents during the weekend and holiday periods will not enter the
 
City's collection or disposal systems. This situation is likely to
 
change in the future as Gaborone and the surrounding region
 
continues the transition from a rural to an urban society.
 

The 84 TPD estimated calculation of waste generation in the City,
 
using unit generation factors from the weighing program, is based
 
on population estimates, full time residency and a 7 day week.
 
Estimated on-site disposal values were based on observations of
 
actual cn-site disposal practices and comparison of the calculated
 
generation value with the actual weighed value. Estimates of
 
current recycling were based on data obtained from current
 
recycling operations.
 

For the purpose of this report, the project team has based all
 
assessments of existing systems and evaluation of alternatives on
 
the existing measured disposal rate of 60 tonnes per day. Future
 
projections of waste generation for long term planning objectives
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and long term capital expenditures were basid on population
information presented in Section 3.2.1, and wil assume an overall
waste generation growth of 7 percent. This includes both a generalincrease for population and economic growth estimated to vary from
7 percent to 
5 percent and a factor for increased per capita
generation 
as the city becomes more urbanized. An additional 5%
growth has been assumed for the first 
3 years of the planning
period to account for anticipated improvement to the effectiveness
of the collection system resulting in a reduction oa on-site
disposal and burning. Exhibit 3.1 shows the estimated growth in
waste disposal during the 20 year planning period, assuming a 12%

increase in years 1 through 3 andl 7 percent thereafter. The reader
is referred to Appendix B for a more detailed assessment c. waste
 
generation and composition.
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3.3 COLLCTZON
 

This section presents an overview of the existing refuaS collection
systam in Gaborone. 
The team reviewed the management structure for
refuse collection, routing of refuse vehicles, maintei- nce records,
and the economics and efficiency of the operation as
was hole. This
the basis for providing sucjestions for improvements to the
collection system.
 

This section is divided into the following subsections: backgroind;
efficiency of collection; wastacollection rates; costs analyss of
collection; containers; 
collection of salvageable materials; and

conclusions.
 

Recommended strategies for improvements t. the public 
collection
 
program can be found in Section 6.2.
 

3.3.1 Background
 

The Health Department is responsible for providing collection of
solid waste to the over 138,000 people, as well as the industrial
and commercial enterprises lo=ated in Gaborone. 
 It employs 150
people for refuse collection and another 214 
people for litter
pick-up and street sweepings.
 

The City offers two main types of collection service: door to door
bin collection and a skip distribution and collection system. 
The
bin system is the primary method for refuse collection In Gaborone.
The Health Department engages a fleet of refuse vehicles including
compactors, and standard, non-compactor vehicles (round bodies, and
square bodies) to collect refuse streetside from residential and
commercial plot owners. 
 Based on a two week weighing program in
April and May 1991, a total of 42.0 'PD of refuse is collected by

this method.
 

The other method for public (GCC) collection refuse in Gaborone is
the placement of skips in commercial 
areas. These containers,
which have capacity for between four and 
five cubic meters of
refuse, are transported to the lzndfill via tractor trailer.
Between three and five TPD of refuse is collection by this manner.
 
The private sector delivers about thirteen TPD of refuse (excluding
construction wastes) to the landfill. 
This waste is collected by
either Skip Hire, a local private hauler, or by plot owners. Skip
Hire operates a fleet of two skip vehicles, and collects an
estimated six TPD from 
businesses (and another 8.7 TPD
construction waste). of
An estimated seven TPD of refuse is delivered

by plot owners, mainly businesses.
 

A breakdown by source 
indicates that the commercial/industrial.
sector discards 19.7 TPD 
(34 percent) and the residential sector
37.9 TPD (66 percent). These 
figures were determined based 
on
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loads of exclusively commercial waste delivered to the landfill.
This included loads from 
either 
Skip Hire, self-haul loads by
private industry, and public skips placed in commercial areas wlich
are maintained by City Council. 
 In addition, it was assumed that
ten percent of the refuse collected by City Council via compactor,
round body or square body vehicle is from commercial sources. 
 A
difficulty in determining specific breakdown of sources of waste is
that the Health Department 
often collects residential
commercial wastes and
during the same route. 
 The assumption of 10
percent is most likely a conservative estimate, and a more detailed
study would be required to confirm these totals.
 
The Health Department operates three sanitation depots, one in each
section of Gaborone: South, North, and West. They were established
to enable clo3er management supervision and reduce vehicle travel
time. 
 Each sanitation depot is self-contained in terms of refuse
collection vehicles and work force. 
 Typically, the South Depot
contains eight refuse vehicles, while the 
North and West Depots
contain six and three vehicles, respectively.
 

There are fourteen routes in the collection system. 
Each vehicle
is assigned a particular route each day, ranging from one to five
extensions. 
Once a crew completes their assigned route, they are
finished for the day. 
While performance based work allows rewards
for efficient crews, the current routing system is not equitable in
terms of crew assignment based either on plots picked-up or total
tonnage. For 
example, one compactor vehicle typically collects
between eight to ten TPD, while the other compactors collect less

than four TPD.
 

Collection frequency varie3 from every day (including Sunday) for
certain commercial establfrhments that produce large quantities of
food waste, to twice per week for parts of the residential sector.
 
Each depot is managed by a supervisor who reports to the senior
health inspector. In addition, one 
crew member 
in each refuse
collection vehicle is assigned to be the charge-hand. This person
is 
responsible for ensuring that the crew works efficiently and
that service is satisfactory.
 

The Health Department operates a fleet of over two dozen vehicles.
Vehicles are used for refusu collection, garden waste debris pick­up, collection of skips, and litter pick-up. 
The current refuse
collection fleet includes: 
four compactor, nine roand body, and
four square body vehicles. The capacity of 
these vehicles are
10.7, 6.0, and 10.0 cubic meters, respectively. Other equipment
includes: four tractors and about 40 skips 
(four to five cubic
meters each). 
 The City does not own any specialized vehicles for
street sweeping. This is performed by manual methods.
 
The average age of the refuse 
vehicle fleet 
is 5.5 years, a
relatively high age for such a fleet and higher than reported in
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the 1985 NZA study. An analysis of three monthsrecrds (January - of operatingMarch 1991) indicates that an average of 11.5
vehicles 
=re actually operating 
each day, or one third of the
vehicles are not operating. On certain days the number
operating vehicles can be as low as 
of


nine vehicles, significantly
impairing service to the City.
 

Some steps have been conducted 
to replace older vehicles and
downtime including the recent budget request of four new compactors
with automatic transmissions. Apparently, 
a major maintenance
problem with existing compactors is downtime due 
to the manual

gearbox mechanism.
 

Average refuse densities achieved for compactor, round body, and
square body were measured to be 289.6, 234.4, and 141.1 kilograms
per cubic meter, respectively. These 
figures are based on a
weighing sample of 139 vehicles during the months of April and May
1991 and are slightly biased in that they only include fully loaded 
vehicles.
 

Variation for the densities in the above ficrures can be attributed
to the compaction capabilities of the compaztor, and the specific
areas 
served by each, vehicle. The compactor provides a three to
one compaction ratio, and thus would achieve a donsity of three
times a non-compactor vehicle if they were both loaded with similar
refuse. The high density 
for the round body can ba partially
attributed to collection in lower income areas (such as Old Naledi)
where the waste has a much 
grenter density due to the high
percentage of fines and ash.
 

3.3.2 Efficiency of Collection
 

An evaluation of the efficiency of the current collection system is
important for estimating service 
costs 
and for determining any
deficiencies in the system. 
Efficiencies varied dependiT;g on the
area served and the type of vehicle.
 

In order to provide 
a more detailed assessment 
of current
collection efficiency, the Team conducted a time and motion study.
This involved on-vehicle evaluation of the various 
vehicles,
routes, and crews. 
 Data gathering included recording time and
distance traveled starting from leaving the depot in the mourning,
through disposal at the landfill, to return in the afternoon. A
total of 10 routes were evaluated over a three week period.
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The study evaluated efficiency by three categories 
which are
 
defined below:
 

o 	On-route collection rate (kalhour or Dlots/hour served) - isthe effic-.ency during the actual collection period only. The
period would begin when the crew arrived at the first stop and

would end at the last pick-up.
 

o 	Overall collection rate (ka/hour or Dlots/hour served) ­includes time for both the collection, unloading and all
 
travel times.
 

o 	D labour productivity rate (kcxdavlworker or
plots/day/worker) - is 
based on total refuse (or stops)

collected per day divided by 
total crew size. This is

probably the most important indicator of efficiency.
 

All efficiency categories are based on a per vehicle basis.
 

The study indicated that on-route collection rate ranged from 1,180
to 1,900 kg per hour per vehicle, or 117 to 170 plots per hour.
Overall collection rates, which include travel time to the route
and landfill, ranged from 904 to 1,030 kg per hour, or 82 
to 	99
plots per hour. Daily labour productivity rate ranged from 400 to
1,000 kg per worker per day. 
 Ranges for each category can be
attributed to vehicle type and particular routing during the study.
 

Based on a review 
of the three rates identified above and
compensation for variation in routing, the compactor vehicle wasfound to be the most efficient vehicle. A principle reason fortheir greater efficiency is increased holding capacity (up to 30cubic meters of uncompacted refuse compared to ten cubic meters forthe square body and only six cubic meters for the round body).This translates into reduced number of trips to the landfill per
day, allowing greater collection time. Secondly, the compactors
are much more ergonomically designed. 
Both the round and square
body vehicles require the crew to lift containers to a height of
two to t ree meters, while the compactor can be loaded from less

than one meter from the ground.
 

It 	should be noted that rates obtained, particularly daily labour
productivity, are lower than those found elsewhere in South Africa.South Africa rates were determined based on discussions with waste managers in that Country. 
 A major reason for the low labour
productivity in Gaborone can be 
attributed to the lack of
management with training and experience in developing efficient
routing systems. Unfortunately, current hiring practices do not

address the need for managerial type personnel.
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3.3.3 Waste Collection Rates
 

By evaluating the various routes in conjunction with the weighing
program (see Appendix C), the following waste disposal rates were
calculated based on plot counts and net vehicle weights:
 

Waste Disposal Rate
 
(Kg/Plot/Day) a)
 

In g eAy 
 r g 
 Ran e
Low-SHHA 
 1.93 
 1.04 - 2.48
Medium 
 3.08 
 2.31 - 4.45
High 
 3.55 
 2.45 - 4.76
 
a.) These figures were obtained from refuse generated from 2,707

plots.
 

The greater disposal rates of higher income 
areas coupled with
lower housing densities result in more expensive collection costs
for the higher income areas. This is supported by evaluating
collection rates in two different areas. 
 Vehicles serving more
densely populated areas such as SHHA 
(Self Help Housing Agency)
areas are able to collect over 150 plots per hour, while in higher
income areas, such as Extension 9, maximum collection rates were
120 plots per hour.
 

A significant amount of the waste generated in the City is handled
by on-site disposal. Businesses, for example, often burn their
paper and other organic refuse outside in open, makeshift fire
pits. On-site disposal by residents would irclude burning of
refuse (i.e., paper, wood, plastic) for cooking or heating and the
illegal dumping of refuse in vacant areas. 
 The potential health
impact of littering is obvious. 
 These areas, where children are
often found playing, provide an ideal breeding ground for rodents
and insects, and can be a fire hazard.
 

Infrequent collection and lack of adequate containers
owners are for plot
major factors contributing to the illegal dumping of
refuse, particularly in the lower income areas. 
 Improvements to
the collection 
system would be expected to decrease illegal
dumping, and thus, increase disposal rates. 
Reduction of the use
of refuse as 
a fuel for cooking or heating would be dependent on
substitution for fossil fuels or solar ovens.
 

3.3.4 Cost Analysis
 

The costs of refuse collection was evaluated based on budget data
provided by the Engineering Department, price quotes from equipment
vendors in Southern Africa, and collection efficiency determined
from the time and motion study. 
A summary of the cost analysis is
presented in Exhibit-3.2. 
This table provides costs figures based
 on one day of operation.
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Exhibit 3.2 	 Sumry of Refuse Collection Cost Analysis 
Costs for Onte Vehicle with Crew a) 

"'''''''''''''''''''''''''''''----------................................................
 

Cost 	Coponent (One Vehicle) Comactor Round-gody Square lady
"''''''''''''''''''''''''''''---------..................................................
 

I. 	 Collection Efficiency b) 

a. Plots/Day 
 415 	 224 244
 

b. Tor-ee/iay 4.17 3,25 
 2.74
 

1I. Capital 	Costs
 

a. Vehicle 
 202.000 110,000 110,000
 

b. Containers 0 	 0 0 

III. 	Annual Operation & Maintenance Costs
 
(Pula/Year) C)
 

a. 	 Debt Service for Vehicle d) 50,600 27,600 27,600
 

b. 	Labor 
 35,900 35,900 35,900
 

C. MAMagemnt/Sigervisjon 14,300 14,300 14,300 

d. Maintenance 

MateriaL 
 4,000 4,000 
 4,000
 
Repair 
 2,000 2,000 
 2,000
 

e. Fuel 
 3,000 3,000 
 3,000
 

f. Insurance 
 250 
 250 
 250
 
.....................................................................
 
IV. 	 Simmery 

a. 	 Total Collection Costs
 
Annual Costs (Puta/Year) 110,100 87,000 
 87,000
 

Daily Costs 	(Puts/Day) 353 279 279
 

b. 	Putl/Tonne 
 84.60 85.87 101.89
 

c. 	PuLa/PLot/Week 
 1.70 
 2.49 


a.) Based on operation of 312 days per year. 
b.) Efficiencis based on on-vehicle &valuationstudy.
c.) Costs based on personnel comunicatin with Mr. Pothmnoathan, Chief, Engineering 

Department, may 3, 1991. 
d.) 	 Based on a Revenue Stabilization Fund (8.02 interest over 	5 year.). 
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Exhibit 3.2 
is divided into four segments: collection efficiency;
capital costs; operation and maintenance costs; and summary. 
As
shown, collection efficiency is indicated by number of plots served
 per day and tonnes per day collected for each vehicle. Capital
costs were limited to refuse collection vehicle, and do not include
the replacement of containers which would obviously impact costs.
 

As mentioned, the operation and maintenance costs are shown for one
operating day. These costs include: the debt service for vehicles

(financed with Revenue Stabilization Fund); labour (driver, six
crew members, and charge-hand); management/supervision; vehicle
maintenance; fuel; and insurance.
 

The overall collection costs for operating 
the round body and
 square body was calculated to be P279 per day, while the compactor
was determined to be P353 per day. 
While the compactor was shown
to be the most expensive to operate on a per day basis, it was the
most economical on a per plot served. 
This is due to its greater
collection efficiency which allows the 
crew to service a larger
 
area.
 

Based on twice per week collection, the costs for the compactor was
calculated to be P1.70 per plot, compared to P2.49 for the round
body and P2.28 for the square body. As shown, costs ranged from
P85 to P102 per tonne. 
Annual costs for each type of vehicle are
presented in the proceeding tables (Exhibits 3.3, 3.4, and 3.5).
 

3.3.5 Containers
 

The type of containers used for refuse collection is extremely
important because it effects collection efficiency and can promote
the proper disposal of refuse. In Gaboroae, a variety of
containers are used for storage of refuse ranging in size from 40
litres to 240 litres. 
These bins are mainly metal, although a few

commercial establishments are using plastic containers.
 

Several observations related to containers were made during the
time and motion study. One of the major concerns noticed was the
relative age of most of the containers. The last major purchase of
containers by the City was over seven years ago. As a result, most
of the containers used are damaged. 
Except for the SHHA areas, it
is the policy of the 
City Council that individual plot owners
 
replace their own containers.
 

The type of containers used and their old age has created several
 areas of concern for the City Council. Less than five percent of
the containers wei ! noticed to have lids. As a result, this
contributes to the litter problem since many of the containers are
tipped over by dogs, and provide a breeding ground for insects.
During one route evaluation, the collection crew was attacked by
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Exhibit 3.3 Refuse Collection Costs Analysis- Compactor Vehicle 
Costs for One Vehicle with Crew
 

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

Cost Conponent for Operation of One Vehicte AnnuaL Costs Daily Costs
(Pula/Year) (PuL/Day) a)
 

1. Capital Costs
 

a. Coapactor Vehicle w/ autometic transaission. 50,592 
 162.15

(Based on a capital costs of P202,000, amortized 
over 5 years at 8% interest.)
 

b. Containers 
0 0.00 

II. 
Operation and Maintenance Costs b.) 

a. Labor # of Units Salary (Puts/Day) 
.......... ................ 

Driver 

Crew 

Charge Hand 

1 

6 
1 

23.41 

12.84 

14.52 

7,304 

24,036 

4,531 

23.41 

77.04 

14.52 
.e...e. 

..... 

Subtotal: 35,871 114.97 

b. Management/Supervisfjn (40 percent of labor) 14,349 
 45.99
 

c. Maintenance 

material 
4,000 
 12.82
Re--i r 2,000 6.41 

d. Fuel c) 

3,000 
 9.62
 

e. Insuranrxe 
250 
 0.80
 

ItI. Total Collection Costs (One Vehicle and Cre) 110,062 
 352.76
.°... ee.......o.o......o 
 o.e..e.o.e.e 
 o ee......................................................
IV. Per Unit Costs 

Average Range 

a. Pula/Torme 

4.60 30 - 200
 

b. Pula/Ptot/Week 

1.70 1.41 - 2.35
 

a.) Based on operations of six days per weak (312 days per year).b.) Costs based on personet cmnication with Mr. Pathmonathan, Chief, Engineering
Department, May 3, 1991.

c.) Fuel costs based on traveling 15,000 km per year. Calculated at 4.5 km per litre 
and P.90 per litre. 
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Exhibit 3.4 Refuse CoLlection Costs Analysis - Round lody
 
Costs for One Vehicle with Crew
 

"''''''''''''''''''''''''''''''''-----------...................................................
 

Annual Costs Daily CostsCost Cooponent for Operation of One Vehicle (PuLa/Year) (Pul/Day) a) 
.............................................................................
 
I. Capital Costs 

a. Square Body vehicle (Based on a capital 	 27,550 88.30
 
costs of P110,000, mortized over 5 years 
at 82 interest.) 

b. Containers 
 0 0.00
 

I. Operation and Naintenance Costs b) 

a. Labor # of Units Salary (PuLa/Iuy) 
.......... ............... 

Driver 
Crew 

1 
6 

23.41 
12.84 

7,304 
24,03 

23.41 
77.04 

Charge Hand 1 14.52 4,531 14.52 

Subtotal: 35,871 
 114.97
 

b. Management/Supervision (40 percent of labor) 14,349 45.99 

c. Maintenance
 

Material 
 4,000 12.82
 
Repair 
 2,000 6.41
 

d. Fuel ) 3,000 9.62 

e. Insurance 
 250 0.80
 

III. Total Collection Costs (One Vehicle and Crew) 87,020 278.91
 
.. ee.. oe..e. eo.e..oe.eleoe 
el...eo............................................................
 
IV. 	 Per Unit Costs Average Range 

... e 	.. -......
 

a. Pus/Tonne 
 8S.87 30 - 296
 

b. Puts/Ptat/Wsk 
 2.49 1.30 5.06 

a.) 	 Based on operations of six days per week (312 days per year).
b.) 	 Costs based on personnel mmication with Mr. Pathmnathan, Chief, Engineering 

Department, May 3, 1991. 
C.) 	 FueL costs based on traveling 15,000 km per year. Calculated at 4.5 km per litre 

and P.90 per litre. 
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Exhibit 3.5 Refuse Collection Costs Analysis - Square Body 
Costs for One Vehicle with Crew
 

.................................... 
.......................................
 
Annual Costs 
 Detly costsCost Component for Operation of One Vehicle (Pull/Year) (Putl/Day) a).........................................................................
 

I. Capital Costs
 

a. Square Body vehicle (Based on a capital costs of P11 27,550 88.30
 
amortized over 5 years at 81 interest.)
 

b. Containers 

0 0.00
 

I1. Operation and Maintenance Costs b)
 

a. Labor 0 of Units Salary (Pul/Day) 
.......... ............... 

Driver 
Crew 

1 

6 
23.41 

12.84 
7,304 

24.036 
23.41 

77.04 
Charge Hand 1 14.52 4,531 14.52 

Do,..... .l.... 

Subtotal: 35,871 114.97 

b. Mangeient/Supervision (.0 percent of labor) 14,349 45.99 

c. Maintenance 

Material 
 4,000 12.82
Repair 

2,000 6.41
 

d. Fuel ) 
 3,000 9.62
 

e. Insurance 

250 
 0.80
 

I1. Total Collection Costs (One Vehicle and Crew) 87,020 278.91
 
...........................................................................
 
IV. Per Unit Costs 
 Avera" Ran 

a. Putl/Tone 
101.89 
 55 297
 

b. Puta/Ptot/esk 

2.28 1.23 - 6.65 

a.) Based on operations of six days per week (312 days per year).

b.) Coats based on personnel communication with Mr. Pathmenathan, Chief, Engineering
 

Department, May 3, 1991.
 
c.) Fuel costs based on traveling 15;000 km per year. Calculated at 4.5 km per litre
 

and P.90 per litre.
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a swarm of bees which were attracted to open metal containers of
food waste. Another issue is the usage of 220 or 240 litre metal
drums. 
Because of their large size, these containers are extremely
difficult to lift, often requiring two to three crew members to
 
empty.
 

In the commercial areas, there appeared a shortage of receptacles
for litter. This has greatly contributed to the litter problem.
 

3.3.6 Collection of Salvageable Materials
 

The major recycling activities in Gaborone is the collection of
cardboard by Waste Paper Recovery, Ltd., 
and the collection of
metal cans by Metal Box, Ltd. Both companies are actively exploring
methods to increase material 
recovery, and have additional
 
processing capabilities.
 

Waste Paper Recovery, with 60 employees, owns a fleet of four
vehicles to collect cardboard from various
the businesses in
Gaborone. 
The company provides free collection service in return
for the cardboard. For large generators of cardboard, Waste Paper
Recovery may pay 
for the material. It is estimated 
that the
company collects 150 tonnes of paper per month. 
 Metal Box has
sponsored the collection of bi-metal cans from two dozen schools in
Gaborone. They reportly collect 70 tonnes of cans per month.
 

A preliminary market survey indicates viable markets for bimetal
cans, glass, high density polyethylene (HDPE), and the various
grades of paper (corrugated, high grade, and newspaper). Prices for
these materials ranged from P60 par tonne to P245 per tonne. 
With
these strong revenues, the economics of source separated collection
of salvageable materials appears viable. 
A preliminary analysis,
as discussed in further detail in Appendix D, indicates that source
separation may be an economically viable solid 
waste management
option. 
 The costs analysis shows that source separation can be
financially self-sufficient, while creating a minimum of three jobs

for every TPD of material recycled.
 

3.3.7 Conclusions
 

Based on discussions with City Council Staff and the information
assessed, there are 
four major areas of concern in the existing
collection system. These are 
lack of expertise, lack of trained
personnel, lack of financial resources, and lack of technical and
financial controls. Improvements in these areas, which are
managerial in nature, are essential in order to alleviate many of
the technical 
and economical deficiencies discussed 
in this
section. 
Thus, any changes to the collection system must address
management issues in order for it to provide long-term improvement.
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Identified below 
are more specific conclusions 
of the existing

collection system.
 

0 
 The cost of collection is relatively high in relation to
the level of service provided.
 

0 Worker productivity is low compared to other cities in

Southern Africa.
 

* 	 Collection 
service is extremely variable with some
locations receiving twice per week collection while other
areas receive 
only once per month collection. In
addition, plot owners have complained about the erratic
 
nature of collection.
 

* 	 The compactor vehicle was found to be the most efficient
and cost effective of the existing fleet.
 
• 
 Collection crew workers morale is relatively low. 
This
may be due to the lack of management and lack of personal


recognition.
 

0 	 Containers need to be replaced City-wide, with particularattention of providing containers with attached lids. 
0 	 The current hiring procedures for sanitation staff placesminimal emphases on hiring needed personnel with
 

management training.
 

0 
 Increased receptacles are needed in commercial areas to
 
reduce litter.
 

3.4 	 DISPOSAL
 

3.4.1 Landfill
 

Existing Landfill - Approximately 60 TPD of municipal waste iscollected and transported to the existing landfill for disposal.The existing landfill is located approximately 250 meters south ofTlokweng Road near the sewage ponds and is less than 3 kilometerssoutheast of the City Centre. The location of the landfill is shown
on Exhibit 3.6. Landfilling occurs 
in an uncontrolled manner,
along the outer perimeter of the site, resulting in a flat shape
which 
is not well suited for shedding rainwater. Waste is
dumped, receives a minimum of compaction and is then pushed over
the 	perimeter 
bank. The working face is actually the entire
perimeter of the landfill which is expanding horizontally outward
rather than vertically upward. Although the 
City owns a steel
wheeled compactor and bulldozer, they are not being utilized in an
efficient manner due to the large working face and absence of daily

cell construction.
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Due to the current construction activity in the city, significant
quantities of 
excavated earth material 
are being dumped at the
landfill, which, if properly managed would be more than adequate
for daily covering. Unfortunately, the material is usually dumped
randomly along the landfill perimeter and mixed with the refuse.
Although this process provides some minimum cover, daily cover is
seriously deficient which 
has resulted in significant
rodent infestation, odours, and windblown debris. 
fly and
 

On 8 June 1991,
the Team observed a fire that consumed nearly the entire working
face of 
the landfill, estimated at
demonstrating 100 meters in length,
another problem associated with improper
operation. landfill
The odour of the burning x
in downtown .fuse was easily identified
Gaborone, 3 kilometers down wind of 
the landfill.
These fives are reported to be a common occurrence.
 
Scavenging 
is legally banned but is 
a common practice at the
landfill with an estimated 100 to 150 people searching through the
refuse on 
a daily basis. Many of these peple live
shelters surrounding the landfill. 

in crude
 
searching for food and scrap metal. 

The scavengers are mainly

A previous commercial practice
of reclaiming waste cardboard from the landfill was 
stopped last
year due to worker health and safety issues.
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Based on capital, labour and operating costs provided by the City,
 
the existing costs of operating the landfill are summarized below.
 

Existing Landfill Costs
 

ite 
 Cost
 

Capital Costs
 
Compactor 
 P400,000
Bulldozer 
 300,000
 

Subtotal Capital Costs 
 700,000
 

Annual Capital Cost 5 yrs @ 8% 
175,322
 

Recurrent Costs
 

Labour
 

Equipment operators (2) 14,600
 
Labourers 
(5) 20,000
 

Subtotal Labour 
 34,600
 

Cover Material 

Maintenance & Supplies 

0
 
12,000.


Fuel 
 8,000

Administration @ 40% Labour 
 13,840
 

Subtotal Recurrent Costs 
 680440
 

Total Annual Costs 
 243,762
 

Cost per tonne @ 21,900 TPY 
 P11.13
 

New Proposed Landfill - The Solid Waste Study prepared in 1985 by
NZA Consultants, evaluated waste generation within the city and
concluded that the existing landfill would be filled up in the near
future and that a new site would be required. The study evaluated
four potential sites, three of which were located outside the City
limits in ..
ribal land areas and the fourth located just southwest
of the existing site as shown in Exhibit 
3.6. Due to the
difficulties encountered 
with locating the landfill 
in tribal
lands, the City Council elected to pursue the development of the
site as shown on Exhibit 3.6. Although the location and design of
the proposed landfill are not within the scope of thisobservations study,were made during our work regarding the proposed sitewhich are discussed below.
 

Very little data exists on the hydrogeological conditions of theproposed landfill. Although bedrock has been located by tst pits
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between 0 and 2 meters from the ground surface, more information
regarding the groundwater flow should be obtained so that potentialimpacts from the proposed landfill can be assessed. 
 Due to the
 
degradation could zesult from improper operation of the existing
and proposed landfills. Underground seepage from the Gaborone Dam
 

close proximity of the Ngotwane River, significant environmental
 

and reservoir 
should also 
be evaluated 
to determine
groundwater flow directions. actual
 

Funding for the design and construction of the proposed landfill
was approved in 1991 
and the work is currently proceeding with
field surveys and design.

complete the entrance 

The approved funding was prioritized to
road, weighbridge, fencing, utilities and
site work first, with the remaining funds to bG applied toward the
construction of the first landfill phase.
 

3.4.2 Special Wastes
 
There are several special wastes that are being disposed of at the
existing landfill that are causing specific problems or should behandled in a different manner. 
Waste Oil ­ improper disposal of waste oil is a major environmental
problem in Gaborone. It is estimated that in exces6 of 800,000
litres of waste oil are generated annually in the City of Gaborone.
Although some of this oilprocessing in South Africa, 

is being collected and sold for re­
sewer drains, dumped in 

most of the oil is being dumped in 
practice continues, 

the bush or tipped at the landfill. Ifthis the impact on groundresources could and surface waterbe environmentallywaste devastating.oil was observed at the A large pool offormer northernMaru-A-Pula School landfill near theand the Gaboronecurrently being filled in 
game reserve. This area iswith clean fill in hopes of absorbing and
immobilizing the oil.
 

Waste oil is also being tipped at the Tlokweng Road site, into a
drainage ditch, near the southThis activity has 
west corner of the sewage ponds.the potential
environmental damage to the nearby Ngotwane River when the rainy
season 


of causing significant
 
returns 
this coming spring. Pools
collected in of oil that have
the ditch will 
be washed directly into
during intense rainfall. the river
Oil that has seeped into the sandy soil
and bedrock could seep into the river over a longer period of time.
This practice should be discontinued and corrective actions taken
to remove the oil and contaminated soil. 
 If collected and stored
in drums, waste oil could be recycled through current markets in
South Africa.
 

Abattoir and Brewery Waste -
Approximately eight cubic meters per
week of abattoir waste, consisting primarily of paunch contents and
hoofs, are being tipped in a separate area of
adjacent to the the landfill,
sewage ponds. 
 Odours and 
fly infestation are
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especially bad in this area due to the uncontrolled nature of the

tipping and the lack of daily cover. This area is also used to tip

waste grain mash from the brewery. Since these wastes are totally

organic they could be composted very easily. Composting options

will be evaluated in Section 4.3.
 

Medical Waste 
- The City's one hospital operates an incinerator 
that reportedly disposes of all surgical and patient care wastes.
 
The Project Team was unable to gain access to the hospital facility

to confirm this, but observations made of the black smoke coming

from the incinerator stack would indicate that the 
facility is
 
operating inefficiently. Ash from the incinerator is taken to the
 
landfill. In addition to hospital wastes, other medical wastes
 
which could be infectious are generated throughout the City by

doctor's offices, clinics, dentists, and veterinary surgeons.

Although procedures for proper handling and disposal of non­
hospital medical waste have been established by the Health
 
Department, there is minimal inspection or enforcement 
of these
 
procedures.
 

3.4.3 Other Observations
 

Hazardous/Toxic Waste - The industrial and commercial sectors of
Gaborone are growing at a very fast pace. Many of these industries 
are generating hazardous wastes which are currently being dumped in 
the City sewer systems or tipped at the landfill.
 

Open Burning of Rubbish - In addition to the frequent fires at the 
landfill, the Consultant Team observed many other instances of
rubbish burning. Considering the composition of the waste, which 
includes many types of plastics, the open burning of rubbish 
produces toxic and noxious 
fumes that are a health concern.

Although the majority of the plastics are polyethylene (HDPE & 
LDPE), including milk jugs and plastic bags, a considerablo number
 
of food containers are polyvinyl chloride (PVC) which can produce.

hydrochloric acid and dioxins when burned.
 

Beverage Containers - The vast majority of soft drinks and beer,
sold in Gaborone, are produced in plastic containers or bi-metal 
cans with bottom and sides made of steel while the top is aluminum. 
The bi-metal beverage can, and plastic containers which currently
have a relatively low recycle values, are major litter problems. 

Proposed Landfill - Current plans call for the landfill to be lined 
with clay, with the installation of leachate collection and
 
management systems. Clay liners have been shown to be less than
totally effective an a lining material, especially where organic
solvents have caused a breakdown in the clay soils resulting in
 
leakage through the liner. Given the unknown nature of the
 
industrial/commercial waste being generated in Gaborone and the
 
close proximity of the Ngotwane River, consideration should be
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given to a more 
conservative 
liner material such as a plastic
membrane. 
 A liner made of high density polyethylene, properly
manufactured and installed, would provide a much higher degree of
environmental protection. 
If the current budget is not adequate to
include the plastic liner, additional funds should be requested.
It would be better to continue landfilling in the existing site
than 
to begin the new site without 
adequate environmental
 
protection.
 

3.5 INSTITUTIONAL 8TRUCTURE
 

There are two basic 
organizational systems are
that used in
managing the activities of either 
government or industry. The
first is a hierarchical 

and 

structure the emphasizes chain of command
has closely defined areas of responsibility and authority.
This system is most identified 
with the military where it is
essential that a field commander have the authority to mike command
decisions within sector
his of operations instantaneously and
perhaps without consultation. 
This system is usually preferred by
those organizations that must respond to changing conditions that
require more or less immediate action.
 

The second system is functionally based wherein the process is
designed tc make maximum use of professional and technical skills.
The functional model emphasizes defused responsibility
authority causing the participants to utilize consensus 
and
 

building
and participatory management. 
 A town planning organization
normally uses 
this structure to solicit professional input from
architects, engineers, economic and social planners. A feature of
this system 
 is usually a high quality of decision after
considerable 
consultation 
and frequent utilizations 
of ad hoc
committees.
 

Government in 
Botswana 
is generally organized along functional
lines 
that make use of the long history of consensus building
manifest in the kgotla 
as a decision making system. 
 It is
characteristic of the system that it is highly responsive to the
participants but is generally slow to respond to problems.
 

The primary institutional structure in which the solid 
waste
collection and disposal system resides is the Health Department of
the City Council of the City of Gaborone. The operating equipment
used in collection and disposal however is 
assigned
Transport section of the Engineering Department. 
to the
 

The primary
mission of the Health 
Department requires 
input from health
professional 
at all levels of, city, district, and central
government. Therefore 
a functional organizational structure 
is
most appropriate to make use of the required talents and input from
all levels of government.
 

However, the case currently under study, the collection of solid
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waste, is also the responsibility of the Health Department. This
places an activity that needs to be reactive into a functionally

organized structure.
 

Exhibit 3.7 is a representations of the organizational chart of the
City of Gaborone. 
The lines of authority from the Councilors and
the Mayor to the Chief Executive and in turn to the Department
Heads infer a hierarchical flow of responsibility and authority
that does not exist. Instead, the organization operates
functional framework as 
on a
 

a general rule. 
 The City Councilors do
have legislative authority to approve expenditures and the budget,
Execution of the budget is in the hands of the Chief Executive. In
a chart like this it is difficult to accurately portray the complex
interrelationships that in fact exist. 
While the City Councilors
have no command or executive authority, they do however, through a
system of committees, and their significant political influence,
profoundly effect not only daily operations but also overall policy

direction.
 

In most hierarchal structures power to hire, promote,and dismiss is
regularly vested the of
in line supervision. In Gaborone city
government this power is held by the Establishment Secretary for
the Unified Local Government Service, an official of the central
government. He generally exercises his authority in consultation
with the effected department head and/or supervisor.
 

Generally, accepted practice a
in function structure, as is
represented in this organization at the departmental level, is the
concentration of all 
 resources 
necessary for completion of the
mission for which it is responsible. Because our primary concern
is the Health Department the example will be from this activity.
The Health Department is recognized a3 
 having general
responsibility for public
the health. However two important
elements are 
missing from the responsibility and control of the
Chief Health Inspector, one the enforcement of health related Bye­laws. Enforcement authority resides in the Bye-laws Officer rather
than in the person whose expertise is involved, and two,
the vehicles used in waste management are under the control and
budget of the Transport Department that is the responsibility of
the City Engineer. Therefore the equipment operntors 
are not
accountable to same line of authority that has responsible for the
 
equipment.
 

This is pointed out as an important characterization of the general
tenor of government in Botswana. 
 At the risk of over
simplification we 
can make the observation that the government
generally would use educational and persuasive inducement rather
than punitive measures in their approach to the control of human
behavior. If this observation is deemed valid then the implication
for our current project is manifold. First, any recommendations

should rely on participatory solutions if we expect to succeed.
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Second, any recomendation based on punitive enforcement will have
a poor chance of being implemented or succeeding.
 

3.6 BUDGET
 

The Recutrent Budget for Gabarone provides a variety of numbers
that can be used to evaluate the cost of solid waste collection and
disposal. Depending on one
how allocates management and
administrative cost figures of up to P5.6 million for the current
year can be estimated. 
Using the budget of Refuse Collection alone
there has been an increase in cost of over fifty percent over the
past two years while the population of Gabarone has grown by 
a
maximum of twenty one percent during the same period.
 

The solid waste expenditures for the City of Gaborone are included
in parts of several departmental or activity budgets. 
 The table
below is a chart of those parts of the budgets that are directly
attributable to the collection and disposal of solid waste and an
additional amount representing the annualized 
cost of equipment
(see Appendix F). 
 This method which excludes administrative and
management cost was chosen because the numbers 
so derived most
closely relate to actual savings the City might realize from the
alternatives presented.
 

COMPOSITE BUDGET FOR SOLID WASTE FINANCIAL YEARS 90,91 92
 

90 91 
 92
 
Transport 28% of total 
 P 444,220 
 625,570 717,746
 

Refuse Collection 35% of total 
 544,599 628,873 
 817,950
 

Annualized Equipment Replacement 268,256 268,256 268,256
 

1,257,075 1,522,521 1,803,952
 
There are approximately 23,000

plots in Gabarone and they are
 
picked up an average of once
 
each week. The average cost per
plot per week is;* 
 1.11 1.34 1.59
 
* This figure is based on 95% of the total of 23,000 plots being
residential as reported 
in the 1985 solid Waste Study. This is
particularly note worthy in that 5% commercial/industrial plots
account for over 30% of the solid waste generated.
 

From information received 
from Mr. Kombe, Acting Chief Health
Inspeutor, the 
solid waste collection portion of 
the Refuse
Collection budget is about 35% of the total. In discussions with
Mr. Pathmanaathan, City Engineer solid waste collection 
absorbs
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about 28% of the Transport budget.
 

An annualized equipment 
replacement cost determined
was 
 by
amortizing all equipment on an estimated purchase price for seven
 years as presented in Appendix F.
 

3.7 REGULATORY LEGISLATION
 

3.7.1 Township Act
 
The Township Act was enacted in 1966. 
 It provides the basis for
all responsibility and authority of local government. Chapter 40:02
of the constitution, Part V titled "Powers and Duties of Councils"
Regulation 28.(2) provides,"Subject 
to the provisions of these
Regulations , a council shall have power to do anything and enter
into any transaction not unlawful which in 
 its opinion is
calculated to facilitate the 
proper discharge of 
any functions
conferred or imposed upon it by or under these Regulations or any
other law, or which is incidental or conducive thereto."
 
Regulation 29 is a little 
more 
specific in enumeration or
City's responsibilities, the


" perform It shall be the duty of a council tothe functions it is required to andperform otherwiseexercise its powers so as to secure and promote the health, order
and good government of the area for which it has been established.
 
The contractual authority and procedure 
by which the City
Councilors operate is specified in Regulation 38 as 
follows," If
the liability of a council under any contract for the supply of anygoods or materials or the execution of any works or the provisionof any services, other than professional services, for or to thecouncil is to exceed R 1 000 the contract shall be embodied in a
formal document approved by the council and the council shall not
enter into it without inviting tenders".
 
An important feature 
for privatization options that make it
possible to consider unorthodox proposals that favor structuresthat impact Batswana owned new business is included in Regulation
45." (1) In considering quotations or tenders a council shall take
into account the contractual reliability of the tenderers or the
persons submitting quotations 
as well as 
the need to achieve
economy,efficiency and the development of Botswana industries".
 
A further affirmation of this possibility is included in section
(2) of the same regulation "A council is not obliged to accept the
lowest or any tender or quotation but in any case where the lowest
quotation is not accepted the reasons why it is not accepted shall
be recorded in the council's minutes, and where the lowest tender
is not accepted, the council shall report the reasons why it is not
accepted to the Minister."
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Again in Chapter 40.02 the Township Act gives a specific delegation
 
of responsibility for dealing with solid waste in the "FIRST
 
SCHEDULE* (regulation 28)"FUNCTIONS WHICH MAY BE CONFERRED ON. 
COUNCIL" as follows
 

2. (1) To provide sanitary services for the 
removal and destruction of, or for otherwise dealing

with, night soil and refuse.
 
(2) To take steps in addition to those taken by any
 
other authority to safeguard and promote public health
 
and prevent the occurrence of or to deal with any
 
outbreak or prevalence of any disease."
 

3.6.2 National Development Plan
 

The National Development Plan is not the law of the land but is a
 
major policy statement. The NDP is rewritten every six years with
 
a new focus and emphasis that reflects the changing political,
 
economic and social conditions of Botswana. NDP 6 is the current
 
plan in effect, however NDP 7 is expected to be released in the
 
near future. Fortunately, the team was given the opportunity to
 
review preliminary drafts of the appropriate sections to assure
 
that no contradictions will be found in our use of the NDP 6.
 

It is well to show the governments support for some of the
 
objectives of this project.
 

An initial commitment to the development of private enterprise in
 
Botswana is found on page 54, paragraph 3.2 of NDP6 "Government is
 
committed to careful planning to ensure that finance, manpower and
 
natural resources are used effectively and in accordance with
 
national priorities ....The Government's commitment to planning is
 
not intended to stifle private initiative but to create favorable
 
conditions in which the private sector can contribute to national
 
development." The commitment becomes more directed in the
 
following statement from section 3.8 of NDP 6 " .... Government
 
must aim to create conditions in which private activities that are
 
of national benefit can flourish."
 

Further,from the National Policy on Economic Opportunities page 64
 
of NDP 6 "...in general, the best way to stimulate the
 
creation of opportunities is to provide incentives and support to
 
the private sector..."
 

In this regard the central government made a commitment to local
 
government as stated in section 4.2 "--Work towards encouraging
 
greater decentralization in decision making, particularly of
 
development related plans and projects and promote productive
 
activities in order to generate more employment opportunities at
 
local levels."
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3.7.3 Bye-Lav
 

The City Councilors and the Mayor derive their power to pass bye­laws to govern the city from the Township Act and other actions of
the parliament related to specific responsibilities. In general
Bye-laws track legislation from Chapter 40.02 and from regulation
28 FIRST SCHEDULE "Functions which maybe conferred 
on Council."
Using Regulation 28 sec 2.(1)"To provide sanitary services for the
removal and destructions of ...refuse, 
for its authority the city
council developed a detailed bye-law on handling solid waste.
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4.0 
OPTIONS IN WASTE MANAGENENT
 

4.1 INTRODUCTION
 

In order to provide alternatives for improvements to the current
solid waste management system, the Consultancy developed 
 a
methodology for evaluating the 
current collection and disposal
system and the legal and institutional considerations implicit in

introducing privatization.
 

The methodology for assessing 
the current systems of service
delivery varied significantly depending 
on the segment of the
project under study. Initially, this consultancy examined the
legal basis for delivery of Waste Management Services by reviewing
the Township Act, the Bye-laws and the National Development Plan as
they relate to the existing collection and disposal system.
 

Interviews were conducted with many public officials from both the
central government and from the city council. 
 Studies of waste
management and of privatization in Botswana and other developing
countries 
were reviewed for relevance to 
the current project.
Representatives of the private sector were interviewed to ascertain
perceptions of the current system and to solicit opinions on areas
 
which require improvements.
 

At the same time, line supervisors were questioned to verify
operations and policy. 
Job descriptions and files were reviewed
and compared to actual observations. These assessments were shared
with the Steering Committee as a basis for feedback and

communication.
 

The team then divided the elements of the solid waste operations
into management, organization, and administration for further study
and problem identification. Problem identification lead directly
to suggestions for remedial action which in turn were tested for
legality, organizational acceptability, and consistency with other
 
elements of the project.
 

4.2 
DESIGN ISSUES FOR PRIVATIZATION
 

There are economic and social issues which need to be addressed in
the decision to privatize solid waste management services. These
issues relate to how privatization will impact efficiency,
ownership of equipment, labour, 
cost recovery, recycling, and
environmental concerns. 
 These issues form a basis for comparing
the privatization options presented in this chapter.
 

While issues presented may appear difficult to resolve, they have
been successfully 
addressed in other privatization projects.
Consideration of these issues in the early stages of project design
 



and development can help ensure that privatization options selected
 
by the GCC will be viable and efficient. Design issues for
 
privatization are summarized as follows:
 

0 	 Efficiency - Privatization is designed to promote greater

efficiency and cost effectiveness. Proposals will need
 
to be evaluated in terms of their costs and level of
 
service provided.
 

0 	 Ownership of Equipment - If privatization occurs, a
 
contractor may require appropriate equipment and some
 
method for maintenance. Equipment could be either
 
purchased directly by the contractor, or leased from the
 
Engineering Department.
 

0 	 Labour - The privatization of refuse collection will 
result in increased jobs in the private sector and job

replacement within City Council. The public sector will
 
require the addition of trained administrative staff for
 
overseeing contracts.
 

* 	 Cost Recovery - The privatization of solid waste
 
management will result in costs impact to both the
 
residential and commercial sector. 
These issues must be
 
adaquately addressed in proposals under consideration.
 

0 	 Recycling - Recycling activities in Gaborone have been
 
limited to the private sector. As future landfill costs
 
increase, recycling will become increasingly attractive
 
and has social and environmental benefits.
 

0 	 Environmental Concerns 
- Solid waste collection and
 
disposal system impact both air, land, water quality.

Litter and illegal dumping have as
been 	cited major

health concerns in the City of Gaborone. The selected
 
options must consider these concerns.
 

4.3 	 COLLECTION OPTIONS
 

Described below are several privatization alternatives for
 
consideration by the Steering Committee and Gaborone City

Council. These alternatives are designed to improve collection
 
efficiency and dependability for residents and businesses 
in
 
Gaborone.
 

An important consideration in the decision to privatize any public

service is the ability meet three crucial
to 	 criteria. These

criteria: are ability to specify services required (i.e., to
 
develop a clearly worded contract;; developing safeguards 
to
 
assure that satisfactory services are provioed (i.e., developing
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performance specifications); and developing competition so that a
single entity does not dominate the market.
 

If each of these criteria are se tisfied, privatization is an option
that 	may be worth consideration. 
In the area of refuse collection,
experience in other Countries has indicated that privatization can
result in cost savings for the municipality.
 

The 	five privatization alternatives 
evaluated for collection
 
service include:
 

A. 	 Privatization of entire City (Gaborone West, South and
 
North).
 

B. 	 Incremental Privatization of Residential Collection.
 

C. 	 Privatization of Commercial/Industrial Sector.
 

D. 	 Privatization of Old Naledi with new collection strategy
 

E. Solid Waste Management by Parastatal
 

Based on the Consultant,'s analysis, 
and 	discussions with City
Council staff, Alternative B, C,and D the
are recommended
privatization options. 
Thus, a more detailed description of these
alternatives are provided in Chapter 6.
 
The remaining three alternatives which were not 
recommended for
implementation are discussed in further detail below. 
Included is
a synopsis, background, capital 
costs estimate, a review
equipment with capital 	 of
cost 	estimates, contractual issues, and
advantages and disadvantages for each alternative. 
 In addition,
the cost impact of each alternative is provided.
 

Cost impact is defined as the net effect on the unit cost (i.e.,
Pula per plot) compared to the existing costs. Cost impact is
determined based 
 on estimated efficiency 
 of 	 the various
alternatives, capital costs, and management structure.
 

Alternative A. Privatization of entire City (Gaborone West, South 
and North) 

Synopsis - This 	option would require that the consultants design a
contract for all collection and disposal service. 
Under th is
option it is likely that a larg', experienced firm would bring in a
management team and supplement it with local labor and drivers.
Background - Large international firms have a great deal of
expertise that smaller firms must develop sometimes at great cost.
A large firm will have 
the 	financial strength to 
ovcrcome
unexpected set backs and to provide almost certain backup service.
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Description -
The city would tender the entire system for bids on
the basis of tonnes per day of handled waste. The successful
bidder would be expected to use every available means to conserve
landfill space by resource recovery systems and 
 possibly
composting. 
Other than normal service standards and preservation
of landfill incentives most operating details would be left to the
 
contractor.
 

Capital Cost - Not an issue in this alternative.
 

Cost Ilpact - The city would have to absorb a large number ofdisplaced employees 
and possibly some equipment if the entire
 
system were privatized in a single move.
 

Contractual Issues -
There are no major difficulty in developing
this kind of contract 
however because the volume of waste in
Gaborone is so small at this time it may prove difficult to obtain
bidders for any thing but a management contract at this time.
 

Assessment 
 - This alternative addresses 
 the desirable
characteristics of: Promotes job in the private sector, probably
effective and efficient initially, is responsive to growth, and

would preserve or improve the environment.
 

Obviously local ownership and all local privatization issues are
neglected. Additionally this option may lead to monopoly, high
administrative and management costs and loss of local- control.
 

Alternative B. Incremental Privatization of Residential Collection
 

Synopsis -
A portion of Gaborone would be selected for contracting

to a private company. Companies interested in tenders on the
provision of 
solid waste collection would be pre-qualified and
provided group training by BOCCIM or other appropriate agency in
organizing and operating this kind of busintss. Bidders would not
be helped on the tender itself however. Advertisement for tenders
would be published and an award made under the laws of Botswana.

The successful bidder would be trained under a Cohort system and
prepared for all 
aspects of entrepreneurial waste collection if

such training was requested or required.
 

Background - Two major thrusts of the government of Botswana arethe development of private industry and training of management
personnel. Additionally, there is significant interest in limiting
the growth of local government expenses while aiding it to respond
to the need of 
a rapidly expanding population. A service
organization must respond quickly and 
decisively to constantly
changing conditions therefore the entrepreneurial model of private
enterprize ii chosen as most appropriate to improve solid waste
collection and to satisfy the above mentioned criteria.
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Technical Description of Recoumendation - Under this alternative aprivate company could be selected through appropriate tenders andassisted in organizing and operating the business of providing

wasta collection service to 
about one third of the residential
plots of the city. Analysis indicates this would be about the
smallst segment that could be economically feasible considering

the capital cost involved.
 

The contractor would bid 
on a per plot price for providing an
agreed standard of service. It is expected that the contractor

would be assisted with intensive training and guidance through tae

first six months of eperation by having a donor agency sponsored

expert working as co-manager for this period if there is a need or
interest on the part of the contractor or the City Councilors.
 

The use of the term Cohort is an adaption of the management system

conceptually developed by Robert Goembiewski for training managers

on the job. In this case, we propose the use of a donor provided

expert in solid waste management to co-manage the organization and
work hands-on in setting up 
financial and accounting systems,

routing and management procedures. The Cohort would also be
expected to assist the City Council in improvements to the public

collection and disposal system.
 

Organizationally, i-t is anticipated that the contractor 
*.ll

utilize two crews with one backup vehicle. Each crew would service
 
approximately 750 plots per day.
 

A more detailed description of this alternative is provided in
 
Chapter 6.
 

Alternative C. Privatization of Comercial/Industrial Sector Only
 

Synopsis - Under this scenario, The City Council would inform all

businesses that they 
must contract with a private franchised

organization to provide disposal service within six months. 
In the
 
mean while the city will advertize for tenders to enter a franchise
 
agreement with the city wherein the successful tender would be
allowed exclusive use of the city's streets and rights-of-way to
collect solid waste from businesses in Gaborone at a price f..xed in
the franchise agreement, based on the service provided. The price
would include escalation for fuel and general inflation.
 

Background - Business and Industry occupy a unique role in thewaste system because production of waste is often directly related 
to their operations, Therefore disposal of this waste should beconsidered a cost of doing business. Under normal circumstances
 
there is little justification for so directly subsidizing business

without identifying a compelling public interest.
 
When faced with the possibility of a separate charge for solid
 
waste disposal charge, businessmen sometimes argue that they pay
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rates to defray the cost of waste disposal. This approach fails to
 
recognize the differences between various businesses. Some
 
generate enormous amounts of waste compared to the rates they are
 
assessed while others of great value add almost nothing to the
 
waste stream. In addition, the separation will later provide a
 
better basis fcr encouraging recycling and resource recovery.

Separating the r:ommercial collection from public service satisfies
 
two of the governments basic objectives; 1, Increases jobs in the
 
private sector, and 2, Reduces the cost of government.
 

From the information in Chapter 3, it is found that 34% of all
 
solid waste that makes its way to the landfill is produced by the
 
commercial sector. The production of solid waste bears no causal
 
relationship to the rates paid by business, therefore rates are a
 
poor method of assessing costs.
 

Technical Description of Recommendation - The city's part in this
 
recommendation would include designing tenders for letting a
 
franchise, drafting the necessary changes to the bye-laws, amending

the business licensing bye-laws and training the Health Department

personnel in enforcement. As a part of the franchise agreement

the city would regulate the terms, conditions and prices of
 
th franchisee and would receive five percent of gross receipts to
 
pai for contract oversight and use of the streets. All companies

would be expected to display their contract for the collection o"
 
refuse in their place of business and as a part of annua.
 
licensing. The Health Department would be given the responsibility 
to approve the level of service that each business should have. 
For example, a restaurant or food manufacturer would be expected to 
contract for daily collection, while a stationary store may only

need one small container a week.
 

A more detailed description of this alternative is provided in
 
Chapter 6.
 

Alternative D. Privatization of Old Naledi with New Collection 
Strategy
 

Synopsis - Collection of refuse in Old Naledi would be contracted 
to a local private organization, such as the Village Development
Committee (VDC). In order to address the unique characteristics of 
the area, a new collection strategy is proposed.
 

Technical Description - This alternative would contract collection 
of refuse and part of litter pick-up in Old Naledi with a locally
based organization. Management and financial training during the 
implementation of this alternative would be provided by a donor
 
agency. Appropriate equipment would be procured by the City

Council.
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Under the new collection strategy each plot would receive an amply

supply of plastic bags. 
The plastic bags would be collected via
farm type tractor with an attached five cubic meter trailer. Once

the trailer is full, the tractor would deliver the bagged waste to
 
a designated transfer area. 
This waste would then be delivered to

the landfill by a City Ccuncil. compactor vehicle.
 

To address the signif Lcant litter problems in Old Naledi, this
option 
includes the placement of empty trailer containers in
 
targeted areas.
 

A more detailed description of this alternative is provided in 
Chapter 6.
 

Alternative E. Formation of Parastatal 

Synopsis - Solid Waste Management by Parastatal: Because

parastatals have more flexibility in responding to changing

conditions and are to and
they able recruit retain skilled

personnel more effectively a parastatal may be an acceptable

alternative to the current system. 
The Electrical Power and the
Water parastatals both have collection units and can enforce
 
payment in many cases that the city could not by denying other

service if there were a decision to institute a service charge in
 
the future.
 

It is doubtful that the service would improve under this option andthere is no reason to suggest that the cost of service would go
down. However, management and responsiveness may be effected. 

Description - The description of this alternative is generally

parallel to that of the total privatization option.
 

Cost Impact -
The cost of service would likely remain constant on
 
a per plot basis initially. Cost may rise as the bureaucracy

develops.
 

4.4 DISPOSAL OPTIONS
 

4.4.1 Issues
 

The assessment of the current disposal system, found in Section 3.4
concluded that the existing system (landfill) is uncontrolled and

has resulted in significant, environmental, public health and

social impacts, especially to those residents living the
near

landfill. Since the alternatives needed to mitigate these

deficiencies are primarily technical in 
nature, this section on

disposal options will first present the 
technical options for

improvement of disposal operation, followed by 
a presentation on
 
Privatization alternatives.
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In the context of this report, disposal will also include any
 
processing of the waste that occurs after it has been collected.
 
Processing methods include low tech alternatives like sorting and
 
material separation as well as more complicated alternatives such
 
as composting and incineration. All processing alternatives will
 
serve to reduce the mass and volume of the waste requiring

disposal, but they will not replace the need for a landfill. The
 
processing of the waste, which includes removal of materials or
 
reduction of waste volume through composting or incineration, will
 
extend the life of the landfill.
 

In consideration of long-term disposal alternatives it is important
 
to maintain flexibility in the presentation, selection and
 
implementation of the selected plan. Economic, political and
 
social changes will most likely occur during the planning period
 
and while the plan must be firm enough to insure that the desired
 
service is performed at a predictable cost and efficiency, it must
 
also be flexible enough to respond to changes that may occur during
 
the planning period. This is especially true of disposal
 
alternatives in Gaborone since the new proposed landfill will have­
a limited life and the location and implementation of the next
 
landfill will be far more difficult and costly. Therefore, the
 
proposed landfill must be considered as a valuable resource and
 
alternatives will be presented and evaluated in terms of their
 
resultant affect on landfill life, as well as their economic and
 
environmental impacts.
 

Cost estimates have been prepared for each disposal method and
 
integrated into the presentation of alternatives. These estimates
 
are based on conceptual design assumptions, similar reference
 
systems, good engineering practice and in all cases adjusted for
 
local labor conditions. Initial capital expenditures were
 
annualized over twenty-five years at eight percent (8%) interest
 
and an equipment reserve fund is included in recurrent costs to
 
replace equipment throughout the life of the facility. These
 
estimates are intended to serve only as a basis for comparison of
 
alternatives and should not be assumed to reflect actual
 
construction or operating costs. Upon selection of a disposal

alternative, preliminary and final design phases should be
 
completed to finalize cost estimates.
 

4.4.2 Disposal Methods
 

The following disposal methods are included in the presentation of
 
disposal alternatives:
 

Landfill
 

The new landfill, currently under design, will be approximately
 
thirty hectares in size and will be constructed in phases. The
 
first phase, estimated to begin in ;.ate 1991 or early 1992 will
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include site 
work, access roads, fencing and administration
facilities for the entire site plus construction of the first
100 x 150 meter cell. 
Although details are not yet finalized, the
landfill will be lined with either a clay or synthetic liner and
include leachate collection and management systems.
 
Based on information presented in the 1989 NZA report and the 1991
ARUP report, the capital and recurrent costs of the proposed
landfill have been estimated and are included in Appendix E. Since
the amount of waste material requiring landfilling will vary
depending on the amount of processing, the initial cost estimate
has been expanded to reflect annual costs at different capacities.
These estimates are included in Appendix E and 
are included

Exhibit 4.4, Alternatives Cost Summary. 

in
 

Materials Recovery
 

The waste in 
Gaborone contains many materials that have a post
consumer value should be
or not 
 placed in the landfill for
environmental or health reasons. 
A waste sorting facility has been
recommended in past reports and the current site the
of new
landfill has a 50 
x 50 meter area assigned for this facility.
Based on the waste aeneration and composition study it is estimated
that fifteen tonnes per day of materials could be removed from the
waste, including three tonnes of glass, four tonnes of tin, six
tonnes of paper and two tonnes of plastic. Actual amounts will
depend on the amount of source separated recycling that 
occurs
prior to the waste reaching the sorting facility. For the purposes
of this report we have assumed that all mixed 
waste will be
processed through the 
sorting facility while source separated
organic material or other waste containing no recoverable material
would 
proceed directly to the landfill or other processing
component of the facility. A further description of the sorting
facility and cost estimate is included in Appendix E. A summary ofcost estimates is included in Exhibit 4.4.
 

Composting
 

Composting is defined as the natural biological decomposition of
organic waste material under controlled conditions. The finished
product of the process is a soil conditioner and erosion control
material. 
In Botswana the compost will increase the native soil's
ability to retain moisture and would have many market applications.
For the purposes of this report we have assumed that all of the
compost would be used for public works projects such as covering
the closed landfills. If the compost component of the 
disposal
system is privately operated, the City would have the option of
taking the compost for 
its own usage or allowing the private
operator to market the material to private and commercial users.
 

The Waste Generation Study and Weighing Program identified three to
five tonnes per day of source separated organic material that could
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be composted using low technology methods. These materials includevegetable waste, brush, feathers, manure and paunch contents. With
 
a minimum investment these materials could be turned into a very
high grade agricultural compost. Since these materials only
represent six percent of the disposed waste, 
the composting of
 source separated organic material will have only a minor impact on
landfill life. A more intensive composting system, following the
sorting facility, will have a more dramatic effect on the landfill
life, diverting an estimated twenty-seven TPD or forty-five percent

of the disposed waste. A composting system designed to process an
initial forty-five TPD is shown graphically in Exhibit 4.1 and
 
described in more detail in Appendix E.
 

Incineration
 

Incineration produces the greatest volume reduction in the waste to

Le landfilled but also is the 
most expensive waste processing

option. 
In addition to the high capital and recurrent costs, air

pollution and ash handling problems can result if the incinerator
 
is not operated properly. Waste incinerators that also produce
energy in the form of steam or electricity are called Waste-To-

Energy facilities. A further discussion and 
cost estimates of
Waste-To-Energy are included in Appendix F and estimated costs are

included in Exhibit 4.4.
 

OVER SIZE REJECTS 
TO LANDFILL 

SORTED HAIVIMERMILL OR ,mo TROMMEL
 
WSEKNIFE MILL OR "AE
 

,ANDROWS (90 DAYS) MIXER WATER 

NITROG - N 
ZS ,. 

SCREEN
 

G R IN- ER 
 REJECTS TO LANDFILL. 

FINISHED COMPOST 

EXHIBIT 4.1 COMPOSTING SYSTEM 
/ ­
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4.4.3 Privatization
 

The Issues - The current landfill is being poorly operated. In
terms of pure economic efficiency (cost), the landfill operation
rates high the is
because disposal 'eing accomplished with 
a
minimum amount of manpower 
and resources. Unfortunately, the
relatively low price being paid 
 for this economic efficiency is
more than overshadowed 
by the major environmental, health and
social problems that are resulting from the 
improper operation.
The key issue in considering public versus private operation is the
improvement in operation in order to reduce eliminate
or the
current negative impacts. This improvement in operation, whether
it remains public or is privatized, will most certainly result in
significant cost increases.
 

Due to the potential for negative impacts from improper operation,
accountability for operation is the biggest issue 
in evaluating
Privatization of disposal alternatives. 
 With public operation,
accountability is often difficult if not impossible to maintain.
Without well trained 
managers and operators, and frequent
inspections, the current system has failed to operate a controlled
landfill. Accountability through private operation will 
be much
easier to define and enforce since the performance standards and
conditions of operation can be enumerated in the contract agreement
along with inspection provisions and penalty clauses if the
performance standards are not maintained.
 

Ownership - Since the new landfill will be built on City owned
land, ownership should reside with the City, with the option of
privatizing operation. 
But the sorting and composting facilities
would be totally new facilities and there are several privatization
options that may include 
ownership as well as operation. Key
issues in preparing an owner/operator agreement include risk
sharing, payment formulas, performance standards and a contractual
mechanism by which the City can assume ownership in the event of
non-performance as defined in the agreement. 
Other options could
include public ownership of the buildings and grounds, with private
operation and ownership of equipment.
 

Design/Build/Operate - This is another privatization structure that
may be suitable for 
the disposal alternatives. Although the
landf ill is already under design, the other potential components of
the disposal system, the sorting facility, the composting facility
and the incinerator could be privatized through a single contract
that includes design, construction, and operation. 
 The contract
could be written to include either public or private ownership of

the facility.
 

4.4.4 Alternatives
 

The disposal methods outlined above have been grouped into six (6)

alternatives for further evaluation and consideration by the City
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Council. These alternatives are shown graphically on Exhibits 4.2
 
and 4.3 and described as follows:
 

Alternative 1 - This alternative basically continues the existing

disposal procedures of landfilling wastes, as collected, under
controlled conditions in the new landfill. 
Under this alternative

the new landfill 
will have an estimated life of approximately

twenty-seven (27) years. Operation could 
be either public or
 
private.
 

Alternative 
2 - A waste sorting facility would be added in

Alternative 2 to remove those materials having a current recycling
value or those materials that should not be landfilled. The

sorting would be performed manually for glass, paper and plastic

but a magnetic separator could be used to remove tin cans and other

ferrous materials. 
Based on previous studies it is estimated that
the sorting station could remove approximately fifteen tonnes per

day of materials. The facility could be equipped with its 
own
baler for processing materials or they could be transferred to an
existing baler in West Gaborone for processing and marketing. The.
removal of the fifteen tonnes per day would extend the landfill
 
life from 27 to 31 years.
 

Alternative 3 - This alternative would expand Alternative 2 byadding a waste processing facility after the sorting operation
which would produce compost materials. Processing would include

further handpicking to remove inert materials that will not
 
compost, and also mechanical devices to separate materials by size

and density. It is estimated that sixty percent (60%) of the 45
 
tonnes per day of sorted waste would be diverted, while 18 tonnes
 
per day will be rejected material 
and sent to the landfill.

Alternative 3 will extend the life of the landfill to an estimated
 
44 years.
 

Although the process itself is very basic, a composting plant must

be operated and managed properly in order to ensure a high quality

compost product and to control odours. 
 For these reasons it is
suggested that the compost facility be operated by the private

sector.
 

Alternative 4- Alternative 
4 adds a waste incinerator to the
system to 
reduce the volume of rejected wate that ultimately

reaches the landfill. Since the waste will have been well separated

by the time it reaches the incinerator, most of the inert materials

will have been removed and ash percentages would be very low. Of

the 18 TPD of sorted waste entering the incinerator, we estimate

that only two tonnes per day of 
ash would req.,ire landfilling.

With this fully integrated disposal system, we estimate that the
life of the proposed landfill would be extended to 78 years.
 

4-12
 



Any alternative that employs waste incineration should be reviewed
carefully for its environmental impacts and air pollution control
equipment. 
Capital cost will be an important factor in evaluating

waste incineration.
 

Alternative 5 -
After having reached the fully integrated system,
described in Alternative 4, there are three additional alternatives
that could involve waste incineration. Alternative 5 combines a
waste sorting facility, waste incinerator and landfill. 
Collected
waste would be reduced from 60 TPD of mixed waste to an estimated
four TPD of ash to be landfilled. 
Landfill life under Alternative

5 is estimated at 65 years.
 

Alternative 6 - This alternative assumes that collected waste is
fed directly into a 60 TPD incinerator. 
 Since the inert bottles
and 
cans would remain in the waste, the volume of ash remaining
from the incineration would be much greater than if the wa3te had
been presorted. Under this alternative, it is estimated that 21
TPD of ash would still require landfilling, resulting in a landfill
 
capacity of 46 year.
 

4.4.5 
Evaluation of Alternatives
 

Eoonomic Impacts -
 The estimated costs of the disposal alternatives
are summarized in Figure 4.4. 
 Each alternative is summarized in
terms of 
total annual tonnes of waste disposed, tonnes of waste
diverted from the landfill 
 through sorting, composting or
incineration and the resultant landfill life. 
Annual capital and
recurrent costs are prcsentod minus any revenues derived from the
sale of materials or energy.
 

As stated earlier, the degree of processing directly affects the
life span of the landfill. 
 For each tonne of waste that is
diverted, a cost saving will be realized by the City in terms of
reduced landfill costs. Unfortunately, these cost savings will not
be fully realized in the present and are actually costs that will
be avoided at some point in the future by increasing the life of
the landfill. For instance, 
a forty percent (40%) reduction in
waste will not reduce current disposal costs by forty percent (40%)
since many of the costs are fixed costs and will not be reduced by
reductions in the amount of waste.
 

This economic concept known "avoidedis as cost" and representscapital cost savings at some point in the future. Since thesefuture costs are nearly impossible to predict we have selected a
simplified method of applying the 
avoided cost concept to the
comparison of alternatives. Alternative 1, Landfill without any
waste diversion, will be considered the base case with annual
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capital costs of P288,534 or P13.17 per tonne. Each subsequent

alternative that diverts waste from the landfill through recycling,

composting or incineration, will be given a P13.17 credit for each
tonne of waste that is diverted. 
This credit is then subtracted
 
from the net cost per tonne to obtain a "comparative" cost per

tonne.
 

The application of avoided costs 
results in Alternate 3, Sort,
Compost and Landfill as having similar comparative costs as the

base case, landfill only. Although the alternatives that include
 
incineration result in the greatest reduction of waste, and

extension of landfill life, the high cost of building and operating

these plants is significantly greater than the savings in landfill
 
space and results in higher comparative costs.
 

Environmental Impats - Alternatives 2 through 6 all include 
processes that reduce or eliminate the amount of organic matter
being landfilled and therefore reduce environmental impacts.

Although the incineration process provides the greatest reduction

in organic matter, creating a relatively inert ash, uncertainties
 
regarding the incoming waste quality and the potential of improper

operation could produce toxic ash and/or air emissions. This is

especially true in Botswana where the industrial sector is rapidly

expanding and a system for the identification and disposal of
 
hazardous waste has not been implemented.
 

This same uncertainty over the quality of the incoming waste could
also affect compost quality but to a lesser degree than
 
incineration. If ths waste is presorted prior to entering the
 
compost system, there 
is less of a chance of hazardous waste
 
getting into the system.
 
A more *thorough discussion of environmental impacts will be
 
presented in Section 5, Recommended Strategies.
 

4.4.6 Alternatives Summary
 

The current landfill is being operated at relatively low cost, but
operation is uncontrolled and is causing significant environmental,

public health and social impacts. In addition to the proposed new
 
landfill, currently under design, additional processing and
diversion of waste 
through sorting, composting and incineration
wl l increase landfill life. Although disposal -osts will increase

dramatically as landfill operation is improved, and will increase
 
still further with the addition of processing systems, the future
 
cost savings in avoided landfill costs, will offcet much of the

additional processing costs. At in the it
this point report,

appears that Alternative 3, consisting 
of a sorting facility,

composting facility 
and an 18 TPD landfill is the preferred

technical alternative from both a comparative cost and

environmental viewpoint. Privatization of all or a portion of the
 
disposal components should be considered.
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EXHIBIT 4.4
 
ALERNATIVES COST SUMMARY
 

(R.,a.d-1491) 

GENEFRAL DATA 

ALT I 
LANDFILL 

ALT 2 
SORT 

LANDFILL 

ALT 3 
SORT 

COMPOT 
LANDFILL 

ALT 4 
SORT 

COMPOST 
INCINERATELANDFILL 

ALT 5 
SORT 

INCINERATE 
LANDFILL 

ALT 6 
INCINERATE 

LANDFILL 

TONNES DELIVERED 
TONNES DIVERTED 
.TONNES LANDFILLED 
LANDFILL LIFE (YEARS) 

21,000 
0 

21,00 
27 

21900 
5,475 
16,425 

31 

21.J00 
15,330 
6,570 

44 

21,900 
21.170 

730 
78 

21,0 
20,440 

1.460 
65 

21,900 
14,235 

7,665 
46 

CAPITAL COST 
SORTING 
PROCEAING 
INCINERATION 
LANDFILL 

SUFTOCTAL CAPITAL COSTS 
ANNUALIZESD CAPITAL COSrS 

0 
0 
0 

3.080,000 

3,080,000 
288,534 

1.5.0,00 

0 
0 

3.080,000 

4,670,000 
437,486 

1.,50.000 
1,212,000 

0 
3,030,000 

5,882,000 
551,026 

1.590,000 
1,212,000 
5,425.000 
3.080,000 

11,307,000 
1,059,240 

1.590,000 

0 
8,95000 
3,080,000 

13,595,000 
1,273,580 

0 
0 

10.425,000 

3.08000 

13,505,000 
1,265,148 

RECURRENT COSTSSORTING 
PROCESSING 
INCINERATION 
LANDFILL 

SUBfTOTAL RECURRENT COSTS 

TOTAL ANN UAL COS 

ANNUAL REVENUES 

NET ANNUAL COST 

NET COST PER TONNE 

AVOIDED CO-17 (PULA/YR) 

COMPA RATIVE COST PER TONNE 

0 
0 
0 

418.500 

418,500 

707,034 

0 

707.034 

32.28 

0 

3228 

232,000 
0 
0 

374.000 

606,00 

1.043.486 

27,375 

1,016,111 

46.40 

72,106 

43.11 

232,000 
163,000 

0 
247,500 

642.500 

1,193,526 

224,475 

99.051 

44.25 

201.806 

35.03 

232,000 
163,000 
750.000 
16,500 

1,311,500 

2,370,740 

336,797 

2,033,43 

92.87 

278,809 

80.14 

232.000 
0 

oo,.0o 
166,500 

1,28,500 

2,572,080 

214,575 

2,357.505 

107.65 

269,105 

95.3 

0 
0 

1.270,000 
226,500 

1,496,500 

2,761,648 

299,520 

2,462.128 

112.43 

187.475 

103.87 



5.0 PRIVATE SECTOR ASSESSMENT 

5.1 GENERAL CHARACTE1ISTICS 

In meetings with the 

of 

members of the Steering Committee andassessment relevant public policy statements and the project
Scope of Work, it 
was possible to identify
characteristics of the firm or 
several desirable
 

firms with which the 
City might
contract all or part of the solid waste management system. First,
there was 
general consensus 
that being locally based 
was a
desirable if possible. 
 It is hoped that this would increase the
responsiveness of the contractor. 
Second, several thought that a
small company would 
more 
closely satisfy the national goal 
of
developing a managerial class in Botswana, and third, experience in
the provision of 
public service would be 
an asset in the
organization chosen.
 

5.2 lOCAL CONTRACTORS
 

Several local contractors were contacted who were interested in one
part or 
another of managing the solid waste disposal system of
Gaborone. 
 In each case the interested party had either a narrow
interest i.e., presorted compostable materials, 
were under
capitalized for the size of the project, were lacking sufficientbreadth of experience, or had no jatswana involvement in ownership.
These contractors will be availab -for 
 possible consideration of
segments of the system if this 
is an alternative chosen by the
Mayor and City Councilors.
 

In addition, representatives of the Botswana Conference of Commerce
Industry and Manpower were contacted and expressed an interest in
working with any new entrepreneurs who need business training or
assistance. 
If an economically viable business plan were developed
it was felt that there would be no difficulty in finding interested
companies.
 

The Botswana Development Corporation also expressed a willingness
to consider financial participation in a viable business venture of

this type.
 

5,3 INTERNATIONAL CONTRACTOR
 

The general view of the international solid waste contract-s
were contacted was the that
that limited volume of waste does
economically justify their interest. 
not
 

There was some interest in
providing management services on 
a consultancy basis.
point At this
there seemed no advantage to consideration 
 of an
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international firm 
in view of the criteria developed in the
methodology section. A South 'Africa firm wishing to expand into
Botswana may have an interest in the tenders and will have to be

evaluated with other options.
 

5.3 CON11RACT ADMINISTRATION
 

Contract administration of the type under consideration would beexpected to fall under the authority of the City Engineer. This isthe office with production contract experience and has expertise inlandfill operations and material handling. 
If there is a decision
to utilize three or more contracts it would be reasonable to
consider using a local 
 engineering firm for 
 contract
administration. 
 Each alternative for pr'.:atization includes the

individual characteristics of the activity in consideration. 
The
team will provide guidelines and training to persons selocted by
the City Engineer in contract monitoring and enforcement. In
addition, the Cohort manager will be able to provide a great deal
of training and assistance in contract management. As many
empirical tests of contract 
compliance will be included as are
useful for verification. For example,, a weigh bridge will 
be
installed 
at the new landfill during its construction so that
activities and volumes can be monitored, cross-reference forms will
be designed to minimize or 
identify contract violations and to
 assure that all waste is being properly handled.
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6.0 RECOMMENDED STRATEGIES
 

This chapter presents the recommended options for collection and
disposal of solid waste 
in 	Gaborone. Particular attention
focused on privatization schemes 	
is
 

and the organizational and
financial structures they would assume. 
In addition, a section is
provided for improvements to the existing system, and observations
and recommendations for future consideration.
 

6.1 PRIVATIZATION OPTIONS
 

6.1.1 COLLECTION
 

As described 
 in 	Chapter 4, the consultancy evaluated 
five
privatization options for the City of Gaborone. 
These options are­identified below.
 

A. 	Privatization of entire City (Gaborone West, South, and
 
North)
 

B. 	Privatization of Residential Sector in an area of
 
Gaborone.
 

C. 	Privatization of Commercial/Industrial Sector
 

D. 	Privatization of Old Naledi with New Collection Strategy
 

E. Solid Waste Management by Parastatal
 
The two options that require privatization of the entire City, A
and 	E, were not selected. 
Option A was not accepted due to the
high risk of inadequate service, large number
employees, and the system does not 	

of displaced
promote competition in theprivate sector. Option E %as not considered because it did notappear to provide any cost savings, and it was uncertain whetherservice would improve.
 

The overall privatization 
programme recommended 
for Gaborone
includes a combination of 	options B, C, and D. Privatizationthese three alternatives has 	 ofthe 	potential to improve collectionservice in Gaborone, and reduce overall costs to the City Council. 
For each of the recommendations, isthe 	 following informationprovided: synopsis; background; technical description; financial;
and economic and social analysis. The financial analysis isdivided into two sections, capital expenditure and recurrent costs.The 	economic and social analysis provides a brief description of
any 	potential environmental, finance or health impact.
 



Each of the collection recommendations are described below.
 

B. Incremental Privatization of Residential Collection.
 

Synopsis - As outlined in Alternative B of Chapter 4, Section 
4.1.1, an area of Gaborone consisting of approximately nine

thousand residential plots can be isolated for a demonstration
 
privatization project. Companies interested in tenders on 
the

provision of solid waste collection would be pre-qualified and
 
provided group training by BOCCIM or other appropriate agency in
 
organizing and operating this kind of business. Bidders would not
 
be helped on the tender itself however. Advertisement for tenders
 
would be published and an award made under the laws of Botswana.
 
The successful bidder would be trained under a Cohort system and
 
prepared for all aspects of entrepreneurial waite collection if 
such training was requested or required.
 

Background -.Two major thrusts of the government of Botswana are,

the development of private industry and training of management
personnel. Additionally, there is significant interest in limiting

the growth of local government expenses while aiding it to respond

to the need of a rapidly expanding population. A service
 
organization must respond quickly to
and decisively constantly

changing conditions therefore the entrepreneurial model of private

enterprize is chosen as most appropriate to improve solid waste
 
collection and to satisfy the above men:ioned criteria.
 

Currently the standard by which waste collection service is

evaluated is the performance of the public sector operation. This

alternative proposes to add a private business service in a part of
the city to form the basis for comparison. After an appropriate
development period an informed decision can be considered to expand
privatization or to return to the public system.
 

Technical Des ription of Recommendation - Under this alternative a 
private company could be selected through appropriate tenders and 
assisted in organizing and operating the business of providing

waste collection service to about one 
third of the residential
 
plots of the city. Analysis indicates this would be about the
 
smallest segment that could be economically feasible considering

the capital cost involved.
 

The contractor would bid on 
a per plot price for providing an

agreed standard of service. It is 
expected that the contractor
 
would be assisted with intensive training and guidance through the
 
first six months of operation by having a donor agency sponsored
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interest on the part of the contractor or the City Councilors.
 
The use of the term Cohort is anconceptually developed by Robert 

adaption of fhe management systemGoembiewski for training managerson the job. 
 In this case, we propose the uae of a donor provided
expert in solid waste management to co-manage the organization and
work hands-on in 

routing and 

setting up financial and accounting systems,
management procedures. 
The Cohort would 
also be
expected to assist the City Council in improvements to the public
collection and disposal system.
 

Organizationally, 
it is anticipated that the will
contractor
utilize two crews with one backup vehicle. Each crew would service
approximately 750 plots per day.
 
Financial Analysis - Based on data produced in Chapter 3, the costto the Gaborone City Council for solid waste collection1991-92 financial year is in theP1.67 per plot and has grown at a rate oftwenty-six percent from 1990 to 1991 and by twenty-three percent
from 1991 to 1992. If 
cost per 

the rate of increase continues unabated, theplot per week will exceed P 1.90 by the next financialyear in which this proposal could become effective.
 
Exhibit 6.1, presented below, is representative only and provides
estimates by which the economic feasibility of the proposal can be
judged and the private sector's performance may be compared.
 
Recurring Cost - According to the calculations the recurring cost
to the City Council will be approximately P1.70 per plot per week
or about P796,830 in the first year.
 
Capital Cost - This alternative requires no capital investment on
the part of the City Council, however because the City Council can
borrow money at much more favorable 
save rates than industry it willmoney if they provide the capital equipment and lease it tothe contractor during the term of the contract. Substitutinglease cost, designed to a pay the cost of the equipment and eightpercent interest in seven years, there is a savings of P56,700 per
year or a reduction of P.12 per plot per week to P1.58 per plot per
week and a gross estimated cost of P740,130 per year.
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Exhibit 6.1
Estimated Cost Calculations
for Private Solid Waste Collection
 

Capital Equipment:

Compactor Trucks 3 @ P200,000 
 = P600,000Pickup Truck 1 0 P30,000

Containers 9,000 @ Pi10 

- 30,000 
- 990,000 

Total Capital Cost 
 P,6 0000
at fifteen percent interest for seven
years ...... Annualized Capital Cost 
 P352,928
Manpower:

2 drivers 2 @ P12,480

12 crewmen @ P9,300 - P24,960 

- 112,3202 chargehands @ P10,920 
 - 21,840Clerk-secly @ P6,000 
 6,000
Owner-Manager @ P50,000 
 - 50,000benefits @ forty percent employee 
= 86,048Total Manpower Cost 
 P301,168
 
Operations and Maintenance:
 

Material 

P8,000
Repair 

4
4,000
Fuel 

8
8,000
Insurae.t 


15,000

Rent 


Total O&M Cost 36f,000

P71,000
 

Profit @ twenty percent of
Manpower and O&M Costs 

P71,734
 

Total annual cost including profit

Divided by 9,000 plots per week - P1.70 

_3
 

Economic and Social Analysis 
- This alternative will stabilizecosts for solid waste collection, and avoid large periodic capital
expenditures for containers and equipment. Service will improve and
management will maintain better control over quality of service.
This alternative will demonstrate the viability of privatizationan asoption for provision of social services. 
 The Cohort will be
able to supply significant support to the City Council in other
solid waste operations during his term in Gaborone. 
 It will be
necessary to include an inflation rate factor if the contract is
more than two years. 
Also, if Council wants a short term contract
(two years or less) it will

clause to cover 

be necessary to include a buy out
capital debt. 
Many of the immediate monetary
advantages to the Gaborone City Council depend on its ability to
absorb extra personnel in other positions or placing them with the
contractor. This selection satisfies all of the criteria suggested
in the methodology section of this report.
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C., Privatization of Comercial/Industrial Sector
 

Synopsis - Under this scenario, The City Council would inform all
businesses that they must contract with a private 
franchised
organization to provide disposal service within six months. 
In the
mean while the city will advertize for tenders to enter a franchise
agreement with the city wherein the 
successful tender would be
allowed exclusive use of the city's streets and rights-ofway to
collect solid waste from businesses in Gaborone at a price fixed in
the franchise agreement, based on the service provided. The price'
would include escalation for fuel and general inflation.
 

Background - Business and Industry occupy a unique role in thewaste system because production of waste is often directly relatedto their operations. Therefore disposal of this waste should beconsidered a cost of doing business. Under normal circumstances
there is little justification for so directly subsidizing business
without identifying a compelling public interest. 
When faced with
the possibility of a separate charge 
for solid waste disposal
charge, businessmen sometimes argue that they pay rates to defray
the cost of waste disposal.
 

This approach fails to recognize the differences between various
businesses. 
 Some generate enormous amounts of waste compared to
the rates they are assessed while others of great value add almost
nothing to 
the waste stream. 
 In addition, the separation will
later provide a better basis for encouraging recycling and resource
 
recovery.
 

In addition, there is no 
question that the 
City and the State
provide much value for the rates received. Most important is apolitical and economic climate that is not only receptive but
protective of enterprise. Additionally one may look at tax and
investment laws, safety 
of the streets and the commitment of
government 
to training workers, supervisors and managers for

production.
 

Separating the commercial collection from public service satisfies
two of the governments basic objectives; 1, Increases jobs in the
private sector, and 2, Reduces the cost of government.
 

From the information in Chapter 3, it 
is found that 34% of all
solid waste that makes its way to the landfill is produced by the
commercial sector. The production of solid waste bears no causal
relationship to the rates paid by businesa, therefore rates are a
 
poor method of assessing costs.
 

Technical Description of Recommendation - The city's part in this
recommendation 
would include designing tenders for letting a
franchise, drafting the necessary changes to the bye-laws, amending
the business licensing bye-laws and training the Health Department
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personnel in enforcement. 
 As a part of the franchise agreement
the city would regulate the terms, conditions and prices of the
franchisee and would receive 
five percent of gross receipts to pay
for contract oversight and use of the streets. 
All companies would
be expected to display their contract for the collection of refusein their place of business and as a part of annual licensing. TheHealth Department would be given the responsibility to approve the
level of service that each business should have. 
 For example, a
restaurant or food manufacturer would be expected to contract for
daily collection, while a stationary store may only need one small

container a week.
 

Exhibit 6.2 below is a representative budget/business plan for an
operation necessary to handle the collection of solid waste of the
Commercial/Industrial Sector. 
 This plan assumes that current
source separation and recycling is continued. 
 It should also be
remembered 
that thes& numbers reflect 
only the ,19 1 wastegeneration and that this volume 
is growing perhaps 4 rapidlythan the residential sector. Actual operations planning should be
done during the period after the City Councilors give notice that
they will no longer 
collect this sector's waste. Interested
parties would make 
a survey of existing business, or the City
Council could make the 
survey but caution the bidder that the
information was not guaranteed by the City.
 

Financial Analysis 
- The City Council would save the costs ofproviding service to the business and 
industrial sector to the
extent the personnel were absorbed into 
other public sector
positions or into the private sector. 
The city would also collact
about P23,000 per year in franchise fees. This estimate is based
on five percent of the estimated gross receipts of the franchised
collector (thirty percent 
of operating cost of City Council
 
collection).
 

Recurring Cost - The only recurring cost would be 
for contract
adrinistration and training of Health Inspectors.
 

Capital Cost - This alternative has no capital cost to the City
Council. 

Economic and Social Analysis 
- This system provides more jobs in
the private sector and the
reduces subside of the City to
businesses. It also encourages waste reduction, 
reuse and
 
recycling.
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Exhibit 6.2
Private Collection of Comercial/Industrial Refuse
 

Capital Equipment

3 Compactor/loaders @ P232,000 
 P696,000

30 5cu meter containers @P2,500 
 75,000
1200 240 litre containers @P10 132,000

1 pickup truck @P30,000
 

Total Capital Cost P9331000
 

At fifteen percent for seven year replacement
schedule....Annualized Capital Cost 
 P203,261
 

Operations and Maintenance
 
Manpower: 
3 drivers @P12,480 - 37,440

12 crewmen @P9,300 
 - 112,320
2 chargehands @P10,900 
 = 21,840
Clerk/Sec'y @P12,000 
 = 12,000
Owner-Manager @P50,O000 
 50,000


Benefits @ 40% of wages =U
 
Total personnel cost =P327,261
 

Material and Supplies 
 - 8,000Repair and Maintenance 
 - 12,000
Fuel 
 - 12,000
Insurance 


- 24,000
Rent of space =U
 

Total M & S 
 P104,000
 
Total operations and maintenance cost 
 P431,040
 

Profit @ 25% of 0 & M
 

Total Annual Operating expenses 
 P742,061
 

Privatization of Old Naledi with New Collection Strategy 
Synopsis - Due to current and previous failures to address the
inadequate refuse collection service provided in Old Naledi, it is
recommended that this 
service be contracted to 
a local private
organization, 
such as the Village Development Committee (VDC),
which is in area.
based the 
 In order to address the unique
characteristics of the area, a new collection and litter pick-up

strategy is proposed.
 

Background - Naledi has been one of the most problematic areas for
collection and litter control in Gaborone. This is due to the lackof priority by the City, compounded with the physical layout of thearea. The lack of priority is evident in the level of collectionservice. 
 While the majority of plots in other parts of Gaborone
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receive collection twice per week, residents in Old Naledi receive

collection less than every two weeks. Some residents report

collection once per month. Previous attempts to address this
 
problem have not been successful.
 

The infrequent collection service encourages residents to dispose

of their refuse in a nearby empty lot, greatly compounding the

litter problem. The lack of service presents a serious health
 
concern considering that the refuse contains decaying food waste

and other organic matter which attract rodents and 
insects and
 
could present a fire hazard during dry periods.
 

The physical layout of Old Naledi is not conducive for refuse
 
collection using typical collection equipment. The roads are

unpaved, very narrow, and difficult to maneuver, especially during

the rainy season. In addition, the rnads have yet to be identified 
with names (see Exhibit 6.3). 

As indicated, waste management practices in other parts of the City
have not been etfective in Old Naledi. 
 Thus, a new collection
 
strategy is proposed. Because of the small size of the area (1,674

plots), it 
is uncertain whether it would be profitable for tha

private sector. 
Therefore, it is recommended that discussions be!

held with VDC to determine their interest in receiving a contract

for providing refuse collection service. Simultaneously, the City)

Council should investigate whether any small businesses based in
 
Old Naledi would be interested.
 

It should be noted that preliminary discussions have been held with

VDC and they have expressed an interest in managing a contract for
 
refuse collection. One strong advantage of VDC is their local
 
presence and familiarity of Old Naledi. Previous efforts by the
City Council to clean-up the area have failed, and thus, providing
 
a community based approach may be the best solution for receiving

the greatest cooperation from residents disposing of their waste
 
properly and controlling litter.
 

Technical Description - This alternative would contract collection 
of refuse in Old Naledi with a small private business or 
organination such as the VDC. The contract would specify services
 
to be provided and payments received. The contractor would be
responsible for all economic aspects of the project, including
employment hiring and payment of wages. Necessary equipment would
 
be procured by the Engineering Department and leased the
to 

selected contractor.
 

Under the new collection strategy each plot would be provided an

ample supply of plastic bags. The plastic bags would be collected

via farm type tractor with an attached five cubic meter trailer
 
(see Exhibit 6.4). The use of a tractor to collect refuse in

Naledi compared to the current collection vehicles is advantageous
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Exhibit 6.4 Trailer Container System
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because of their improved handling on unpaved roads and flexibility
maneuvering, especially during the rainy season. 
In addition, the
tractors are considerably less expensive to operate.
 
Once the trailer is full, the tractor would deliver the bagged7efuse to a designated transfer area located adjacent to a paved
road. 
 The crew would have the option of either: 1.) unloading
directly into a compactor vehicle; 2.) switching to an empty
trailer container; or 3.) unloading the bagged waste 
at the
enclosed transfer 
area. One strong design criteria of this
collection strategy would be that the transfer area be emptied at
the end of each day. 
 During contract negotiations it could be
decided whether it is more cost effective for the City Council or
the contractor to be responsible for final delivery of refuse to
the landfill and final engineering design could be accomplished.
 
Recidents will be instructed to place only ash that has cooled in
their plastic bag. 
 If ash is determined to be a problem, a
separate collection system could readily be implemented.
 

To address the litter
serious problem, additional trailer
containers have been budgeted which would be placed in targeted

commercial and residential areas.
 

Management and financial training would 
be a key element in
ensuring that this project is successful. Training would include
two components and would focus on both the 
hired manager and
collection crew. 
The manager would initially work for one month
with the South Depot to become familiar with current collection

practices in the city. In addition, the donor agency would provide
technical and financial training to the manager. 
The manager would
be educated on routing, bookkeeping, personnel management, costs
analysis, and equipment usage. 
In addition, the manager will be
trained in complaint handling. 
The crew would also be assigned to
work several weeks with the sanitation department and receive
instructions on proper equipment usage. 
Existing public collection
crew members residing in Old Naledi may be ideal candidates for

employment.
 

The donor agency would provide assistance for developing 
an
operating procedures manual. 
This would provide clear instructions
 on services to be provided, responsibilities of crew and manager,
bookkeeping, costs analysis, routing, vehicle maintenance, health
concerns, special waste handling, and complaint handling.
 

Financial Analysis
 

Capital Expenditures - Capital costs 
for this alternative
includes: two tractors - P90,000 (P45,000 each); three trailers 
-
P66,000 (P22,000 each) and ten trailer containers - P29,000 (P2,900each). In addition, costs to retrofit a compactor vehicle with a
top-winch have been allocated. Equipment would be purchased by
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the Gaborone Engineering Department using a Revenue Sf'abilization
Loan which would be repayable 
over five years at eight percent
interest rate. The equipment would then be leased to the selected
 
contractor.
 

Recurrent Costs - Annual costs for this scenario are estimated at
P173,000. As shown in Exhibit 6.5, 
this costs compromises both
loan payments (debt service) and operation and maintenance costs.
Debt service figures include an annual costs of P48,800 for rolling
stock (tractors, trailers, 
tc.) and containers, and P3,800 for the
construction of drop-off sites in the area.
 

It is expected that the contractor would hire eleven personnel.
This would include: two drivers, 
eight crew members, and one
manager. 
Annual labor costs are estimated at P63,800 for salary
and P12,800 for benefits and overhead. Other operation 
and
maintenance 
costs include: P7,500 for maintenance of vehicles,
P2,500 for fuel and oil, 
and P400 for insurance, and a twenty
percent surplus was included. In addition, P11,000 was allocated
fcr the use of a compactor to transport waste from the transfer
 
area to the landfill.
 

Exhibit 6.5 presents costs on an annual basis and a daily basis.
As shown, the annual costs for collection of 1,674 plots with twice
per week service was calculated to be P173,000, or P830 per day of
operation. 
On a per unit basis, it averages to be P1.99 per plot
per week. Based 
on the assumed efficiency, collection service
could be accomplished on 
a four day week, allowing one day for
litter control and the pick-up and disposal of the trailers located
in commercial areas. 
With this additional service, average costs
 was determined to be P2.25 per plot per week.
 

Econouic and Social Analysis 
- The overall economic and socialimpacts are expected to be extremely positive. The programme wouldhire eleven local Batswana from Old Naledi with job classificationsincluding both labour and management. These workers would receive
extensive training and education. The collection system proposed
is labour intensive, and 
would require three additional jobs
compared to the current collection practice in the City.
 

This alternative is also expected to have a net positive impact on
the environment. Since collection would increase from less than
once every two weeks to twice per week, littering is expected to
decrease dramatically. In addition, the new strategy would include
additional placement of five cubic meter containers in targetedareas where littering is a serious problem. These coataiziers wouldbe transported either to the landfill or drop-off area by thecontractor. The additional costs for litter pick-up and disposal
was calculated to be less than P.30 per plot per week.
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Exhibit 6.5 Private LnItection Cost Analysis . Old Natadi 

Annual Costs
Cost Component for Operation of Entire Systm 
Daily Costs 

(Put/Year) (Puta/Day) a) 

. NuIer of Plots Served Per Day (Two Vehicles) 837 
........................................................... 

11. Capital Costs b)
 

a. 2 - Tractors (8 P45,000 each), 3 - Trailers 
a P22,000 each), and 10 - Containers (a P2,900

each), and Top Winch syst (P9,700) b) 

b. rop-Off Sie Developnt (Capital costs of 
of P 15,000)
 

Total Capital Costs: 


III. Operation and Maintenance Costs 

a. Labour 0 of Units 

Driver 
Crew 
Manager 

........... 
2 
8 
1 

b. Overhead (20 percent of Labour) 

c. Ptastic lags 

d. Maintena 

Merisl 
Repair 


e. Fuel 


f. Insurance 


g. Surplus (202 of operating costs) 

h. Compector Usage 


. ....................................................................
 
V. Per Unit Costs - Pute/Ptot/leek 

Average 
Twice per Week Collection a) 


1.99
 

Collection w/ Litter Pfck-up c) 
2.25
 

a.) lased on four days of operation per week.

b.) Capital costs financed through Revenue Stabilization Fund (8 percent interest, 
 5 years).
c.) lased on five days of operation per week. 

6 - 1 . 

IV. Total Collection Coslq (Ertire Fleet) 
. 

Salary (Pua/Day) 
.............. 

35.00 
p2.00 
60.00 

Subtotal: 

48,76 

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

233.80 

3,757 18.01 

52,521 251.81 

14,600 
36,709 
12,514 

63,823 

12,765 

4,352 

70.00 
176.00 
60.00 

306.00 

61.20 

20.87 

4,200 
3,300 

2,500 

400 

18,268 

11,006 

173,135 

20. 4 
15.82 

11.99 

1.92 

87.59 

52.77 

830.10 



The program should 
have a positive sociological effect on the
community since they would be responsible for providing refuse

collection. In addition, a twenty percent surplus has been
allocated to allow contributions to other social programs in Old
Naledi. This may include hiring 
another health inspector, or
developing other entrepreneur type businesses such as a material
 
recycling programme.
 

The overall programme costs are similar to existing average costs
for collection in Gaborone, with services expected to improve

greatly.
 

S-

The following tables 
are intended to graphically. display and to
summarize the effect of the privatization options on the City of
Gaborone 
 Actual effects are subject to individual action by the
 
City Councilors.
 

As shown below, the privatization programme is expected to result
in a net savings of P616,260 per year for the GCC. This is due to
 a savings of P2,916 for the residential option, and P613,344 for
the commercial option. 
 No savings are expected for Old Naledi,
although services are expected to greatly improve.
 

SUMAJRy TABLE OF COLLECTION PRIVATIZATION 

Table of Net Cost Change 
ALTERNATIVE 
 NET COST NET

(OPTIONS) 
 WIT! THIS SAVINGS
OPTION THIS OPTION 

Current Collection System P1,803,J52 -0-

Privatization Of Residential 
 P1,801,036 P2,916
 
Privatization Of Coimercial 
 P1,190,608 P613,344
 
Privatization Of Old Naledi 
 P1,803,952 -0-

Total Savings All Alternatives N/A P616,260*
 

*This savings assumes immediate implamentation of all money saving 
features of alternatives. 
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The table below indicates net employment changes a result of
as
privatization. Privatization is expected to displace 80 collection
erew members, while increasing private sector employment by 43 job
positions. The net result is a lose of 
32 jobs. It should be
noted that lose
job is mainly 
due to increased efficiency of
collection. 
Crew sizes are not expected to be decreased.
 
Table of Net Employee Change
 

'Alternative Displaced from Added to 
 Net Job Impact
Collection* 
 Private Sector
 

Residential 
 40 
 18
 
Pvt
 

Commercial Pvt 32 
 19 (13)
 
Old Naledi 8 
 11 3
 
Total 80 43 
 (32)*
*Dos n t inc ud eeffects due to growth or adde servic e 

6.1.2 DISPOSAL
 

Section 4.3.3 presented five alternatives for disposal in the City,
which include various combinations of landfill, material sorting,
composting and incineration. Alternatives 4, 5, and 6 included the
utilization of an incinerator to obtain large reductions in the
volume of waste requiring landfilling. These alternatives are not
recommended due to their high cost&, which are capital intensive,
as 
compared to other processing methods, sorting and composting
which are labour intensive. Alternative 3, which includes waste
sorting, composting and 
landfill is the recommended disposal
alternative. Although Alternative 1 represents the lowest
estimated operating cost, the future savings in avoided landfill
costs and the difficulty in locating a suitable future landfill
 
appear to favour Alternate 3.
 

In a technical sense, the future disposal method ham already been
selected as a lined landfill with improved 
operation and
management. 
The design and construction of that new landfill has
been authorized by the City Council and is currently underway. 
In
addition to supporting that conclusion, this report has recommended
that diversion of waste through an on-site sorting facility and a
composting plant will extend the life of the landfill which will
result in long-term 
economic benefits to the City by avoiding

future landfill costs.
 

In addition to recommending Alternative 
3, the Project Team
recommends the private operation of all 
disposal facilities. The
key words in the preceding paragraph are "improved operation and
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management". The project team's evaluation of the current system
has shown that accountability for operating and 
managing the
landfill is difficult to achieve and maintain within the current
sys;tem. Other sections of this 
report have documented the
hierarchy of public decision making and the difficulties that are
encountered in managing a facility which will need the flexibility
to respond to changing 
conditions. The privatization of the
landfill operation, through 
a carefully written contract will
provide the accountability mechanism to insure proper operation and
management 
and can also be written in 
such a way to allow
flexibility of operation within defined boundaries. 
If a situation
arises outside of those boundaries, a process can be defined in the
contract that permits a decision to be made by a lower level of
public management than under the current system. 
 For the above
reasons we are recommending private operation of the landfill which
should be the City's initial priority after completion of the new

landfill.
 

Depending upon the City's decision on implementing the other two
components of recommended Alternative 3, the sorting and composting
facilities, these could be combined with the landfill operation,
issued as a supplement to the landfill operation contract or be
issued as separate contracts. 
In order to maintain a coordinated
disposal system it would be better to have 
a coordinated effort
with operation of all disposal facilities by a single contractor.
Chapter 7, Implementation Plan, will present a recommended schedule
for implementing the recommended disposal systeve over a specific
time period which will include preliminary designs of the sorting
facilities in addition to 
privatizing the operation of 
the
 
landfill.
 

6.2 INPROVEMENTS TO THE EXISTING SYSTEM
 

Improvements 
are presented for both the collection and disposal
system. 
If the City Council proceeds with ?hase II, the consultant
could provide assist&nce in implementing recommendations
improvements to the existing system. 
for
 

Obviously, the privatization
options approved by the City Council would impact the extent of
implementing the improvements described below.
 

6.2.1 COLLECTION
 

Eight recommended improvements are provided which have the
potential to improve collection service. Since none of the
recommendations presented are 
exclusive of each other, the City
Council may select any combination of these improvements which are

provided below.
 

For each recommended ixprovement, a description, estimated capital
costs and labour requirements are provided.
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Routing System - A comprehensive rou ing system such that equipmentis fully utilized and efficiency inmentioned reased should be developed.in Section 3 .3---urre / routing is 
As 

very inefficient in
c
that some vehicles are/coil Ei- over ten tonnes per day, while
other vehicles are coll'•oting only one to two tonnes per day. Thisobviously affects the economics of collection and worker morale.
 
Routes should be based on collection crews working a seven hour
day. While individual performance based work is 
an excellent
motivation technique, crews need to work cooperatively together to
ensure the job for the day has been accomplished.
to Ideally, threefour trucks should work
(Costs -

as a team in a coordinated fashion.40 hours of consultant's time and 20 hours of staff time.) 
Communication System - Each collection vehiclewith a radio should be providedunit that can communicateother collection with both the depot andvehicles. 
 This would enable
transition of different the important
crews 
to work as a team, as discussed
above. 
(Costs: Radio system with base station - P23,000)
 
Equipment Repl. nement and Additions - All equipment used in solidwaste management should be on a replacement schedule. 
This will
allow planning and budgeting to occur well in advanj of need.
 
Containers -
 Most of the containers used in Gaborone were purchased
over seven years ago and are seriously damaged. 
The City needs to
consider replacing these containers for both the residential and
commercial sector within the next year.
 
Prior to a large purchase, it is recommendedthe use of that the City evaluatea standardized 
120 or 240-liter plastic container.
Exhibit 6.6 illustrates an example of a 2 40-litrewheels for coattainer witl'easy maneuvering. 
 (it should be noted 
that this
illustration is not an endorsement of this brand, but to indicate
the type of bins available.) These containers
because: are advantageous1.) they are less expensive on a per volume basislarger containers; 2.) thanthey are difficult for dogs to tip over;have 3.)lids which are attached to the container
problems with (thus, reducingrodents and insects); and, 4.) they have a longerlife than metal containers which are readily damaged.
if the collection vehicles are 

In addition,
 
devises, plastic 

equipped with mechanical lifting
containers 
would be 
more suitable 
for woman
workers.
 
For the commercial sector, plastic containers areuse than a less expensive toskip system and provides greater flexibility for storage
areas. 
For companies that produce large quantities of construction
wastes, ash, or other high density material, a skip system would be
more appropriate.
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Exhibit 6.6 
 Example of Plastic Containers
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Plastic containers 
for the residential sector 
are advantageous
because they cin reduce collection to once per week, thus reducing
collection costs. 
The main problem 
with using plastic containers
is the possibility of residents disposing of hot ash.
transition to a plastic container system will require an 
Thus, any
 
xtensive
education programme. It is suggested 
that plastic containers
initially be used 
for one route in a high income areas where
fossil fuel use is minimal. 
If the experience is satisfactory, the
system could be expanded to other high and medium income areas.
 

Reorganization of Collection Structure 
- Consideration should be
given to reorganizing the refuse 
collection in the Health
Department to utilize 
a management structure more 
suited to the
mission of the activity. A more hierarchical system is suggested.
Also making the truck and equipment operators answerable to the
organization responsible for the equipment should be considered.
 
Refuse Vehicles - Older -efuse collection vehicles should 
be
replaced with compactor vehicles. In addition, the purchase of
additional refuse collection vehicles needs to be correlated with
future construction development in Gaborone. 
 It is recommended
that for each 2-3,000 
new plots, one additional vehicle will be
required. (Costs: Compactor vehicles ­ P202,000 each.)
 
Uniforms Specific to Refuse Collectors - To improve morale andrecognition from the public, it may be valuable to provide workers
with a set of uniforms specific for refuse collectors. Uniforms of
a different colour 
from the typical blue may
addition, be useful. In
a printed logo representing say "protection of the
environment" may 
improve the public's perception to the refuse
crew. If the uniforms are 
attractive and comfortable, workers
would be more inclined to wear them, and take proper care of them.
(Costs for new uniforms estimated between P10,000 and P20,000)
 

Procedures Manual -
A good procedures manual is the cornerstone of
an effective organization. It provides workers at every level with
a guide to what is expected of them and their responsibilities.
Employees seem to respond better to instruction if they know it is
supported by written policy rather than arbitrary orders. 
A manual
must not be considered a substitute 
for good supervisors and
managers, but 
it certainly can supplement their knowledge and
authority. (This will require about 40 hours of Consultant's time
and about 10 hours from each of the line supervisors.)
 

Pilot Salvage Program - To investigate the potential to save the
City Council money and provide additional job opportunities 
in
Gaborone, a pilot source separation program in Extension 9 should
be considered. A preliminary material market survey indicates that
strong markets are available for corrugated, newspaper, high grade
paper, glass and HDPE. As discussed further in Section 3.2, every
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tonne per day of material recovered, has the potential to create
 
between three and four jobs.
 

The program would require residents to source separate valuable
materials in their refuse into a particular container. These
materials would be collected and delivered to a local salvage

operator. Upon completion of the pilot program estimates will be

made ;.-volume of material diverted from the landfill, and any cost
 
savings for the City Council. (This will require 32 hours

Consultant's time and 20 hours of city staff time. 
In addition, a

vehicle will be needed for about eight hours.)
 

Portable Chipper - The current system for collecting brush is very
inefficient, resulting in unnecessarily high costs. Brush is

collected loose and loaded on to 
a truck for delivery to the
 
landfill. Because of the material's low density, the truck can
 
only handle several hundred kilograms of brush.
 

A portable chipper which has the capacity to si~e reduce brush into

chips less than eight centimeters would greatly increase the amount
 
of brush loaded onto a vehicle, and thus reduce the number of trips

to the landfill by at least seventy-five percent. One vehicle with
 
a chipper could potentially replace three existing vehicles. Other
 
benefits to the purchase of a chipper is that the chipped brush is
 
a valuable mulch. 1 (Capital costs -P45,000). 

Litter Receptacles -e number of litter receptacles in commercial
 
areas is inadequate. It is recommended that an additional 300

receptacles be purchased city-wide. 
 (Capital costs - P27,000).
 

6.2.2 DISPOSAL
 

Revise Filling Procedures - The current procedure is to tip at the
outside edges of the dump and push the waste over the edge, thus 
increasing the land area of the fill. By doing this the City is
creating a dish when it should be creating a mound. The desired

shape at closure, which is anticipated in 1 to 2 years, is a mound
 
with slopes between 5 and 25 percent. This will permit rainwater
 
to runoff during the rainy season rather than soak into the waste

which creates leachate. Once the landfill is closed and covered
 
with the proper amount of soil and grass has been planted, very

little rain water will seep into the waste.
 

If the City continues building a flat dish, the rainwater will flow

toward the middle and concentrate in pools, eventually seeping into
 
the waste below, producing more leachate.
 

This revised process should begin by tipping in the middle of the

site, building a long berm or cell of waste. Additional tipping

should be controlled to as small an area as possible to control
 
scavengers and reduce the amount of daily cover that is be
to 
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applied at the conclusion of each day. The compactor should be used
to compact the refuse and push 
it into daily cells that 
are
approximately 2 
meters thick. Clean construction material should be
stockpiled for daily cover or trucked in from a borrow pit. 
Each
daily cell should be built against the previous day's, until the
entire landfill has been raised 2 meters. 
The side slopes should
be graded to a slope of 4:1. 
 Although this process is normally
begun at the edge of the landfill, it is recommended to begin at
the center due to 
the current site conditions. These procedures
have been described in more detail in an earlier report. (22 March

1991, page 10 ff)
 

Training sessioni for proper landfill operation are periodically
offered 
through .he Institute of Waste 
Management of Southern
Africa. 
The City si.ould consider joining the Institute and taking
advantage of these training opportunities. Other operator training
is available 
through existing local consultants and equipment

manufacturers.
 

As part of the revised filling operations, scavenging 
at the
landfill should be prohibited and strictly enforced.
 

Apply Daily Cover -
The compaction of waste and the application of
daily cover are necessary for proper operation of the landfill.
Daily cover serves many purposes, including odor control, pest
control 
(flies, rats and birds) and control of windblown debris.
Compaction and daily cover will also discourage scavengers which
are a constant problem at the landfill.
 

Access Control - It is strongly recommended that a gate and fencingbe constructed as soon as possible to limit vehicle access to the
dump site to those times when supervisory personnel are present. A
gate keeper should be located at the gate in a suitable structure
to record the day's traffic flows, inspect 
the waste for the
presence of hazardous materials and to direct the driver to
appropriate dumping location. the

Since a scale, gate house and full
fencing will be a part of the new landfill, currently under design,
these facilities could be temporary in nature. 
All other vehicle
access to dump
the should be blocked with piles 
of earth or
demolition material.
 

The gate keeper should maintain a log of all vehicles entering the
site, their registration number, origin of the waste and type of
waste. The capacity of the truck should be recorded and an estimate
made of how full the truck is. If the truck has come from the
public weighbridge, the weight of the vehicle should be recorded.
 

The gate keeper should be trained to recognize hazardous or special
materials that may require special handling. Any closed drum of any
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size should be opened and inspected. If the contents of the drum
 
can not be identified by either the driver or the gate keeper, the
 
material should be returned to the driver on his way out of the
 
landfill. In general, oil based paints, solvents, drain oil, and

cleaning fluids should not be permitted in the landfill. During

high trafgic times, additional inspectors may be required.
 

Waste Oil - Waste oil generation and disposal is a major

environmental problem in Gaborone and should be dealt with as soon
 
as possible. Although the current economics appear to exist for
 
collection and recycling of waste oil. through markets 
in South
 
Africa, waste oil continues to be tipped at the landfill and other
 
locations throughout the City. The City shct!id consider a specific

prohibition on tipping waste oil anywhere but in approved locations
 
such as licensed collection stations. An evaluation of collection
 
and transportation costs should be performed and compared with
 
current market prices. If costs 
exceed revenues, consideration
 
should be given to subsidizing the system to insure that recycling
 
occurs. The potential for major environmental damage from the
 
current practice will justify the subsidy if required. The
 
collection and processing of waste oil could be privatized 
as a
 
single franchise for the entire City or smaller district franchise
 
areas. It is important to emphasize that the system will work only

if the prohibition on tipping waste oil is enforced.
 

Separate Disposal Areas - Many materials brought to the landfill
 
are 
inert and should not take up limited landfill-space or they

have properties that require special handling.
 

a. Construction rubble 
should be placed in a separate

location, perhaps a low area that needs fill 
or borrow pits

that require reclamation.
 

b. Clean earth should be stockpiled in one location so
 
tbt it can be used for daily cover.
 

c. Asbestos construction waste should be placed in a
 
separate area. and covered immediately. Since asbestos is
 
only a problem in an airborne state, the waste should not be
 
crushed or compacted. If asbestos arrives at the landfill in
 
a loose form, it should be wetted and placed in a heavy

plastic bag before being landfilled. Extreme care should be
 
taken not to inhale any loose fibers.
 

d. Grass clippings, yard waste and brush could also be
 
placed in a separate area, away from the active
 
landfill. 
The City may wish to consider the purchase of a
 
chipper to chip brush and produce a mulch for use in the
 
many public gardens in Gaborone.
 

e. Abattoir wastes are already being placed in a separate

location but are not receiving any cover, which has the
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potential of significant health problems. This area should
 
also be covered on a daily basis.
 

Traffic Control - Current tipping occurs in an uncontrolled manner

and vehicles of all types seem to tip wherever they please. One or
 
more attendants should be provided to direct tipping at the active
 
cell and separate areas should be provided for manual unloading of
 
waste and compactors which eject waste mechanically. Traffic cones
 
and signs should be placed to assist in the direction traffic to
 
the appropriate tipping area. Confining the traffic flows to
 
specific routing will also assist in dust control.
 

Dust Control - The landfill is a very dusty place. Studies have 
found that prolonged inhalation of dust can produce numerous
 
respiratory ailments. Considering the high traffic flows, proximity

to adjacent residences and worker safety, the city should begin

wetting the access roads to the landfill to control dust.
 

Medical Waste - Although all surgical wastes and wastes from

patient care areas in the hospital are being incinerated on-site,

other potentially infectious wastes from doctor's offices, clinics,

dentists etc., are being collected through the public collection
 
system. The Health Department has established procedures for the
 
handling of these wastes but enforcement and monitoring appear to
 
be non-existent. Even if sterilization procedures are followed,
 
some medical waste, such as syringes and broken glassware, could be
 
hazardous to collection workers and scavengers. It is recommended
 
in the short term that a specific coloured plastic bag with 
a

warning printed on it be manufactured and distributed to all
 
potential generators of infectious wastes.
 

Research and Development - There are many aspects of Gaborone's 
waste disposal system that could benefit from research and 
development carried on by Botswana's universities and schools. 
Composting of food and other organic wastes is a good example of
 
where R & D programs could be of benefit. Abattoir wastes could
 
also contain commercially valuable materials that could be put to
 
better use than burying them in a landfill. Paunch contents are an
 
excellent base for composting since they are nearly 100 % organic

matter and include many of the bacteria and enzymes necessary for
 
composting. In other countries, paunch contents and blood are
 
collected and turned into compost and fertilizer and other wastes
 
such as horns and hoofs can be used in the manufacture of glue.
 

6.3 OBSERVATIONS AND RECOMMENDATIONS FOR FUTURE CONSIDERATION
 

In the process of our evaluation the Team has made observations
 
regarding aspects of the solid waste management system which are
 
outside the specific scope of our project but are worthy of mention
 
as potential long term improvements to the system. Although the
 
following items are independent of the above recommendations on
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privatization of collection and disposal systems we urge the City
 
to give them careful consideratibn.
 

Education - Littering, on-site disposal and illegal dumping are 
major problems in Gaborone. It has been the Team's observation that 
these behaviors are due in part to a lack of environmental 
awareness on behalf of the general public. Our first long term 
recommendation is that the City consider the development of 
educational programs aimed at specific age groups and or 
occupational sectors of the public to inform them of the 
environmental as well as aesthetic impacts of their actions in 
dealing with waste disposal. In addition to developing curriculum 
for primary and secondary schools, business leaders and civic 
organizations should be consulted to develop anti-littering 
advertising. An existing proposal to supply litter containers in
 
public places, paid for by business advertising is a good example
 
of an effective advertising campaign.
 

Enforcement - Although educational programs will improve
 
environmental awareness, particularly among children, the current
 
generation of adults will most likely not be affected. Therefore,
 
in order to reverse the current trend toward increased littering,
 
and illegal durnping it is also recommended that the City consider
 
revisions to current laws in order to increase the effectiveness of
 
bye-law enforcement and provide more flexibility in dealing with
 
changing conditions. The current bye-laws are general in defining
 
violatios and depend on the definition of a public nuisance to
 
establish whether a violation has occurred. At the present time,
 
the system is "functional" in that the bye-law enforcement officer
 
is the only person who can enforce bye-laws but he is unlikely to
 
be the person observing the violation. A revision to a hierarchial
 
system that would give the health inspectors the authority to
 
enforce bye-laws, would create a more flexible and effective
 
en.orcement system.
 

Hazardous and Toxic Waste - New industries are required to list 
their waste products when they apply for a site permit through the 
Central Government but the City lacks the capacity to ensure that 
these wastes are disposed of properly. This is another area where 
health inspectors should be given the authority to enforce bye-laws 
to insure that these waste are being properly disposed. 

Beverage Containers - Beverage containers are one of Gaborone's 
biggest litter problems. These containers, bi-metal cans (steel and 
aluminum) and plastic containers, have a low post consumer value 
and even though there are some recycling programs sponsored through 
the school system, the amount paid for the collected containers is 
relatively low and they continue to accumulate along Gaborone's
 
streets and in public areas.
 

The problem of beverage container littering is not unique to
 
Gaborone and has been approached in many different ways with
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various degrees of success. Most of these systems either legislate

the use of refillable bottles or artificially inflate the post
consumer value 
of the container through a deposit system 
or
subsidies of the material markets. The market subsidies are usually

provided by the manufacturer of the container or through a
 
governmental unit.
 

The evaluation of an appropriate system to 
be used in Gaborone
would require additional evaluation which is beyond the scope of

Phase I of the project but could be expanded in Phase II. This work
would include evaluation of the current wholesale and retail market
 
systems, types and quantities of the containers produced and
current materials markets. The work would also review current and

proposed enabling legislation, required to implement a deposit or
 
subsidy system.
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7.0 IMPLEMTkTION PLAN
 

7.1 INTRODUCTION
 

This 
chapter describes the necessary steps to implement 
the
recommendations presented in Chapter 6. The implementation of the
privatization programme is dependent upon adaptation by GCC. 
As
stated previously, the privatization programme offers significant
cost savings for the GCC, and improvement of service for the entire
 
City.
 

Implementation 
in the sense that it 
is used here implies a
description of a detail 
action plan whereby the Mayor and City
Councilors 
can set into motion their decisions relating
privatization of solid waste to
 
management. In 
addition, the
implementation plan could act as the scope of work for Phase II.
 

if the GCC selects privatization, it is recommended that anImplementation Committee be 
appointed to take the 
lead role in
overseeing the implementation, and coordination of this project.
GCC members of the 
existing Steering Committee would be ideal
candidates for the committe. 
 In addition, it would bo vital to
have legal expertise on the committee, as well as executive
representation. 
Once the Steering Committee has been formed, they
should meet with the donor agency to revise proposed time frame and
schedule for implementation, and timing of consultancy.
 

An implementation 
plan is presented 
for each recommendation
presented 
in Chapter 6. Although each programme will. differ
slightly in its implementation, there is a commonality of structure
and procedure for the t%ansition from public to private provision
of solid waste management services. 
 Exhibit 7.1 provides the
structure and steps for the implementation of the various elements
involved. 
 The major steps include: contract preparation and
negotiation; training; and, equipment procurement.
 
Exhibit 7.2 shows the time based relationships of the various tasks
within each component of the implementation plan and also indicates
the time relationships between components. 
 For convenience, both
exhibits are located at the end of this chapter.
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7.2 IMPLEUWNTATION OF PRIVATIZATION OPTIONS
 

PRIVATIZATION OF RESIDENTIAL COLLECTION
 

The following is a suggested sequence of 
 events for the
implementation of the privatization 
 cf the Project Team's
recommendation for 
selcction of approximately 9,000 residential
plots for a demonstration project.
 

1. Councilors select privatization option and appoint 
an
Implementation Committee. This committee will work with
thf, Donor Agency to set the wheels in motion to begin the
irplementation Phase of the Project. Estimated time ­ two
 
weeks.
 

2. Implementation Committee places advertizement requests
for qualifications and 
financial statements in the
Gazette and other appropriate media. A sample
advertizement is included as Appendix G of this report.

Estimated time 
- two to three weeks.
 

3. Elementary entrepreneurial training arranged by donor
Agency. 
 During this time those parties who express an
interest in the provision of refuse collection will be
given group training in the basics of 
submitting a
proposal for service to the City Councilors. During this
time the donor agency would arrange for the Project
Implementation Team to be brought in. 
 Estimated time ­
simultaneous with step one and two.
 

4. Project Implementation Team arrives to assist the Donor
Agency and The Implementation Committee. 
 Tender for
private solid waste collection for designated 
9000
residential plots is designed with the committee and the
City Council legal staff. Estimated time - three to four
 
weeks
 

5. After review 
 by the City Council Implementation

Committee, the Donor Agency and the Team, and position
description and scope of work will be prepared for the
position of "Cohort". Final selection of Cohort will be
by donor agency with City Council Approval. Estimated
 
time - six weeks.
 

6. Review of Tenders, contract negotiations and discussion

of start-up procedures. 
This would be the responsibility

of the City Council with the assistance as requested of
the Implementation Team. 
 Estimated time 
- two weeks.
 

7. Award of tender for private solid waste collection for
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designated area. Recommendation will be made by the City
Staff for consideration by the Mayor and City Councilors.
 
Estimated time one week.
 

8. Arrival of Cohort, training for contractor and contract
administrators begins. 
 Equipment recommendations
presented 
to 	the City Council. Estimated time - six 
months.
 

9. Operations and management systems established, equipment
delivery, 
routes designed and Start-up of Operations.

Training continues. Estimated time 
- three months.
 

10. 	Review of system by Cohort. Repoit to Donor agency and
to City Council on recommendations 
 for further
improvement by privatization or public sector. 
Estimated
time - eight to ten months from decision of City

Council.
 

PRIVATIZATION OF INDUSTRIAL/OMM(RCIAL SECTOR
 

The suggested sequence of events the
for privatization of the
Industrial/Commercial Sector is as follows:
 

1. Councilors select Commercial /Industrial privatization

option and appoint an Implementation Committee. Estimated
 
time - Two weeks.
 

2. This committee will give notice 
 to 	 the affected
businesses in Gaborone 
and 	will work with the 
Donor
Agency to begin the implementation Phase of the Project
(see notice sample in appendix H). Request for
qualifications is published(see RFQ sample appendix G).

Estimated time 
- four weeks.
 

3. Implementation Team arrives and begins work with
Implementation 
Committee on provisions of franchise
agreement, performance standards, changes to Bye-Laws andcontract administration procedures. Estimated time - twoto four weeks from council decision.
 

4. City Council requests tenders for the provision of solid waste
collection service to Commercial/Industrial sector.
 
Estimated time 
- four weeks
 

5. City Council and Implementation 
 Team hold pre-award
negotiation with apparent best tender. Estimated time 
- two 
weeks.
 

6. City Councilors award tender for the private provision of
solid waste collection service to the Commercial /Industrial
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sector. Estimated time - four weeks.
 

7. Donor Agency coordinates training for contract administration
 
simultaneous with other activities.
 

PRIVATIZATION OF OLD NALEDI
 

Identified below 
are the principle steps for implementation of

privatization of solid waste collection services for Old Naledi.
 
These steps are to serve as a guide for the GCC and the
 
Implementation Committee. Full implementation of this option is

expected to take between four and five months. 
Approximate time
 
requirements for each step is provided, although many of the steps
 
can occur simultaneously.
 

1. GCC selects privatization option and appoints Implementation

Committee members. Committee informs donor agency of GCC
decision and meets to revise proposed time frame and schedule 
for implementation. Estimated time - two weeks. 

2. Committee begins the
discussions with Village Development

Committee (VDC) to determine interest in receiving contract
 
for providing collection service. Simultaneously, the

Committee investigates any legal issues related to providing

a contract with VDC. Estimated time - one to three weeks.
 

3. Committee investigates whether other parties are interested in
 
providing collection service in Old Naledi. Expected time
 
frame - two to four weeks.
 

4. Committee decides whether to proceed with VDC or open tha 
contract to all interested parties. (If the Committee elects
 
to contract directly with the VDC, skip to step 7.)
 

5. RFP is designed, finalized, and released to the public. This
 
step would require the assistance from the consultancy, and
 
GCC legal staff. Estimated time - four to six weeks.
 

6. Review proposals and select contractor. The consultancy would
 
provide assistance in this analysis. Estimated time ­ one
 
week.
 

7. Collection program design finalized. In particular, finalize
 
engineering plan for drop-off facility. The consultancy would
 
provide technical assistance. Estimated time - two - three
 
weeks.
 

8. Develop contract between GCC and the contractor for services.
 
Negotiate contract and finalize (award). Input provided by

the consultancy. Estimated time - two to three weeks.
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9. GCC begins procurement of* necessary equipment.
 
10. 	Consultancy organizes operation and management training for
the contractor. Training element 
would include: costs
analysis, routing, complaint handling, supervision, equipment
usage and maintenance, and .ookkeeping. 
Estimated time ­ two
weeks.
 

11. Develop procedures manual which clearly identifies management
system (personnel policy, hiring, etc...), 
collection and
disposal system, and complaint handling. These tasks would be
the 	responsibility of the consultancy. 
Estimated time 
- two

weeks.
 

12. 	Operation and management system 
established 
and equipment

delivered, and start-up of operation.
 

13. 
Continues monitoring and revision of procedures manual after
two months of operation.
 

PRIVATIZATION OF LANDFILL OPERATION
 
Although the development of privatized landfill operations will
follow the general sequence of the Implementation Flow Chart, the
time frames for completing individuol tasks will depend in part on
the schedule for completing the design and 
construction of
proposed landfill. Specific portions of 	

the
 
the 	operations contract
will also depend on designed components such as the liner material
and physical parameters of the leachate collection and treatment
systems. If the landfill proceeds without a liner, which we would
discourage, then the operations contract would not include leachate
handling procedures.
 

After establishing the Implementation Programme, and defining Phase
II 	of the Donor Consultancy, 
the landfill privatization would
proceed as follows:
 

1. 	
determine 
Issue a Request 

the degree 
For 

of 
Qualifications This step will
-

interest in the private 
sector to
operate the landfill including, number of interested firms,
their capabilities and resources to perform the work, and the
nationalities of 
the interested firms. This 
step could be
completed prior to 
the 	arrival of the Phase 
II Consultant
Team. Estimated time 
- 2 to 3 weeks. 

2. 
The 	next two steps could proceed simultaneously, depending on
the GCC's input regarding Botswana firms 
versus expatriate

firms.
 

Entrepreneurial Training 
- If the responses to the RequestFor Qualifications 
indicates a for
need Entrepreneurial
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training for Botswana firms, A treining programme could be
 
.organized and implemented by the Phase 11 Consultant Team or
 
other local consultant. Due to the time periods for other
 
implementation tasks it is recommended that th.s task not be
 
performed by the Phase II Consultant Team. Estimated Time ­
3 to 4 weeks.
 

3. 	Contract Preparation - In cooperation with the designers of 
the new landfill, the Phase II Consultant team will prepare 
contract documents to be issued for cost proposals through
public advertisements. The contract will include all 
operating parameters, management requirements, optional
lease purchase of equipment through the C.Lty and cost bid 
forms. Bid cost will be a lump sum per month or year, based
 
on 60 TPD with adjustments should waste volume increase
 
through the contract period. Estimated time - 3 to 4 woeks.
 

4. 	Request for Proposals - Upon completion, review and approval

of the contract tender documents they will be issued through
 
an advertisement. Although some firms will have been
 
prequalified, Botswana law will require a general

advertisement for tenders. Estimated Time - 4 weeks.
 

5. 	Select Contractor - After receipt of proposals, the
 
Committee and Phase II Consultants will review all submitted
 
information, perform follow-up investigation of bilder
 
qualifications, if required and prepare a proposal

evaluation report to the committee for final contractor
 
selecticn by the City. Estimatsd time - 2 weeks.
 

6. 	Contract Negotiations - After the contractor is selected there 
will be a period of time reserved for contract negotiations

thiich will culminate with the final execution of the
 
contract. Estimated time - 2 weeks.
 

7. 	 Public Relations - Simultaneous with contractor selection 
and negotiations, the City and Consultant Team will initiate 
a Publicity Programme aimed at educating and informin' the 
general public regarding new procedures to be implemented
when the new landfill begins oper'tion. Estimated Time 3 
weeks. 

8. 	 System Start-up - At t, N agreed upon contract date, the new 
landfill will begin oper.tions under a private optirator. 

9. 	Programme Monitoring - The Contract will include a framework
 
for monitoring the landfill operation and ensuring that the
 
waste is being properly landfill. During the initial 6 weeks
 
of operation, it i.R recommended that daily inspections be
 
performed by the City or their representative. Subsequent

inspections should be performed on an as-needed basis.
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Statement of Work 

SECTION I: 
 Obiective
 

This assistance is being provided as part of the Private
Provision of Social Services Project. 
The overall project
purpose is to assist the Gaborone City Council in its efforts to
privatize solid waste collection, treatment, and disposal
services and to initiate a favorable climate for privatization of
other social services. 
The specific purpose of this Cooperative
Agreement buy-in is to provide phased technipal assistance and
training services to the Gaborone City Council required for
implementation of this project over a two-year period. 

SECTION II: Background 
Botswana, a resource-rich country located in Southern Africa, is
presently experiencing unprecedented growth in its economy, which
is largely based on the extraction and export of diamonds,
copper, and nickel. 
Because of its mineral exports, Botswana
currently holds approximately US$ 3 billion in foreign exchange
reserves. 

Since Independence in 1966, Botswana has experienced rapidtransformation from an almost entirely rural to a relatively
urbanized country. 
This urbanization process has accelerated
since th% early 1980s, and 30 percent of the country's 1.2
million residents now live in urban areas. 
The.population of
Gaborone, the nation's capital and largest city, has increased at
an annual rate of over 10 percent in the past decade and
currently stands at 120,000 persons. 
 Gaborone's extremely high
rate of population growth has placed great pressure an roads,
housing, serviced land, and public services. Expansion ofindustrial activity within the city is also rapidly increasing
demands on public infrastructure and services provided by the
Gaborone City Council (GCC).
 

The GCC has been considering strategies to allow it to more
effectively address the infrastructure and service needs of its
rapidly growing population and business sector. 
One suc
strategy involves privatization of certain public services
including municipal abattoirs, health services, public transit,
and solid waste collection and disposal. 
 In particular, the City
Clerk has identified privatization of solid waste collection and
disposal services as a priority area for action.
 
Solid waste collected within the City is presently dumped at a
Council refuse site, located about three kilometers from the city
center. 
The GCC maintains a fleet of 17 refuse trucks, 2
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tractors, 2 front-end loaders, 2 tipper trucks, and one
 
bulldozer. 
Refuse is collected twice per week from residential
 
areas. Industries directly deliver their refuse to the Council
 
site.
 

Landfilling at the site is carried out through uncontrolled
 
tipping operations which have produced environmentally hazardous
effects. Frequent spontaneous fires occur at the present site,

and resultant air pollution has been noted in regard to impaired

visibility, smoke nuisance, and increased suspended dust
 
particles in the surrounding area. Gross violations of air
 
quality standards have been attributed to the site by the Air
 
Pollution Department.
 

As the present site is nearly filled up, the GCC recently

commissioned a consulting firm to identify a new site and design
 
a new solid waste scheme. The consultant has completed his

design and identified a 60 acre plot located to the northeast of
 
the city near the present refuse site. The consultant has
 
recommended controlled tipping, with adequate measures to

minimize environmental degradation, and continued manual sorting

of paper, glass, metal, cardboard, and plastics to optimize

employment generation. 
The consultant has also recommended a
 
weighbridge to provide a basis for levying of tariff charges and
 
record keeping regarding the quantity of refuse being disposed

of. Although the proposed site is located in an arid zone and
 
the possibility of generating leach is minimal, two monitoring

boreholes are proposed. The cost of developing this new site is

estimated to be about Pula 2.8 million (approximately US$ 2
 
million), including ancillary works, plants, vehicles, and
 
landscaping.
 

In 1989, the GCC discussed with USAID its intentinn to privatize

the entire scheme of solid waste collection, treatment, and
 
disposal. As a result of these discussions, USAID prepared a
 
request to AID/W for partial funding under the Private Provision

of Social Services program to provide technical and commodity

assistance required for the privatization scheme and explore

possibilities for privatization of other GCC services. 
This

funding was subsequently approved in March of 1990 and provides

the basis for the technical assistance activities described
 
hereunder.
 

SECTION III: Scone of Work
 

To achieve the objectives of this consultancy, as described in

Section I above, the Contractor shall provide to the GCC
 
technical assistance in two phases, as follows:
 

A. Phase I Assistance 

1. Objective: To assist the GCC develop a strategy
 
for the improvement and, in full or in part, the privatization of
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the solid waste collection and disposal services now perfc-ned zv
the GCC. 
The Contractor will also'assist in the identification
of solid waste management training required by key GCC staff.
 

2. Contractor Tasks: 
 (a) Review and assess:
 

The current City Council solid waste management system in
terms of its financial, regulatory, manpower, plant, and

equipment characteristics.
Requirements for modernization of existing solid waste
collection, treatment, and disposal services.
Projected increase in the volume of demand for solid waste
collection and disposal services. 
 •
Existing environmental statutes concerning solid waste
collection and disposal as wsll as existing procedures for
enforcing such statutes.
Opportunities for and constraints to privatization of solidwaste collection and disposal services in Gaborone.
Potential local and/or international entrepreneurs
interested in and capable of assuming responsibility for
solid waste collection and disposal services.General financial management procedures of the GCC.
 

b) 
 On the basis of this review and assessment, the Consultantwill make recommendations to Government in favor or againstprivatization. If recommendations are for privatization, and areacceptable to the Government of Botswana, the Consultant willthen prepare a comprehensive strategy for solid waste collection
and disposal which will address the following:
 

-- Recommended general short- and long-term improvements tothe current solid waste collection and disposal system.
The consultants shall, in particular, examine the viabilityof introducing a state of art waste-to-energy system inGaborone and examine the cost, manpower, and management
implications of such a system for the GCC.
-- Identification 
of new equipment required for introductionof recommended improvements to the solid waste collection
and disposal system. This shall include recommendations
regarding the types and amounts of equipment needed,
specifications for such equipment, appropriate suppliers ofsuct equipment, and estimated costs. 
Standardization and
of equipment servicing/maintenance shall beease priorityconsiderations in preparntion by the consultants of
equipment specifications and recommendations regarding

appropriate equipmant suppliers.
Specific steps to minimize the negative environmental

impact of solid waste collection and disposal practices.
This will include recommendations regarding necessary
changes, if any, in existing environmental statutes and in
statute enforcement procedures to ensure environmentally
sound solid waste collection and, possibly, disposal
services by a private firm. 
This will also include general
recommendations for future collection and disposal of
hazardous wastes.
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Identification of alternative schemes for privatization of
solid waste management services within the City, including

short-tarm measures for immediate implementation and more
 
long-term measures applicable to proposed improvements to
these services. The cohsultants shall also identify the
 
preferred short- and long-term schemes for privatized
 
services.
 
Identification of suitable private sector contractors and

contracting mechanisms for implementation of the
 
recommonded short- and long-term privatization schemes.
 
This shall include suggested terms of reference for private

contractor solid waste collection/disposal services to the

GCC. This shall also insclude suggested arrangements for

leasing existing and new solid waste collection/disposal

equipment to the private contractors selected.
 
Recommended management and financial systems to be adopted
by the GCC for oversight of privately contracted solid
 
waste collection/disposal services and GCC revenues
 
resulting from such contracts or contract. This shall
 
include recommendations for the establishment and
 
management of a GCC revolving fund which will accept GCC
 
revenues resulting from the privatization of solid waste

collection/disposal services and which may be used to
 
finance the privatization of other City services.
 
Identification of the type, approximate duration, and
 
recommended venue of training required by mid- to

upper-level GCC staff to effectively manage privatized

solid waste management servicas. If possible, the

consultants shall also specifically identify the

appropriate personnel,to undergo such training.
 

3. Level of Effort: The Contractor shall provide a
 
three-person consulting team to undertake Phase I tasks in
Gaborone, as well as appropriate project management support from
the Contractor's core staff in Washington. 
The consulting team
leader will be designateckby the Contractor. A six-day work week 
is authorized.
 

The consulting team shall consist of individuals with the

following technical capabilities and qualifications:
 

A Municipal Finance Specialist, with extensive knowledge of
financial aspects of solid waste collection and disposal
systems. The indl.vIiual selected shall have had
 
considerable experience with government contracting of
private firms to perform solid waste collection/disposal

services and government management of such contracts. This

individual shall have also had previous experience in

analyzing the cost implications of privately- vs.
 
publicly-provided solid waste collection and disposal

services. Previous African experience is highly desirable
 
(60 person days).
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A Public Works Sanitation Specialist, with extensive
practical experieace in the planning, implementation andmanagement of solid waste collection systems, including
procurement of necessary -equipment and services. Theindividual selected shall have a background in engineeringor a related field. 
Previous African experience is highly

desirable (80 person days).
A Public Works Sanitation Specialist, with extensive
experience in the planning, implementation, and management
of solid waste treatment and disposal systems, including
procurement cf necessary equipment and services. 
The
individual selected shall be familiar with refuse site
disposal problems and various treatment' options, including
regulatory measures to minimize negative environmental

impact. The individual selected shall have a background in
the field of engineering or a related field. 
 Previous
African experience is highly desirable (80 person days).


Knowledge of and access to micro-computer equipment and 
applicable software is highly desirable.
 

4. Recorts:
 

Within 5 working days of arrival, the consulting team shallprovide to the City Clerk for approval and to the SteeringCommittee for review and comment a plan of work which willinclude: (a) the methodology to be used; (b) proposedinterviews and site visits, with approximate scheduling;
(c) a listing of documents required; and (d) a tentative

outline of the final strategy report.
 

While in Gaborone, the consulting team shall meet regularlywith. the Steering Committee and periodically on a required
basis with the USAID/Botswana Project Manager. 

Five working days prio' to completion of the assignment,
the consulting team will provide ten copies of a draftfinal report (in oral and written form) to the City Clerkand the Steering CommitteQ which includes the analyses andrecommendations defined in Section III(A) (2) above.
consulting team will incorporate suggested 

The
 
changes/modifications in the final draft 
(25 copies), whichwill be provided to the City Clerk and USAID/Botswana priorto the consultants' departure from Botswana.
 

5. Equimment: The consultant will provide computer,printer and software necessary to carry out.this activity relatedwork in Botswana, and at the end of his contract, in consultationwith USAID, the equipment may be turned over to the Gaborone City
Council for their future use. 

14r1II Il~'il ,19"6. Period of Performance: Febmuacy- through Zy7'31991. , 
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B. Phase II Assistance 

1. Objective: Following Phase I consultant
 
activities, and on the basis of the consultants' recommendations 
on GOB's evaluation of the report issued during that period, the
GCC, with AID assistance, will initiate procurement cf necessary
equipment and contracting of private firms (or firm) to undertake
solid waste management functions. The purpose of Phase IIconsultant activlties will be to provide follow-on, hands-on
 
assistance to the GCC in the implementation of the sol.d waste
 
management strategy and to assist with identification of
 
strategies for privatization of other city services.
 

2. Contractor Tasks: (a) Provide technical advise and

on-the-job training assistance to GCC staff regarding: 

Introduction of new GCC management systems vis-a-vis
 
private firms (or firm) contracted for solid waste 
collection and/or disposal services. 
Introduction of environmentally sound solid waste
 
collection and disposal practices and.statutory znforcement
 
measures adopted for this purpose.

Activation of new solid waste treatment and disposal

systems at.the refuse site, .inciaing comuissionIng of new
equipment icquired for this purpose.-
Activation of new solid waste collection systems, including
commissioning of new equipment acquired for this purpose.
Maintenance and servicing procedures for existing/new
collection, treatmentf and disposal equipment.
 

3. Level of Effort: The Contractor shall provide a
 
three-person consulting team to undertake Phasa II tasks in
Gaborone, as well as appropriate project management support from
Contractor headquarters in Washington. A six-day work week is
authorized. The Contractor shall designate the consulting team 
leader.
 

The consulting team shall consist of individuals with the
 
following technical capabilities and qualifications: 

A Public Works Sanitation Specialist, with extensive 
practical experi ince in the implementation and managemert
of solid waste collection systems, including installation 
of necessary equipment and services. The individual 
selected shall have a background in eingineering or a 
related field. Previous African experience is highly

desirable (50 person days).
 

A Public Works Sanitation Specialist, with extensive 
experience in the implementation and management of solid 
waste treatment and disposal systems, including
commissioning of necessary equipment and services. The
 
individual Selected shall be familiar with site disposal
problems and various treatment options, including
regulatory measures to minimize negative environmental 
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impact. The individual selected shall have a backgroundthe field of engineering. Previous African 
in 

experience ishighly desirable (50 person days). 
A general Technical Coordinator, with broad-basedexperience in the planning, implementation, and management
of municipal projects. The individual selected shall havethe ability to examine in depth the potential forprivatization of various City services and the introductionof minicipal management systems to administer suchprivatized services. Previo'is African experience is highly
desirable (20 person days).
 

4. Reports:
 

While in Gaborone, the consulting team shall meet regularlywith the City Clerk and relevant staff and periodically
with USAD/Botswana to advie them regarding the progress
of work. 

During the Phase i period, the consulting tkam will issue
brief written progress reports, on a bi-weekly basis, to
the City Clerk regarding the status of solid waste
collectin and disposal strategy implementation. 
These
reports will identify key issues, problems, and recommended
 
solutions.
 

Five working days prior to completion of the assignment,
the consulting team will provide a final report to the cityClerk and USAID/Botswana which will summaize consultantteam activities during the Phase II period and key solidwaste management strategy implmentatijn issues for short­and long-term attention of the GCC. 
The consulting team
shall discuss this final report. in depth with the CityClerk and other appropriate GCC officials prior to the
team's departure from Botswana.
 

Five working days prior tr 
completion of his/her
assignment, the Technical Coordinator shall provide awritten report to the City Clerk and USAID/Botswana which
includes analyses and recommendations for potential
privatization of other City services, as defined in SectionIIIB(2) (b) above. Ths Technical Cooidinator shallincorporate suggested changes/modifications in the final
draft, which will be provided to the City Clerk andUSAID/Botswana prior to departure from Botswana. 
5. Feriodof Performance: Estimated to commence 9months following completion of Phase I-assistance; -, qthrough S ptemb vr-- , 1591. a/ .1t 
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APPENDIX B
 

WASTE GENERATION AND COMPOSITION
 

B.1 GENERAL
 

The evaluation of waste manaqement options preceded by
was 
 a
determination of the approximate amount 
and composition of the
waste stream. This process began with an qvaluatin of previous
studies and then procedded with a weighing pzogram to determine
cutrent total waste disposal and unit disposal rates. Although the
weigh program produced the most accuratu information regardingcurrent disposal, upon which overall alternatives are evaluated, a
theoretictil computor simulation was also prepared to predict total
waste generation and an estimate of the composition of the waste.
This computer simulation obtained input 
from several sources,
including national population estimates, unit gener&tion rates from
the weighing program, the 1985 NZA report and various reference

documents on waste generation.
 

B.2 POPULATION PROJECTIONS
 

A Population and housing consu!. was performed in Botswana in 1971and again in 1981 with the latest results published in 1987. The1991 census process has 
just begun. Due to the unprecedented
growth that has occurred in all three planning regions in the past
ten years it will be difficult to determine the current populations
with a high degree of confidence, especially since we are at the
end of a 10 year cenous cycle. Although the consultant team has
interviewed many public officials and has obtained a wide variety
of opinions regarding the current population, the projections
included within 1981
the Census 
keport appear to be the only
statistical basis from which we can proceed.
 

In addition to Gaborone, two other regions have been identified in
order te evaluate larger scale disposal alternatives. These include
Gaborone 
 plus the two adjoining villages of Tlokweng and
Hogoditshane, and a much larger region that includes 
 population
centers within an approximate radius of 200 kilometers of Gaborone.
The larger planning region is shown on Figure B.1.
 

Figure B.2 presents population data taken from the 1981 Census
Report for the three planning regions. Projections are shown at
five year intervals. All alternatives will be based on 1991

population figures and costs.
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POPULATION PROJECTIONS
 
GABORONE AND REGION1.4 i-___________________________________.....___........_......
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FIGURE 6.2 
POPULATION PROJECTIONS 

B.3 WASTE COMPOSITION CALCULATION 

Waste composition will vary widely based on geography, climate, and
socioeconomic 
conditions. 
Sinci Botswana
basically rural has emerged from a
socioty to an urbanized region in a relatively
short 
time, there is a very diverse mix of people rasid'ng in
Gaborone. Each of 
the residential classes 
will generate wastes
having unique characteristics. 
 The 1985 NZA report established
four classifications of residential landuse and sampled 471 plots
to determine waste generation and composition. The methodoloqy
used in the sampling was not presented in the report and the only
documentation consisted if summary tables.
 

An initial rcview of the NZA data showed that some of the data was
consistent with 
 reference information prepared by various
international sources but several data points especially within the
low income and SHHA clao3ifications appeared to be inconsistent.
Density calculations 
and generation coefficients also appeared
inconsistent with initial field observations obtained during the
two week weighing program. 
Based on the NZA figures, waste
generation in 1991 was estimated at 134 TPD, but 
the weighing
program produced only an average 60 TPD.
 

This initial finding, prompted the project team co review the NZA
data more closely. It appears from descriptions included in the
report that NZA based their evaluation 
on a 9 day period in
February 1985, during which waste was monitored at the landfill.
 

Since the data was presented as 3,900 cubic meters at a density of
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By Mass and Volume 

20.......... . .... ......................................................... ..........
 

uj . . ... ................................................................
0 15 ............ . .................. ................
.
 

10 "'-10 .............
.. ........... ............................... ..... 
 ................
 

PUT KRANWSOTH PLA GLA TIN METTEXUNCASH 

I BY MASS BY VOLU ME 

EXHIBIT B.3 
-4 WASTE COMPOSITION 

r I 



131 kg/cubic meter, it is assumed that the evaluation was based on
volume 
rather than weight. Volume studies 
can
significant often result in
errors by fiiling to 
account for partially full
vehicles. Since tho NZA -eport did not provide details of their
field worh, wo 
are unable 
to confirm their field results.
 

B.4 COMPUTER DATA BASE
 

The computer data base 
 utilized 
 the four
classifications residential
presented 
in the NZA report, and 
six other
generation categories as follows:
 

Category 
 Generation Unit
High cost Residential 
 Per Capita
Medium Cost Residential 
 Per Capita
Low Cost Residential 
 Per Capita
SHRA Residential 
 Per Capita
Industrial 
 Per Plot
Commercial 
 Per Plot
School 
 Per Pupil
Medical 
 Per Bed
Institutional 
 Per Employee
Litter 
 Lump Sum
 
Generation rates for the residential categories were 
aased on the
weighing program (see Appendix C) and the rates for the other six
categories were based partially on the NZA data with adjustments
based on the weighing study and/or reference information.
 
Due to the rapid growth being experienced in Gaborone, it was not
possible to obtain 
1991 population information or numbers of
industrial/comercial plots, and therefore these were extrapolated
from the 
1985 data, based on population and economic growth
projections from various sources, including the National Economic
Plan No.5. Total waste 
generation calculated by the computer
model, in tonnes per year, was based on the above data, assuming
full time residency (7 days per week).
 

B.4 WASTE COMPOSITION
 

Several waste management methods, 
including waste 
sorting and
composting, are based, in part, on estimates of materials found in
the compcsite waste 
stream. The computer data 
base includes a
calculation of waste generation by 11 waste components that were
identified in the NZA Report. These waste components are shown on
the data base as percentages of total waste by weight (mass) and
are based partially on work performed by NZA and adjusted based on
the weigh program and reference material. A composite chart of the
waste composition is shown on Exhibit B.3
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B.5RESULTS
 

After a review of initial data, it became obvious that insufficient
data existed to 
use the computer simulation to estimate waste
generation and composition for the larger region. Therefore the
computer simulation was performed only on the information obtained
for Gaborone and the local region.
 

The results of the computer simulations are presented in Exhibits
B.4 and B.5. 
 These exhibits are the actual computer printouts for
the two regions analyzed and represent our preliminary assessment
of waste generation in Gaborone and the surrounding local region.
 

The first page of each exhibit includes the generation rates for
each type of generator by unit of generation, and the composition
data from the NZA report, in percent by mass. The second page of
the exhibit includes the input data regarding the number of
generating units for each generation category and the calculation
of waste for each generation category and composition component.
The third page is a summary table. 
 The results of the computer
simulation were utilized to estimate actual waste generation and
disposal rates, presented in Chapter 3 and 
in formulating the
privatization alternatives.
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APPENDIX C
 

WEIGHING PROGRAN 

C.I SUMNMARY
 
A two 
week waste quantity analysis 
was conducted for all waste
generated in 
Gaborone 
end disposed

accurate at the City's landfill. An
assessment 
of waste disposal rates 
is crucial 
in the
development of improvements to the current collection and disposal

system.
 

The results of the weighing programme indicate that the City of
Gaborone discards 57.6 TPD of refuse (doea not include construction
waste). This 
includes: 
42.0 TPD from
vehicles GCC refuse collection
(compactors, round bodies, and square bodies), 
6.3 TPD
delivered by Skip Hire; and 9.2 TPD of self haul and GCC tipper and
skip vehicles.
 

Waste delivered 
to the landfill by category can 
be divided as
follows: 3.5 TPD source separated organics (vegetable waste, garden
waste, and feathers), 
2.4 TPD of ash, and 0.7 TPD of wood waste,
and 51.0 TPD of mixed refuse.
 

In conclusion, this survey attempted 
to define the quantity of
refuse collected and landfilled in Gaborone with the most accurate
methodology. 
It should be noted that the data from this wcighing
survey differs greatly from the 1985 NZA study which estimated
refuse waste disposal rates of over 85 TPD in 1985, and an expectedrate of 167 TPD by 1995. Prior to expenditures on any processing
technology where rcost would be greatly effected by waste generationrates, it is recommended 
that GCC conductweighing program using the 
a second two weeksame methodology reported herein duringa different season. 
This would confirm the accuracy of the data
presented in this appendix, and provide an additional data base.
 

C.2 METHODOLOGY 

During the period of April 28 through May 12, 1991, the Consultancy
conducted a weighing program for the City of Gaborone. During this
time, GCC refuse collection vehicles (compactors, round bodies, and
square bodies) wee instructed to reportstation to the weigh bridgeprior to disposal at the landfill. The weigh bridge islocated about 3 km from the landfill, and was used since no scale
house exists at the landfill.
 
The scales used at the weigh bridge station are manufactured by
Ashworth Ross & Company, Ltd (Dewsbury, England) and are accurate
to within 1c kilograms. 
The scales were operated by a weigh master
during the 
survey and the scales were 
balanced and 
tested for
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accuracy each morning.
 

At the weigh bridge, refuse collection drivers were interviewed for 
type of waste collected (residential or commercial) and the 
extension served. In order to ensure that refuse collection 
vehicles were weighed prior to unloading at the landfill, two staff 
members wer3 located at the landfill. Drivers were required to 
provide a receipt from the weigh bridge station upon entering the 
landfill indicating that their truck was weighed.
 

In order to document other sources of waste delivered to the
 
landfill, the two staff members interviewed all vehicles entering

the landfill. Staff members were responsible for estimating volume
 
and weight of the refuse self-hauled to the landfill. To more
 
accurately estimate refuse quantities from Skip Hire, the exclusive
 
private hauler in Gaborone, ten skips were delivered to the weigh

bridge station. This allowed estimates for average densities for
 
the other Skip Hire vehicles which were measured by volume.
 

Average temperatures during the week ranged from 7.7 to 22 degrees.

At the time of this report, meteorological data was not available,
 
but precipitation occurred only race and was estimated at less than
 
10 millimeters.
 

C.3 RESULTS
 

Exhibit C.l presents the results of the two week weighing program.

These figures include only refuse, and do not include construction
 
waste (rubble and earth). Based on a seven day week, the City of
 
Gaborone discards an average of 57.5 TPD of refuse. As shown, this
 
includes: 42.0 TPD from GCC refuse collection trucks (compactors,

round bodies, and square bodies), 6.3 TPD delivered by Skip Hire,

and 9.2 TPD delivered by private businesses or organizations, and
 
waste delivered by GCC using either tipper bodies or skips.
 

The daily disposal rate ranged from 13.7 TPD on Sunday, May 5, to
 
80.1 TPD on Monday, 6 May. The average variation of the two weeks
 
was less than four percent.
 

Exhibit C.2 provides a breakdown by category of the waste delivered
 
to the landfill. This exhibit indicates only those loads of
 
exclusively separated waste, and doas not represent an overall
 
disposal rate far each category. This table is presented to 
illustrate the potential of material recovery at the landfill. 
As shown, source separated organics account for 3.5. TPD, or 6.1 
percent of the waste stream. Source separated organics is limited 
to vegetable waste, garden waste, manure, and feathers. 

The other two categories identified were ash and wood waste. 
two categories accounted for 4.2 and 1.2 percent of the 

These 
waste 

stream, respectively. 
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During the two week period, a total of 1,345 vehicles were recorded
to enter the landfill. 
This included: 
392 GCC refuse collection
vehicles (compactors, round bodies, square bodies), 
116 vehicles
from Skip Hire, and 837 self-haul or GCC tipper or skip vehicles.
On avirage, 96 vehicles enter the landfill each day.
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Exhibit C.1 Gaborone Solid Waste Weighing Progrm 
April 28 - May 12, 199 

(Kg per day) 

Date City Council a) 
 Skip Hire b) Other c) Total
 
.... ~ ................ ....................... 


W 
E 
E 
K 

I 

April 29 
April 30 
May 1 
May 2 
May 3 

May 4 
May 5 d) 

47o730 

60,020 

64,210 
47,180 
46,680 

23,220 

9,020 

8,415 

9,425 

7,220 

8,080 
7,063 

0 

0 

14,005 
14,233 

10,005 

4,345 
6,100 

3,605 

4,650 

..... 
70,170 

83,678 
81,435 

59,605 
59,843 

26,825 

13,670 

Week Subtotal: 
Weak Aversge (Kg/day): 

298,080 

42,583 
40,204 

5,743 
56,943 

8,135 
395,227 

56,461 

W 
E 
E 
K 

2 

May 6 
may 7 
May 8 
May 9 

May 10 
may 11 
May 12 

54,840 

58,030 
49,270 
38,480 

53,390 
27,590 
9,020 

11,787 

7,252 
15,762 

0 
13,260 

0 
0 

13,505 

9,664 
13,840 
9,090 
9,850 

11,273 
4,650 

80,132 

74,946 
78,872 
47,570 

76,500 
38,865 
13,670 

Week Subtotal: 
Week Average (Kg/day): 

290,620 

41,517 
48,060 

6,866 
71,874 

10,268 
410,554 

58,651 
........................................................................ 

Overall Average 
(Kg/Day): 

42,050 6,305 9,201 57,556 

a) Based on a weighing progrin conducted betwem April 30 and May 12. During this time
all City Council refuse collection vehicles (compactors, round body, and square) wererequired to report to the Weigh Bridge prior to entering the Landfill. 

b) Based on average densities as obtained by weighing a limited sample number of 
Skip Mire's vehicles. 

) Includes private auLers, and GCC tipper and Skip vehicles. Weight estimates based on 
visual survey of vehicles entering the landfill. 

d) Estimtes for May 5 basd on results from following Sunday (May 12). 
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Exhibit C.2 Solid Waste Disposed by Category a) 

Source Separated MixedDate Organics b) sh Wood Waste Refuse Total 
I..........l................ 
 ..... .......... 
 ......... 
 .......
April 29 3,280 1,800 1,346 63.744 70,170W April 30 4,175 0 1,346 78,158 83,678

E May 1 2,690 0 897 77,848 81,435
E May 2 540 3,300 1,794 53,971 59,605
K Pay 3 870 0 1,794 57,179 59,843

May 4 
 650 0 0 26,173 26,825

1 May 5 c) 4,100 0 
 0 9,570 13,670
 

-....o. ....... .. ..... .. ...
 ..... .
Week Subtotal: 16,305 
 5,100 7,176 366,646 395,227
Week Average (Kg/day): 2,329 729 1,025 52,378 56,461
 

May 6 3,405 5,400 1,645 69,682 80,132W May 7 2,580 3,300 0 69,066 74,946
E May 8 5,660 12,600 0 60,612 78,872
E May 9 6,050 0 0 41,520 47,570
K May 10 4,970 7,200 527 63,803 76,500


May 11 
 6,235 0 0 32,630 38,8652 May 12 4,100 0 0 9,570 13,670 
.......
.......
.......
.......
.......


Week Subtotal: 821,109 788,109 739,609 757,437 
 410,554
 
Week Average (Kg/day): 4,714 4,071 
 310 49,555 58,651 ...il... . .....t..... ti.... ll l l...................................................... 
Overall Average 3,522 2,400 
 668 50,966 57,556


(KS/Oay): 

Percent of Total 6.12 4. 2 
 1.22 88.6 100.02 

a) As identified at the landfill based on visual survey mid interviews w/ drivers.

b) Source separated organics included: vegetable waste, brush, grass, and feathers.
 

In addition, Loads of manure were included.
 
c) Estimtes for rjy 5 
 based on results from following Sunday C(Ny 12). 
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APPENDIX D 

RECYCLING
 

This appendix provides a brief overview of recycling potential for
the City of Gaborone, and a a strategy for implementing increased
material recovery. 
 There 
are 	many social, economic,
environmental benefits inherit with 	
and
 

recycling. These 
include:
increased job creation; reduction in refuse collection and disposal
costs for the GCC; flow of foreign money into the local economy;
and extension of the life of the landfill.
 

Recycling strategies discussed in this 
appendix are limited to
source separation technologies. 
 Source separation involves 
some
level of separation of salvageable material by either the waste
generator (i.e., plot owner) or refuse collector during collection.
This technique is commonly used in the United States and Europe for
recovering material from both the residential and commercial waste
stream. 
In Gaborone, this technique is used rather effectively by
Waste Paper Recovery, Ltd. in their 
programme of collecting
cardboard from businesses in Gaborone.
 

Compared to other recycling techniques
materials from 	

such as sorting salvageable
mixed refuse, source separation offers several
unique benefits. 
These include:
 

* 	 Reduction in the amount of waste that must be collected
and delivered to the landfill
 

* 	 Recyclable materials have a cleaner quality for the end­market user because it has not been cross-contaminated
with 	mixed refuse 
(food waste, garden waste, etc...).
Thus, end-markets pay a higher premium for the material.
 

* 	 Additional jobs are created in the area of collection
 
* 
 Source separated recyclables require less processing, and
thus 	less capital intensive equipment for processing are
required then sorting of materials from mixed waste
 
0 	 The public is educated on environmental issues
 
0 By creating a market for various materials, littering


would be reduced.
 

The 	main consideration 
for 	the GCC in deciding to implement a
source separation program 
is the economic viability of such
program. 	 a
This appendix provides a preliminary costs analysis. 
The
cost analysis was conducted through a detailed assessment of the
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waste stream, telephone interviews of material markets in Southern
Africa, and an evaluation of collection and processing costs.
 

This appendix is divided in to six sections: existing recycling
activities; material markets; 
residential recycling strategies;
commercial recycling strategies; cost analysis; 
 and

recommendations.
 

D.1 EXISTING RECYCLING ACTIVITIES 

As discussed in section 3.3.6, the main recycling activities inGaborone are the collection of cardboard by Waste Paper Recovery,
Ltd., and the collection of bi-metal cans by Metal Box, Ltd. 
Waste
Paper Recovery owns a fleet of four vehicles to collect cardboard
from the various businesses in Gaborone. 
The company provides free
collection service 
in return for the cardboard. For large
generators of cardboard, Waste 
Paper Recovery may pay for the
material. 
The material is processed with an export type baler and
railed to markets in Zimbabwe and South Africa.
 

Metal Box collects the majority of its cans from school sponsored
collection programmes. 
They are provided an education program on
environmental issues, a is
and contest held quarterly to
financially reward schools that recycle the most.
 

Combined, the two companies recycle 220 tonnes of materials per
month and hire over 50 employees. Both companies have additional
processing capacity and are interested in additional materials.
 

D.2 NATERIAL MARKETS
 

The availability of end-markets is vital for any recycling program.
If no markets are available, there is 
no economic incentive to
separate materials from the waste stream .
 (An end-market is the
final step in recycling where the material is remanufactured into

the same item, or a different product.)
 

A preliminary market was of
survey conducted end-markets in
Botswana, South Africa, and Zimbabwe. The survey indicated markets

for the following materials:
 

0 Bi-Metal Cans

0 Food and Beverage Glass and Plate Glass (windows and
 

mirrors)

0 High Density Polyethylene (HDPE)

0 Paper (cardboard, high grade, mixed grade, news).
 

As shown in Exhibit D.1, revenues for materials varied from P60 per
tonne for bimetal cans to up to P250 for HDPE. 
These revenues are
net transportation costs, but do require some level of processing.
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EXHIBIT D. 1 MATERIAL MARKET VALUES 

Material Revenue
(Pula/tonne) a)
 

Bi-metal Cans 
 45 - 60
 

HDPE 
 200 - 250
 

Glass
 

Food and Beverage 80 
- 100
 

Plate Glass 
 60 - 70
 

Paper
 

Corrugated 
 115 - 130
 

High Grade 
 200 - 230
 

Newspaper 
 90 - 100 

a.) F.O.B. Gaborone. 
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All markets identified were based in South Africa, with no end­markets located in Botswana. 
 It is worth mentioning that while
future markets are hard to project due to the volatility of the
world market, the removal of international trade sanctions against
South Africa should help stabilize or even increase revenues for
recyclable materials in Southern Africa.
 
Paper end-markets included Lothlorein Waste; Mondi Paper Recycling;
and Nambak, while the major bimetal market is Metal Box, Ltd. 
This
company expressed a commitment to making recycling cost effective
in Gaborone, and would negotiate an appropriate price to ensure the
recycling of cans. 
Consol Glass is the primary market for beverage
and food glass, and HDPE is purchased by both Eaton Plastics and
Ronde Plastic.
 

D.3 RESIDENTIAL RECYCLING STRATEGIES
 

There are a wide variety of strategies for collecting salvageable
materials from residential extensions, but they can be divided into
two main methods. 
The first method involves residents separating
each recyclable material into separate categories. In other words,
a separate container would be used for glass, metal, paper, and
plestic. 
 This material would then 
be collected with a
compartmentalized vehicle.
 

The second method, often referred to as commingled collection,
involves residents placing all their recyclable materials into one
container, such as 
a clear plastic bag. These 
materials are
subsequently picked-up 
with a non-compactor vehicle and then
delivered to a processing facility 
for sorting, processing, and
transporting to market.
 

The Consultancy reviewed various collection strategies for GCC and
recommends 
commingled collection 
as the preferred strategy
source separation. The commingled for

collection strategy 
offers
several key advantages. 
 These include: 
greater convenience for
residents increasing the potential for 
higher recovery rates;
ability for the GCC to use 
existing collection vehicles;
recyclable collection costs are reduced. 

and
 
approach However, the commingled
would require increased labor 
 for sorting at the
processing facility. 
This adds to processing costs, but is off-set
by reduced collection costs. It also has the 
advantage of
providing additional jobs.
 

Based on the market survey, recommended materials for collection
would include: bimetal cans; 
beverage and food 
;lass; HDPE; and
paper products (corrugated, high grade, and nei 
). A review of
waste generation rates 
(see Section 3.3.3) and 
a previous waste
composition study indicates that the higher income areas generate
the largest quantity of recyclable materials. Thus, the high and
medium extensions in Gaborone represent the most appropriate area
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to implement a source separation program. 
These areas should be
provided labeled, clear plastic bags which would be picked-up once
 
per week.
 
Exhibit D.2 provides a breakdown of the quantity of recyclables
generated in a medium to high income area.
plot generates 9.01 As shown, the average
kilograms per week of recyclable materials.
This represents 
39.6 percent of the 
total waste generated.
Assuming only modest participation, a source 
separation program
would collect 4.38 kilograms per plot per week, or a 19 
percent
waste diversion rate.
 

In order to further define 
actual participation rates, 
it is
strongly recommended that the GCC conduct an extended pilot source
separation program of several hundred residential plots. The pilot
program would measure recovery rates, participation rates and most
importantly, interview residents for evaluating strategies which
encourage participation. 
This would form the basis for an expanded
program.
 

It should 
be noted that source separation
attempted in South Africa with minimal success. 
programs have been
 

These programmes,
however, often focused on only single recyclable materials, were
not properly designed, or did not include a large enough education
component. The recommended programme for GCC addresses 
a full
spectrum of materials and would place emphasis on a comprehensive
education program. In addition, the pilot program would provide
the GCC the necessary information in ensuring a successful program. 
Source separate collection is not expected to be economical inlower income areas due to the low quantity of refuse generated, and
lack of recyclables in the waste stream. 
The most likely program
to provide the.e citizens with

develop an opportunity to recycle is to
economic incentives 
to recycle. 
This could best be
accomplished by the private sector paying high enough revenues to
encourage residents 
to save their recyclables.
previously, Metal As mentioned
Box has expressed a strong
encouraging the recycling of bi-metal cans. 

commitment for
 
enough If revenues were high
and a pick-up system established, this in
would result
tremendous recycling activities in the lower income areas.
 

D.4 COMMERCIAL RECYCLING STRATEGIES
 

The GCC would benefit in developing an infrastructure of private
entrepreneurs recycling because it would decrease the amount of
waste collected and disposed. 
For example, every tonne of material
recycled by the private sector would save the GCC over P80.
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TABLE D.2 MATERIAL RECOVERY RATES
 

Expected
 
Percent of Generation Rate Recovery Rate
Material Waste stream a.) kg/plot/week b.) kg/plot/week
 

Bi-Metal 11.0 
 2.50 1.40
 

HDPE 
 2.0 0.46 0.19
 

Glass 10.2 2.32 
 1.30
 

Paper
 

Corrugated 10.7 2.43 0.85
 

News 5.7 
 1.30 0.64
 

Subtotal: 39.6 
 9.01 4.38
 

Non-Recyclable
 
Materials 60.4 
 13.74 -

Total: 100.0 
 22.75 4.38
 

Material Diversion
 
Rate (%) ­ - 19 

a.) Waste composition based on 1985 NZA report.

b.) See Section 3.3.3.
 
c.) Assumes participation rates between 35 and 55 percent. 
These
 

rates are relatively conservative. A well designed program

could receive participation rates of 80 to 90 percent.
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Three areas of commercial recycling collection are recommended for
Gaborone. 
 These areas 
include: office paper recycling programme;
increased corrugated recycling; and public school recycling. 
These
are described below.
 
Office Paper Recycling Program 
- An office paper recycling program
would be established in all GCC offices and at Central Government
offices. 
Each worker would receive a desk-top container to store
used ledger paper. 
(An example of a desk-top container was provide
to the Health Department.) 
This paper would be collected as needed
by an approved private contractor. Because the paper has such a
high value (up to P230 per 
onne), the contractor would either
collect the materials for free in exchange for the material, or
even pay for the material. Other organizations that generate large
quantities of paper, such 
as banks and hotels, would also be
encouraged through an education outreach to implement 
an offic.
paper recycling program.
 

Increased Corrugated Recycling 
- The commercial waste stream
contains a significant quantity of corrugated containers (between
12 and 25 percent). Commercial establishments in the City not
currently recycling should 

corrugated recycling program. 

be strongly encouraged to begin a
Tipping fees at the future landfill
or privatization 
of commercial 
collection 
would provide the
necessary incentives for corrugated recycling.
 
Public School Recycling - Expanded bi-metal collection at allpublic rchools is recommended. In addition, the recycling of othermaterials including paper and plastic should be evaluated.
 
A recycling system at the public schoola is advantageous because it
would teach young adults and kids the 
importance of 
recycling.
This behavior would encourage further recycling at home.
 

D.5 COST ANALYSIS
 

A cost analysis of source separation was conducted.
Exhibit As shown in
D.3, the cost analysis is divided 
into three
material recovery; revenues; and 
parts:


costs.
collection Based on current
efficiencies and material recovery
earlier, rates discussed
a non-compactor vehicle is 
capable of collecting 3.75
tonnes of materials per day.
 
Based on the material market survey, this material has a value of
P357. 
With a future avoided landfill costs of P32 per tonne, total
revenues are projected at P477 per day.
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TABLE D.3 SOURCE SEPARATION COST ANALYSIS
 

-
 -
 -- I, 
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -


Costs
Component 
 Pula/Day
 
I-----------------------

Material Recovery (tonneu/vehicle/day) 3.75
 

Costs Analysis
 

A. 	Revenues
 

1. 	Material Sales 
 (357)
 

2. 	Landfill Diversion (@ P32/tonne) (120) 

Subtotal: (477)
 

B. 	Costs
 

1. Collection Vehicle with Crew a.) 
 270
 

2. 	Distribution of Plastic Bags 
 45
 

3. 	Processing (@ P20/tonne) 
 75
 

Subtotal: 
 390
 

Total System Costs 
 (87)
 

a.) See Section 3.3.4.
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The costs for a 
source separation 
program include: collection
vehicle and crew; bags for residents; and processing costs. The
operation of a non-compactor vehicle was determined to te P270 perday (see Section 3.3.4). Bags are estimated at P45 per day, while
processing costs were estimated at P20 per tonne. 
Total operating
costs were calculated at P390.
 

Overall system cost was estimated at a profit of P87 per day. 
This
costs does not include reductions 
in refvse collection costs.
Higher participation 
rates, additional materials 
targeted for
recycling, and higher vehicle collection efficiency would further
imprave the profitability of source separation.
 

C.6 RECOMMENDATIONS
 

The following recommendations are provided to implement increase
recycling activities in Gaborone:
 

* Existing recycling activities can 
form a basis for
expanded material recovery in Gaborone.
 

a 
 A more detailed material market survey should be
conducted that includes written price quotes from theend-markets along with long-term contract possibilities. 
0 
 Develop and implement a pilot source separation program
in Extension 9 to determine education needs for a largerprogram, and further refine the economic viability of


this technology.
 

0 The GCC shculd actively encourage Metal Box, Ltd toprovide leadership in metal 
can recycling and pay
sufficient revenues to motivate bi-metal can recycling.
Since bimetal cans are a large component of litter, the
GCC would benefit tremendously if these containers had a
value that would discourage littering. In addition, the
GCC and Metal Box, Ltd. shoulI coordinated increased
 
recycling at schoolr.
 

* 
 Develop office paper recycling program in GCC offices.
Waste Paper Recovery, Ltd. has stated that they would be
willing to provide the necessary containers to implement
this program. Depending on the quantity of material
collected, the GCC might receive a revenue for the paper.
If the proposal 
from Waste Paper Recovery Ltd. is 
not
acceptable, other private companies to collect the office
 
paper could be explored.
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APPENDIX E 

DISPOSAL METHODS 

E.l GENERAL 

The disposal methods used in the various disposal alternatives were
presented in brief form in Section 4.4.2 of the main body of the
report. Appendix E expands the presentation of disposal methods in
order to give the reader a more 
thorough understanding of each
method and specific applications that may affect disposal methods
 
in Gaborone.
 

E.2 LANDFILL
 

A new landfill, designed and constructed to current technical
standards requires the input from several engineering disciplines.
In the case of the proposed landfill in Gaborone, a site search was
conducted in 
a previous investigation and the current site
chosen 
as the best available site. 
was
 

Initial work, conducted by
previous consultants, identified the general hydrcgeologic setting
but performed only minimum surficial field totesting determineactual conditions. These preliminary investigations found bedrock
at relatively shallow depths but did not define the condition ofthe bedrock, specifically its ability to transport leachate thatmay be produced by the landfill or the bedrock's relationships togroundwater and surface water resources, including the Ngotwane
River. The effects on groundwater from seepage from the 
currentsewage ponds and the seepage from the Gaborone Dam should both be
investigated further.
 

The actual design of a landfill depends primarily on the soils in
which it is located, the mechanisms by which leachate may impact
water resources, the composition of the waste being landfilled, and
an estimation of leachate 
generation which is 
proportional to
annual rainfall and operating conditions. If these conditions are
favorable, and relatively fine grained soils 
exist under the
landfill, of adequate depth, then 
a liner may not be required.
Based on the minimal information collected to date, the proposed
Gaborone landfill site less
has favorable hydrogeological
conditions which 
would indicate a more conservative design,

including a synthetic geomembrane liner.
 

For the purposes of this report the Project Team assumed a linedlandfill using a plastic liner of high density polyethylene (hdpe).Based on information presented 
in a 1989 report by NZA and
preliminary work by ARUP, the capital and recurrent costs of the
new landfill have been estimated. Since the amount and
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composition of the waste, requiring landfilling, will vary

depending on the amount of processing, costs have been estimated at
 
five different capacities. The cost data, included in Exhibit E.1,

is based on limited information and should be used only as a basis
 
for comparing alternatives.
 

E.2 SORTING FACILITY
 

Although scavenging has a beneficial effect on the landfill by

removing waste and extending landfill life, the current scavenging
 
at the Gaborone Landfill is uncontrolled, is inefficient and
 
creates significant health hazards. The Project Team has concurred
 
with previous reports that a sorting facility should be built at
 
the landfill to facilitate waste sorting in a more controlled and
 
healthier manner.
 

For the purposes of this report we have assumed a sorting facility

to handle approximately 50 to 60 Tonnes per day of mixed waste,

expandable as the City continues to grow. Source separated waste
 
that arrives at the landfill which contains no recoverable material
 
will bypass the sorting facility. Waste is first dumped on a
 
tipping floor where initial inspection and removal of bulky items
 
will occur. The waste will then be placed on an inclined conveyor

which will transfer the waste to a second conveyor and sorting

platform located approximately three meters above the floor. Waste
 
sorters will then manually pick through the waste, sorting the
 
waste into storage bins or skips located beneath the sorting

platform. The number of materials removed will depend on the 
availability of markets. The material that remnins on the 
conveyor, after sorting, is loaded into a tipper truck and taken to 
the landfill or transferred to ? composting facility. Sorted 
materials would be baled and sent t, materials markets. 

The Project Team estimates that approximately 15 Tonnes per day of
 
materials could be removed through the sorting facility. A cost
 
estimate for the above described facility is presented in Exhibit
 
E.2
 

E.3 CXIPOSTING
 

Composting is defined as the natural biological decomposition of
 
organic waste material under controlled conditions. The finished
 
product of the process is a soil conditioner and erosion control
 
material. In Botswana the compost will increase the native soil's
 
ability to retain moisture and would have many market applications.

For the purposes of this report we have assumed that all of the
 
compost would be used for public works projects such as covering

the closed landfills. If the compost component of the disposal

system is privately operated, the City would have the option of
 
taking the compost for its own usage or allowing the private

operator to market the material to private and commercial users.
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LAIDlLL COST ESTINATS-,:
 

CAPITAL COST 


SITE WORK, FENCING, ON-SITE ROADS, DRAINS

BUILDINGS 

UTILITIES 

IONITORING BORIOLES 

WEIGRBRIDGI 

STORNITIR CONTROL 

INITIAL CELL CONSTRUCTION, KICAVATION &LIg

ACCESS ROAD 


650,000 650,000
LIACHATE RANDLING 650,000 650,000 
 650,000
250,000 250,000 250,000 
 250,000 250,00o
 
SUBTOTAL CONSTRUCTION COSTS 2,220,000 2,220,000 2,220,000 2,220,000 2,220,00
 

EQUIPHINT COSTS
 

LANDFILL MONPACTOR 

7TOffE TIPPER TRUCK
FRONT END LOADER 

7tO1i TIPPI TRUCK
10 kI TANKER TRUCK 

3A1111 (FOR SUPERVISOR) 


SUBTOTAL lQUIPHIT COSTS 


TOTAL CAPITAL COSTS 


ARIUAL CAPITAL 25 TD1.
1 81 


RICURRE|T COSTS
 

LABOUR
 

SITE SuPEBVISOR, 1@ 18,000

4EIGIBRIDGI ATTENDANT, 11 13,500

SECURITY, 16,000 EACl 

lQUIP1EIT OPEIATOIS 
I 13,500 EACI 

SUBTOTAL LABOUR 

SUPPLIES, FUEL, NAINTENAICE 
UTILITIES 

MINISTRATION 

EQUIPHEIT REPLACENENT RESENYE 


SUBTOTAL RECURRENT COSTS 


TOTAL ANNUAL COSTS 


7O1ES LEDFILLgD 


60 TPD 45 TPD 18 TPD 
 21 TPD 2/4 TPD
 
WASTE
1IIED SORTED SORTED
WASTE WASTE ASH SORTID
 

ARS
 

200,000 200,000 
 200,000 200,000 00,000
20,000 80,000 30,000 80,000 10,0080,000 30,000 30,000 
 80,000 :30.000

30,000 130,000 0,000 
 30,000 30,000

50,000 50,000 50,000 
 50,000 50,000
380,000 380,000 380,000 380,000 
 380,000
 

400,000 400,000 400,000 
 400,000 400,o000
 

410,000 410,000 410,000 
 410,000 410.1o0
10,000 30,000 0 00,
:60,000 :60,000 0 0.
:60,000 :60,1)0 :60,G00
 
!30,000 :30,000 
 130,000 130,000
130,000 130,000 130,000 130,000
130,000 130,000
30,000 30,000 30,000 30,000 
 30,000
 

860,000 860,000 860,000 860,000 
 860,000
 

3,080,000 3,080,000 3,080,000 3,080,000 3,:80,000
 

288,534 288,534 
 28,534 288,534 288,534
 

18,000 
13,500 
36,000 
54,000 

:8,000 
'3,500 
30,000 
48,000 

!8,000 
13,500 
24,000 
27,000 

:a,000 
13,500 
18,000 
7,000 

:3,1:0 
13,50O 
18,000 
27,000 

121,500 109,500 82,500 76,500 76,500 

135,000 
22,000 
20,000 
120,000 

121,500 
20,000 
18,000 

105,000 

70,000 
10,000 
10,000 
75,000 

50,000 
10,000 
10,000 
70,000 

;0,000 
!0.900 
10,000 
50,000 

418,500 374,000 247,500 226,500 36,500 

707,034 662,534 536,034 515,034 455,034
 

21,900 Si,425 
 6,570 7,.199 .160
 

EXHIBIT E.1
E-3 LANDFILL COSTS 



SORTING FACILITY ISTINATZ 


ITON 


CAPITAL COSTS
 
BUILDIG 750 SQUARE ITIRS 1 P700 

SITE NOE, UTILITIIS 

CONITYOR 

STORAI BUNKERS 

GLASS CROSHIR 

HORIZONTAL BALIR 

HOBILE KQUIP11N' 


SUBTOTAL 

DESIGN I ADNINISTRITION # 201 


TOTAL CAPITAL COSTS 

ANINAL COST, 25 IRS 181 


REC0IIiT COSTS
 
LABOR
 

ISUPIRVISOR 1 18,000 

3EQuIPEIT OPIRATORS 014,000 

6 PICUS 17,000 


snTOTAL LABOR 


SOPPLIIS, FOL, NAIITIIAICI 

EQUIPEt RIPLACINENT 

ADNINISTRATION, INSUIANCI, CONTINGINCY 


TOTAL RECURRNT COSTS 


TOTAL ANNUAL COSTS 


LISS NAIERIAL 8EVENU1 


NIT TOTAL ANNUAL COST 


COST PER TONE Or ATER1AL 

-

COST
 
ESTINATI
 

(PULl)
 

525,000
 
50,000
 

200,000
 
20,000
 
10,000
 

350,000
 
120,000
 

1.2T5,000
 
255,000
 

1,530,000
 
13,330
 

18,000
 
42,000
 
42,000
 

102,000
 

401'3
 
60,000
 
30,000
 

232,000
 

375,330
 

27,375
 

317,955
 

63.55
 

EXHIBIT E.2 
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The Proces - Although the biological processes involved withcontrolled composting 
are complex, we will simplify
presentation by referring to it for
it as consisting of aerobic 
(with
oxygen) microorganisms which biologically break down the organic
matter producing heat, carbon dioxide, water vapor, and compost.
This is different and in contrast 
with uncontrolled 
anaerobic
decomposition that 
occurs in a landfill that produces 
organic
acids, methane and leachate.
 

When these aerobic microorganisms are given favorable conditions
for maximum growth they 
multiply quickly and assimilate the
nutrients provided by the organic waste material. These conditions
include temperature, oxygen, moisture, PH, and the ratio of carbon
and nitrogen which 
are the nutrients that are 
the food for the
aerobic microorganisms. 
These factors are dependent on eachother
and must be kept in balance if the compost process is to proceed
within a reasonable time frame and produce a stable product that
will not be harmful to the soil or plant life associated with its

final use.
 

Temperature is a key factor affecting biological activity in the
compo3ting process. The natural biological decomposition results in
a temperature increase. 
 Due to the insulating effect of 
the
compost pile, temperatures will rise and ideally should be kept in
the range of 100 to 150 degrees F. An effective composting proce-a
will manage temperatures by maintaining ideal moisture and turning
the compost piles in order to kill pathogens, neutralize insect
production, and render weed seeds inviable.
 

Although the biological decomposition process 
is relatively
straight forward, there are many technological methods to achieve
the desired 
compost results. In many respects, the type and
composition of the waste entering the composting process and the
desired quality of the end product will dictate the physical make­up of the compost system. For instance, if the end product will be
a general use commercial compost used 
in private gardens, the
degree of processing and screening will be much greater than if the
compost were 
to be used strictly in agricultural use or public

works projects.
 

For the purposes of this report we have assumed that the sorting
facility will be in operation and a fairly uniform waste will enterthe compost system. The waste will then be put 
through a
hammermill 
or knife mill, mixed with the appropriate amounts of
water and nitrogen material, if required, and placed in static pile
windrows. An intermediate screening or trommel drum may be required
to remove plastic bags and other oversized material.
After 
curing in the windrows, turned 
as required to maintain
temperatures and aerobic conditions, the compost will be ground and
screened to produce the finished compost product. This process is
shown graphically ia Exhibit E.3.
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OVER SIZE REJECTS 
TO LANDFILL 

SORTD HAMMERMI OR TROMMEL 
WASTE I 0NF SCREEN " 

IND R OWS (90 DAYS ) M W 

NITROGENAE 

SCREEN 

SGRINDER REJECTS TO LANDFILL 

FINISHED COMPOST 

EXHIBIT E.3 
COMPOST FACILITY 

The Waste Generation Study and Weighing Program identified three to
five tonnes per day of source eeparated organic material that could
be composted using lower technology methods. These materials

include vegetable waste, brush, feathers, manure and paunch
contents. With a minimum investment these materials could be
turned into a very high grade agricultural compost. Since these

materials only represent six percent (6%) of the disposed waste,
the composting of source separated organic material will have only

a minor impact on landfill life. The more intensive composting

system, following the sorting facility, will have a more dramatic

effect on the landfill life, diverting an estimated twenty-seven

TPD or forty-five percent (45%) of the disposed waste.
 

A cost estimate has been prepared based on the above described
 
system and is included as Exhibit E.4.
 

c-Composting - Composting of wastewater sludge has become a common

practice in the United States and is often combined with mixed
waste composting in a process known as co-composting. The two

materials are mutually beneficial to each other and the combining

of the two organic materials often results in a better quality of
 
compost and 
lower total costs. The sludge adds nutrients and

moisture to the mixed waste material while the mixed waste adds

needed bulking material to the sludge.
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During our investigations, we have learned that Gaborone is

considering upgrading its wastewater treatment facilities in the
 
near future. If the 
new process will produce a sludge requiring

disposal, a feasibility study should be performed, evaluating the
 
benefits of a co-composting system.
 

E.4 Incineration
 

Incineration produces the greatest volume reduction in the waste to
 
be landfilled but also is the most expensive waste 
processing

option. In addition to the high capital and recurrent costs, air
 
pollution and ash handling problems can result if the incinerator
 
is not operated properly. Waste incinerators that also produce

energy in the form of steam or electricity are called Waste-To-

Energy facilities.
 

Due to the high capital costs of incineration facilities, they are
 
not usually considered to be viable alternatives in sizes under 200
 
TPD. However, their large volume reduction and avoided landfill
 
costs can provide significant benefits, even in smaller sizes. 
For
 
cost comparison purposes, incineration has been included as a
 
component in Alternatives 4, 5 and 6. These alternatives result in
 
incinerators of different capacities and differing ash
 
characteristics. The estimated costs for the three incinerators are
 
presented in Exhibit E.5.
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':NCINKEATICf COST 3STNMATS :;

---------------------------------...--------


KR 


CAPITAL COSTS
 

UILDING
 
iNCINKRATOR(S)
 
BOILI
 
?OWNR GENIRA71
 
FOLLUTION CONTROIL

3?ACK 

NOBIGE SQDIPNENT 

STABT-UP AND TESTING 


SUBTOTAL CAPITAL 


2OST KSTI5AT! flAi
 

0: !PD :0TF9
 

]00,000 :O,000 
 ...
 

75,000 75,000 75,000
 

5,425,000 8,325,O00 10,425,C00
 

ANNUAL CAPITAL 25 TES @8% 508,2:4 i36,094 376,614
 

,ICURRINT COSTS 
 750,000 H30,000 :,20,O00
 

7OTAL ANNUAL COSTS 
 1,261 11,7i.094 2,46,
 

:3SS 6NERGT PEVNUE ;^Z ', :0 :7 ,.O 

NIT ANNUAL COSTS 1,145,894 !,.48,894 :,347,1?4
 

'ONNKS PROCESSED 
 9,360 :5,600 24,360
 

COST ?IN TON! 
 12.4 39.23 73.5i
 

(I)
Based o.1990 estimates provided by Consumat System.s, rc3ichond. 71. 7SA and adjus:ed for freight Ind 	:ocai labor. 

,Z; 	3hed on 312 operating days per year. 0ki n ,erieneration per tmne and P0.05 avoided fiei cost.
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APPENDIX F
 

EQUIPMENT AMORTIZATION SCHEDULE 

Veh. No & Type 


4471 D Toyota,Comp. 


2176 D Toyota,Comp. 


7376 A Toyota, Rnd. 


7375 A Toyota,Rnd 


5564 A Toyota,Rnd 


6154 A MAN,Comp. 


5561 A Toyota,Rnd 


3665 A Toyota,Rnd 


2221 B Toyota,Rnd 


2321 A ToyotaComp 


2096 A Toyota,Rnd 


2098 Toyota,Rnd 


3 tractors 


37 Skips 


Year Est.Cost Annu a 

90 P185,000 Cost
33,820 

89 175,000 32,000 

87 90,000 16,457 

87 90,000 16,457 

86 85,000 15,543 

86 160,000 29,257 

86 85,000 15,543 

86 85,000 15,543 

85 80,000 24,629 

85 140,000 25,600 

85 80,000 15,543 

85 80,000 15,543 

120,000 21,942 

2 70 

Total Annualized Cost of Equipment ---P268,256
 

* 
After seven years vehicles are assumed to have no value for anannual capital cost viewpoint - Annual cost are derived fromestimation initial cost and using eight percent cost of money per
annum and seven year straight line depreciation.
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APPENDIX G 

ADVERTISEME FOR INTERESTED PARTIES 

NOTICE
 

THE CITY COUNCIL OF
 

THE CITY OF GABORONE
 

HEREBY GIVES NOTICE OF ITS INTENT TO TENDER A PORTION OF THE CITY
 

must be
 

TO PRIVATE INTERPRISE FOR SOLID WASTE COLLECTION. Interested 
parties must submit a letter of interest to the City Council of 
Gaborone in care of the City Clerk. All submissions 
accompanied by 
a financial statement 
and a brief statement of
 
qualifications. 
 Further information concerning this 
offer is
 
available in the office of the City Clerk.
 

Date: 

Signed
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APPENDIX H
 

NOTICE OF INTENT TO FRANCHISE
 
COMMRCIJ/INDUSTRIALREFUSE COLLECTION
 

NOTICE
 

The CITY COUNCIL OF
 

THE CITY OF GABORONE
 

HEREBY GIVES NOTICE OF ITS INTENT TO FRANCHISE THE COLLECTION OF
 
SOLID WASTE FROM BUSINESS AND INDUSTRY TO A PRIVATE PROVIDER.
 
During the six months following the date of publication of this
 
notice 
the City Council will select through tenders a private
 
service company who will be awarded a contract to collect 
 solid
 
waste generated by businesses and industry in Gabarone. 
After an
 
agreed date approximently six months henseforth and designated in
 
the franchise 
the City will no longer collect refuse from
 
businesses 
and industry and each 
business 
must arrange by
 
contractual 
 agreement with 
the franchised organization for
 
collection and removal of the waste generated by their operations.
 
Each business will pay the 
franchisee according 
to the prices
 
tendered 
in the franchise offer for the level 
of service it
 
requires. In all cases 
business must 
contract 
for a level of
 
service that assures the maintenance of clean sanitary conditions
 
at their designated pickup point and this contract must recieve the
 
approval of the City of Gabarone Chief Health Inspector.
 

Date: 

signed
 


