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Abstract

Kampala Industrial and Business Park (KIBP) features as the premier and the
best planned industrial complex in Uganda’s history that impacts the inner
Murchison Bay of Lake Victoria. The number of operational establishments
in the park has raised environmental concerns; air, land and water pollution
are significantly magnified by the close proximity of industries. Furthermore,
industrial trucks have created unprecedented traffic congestion on Kampa-
la-Jinja highway because the highway design cannot accommodate the traffic.
Industries are producing volumetric wastes, and rendering the surrounding
areas unacceptable for residential, shopping and recreational purposes as pre-
viously proposed in the construction design. This cross-sectional study cha-
racterized the wastes being generated in the park and prospected the future
generation trend of the wastes. Results indicate that 39 assorted types of
wastes are being produced in KIBP. Annually, 3214.8 metric tons of wastes
are produced in KIBP and this is prognosticated to triple in the next 5 years
with new industries being set up. Chemical analysis revealed that 3% of the
wastes currently generated are hazardous; 16% are non-biodegradable; 18%
are metallic whereas the residual 63% are putrescible. Recycling of wastes
should be encouraged to reduce the volume of wastes generated in KIBP.
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1. Introduction

Industrial and business parks feature as pivotal sectors of development world
over [1]. An industrial and business park is a portion of a city zoned primarily
for industrial purposes majorly constituted by refineries, ports, warehouses, dis-
tribution centres and industries [2]. It is based on integration philosophy of var-
ious functions into a business area with products and services accompanied by
reasonable economic turnover and job opportunities [1].

His Excellency, the president of the Republic of Uganda (Yoweri Kaguta Mu-
seveni) in an official message on 8" February 2007 [3] recapped that point No. 5
of the National Resistance Movement (NRM) Ten-point programme worked out
under his chairmanship and first published in 1986 [4] puts that NRM aims at
“building an integrated, independent and self-sustaining economy”. Further, he
pointed that the country exports more than 3.5 million bags of unprocessed cof-
fee, and 200,000 bales of unprocessed cotton, and imports processed juice from
South Africa, and yet about 10 million metric tonnes of bananas are being used
irrationally with 40% getting spoiled in storage [3]. The Planning Commission
of the Ministry of Finance was thus mandated to among others set up industrial
and business parks in Arua, Lira, Gulu, Soroti, Moroto, Mbale, Tororo, Jinja,
Iganga, Masaka, Nakasongola, Luwero, Mbarara, Bushenyi, Kabale, Kasese, Fort
Portal, Rakai, Mubende, Hoima and Kampala districts on approximately 500
acres of land and ensure access roads (tarmac), hydroelectricity and water are
available [3].

Uganda Investment Authority (UIA), the statutory body responsible for in-
vestments in Uganda was mandated to instate twenty two (22) industrial and
business parks (IBPs) throughout Uganda to generate employment as well as
performing value addition to locally available goods and raw materials [3]. By
and large, Luzira IBP, Bweyogerere IBP (where the National standards house of
Uganda National Bureau of Standards is located), Jinja IBP, Kasese IBP, Soroti
IBP, Mbale IBP, Karamoja IBP, Kashari Agricultural Land Mbarara Small Scale
Entrepreneur’s Park have been established [3] adding on KIBP-Namanve that
was initiated in 1997 but was held back by underfunding of the credit agreement
between Ugandan government and World Bank due to stiff resistance from en-
vironmentalists voicing against the wanton mowing down of the national euca-
lyptus forest in Namanve, administrative bureaucracy and inflated land costing

[5].
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Albeit all the efforts being factored into creating employment for the popula-
tion in the unemployment-prone country, no much efforts have been injected to
regulate the amount of wastes generated. In most industrial parks, little attention
is paid to environmental concerns; industrialists discharge wastes into the envi-
ronment before it is properly treated. At the time of this study, 40 investors op-
erating in KIBP were poorly managing their industrial wastes [6], regrettably
subjecting the park to pollution prone industrialization and its effects in the
not-so-distant future. In the olden days, industries used to manage their wastes
by direct discharge into the environment without prior treatment [7]. However,
the current legal provision in Uganda mandates operational industries to either
manage their own wastes appropriately or equivalently contract qualified com-
panies to handle their generated wastes. Wagland and co-authors [7] pointed
that minimization of waste generation, segregation and recycling of wastes is key
in ensuring environmentally friendly industrialization. Further, fractions of
non-hazardous industrial wastes can be harnessed to produce energy as Solid
Refuse Fuel [8] and this has been attempted in Uganda [9]. Industries are con-
stantly in need of details of the wastes they generate and it has been reported
that some industries implementing good waste management practices realized
large economic and environmental benefits [10]. Several published information
on industrial wastes from industries around the world focused on waste charac-
terization and management activities [11] [12] [13]. Hence, the primary step for
planning, policy making, developing and budgeting a complete waste manage-
ment system is to arrive at the quantum and composition of industrial wastes
being generated [14].

There is finite published data on characterization of industrial solid wastes
(ISWs) in Uganda. However, some authors have characterized municipal solid
wastes generated majorly for the country’s capital [15]. Other available informa-
tion on industrial and municipal solid wastes generated in Uganda are routinely
published by National Environmental Authority (NEMA) and the Uganda Na-
tional Bureau of Statistics (UBOS) in their State of the Environment Report and
Statistical Abstracts respectively. Recently, Nyende [16] performed a hydrogeo-
logical assessment for sustainable groundwater abstraction in KIBP-Namanve.
The investigation established the behavioral response of groundwater system to
increased abstraction. Pre-existing groundwater/borehole data in Namanve was
harnessed to produce aquifer geometry, hydraulic properties and hydrogeologi-
cal conceptual model of KIBP. The values were further manipulated whilst mod-
elling to snugly fit the present hydraulic heads of Namanve. Subsequent model-
ling under non-pumping and pumping scenarios to match the current static wa-
ter levels monitoring were performed and the results gave a mean recharge of
42 mm-year ' m/day which reportedly maintains the natural equilibrium of
non-pumping whereas with the pumping scenario, results pointed that the
present estimated groundwater abstraction of 2871 m*.day™" in the area does not
exert any appreciable effect on groundwater levels. An appreciable effect on wa-

ter levels was countariwisely registered following an increment of the present
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abstraction rate by 500% [16].

To the best of our knowledge and basing on literature review, there is no data
on the characterization of wastes generated by industries in KIBP-Namanve re-
ported in open literature. Thus, this research was to quantify the total wastes
generated in KIBP, characterize and predict the future waste generation trend by

the currently operational and prospecting industries in the park.

2. Materials and Method
2.1. Description of Area under Study

Kampala Industrial and Business Park, referred to less commonly as Kampala
Industrial Park, is a Ugandan IBP in Namanve, Bweyogerere Ward, Kiira Muni-
cipality, Wakiso District set up by UIA as the central industrial area for potential
investors to start up industries, warehouses, distribution centers and other busi-
ness offices [17] on 30-year renewable leases. It is one of the three industrial
parks set up in greater Kampala Metropolitan area with others being Luzira IBP
and Bweyogerere Industrial Estate [18]. It is approximately 15 kilometers, East of
Metropolitan Kampala on Kampala-Jinja highway [19] at 0°20'35.0"N, 32°41'55.0"E
(Latitude: 0.343050; Longitude: 32.698600) [20]. The highway passes through
Namanve in an East to West direction, portioning it into North Namanve and
South Namanve. Thus, the park is divided into four estates: the North estate lo-
cated on the Northern side of the highway after Coca Cola plant and the South
estate (constituted by South-A, South-B and South-C) on the opposite side with
a network of murram and tarmac roads inadequately traversing the park (Figure
1).

The park, instated by the act of parliament in 1997 on an area of 894 acres was

dominated by a national eucalyptus forest [21]. More than 200 investors were
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Figure 1. Kampala industrial and business park—Namanve.
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allocated land and space on concessional terms to install their investments. In
August 2018, UIA announced that all the land in the park had been allocated to
290 prospective investors, of whom 192 (66.2%) were Ugandan-based and 98
(33.8%) were for foreigners. Currently, the park’s size is 2200 acres with 33 op-
erational industries. The mega establishments in KIBP-Namanve include: Cen-
tury Bottling Company (a branch of the Coca Cola franchisee in Uganda), Three
ways Shipping Limited, Leaf Tobacco and Commodities Limited, Roofings Roll-
ing Mills, Hima Cement Limited (second-largest cement manufacturer in
Uganda), Darling Hair and Cosmetics Limited, Interior Technologies, Azam,
Steel and Tube industries, Toyota Uganda (Figure 2(a)), Yamaha Uganda, Regal
Paints, Export Trading Company Limited, Victoria Seeds Limited, Kyagalanyi

(b)

Figure 2. Some of the establishments in KIBP (a) Toyota Uganda; (b)
Kyagulanyi coffee limited (c) DFCU financial centre.
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Coffee Limited (maintains a warehouse in the park with an going roasting plant
installation) (Figure 2(b)), DFCU bank financial centre (Figure 2(c)), Rwenzori
Mineral Water Bottling Company, Comesa-Namanve Industries, Orion Com-
puters, Valley View Estates, Saba Gifco, Opit Investments, Sunbelt industries,
Kingstone Enterprises, Roke Telecom, Happy Family Welders, Alfasan (the first
and only veterinary medicine factory in Uganda), Luuka Plastics and Packaging,
Fol Logistics, National Housing, Uganda Baati, Diamond Trust Bank, Red Pep-
per Publishing Company and Namanve Railway Station on the Uganda Railways
System (administered by Rift Valley Railways Consortium) [21] [22] [23].

2.2. Data Collection

This study was a descriptive cross-sectional study based on field data gathered
through questionnaires, review of Environmental Impact Assessment reports,
interviews and visits to KIBP-Namanve from September 2016 to May 2017 [24].
Data on the availability of waste management facilities in the respective indus-
tries, waste collection and disposal as well as capacity of waste management au-
thorities in managing different types of wastes in KIBP were collected. The 22
industries that participated in the study included Century Bottling Company,
Rwenzori Bottling company, Fol Logistics, Roofings Rolling mills, Regal paints,
Diamond Trust bank, Kyagulanyi Coffee Limited, Comesa-Namanve Industries,
Orion Computers, Valley View Estates, Saba Gifco, Opit Investments, Victoria
Seeds, Sunbelt industries, Three Ways Shipping, Kingstone Enterprises, Roke
Telecom, Darling Hair and Cosmetics, Interior Technologies, Leaf Tobacco,

Azam and Steel and Tube Industries.

2.3. Stock Taking of Existing Industries and Establishing

Their Quantum Waste Generation
2.3.1. Preliminary Field Visits
This involved visits to KIBP and engaging in discussions with implementers
(clients, contractors, consulting firms/engineers, UIA, sector heads and benefi-
ciaries). Observation and recording was used as the data collection tool during

this exercise.

2.3.2. Interviews

Face-to-face interviews were carried out to collect information about the current
status of wastes generated and waste management in KIBP from the waste man-
agement departments in each industry and businesses operating in KIBP. Con-

sultations and key informant interviews were done with project managers.

2.3.3. Questionnaires

“No survey is better than its questionnaires”, the adage goes. Thus, industrial
waste generation and handling data was also collected through questionnaire
surveys. Several questionnaires were prepared and distributed among various
industries and other businesses in KIBP to establish the current waste generation

volume. Data collected focused on the type of wastes generated per industry,
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place of disposal, current status of waste collection site or facilities, mode of
waste collection and expenses incurred in collection, distances covered to dis-

pose the waste, quantity of wastes generated per day and per week.

2.3.4. Review of Environmental Impact Assessment Reports

Data was also obtained from Environmental Impact Assessment (EIA) reports.
The data retrieved included: waste generation and management strategies, dis-
posal facilities available, projected quantities of waste to be generated and miti-

gation measures to be taken in management of wastes.

2.4. Data Analysis

Analysis of data was done using Minitab statistical software (v18, Minitab Inc.,
USA) whereas graphical presentations were perfected using Microsoft Excel
2016.

3. Results and Discussion

3.1. Current Waste Generation in KIBP and Waste
Characterization

The information obtained in this study provided an approximation of the quan-
tity, characteristics and composition of wastes generated in KIBP. From the data
collected (Table 1; Figure 3), about 61.65 metric tons of wastes are being gener-
ated weekly in KIBP and thus 3214.8 metric tons per year. The type of wastes
produced varies from one industry to another and for this reason; waste man-
agement in KIBP is a complex task. The industrial solid wastes generated in
KIBP were broadly classified into four major types: hazardous, biodegradable,
non-biodegradable and metallic wastes basing on their content.

The results of this study has indicated that there is a significant potential for
waste recycling and reuse in KIBP and this should be regarded [25]. Exactly 39
different types of industrial wastes are being generated by 22 industries and oth-

er businesses in the park; upto 25 types of these wastes can be recycled or reused.

Table 1. Quantum of wastes generated in Kampala industrial and business park.

preonwese oy sy
Biodegradable 38751.20 + 0.1265¢ 2020598.28
Non-biodegradable 10087.50 + 0.1414¢ 525991.071
Metallic 11140.00 + 1.6733¢ 580871.428
Hazardous 1673.75 + 0.0234" 87274.1071
Total 61652.45 3214734.89

*kg/wk—Kkilogram per week, average quantity generated is presented as Mean * Standard Deviation, S.D of
wastes generated for 26 successive weeks. Means within the same column that have alphabetical letters c to f
are statistically different as determined by Tukey’s HSD test. "Annual waste generation was calculated by
multiplying the average quantity of wastes generated per week by 52.1428571 weeks which constitute the
weeks in a modern calendar year.
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Figure 3. Quantum of wastes generated in KIBP per week (Table 1).

The categories of wastes belonging to the types above are given in Table 2 and
illustrated in Figure 4. Categorization of wastes is advantageous for identifica-
tion of risks and threats related to waste disposal which can be avoided by the
knowledge of the types of wastes and identifying the opportunities for them. The
quantity of industrial wastes generated in the industrial sector of some countries
has been reported to depend on the structure of their economies. For instance,
18 million metric tons of industrial waste is produced every year by Taiwanian
industries as reported by Mohamed et al. [26], 3 million metric tons per year of
industrial wastes are produced by Chilean industries [27], 365.9 metric tons per
year of wastes have been reported for industries in Arasanj industrial complex
[14] and 1.1 billion metric tons in Shahroud Industrial Zone (SIZ) [28].

This study revealed that there is a significant volume (5%) of waste paper and
cardboard generated in KIBP. This could be due to the many operational indus-
tries dealing in paper work, presence of a newspaper publishing company (Red
Pepper) and the recent move by the government to get rid of polythene bags
(kaveera) especially for packaging ready-to-eat food items.

The volume of plastic wastes (6%) recorded in KIBP can be attributed to the
increased number of eateries that provide their customers with free polyethene
bags, carrier bags, as well as the increased consumption of Polyethylene Te-
rephphalate (PET) bottled mineral water, soft drinks (sodas, juices), ice creams
and other eatables in recyclable PET containers [15]. In fact, all mineral water
and a significant portion of soft drinks in Uganda are sold in PET bottles.

Metallic wastes constitute about 18% of the total wastes produced in KIBP.
This is majorly from steel industries in the park such as Roofings Rolling Mills
and Steel and Tube industries, metal fabrication workshops, automobile work-
shops and packaging materials such as metallic caps used for glass bottled sodas,
beers and energy drinks and aluminium containers. The amount of metallic
wastes reported in this study is actually less than in practice; the volume of me-
tallic wastes produced in KIBP is considerately high. However, the availability of
metal recycling industries implies that metal oddments are hot cakes following
the recently heightened prices of metals on the world market. The demand for

scrap metal is atypically high that increased incidences of theft of metal objects
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Table 2. Categories of wastes generated in Kampala industrial and business park per week.

Waste Category Average Generation Rate (kg/wk)

Paper and cardboard 2826.30
Plastics, polymers 3539.85
Glass and ceramics 1760.25

Metals 11140.00

Coffee pulp, husks and skin 11295.00
Demolition and construction waste 909.45
Chemicals 1673.75
Vegetative debris 1721.25

Human sanitary wastes 13311.00
Textiles 1301.75

Rubber and leather 3876.95
Other Organics 6317.75
Miscellaneous 1979.15

Total 61652.45

Rubber and leather Miscellaneous

Other Organics
10% Paper and cardboard
5%

6% 3%

Textiles

Plastics, polymers
6%

Glass and
ceramics

3%

Vegetative
debris
3%

Chemicals

3% Metals

18%

Demolition and construction
waste
1%

Coffee pulp, husks and skin
18%

Figure 4. Categories of wastes generated in KIBP per week (Table 2).

such as manhole covers, road signs, railway sleepers, fences, guard rails, street-
lights have been registered countrywide [29] [30].

Coffee wastes form a considerable (18%) part of the wastes produced in KIBP.
This is majorly from the coffeee processing plant of Kyagalanyi Coffee Limited.
These wastes have so far been put to use.

Chemical wastes, representing 3% of the total wastes are hazardous and
usually from food processing industries, paint industries and cement manufac-
ture. These wastes present substantial or potential threats to human health or the
environment due to their ability to ignite, react or otherwise cause corrosion or
toxicity. These are mainly from Regal Paints, Centuring Bottling Company,

Azam, Darling Hair and Cosmetics and Rwenzori Bottling Company.
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Demolition and construction wastes are mainly from the industries and roads
being constructed and contribute 1% of the total wastes produced in KIBP.

Rubber and leather comes from the use of leather materials, rubber tyres, belts
and equipment parts.

Textile wastes are from majorly small scale tailors, worn out uniforms and
clothes.

Human sanitary wastes form a significant portion of wastes produced in KIBP
as the current sanitary waste management system is poor. Namanve houses
people of different ethnic origins and because of poor sanitary facilities, the park
generates about 22% of the total wastes as sanitary wastes.

Glass and ceramic wastes are mainly from works necessitating use of glass and
ceramics as glass doors, glass windows, tile roofs, floor tiles as well as glass parts
of vehicles.

Vegetative debris (3% of total wastes produced) are from destruction of vege-
tation to create space for industrial development as well as slashing activities to
maintain industrial cleaniness. These wastes are however being composted or

collected and transferred elsewhere outside the park.

3.2. Waste Management in Kampala Industrial and Business Park

One of the notable challenges of swift industrialization is the detrimental im-
pacts of industrial wastes and for the case of Uganda, this has been exacerbated
by the fact that most industries have been set up with little or no implementation
of Environmental Impact Assessment or completion of mandatory periodical
Environmental Audits (EA). Thus, a vast majority of industries lack an envi-
ronmental management policy and environmental management plan for man-
aging their generated wastes [30]. An integrated approach is thus inevitable in an
attempt to manage and dispose volumetric quantities of diverse and contami-
nated mixtures of wastes as that produced in KIBP in an energy efficient and en-
vironmentally benign manner. Suitable management of industrial wastes is key
to ensure that the wastes are treated and disposed of in a safe and economical
manner [31] [32]. However, in the absence of an integrated waste management
scheme, severe environmental issues such as soil water, and air pollution may
result [33] [34].

Effective waste management requires subtle examination of the assorted steps
in the life of the wastes including the raw materials for their manufacture, the
manufacturing processes, design and fabrication of the finished products, their
possible reuse and more importantly decision on their proper disposal. An inte-
grated waste management system focuses on programming, organizing, main-
taining and executing activities related to 1) source reduction; 2) possible reuse;
3) recycling; 4) landfill and gas-to-energy; 5) waste-to-energy conversion and
(vi) sensitization and education on wastes management [35] [36] [37]. Out of the
total generated industrial solid wastes in KIBP, 37% are recycled, 10% are com-

posted on site, 7% are landfilled, 3% are incinerated while 43% are collected and
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transferred outside the park (Table 3; Figure 5).

This research bewrayed that about 237.89 metric tons of ISWs generated in
KIBP are annually sent to landfills. Land filling is currently the most readily
available and most economical option for final disposal of solid wastes in devel-
oping countries. Nonetheless, it should be emphasized that it requires careful
site selection to ward off possible adverse effects on public health or the envi-
ronment as mismanagement of landfills may substantially pollute the air, surface
and underground water. Leachate from landfills with high organics may also
seep into a water body like River Namanve, thereby increasing its biochemical
oxygen demand, chemical oxygen demand, pH and turbidity leading to suffoca-
tion of aquatic life. Additionally, organic matter may contain copious amounts
of nitrogen and phosphorus, which on entering aquatic ecosystem may trigger
eutrophication [38].

According to the data collected, collection and transfer of ISW's to other areas
outside the park is the most preferred waste management approach in KIBP.

This is a complex task because the wastes are not generated regularly. In order to

Table 3. Waste management approaches in Kampala industrial and business park—Na-

manve.

Disposal Option Average Quantity Disposed (kg/week)* Annual Quantity (kg)

Incineration 1721.25 £ 0.0231 89750.8928

Recycling 22684.85 + 0.0173 1182852.89

Composting 6317.75 +£0.0173 329425.535

Collection and Transfer 26366.25 + 0.0058 1374811.61

Landfilling 4562.35 +0.0115 237893.964

Total 61652.45 3214734.89

*Average quantity disposed are presented as Mean * Standard Error, S.E. of wastes disposed for 26 succes-
sive weeks.

Landfilling
7%
Incineration

/ =

Collection and Transfer
43%

Recycling
37%

Composting
10%

Figure 5. Waste management approaches in Kampala industrial and business park—Na-
manve.
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perform a proper collection and transfer of wastes, public health and safety must
be considered. Wastes should be sorted to avoid mixing of hazardous and
non-hazardous wastes.

Research findings show that KIBP has no modern central incineration plant.
Therefore, about 3% of the total wastes generated in the park are incinerated by
individual generators as no private firm has taken up the responsibility. This
poses great challenge to the atmosphere because the gases emitted by the incine-
rators air are not regulated or pretreated. In addition, a significant amount of
energy is lost during incineration which could be harnessed to generate more
energy. Data collected in this concerted study indicate that 10% of the total
wastes generated in the park is collected and composted. The commonest type of
wastes composted is organic waste and this includes grass and other putrescible
wastes which can decompose and be used as manure for farming. One of the
immediate dangers of this method is pollution of air by gases such as methane,
volatile organic compounds and carbon dioxide. In KIBP, about 37% of the total
generated wastes are recycled. This is the greenest approach to waste manage-
ment and majorly done for Polyethylene Terephthalate plastics and metal odd-
ments. Some of the plastics are reused for packaging ready-to-drink locally pre-

pared juices and boiled water.

3.3. Prediction of Future Waste Generation in Kampala
Industrial and Business Park

At the time of this study, 22 industries and other businesses were operational
within the park. The prospecting industries recorded were 87 in the construction
phase while 120 were in the feasibility study stage [5] [23]. This gives a ratio of
operational industries to prospecting industries as 1:3.95. This implies that the
waste generation rate will at least triple when the prospecting 87 industries be-

come operational in the next 5 years, the time estimated for their completion.

4. Conclusion

This research established that there are 22 operating industries in KIBP as per
May 2017 and the annual waste generation volume stands at 3214.8 metric tons.
Chemically, 3% of these wastes are hazardous; 16% are non-putrescible; 18% are
metallic, whereas the residual 63% are putrescible. Lead and Chromium forms a
greater percentage of hazardous wastes generated in KIBP. Waste reduction
ought to be focused on as the priority principle in waste management in KIBP.
Lack of robust data and capital are the major barriers to effective waste man-
agement in KIBP. Recycling and reuse of wastes should be done to reduce the
volume of wastes generated. The current annual waste generation in KIBP will
triple in the next 5 years as over 87 new industries are in the construction phase.
National Environmental Authority and Uganda Investment Authority should
monitor waste management by industries in KIBP as a total number of 272 mega

establishments are expected at the completion of the third phase of KIBP con-
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struction. Uganda Investment Authority should devise mitigation measures to
replenish the National Eucalyptus forest reserve in Namanve so as to blend in-
dustrial development through industrial park model with environmental con-
servation. National Water and Sewerage Cooperation should take up the central
waste management responsibility in KIBP as previously proposed. Waste gener-
ation rates in other industrial parks should be estimated to ensure effective plan-

ning for waste collection, transportation and disposal.
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