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Abstract: Plastics are inexpensive, lightweight and durable materials, which can readily be moulded into a
variety of products that find use in a wide range of applications. Consequently, the production of plastics has
increased markedly over the last 60 years. However, current levels of their usage and disposal generate several
environmental problems. Plastics consume approximately 8% of world oil production: 4% as raw material for
plastics and 3% to 4% as energy for manufacture. A major portion of plastic produced each year is used to
make disposable items of packaging or other short-lived products that are discarded within a year of
manufacture. These observations indicate that our current use of plastics is not sustainable. In addition,
because of the durability of the polymers involved, substantial quantities of discarded end-of-life plastics are
accumulating as debris in landfills and in natural habitats worldwide.

The manufacturing industry has developed considerably and so has the use of plastics. The growth has come
with the challenge of plastic waste disposal which causes pollution. Plastic pollution involves the
accumulation of plastic waste products in the environment that adversely affects wildlife, wildlife habitat or
humans. Plastic pollution can unfavourably affect lands, waterways and oceans. This is not only evident in the
marketplace; it is also evident at the conclusion of most manufacturing projects where the plastic is widely
used for packaging and other short-lived products that must be discarded within a year of manufacture.
Although efforts have been made to effectively handle the challenge there is still need to improve on the
percentage of plastic waste from engineering projects that is recycled. According to Rugwiza (2012), only 1%
of manufactures in Kampala have plastic recycling facilities.

The paper seeks to present the strategies under consideration in dealing with the problem. Reuse, recycling
and reduce of the waste materials has been encouraged for many years; however, it is still not used for many
construction site activities. Recycling is one of the most important actions currently available to reduce these
impacts and represents one of the most dynamic areas in the plastics industry today. Recycling provides
opportunities to reduce oil usage, carbon dioxide emissions and the quantities of waste requiring disposal.
Plastic reduction efforts have occurred in some areas in attempts to reduce plastic consumption and pollution
and promote plastics recycling. There has been remarkable growth in recycling of plastic materials in the last
decade in Uganda. This has been helped by advances in technologies and systems for the collection, sorting
and reprocessing of recyclable plastics. This has created opportunities and benefits for the environment as
well as the economy.

With the combined effort of the manufacturing industry, the public and government, it may be possible to
avert the dangers related to plastic waste and divert majority of the plastic waste from landfills to recycling.
This will go a long way in ensuring green manufacturing projects with minimal effect to the environment.
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1. INTRODUCTION

Solid waste management is one of the major environmental problems facing city municipalities today. In
Kampala City, like other urban centres in Uganda, and in most other developing countries, this important
service is based on the local government's centralized collection, transportation and disposal strategy
(Nyakaana, 1997). Waste is defined as any material by-product of human and industrial activity that has no
residual value (Serpell, & Alarcon, 1998). Waste is created by the different activities that we get involved in.
Plastic waste raises a huge challenge both locally and internationally.

Current data estimate that plastics represent 4% to 12% by volume of the solid waste stream. Precisely
because of their large visibility, plastic wastes (and particularly non-durable plastic products) have been
viewed as a serious solid waste problem. Waste generation in Uganda is between 1.2 and 3.8 kg/capita/day
(low income 0.3 kg/capita/day and high income 0.66 kg/capita/day) (Okot-Okum, &Nyenje, 2011). The
average waste generation rate of 0.55 kg/cap/day is comparable to NEMA (2007) results and also to other
developing countries like Cameroon (Achankeng, 2003), Tanzania (Kaseva & Mbuligwe, 2005) and Sri Lanka
(Vidanaarachchi, Yuen, & Pilapitiya, 2006).

Construction project contributed environmental pollution has been worsening along with the fast urban
development since early 1980s (Zhang, Shen, Love, & Treloar, 2000). Waste generated from building and
demolition of construction projects assumes a large proportion of environmental waste (Poon, 1997). The
major environmental impacts from construction activities are typically classified as air pollution, water
pollution, waste pollution and noise pollution (EPD, 1999).

For decades, landfills had provided a convenient and cost-effective solution to solid waste management
(Mills, Showalter, & Jarman, 1999). However, the situation is changing. Wong and Tanner (1997) pointed out
that the landfills, originally expected to last 40 to 50 years, would be filled faster, even if there were adequate
outlets for construction and demolition (C&D) materials. The major difficulty of the construction
organizations to improve the environmental performance is an understanding of the current method on waste
management and problems of the current methods.

Management of plastic waste is of key importance in construction and manufacturing projects because the
way that the waste is handled, stored, collected and disposed of can pose a risk to the environment and public
health. The practice of minimizing and diverting construction waste, demolition debris, and land-clearing
debris from disposal and redirecting recyclable resources back into the construction process is commonly
referred to as construction waste management (CWM). Construction is an example of a potentially very
promising market for recycled plastic products. It is one of the largest industry in the country, thus providing a
huge potential for waste plastic generation as well as potential market for recycled plastic products, especially
at a time when the infrastructure is in urgent need for repair (Rebeiz, & Craft, 1995).

2. TYPES OF WASTE GENERATED

The classification of urban waste generated in Uganda has been established during a composting project
(NEMA, 2007) that indicated a composition of Biodegradable (76%), Plastics (4%), Metal (3%), Polythene
(8%) and others (9%). The average per capita solid waste generation rate is 1.284 kg/per person/per day with a
high organic content and bulky density. A study (NEMA, 2007) done in Uganda indicated methane emission
potential from such urban wastes to vary between 0.9 and 4.12 Gg/yr. Composting is being practiced in more
than 11 urban councils of Uganda under the Clean Development Mechanism (CDM) pilot project promoted by
the World Bank (NEMA 2007; Kumar 2006).

2
Rwanda Journal of Engineering, Science, Technology and Environment, Volume 1, Special Issues I, 2018



Mechanical Medical

toysizports  enginesring 2% footwear
3% 2% 1%
ather
3%
agricutture
ot Packaging
Fo%
tranzport
g%

furniturefiousewar
es
3%

electrical and
electronics
5% Building and
construction
23%

Figure 1: Utilization of plastic in various fields (Nkwachukwu et al., 2013)

The Construction Waste Component

The building and construction industry uses up to 23% of plastic manufactured (Figure 1). About 5.5 percent
of the solid waste in landfills is waste from construction projects. However, these percentage varies greatly
from urban to rural areas. The percentage of each construction waste material (wood, drywall, etc.) within
each of the population groups is very similar but the amount of construction waste in large metropolitan areas
is much higher than the rural areas (Table 1).

Table 1: Categorization of Solid Waste stream from Construction Projects (Napier, 2012)

Material % age Weight
Wood 45

Drywall 21

Masonry 15

Metal 1

Plastic 4

Cardboard 8

Other 6

In the construction industry, plastic is mainly used in: pipework, insulation, wall coverings and flooring,
interior fittings, window frames, scaffolding boards and kerbstones. The common sources of plastic waste
include: packaging (around 25 per cent of construction packaging waste), over ordering and disposal of off-
cuts and unused materials, over-specified project design, poor storage and handling and site workers' food
packaging.

Industrial Waste
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Industrial waste is difficult to define. In the broadest sense all waste from commercial operations could fall
into the industrial category. It could include: Waste from an industrial, manufacturing, or commercial
operation, Waste that was visibly homogeneous (all the same type of material) and Waste from a single waste
generator and not combined with other generators.

However, it is difficult to separate some of this waste from the normal municipal solid waste. In many cases,
the waste from small manufacturing, commercial, and institutional generators is collected in refuse trucks.
These refuse trucks make hundreds of stops each day and combine the waste from each stop. In many cases
the same truck that picks up residential waste will also pick up commercial and institutional waste.

3. CURRENT STATUS OF MANAGING CONSTRUCTION & MANUFACTURING WASTE

Solid waste management in the urban areas of the country has been centralized. Refuse trucks are used to
collect waste from the different sources and delivered to dumping areas (Rotich et al., 2006; Okot-Okumu &
Nyenje 2011).

The storage, collection, transportation and final treatment/disposal of wastes are reported to have become a
major problem in urban centres (ADB 2002; Kaseva & Mbuligwe 2005; Okot-Okumu & Nyenje 2011; Rotich
et al., 2006). The composition of wastes generated by the East African urban centres is mainly decomposable
organic materials based on the urban community consumption that generates much kitchen wastes, compound
wastes and floor sweepings (Oberlin, 2011; Okot-Okumu & Nyenje 2011; Scheinberg, 2011; Simon, 2008;
Rotich et al., 2006).

Collection

Collection of solid waste in the country has mainly been through the use of private contracted waste collectors
who are contracted by the different sources for a fee. These move from door to door and have direct
relationships with the individual clients.

Section IV (2) of the Kampala City Council (Solid Waste Management) Ordinance 2000 places the
responsibility of collection of solid waste in the hands of Council in this case the KCCA and municipalities,
either by its agents, servants or licensed collectors.

Section IV (7) of the KSWMO (2000) stipulates that the frequency of collection of solid waste shall be in
accordance with the regulations of the collection agency but shall be regular enough (at least once a week) not
to cause a public health nuisance.

Percent of waste collected in Kampala varies between 35% and 68% (Okot-okumu 2012). The introduction of
private operators has increased solid waste collection levels compared when it was dependent on the urban
councils (Kaseva & Mbuligwe 2005; Okot-Okumu & Nyenje 2011).

4. BEST PRACTICES OF PLASTIC WASTE MANAGEMENT

Several issues contribute to an overall waste diversion strategy. Effective management of construction project
waste requires coordinated action of governmental, business, and professional bodies and their activities.
Several non-governmental organizations and societies in Uganda promote coordinated action, and have
identified best management practices in the interest of public health and welfare.
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Terminology for plastics recycling is complex and sometimes confusing because of the wide range of
recycling and recovery activities. These include four categories: primary (mechanical reprocessing into a
product with equivalent properties), secondary (mechanical reprocessing into products requiring lower
properties), tertiary (recovery of chemical constituents) and quaternary (recovery of energy).
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Figure 2: Plastic Waste Management

PLASTICS RECYCLING

Recycling is clearly a waste-management strategy, but it can also be seen as one current example of
implementing the concept of industrial ecology, whereas in a natural ecosystem there are no wastes but only
products (Frosch, & Gallopoulos, 1989; McDonough, & Braungart, 2002). Recycling of plastics is one
method for reducing environmental impact and resource depletion. Fundamentally, high levels of recycling, as
with reduction in use, reuse and repair or re-manufacturing can allow for a given level of product service with
lower material inputs than would otherwise be required. A range of plastics can be recycled including:
polyethylene terephthalate (PET), high density polyethylene (HDPE), low density polyethylene (LDPE),
polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS), and ABS (a copolymer of acrylonitrile,
butadiene and styrene) polymers.

However, there are some barriers to recycling plastic, particularly the related financial costs. For example:
transportation costs - plastics are bulky and expensive to transport and store, separation costs - different
varieties of plastic and mixed plastics contain different dyes and additives which produce poor quality
recyclate unless separated, it can be cheaper and easier to use new plastic rather than recycled plastic and
plastic can only be recycled once.

Making changes to your site operations

You can make simple yet effective changes to your site's operations to reduce plastic waste and allow more to
be recycled by:

e separating plastic waste made of different polymers to reduce contamination

e providing staff with training in handling

e recovering materials and not sending to landfill

e improving transport procedures

e improving design - e.g. plastic pipe networks can be designed to use as few fittings as possible
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Potential end uses for recovered plastic

A large percentage of recycled plastics is made into extended-lifetime construction products, WRAP (20006),
Young (2009), Eneh (2015), such as channels, insulation, fascias, damp proof membranes, water drainage,
pipes and ducting, building blocks, roof tiles, decking, fencing and outdoor furniture. It can also be used in
many other applications including: as a filler (thermoset plastics), packaging, landscaping - e.g. walkways,
jetties, pontoons, bridges, fences and signs, textile fibre and clothing - polyester fleece clothing and polyester
filling for duvets and coats is frequently made from recycled bottles, street furniture - e.g. seating, bins, street
signs and planters, bin liners and refuse sacks, and traffic management products and industrial strapping.

Analysing parameters as a function of the specific building site will make it possible to implement a realistic
sorting scenario.

1. Waste Management Planning: Waste management should be an integral part of a project's
development.

2. Facility Design: The Contractor is responsible for the means, methods, techniques, sequences, and
procedures of construction which include waste disposal methods.

3. Construction Contract Requirements: The Owner and their consultant must determine how their
waste management requirements will be represented in the contract documents and incorporated into the
project.

4. Jobsite Waste Reduction: There are a variety of ways a Contractor can divert construction waste or
demolition debris at the jobsite. The following general practices are common.

If none of the alternative salvage, reuse, or recycling options are possible, mixed demolition debris can be
hauled to a debris recycling facility.

5. EMERGING ISSUES
Synthetic Lightweight Aggregate technology (SLA) (Kashi, 2001)

SLA are manufactured from two materials, waste plastics, and fly ash, through disposal facilities. SLA are
produced by melt compounding high concentrations of fly ash from coal with various thermoplastics. The
compounding equipment used in this step, is a 30-mm inter-meshing; counter rotating twin-screw extruder
with a medium/high shear profile screw configuration. The Thermoplastic binder material is starve-fed into
the feed section of the twin screw using a single screw auger feeder. The technology is being considered in
Taiwan (Tang, 2013), in Kuwait (KISR, 2016) and the United States of America (Mallick, Hooper,
O’Brien, & Kashi, 2004).

Polymer Concrete

Polymer concretes are a type of concrete that use polymers to replace lime-type cements as a binder. In some
cases the polymer is used in addition to Portland cement to form Polymer Cement Concrete (PCC) or Polymer
Modified Concrete (PMC) (Kim, 1994) Polymers in concrete have been overseen by Committee 548 of the
American Concrete Institute since 1971. In polymer concrete, thermoplastic polymers may be used,
(Figovsky, & Beilin, 2013) but more typically thermosetting resins are used as the principal polymer
component due to their high thermal stability and resistance to a wide variety of chemicals.
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Pyrolysis of Waste Plastics into Fuels

Pyrolysis is the chemical decomposition of condensed organic substances by heating. The word is coined from
the Greek-derived elements pyro "fire" and lysys "decomposition”. Pyrolysis is usually the first chemical
reaction that occurs in the burning of many solid organic fuels, like wood, cloth, and paper, and also of some
kinds of plastic. Anhydrous pyrolysis can also be used to produce liquid fuel similar to diesel from plastic
waste, with a higher cetane value and lower sulphur content than traditional diesel. Using pyrolysis to extract
fuel from end-of-life plastic is a second-best option after recycling, is environmentally preferable to landfill,
and can help reduce dependency on foreign fossil fuels and geo-extraction (Themelis, Castaldi, Bhatti, and
Arsova, 2011). The technology is being applied in India (Ali, 2013).

6. CONCLUSIONS AND RECOMMENDATIONS

With the combined effort of the manufacturing industry, the public and government, it may be possible to
avert the dangers related to plastic waste and divert majority of the plastic waste from landfills to beneficial
use. This will go a long way in ensuring green manufacturing projects with minimal effect to the environment.
This is useful to human existence, serving to maintain life and supporting the depleting ozone layer; the
subject-matter of climate change and its adverse consequences currently being experienced in many parts of
the world.

Recommendation

Emerging trends in waste plastic management should be considered and researched to widen the range of
recycling options. This will improve the economic benefits of recycling as well as the viability and
sustainability of plastic waste management especially in the construction and manufacturing industries.

It is possible to replicate all the technologies involved in the processes of plastic waste-recycling, especially in
the East African region by encouraging Research in Recycling. Universities should encourage research in
plastic waste recycling, establish workshops and materials-testing laboratories. Inter university exchanges,
especially with advanced and recognized universities should be encouraged. The large volume of materials
required for construction offers a potentially major area and attraction for reuse in other sectors outside
construction.
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