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reusable plastic, paper, and metal waste while, the remaining (about 32%)
is mostly organic waste generated from various facilities of the university.
Economic analysis indicates that about 252,012 Pak rupees annually are
earned from selling the recyclable and reusable inorganic solid waste. Study
also indicate that about 500 kg of good quality compost per month can be
prepared from the organic waste including food and yard waste that can be
used for existing horticultural activities at the university. Moving towards a
sustainable integrated solid waste management system necessitates
improved system of waste collection, segregation, reselling, and
composting.
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1. Introduction

Sustainable management of solid waste generated from educational institutes has
become an emerging challenge in developing countries like Pakistan. It is mainly due to the
lack of explicit environmental standards for institutional waste management. Currently in
Pakistan the overall quantity and diversity of solid waste in educational institutes is rapidly
increasing with the increase in number of students and staff. In view of several
environmental and health issues, solid waste in educational institutes needs to be properly
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managed including collection, transportation, segregation, recycling, and disposal of solid
waste.

Solid waste is defined as any unwanted non-liquid and non-gaseous material [1,2].
Based on the sources of generation, solid waste is categorized into three different types;
municipal solid waste (MSW) including residential and commercial waste, Industrial waste
mainly including the hazardous waste and, hospital waste which includes the infectious
waste as major fraction [3].

Solid waste management (SWM) comprises the activities aiming to minimize the
health, environmental and esthetic impact of the waste [4]. It includes the control of waste
generation, storage, collection, transfer and transport, processing and disposal [5]. SWM is
typically governed by the best principles of public health, economics, engineering, aesthetics
and other environmental considerations [6]. Integrated Solid Waste Management (ISWM) is
a comprehensive approach comprising the activities such as; waste prevention, recycling,
composting, and disposal [7]. An effective ISWM system considers how to prevent, recycle,
and manage solid waste in ways that most effectively protect human health and the
environment keeping in view the economic considerations [8].

According to an estimate currently in Pakistan, about 48.5 million tons of solid waste
are produced annually with an annual growth rate of 2.4 percent [9, 10]. Out of the total
waste generated approximately less than 50 % is collected only from major metropolitan
cities including, Karachi, Lahore, Islamabad, Gujranwala, Faisalabad and Rawalpindi. Waste
collection in rural areas is almost non-existent in Pakistan [11]. In the absence of proper
waste management system in Pakistan, most of the municipal waste is either burned or
openly dumped at low lying areas potentially threatening the quality of surface and ground
water as well as the health and welfare of the community [12].

Currently the number of higher education institutes (HEls) in Pakistan is rapidly
increasing with an increase in population [13]. Considering 0.45 kg/capita/day national
waste generation as reported by Pak EPA (11), approximately 300 tons of solid waste is daily
generated from HEls in Pakistan which is about 2.5 percent of the total solid waste
generated in the country. Currently the solid waste generated from higher education
institutes in Pakistan is disposed of by city municipal authorities of the respective cities
where HEIl is located [14]. However, the collection and interim storage of the waste is sole
responsible of the respective HEIs [15].

Karachi is the largest city of Pakistan hosting about 40 higher education institutes
including public, private and semi government universities and DAls [13]. Approximate
amount of solid waste generating from HEIs in Karachi is about 54 tons/day which is about
0.5 percent of the total waste generated from the city [16]. Similar to the rest of country
solid waste from HEls in Karachi is also disposed of by Karachi Municipal Corporation (KMC),
Sindh Solid Waste Management Board and Cantonment Boards from their respective
jurisdictions [17]. However, the proper system of waste collection, transport, recycling and
reuse is still very less common in HEls.

The present study aims to determine the existing practices of solid waste
management including quantification and characterization of waste and identify the
recycling and reusing potential and financial dynamics of solid waste management at the
Institute of Business Management, Karachi (loBM). Study highlights the best practices of
solid waste management at the university and provide recommendations where required to
achieve a sustainable system of integrated solid waste management by improving the
existing system of waste collection, transport, segregation, recycling and reuse.
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2. Materials and Methods

This study encompasses both primary and secondary data sources. Primary data
related to existing practices of solid waste management at loBM was collected through visits
of various sources of solid waste generation at the university campus such as academic and
administration buildings, cafeterias and student activity centers etc. From all facilities solid
waste was collected on daily basis for the period of one month including both week days
and weekends. Waste collected from all facilities was stored at central waste collection
point located outside the university. At collection point waste was segregated to separate
the various components including paper & card board, plastic, metal and organic waste.
Weights of segregated waste streams were measured with the help of a portable weighing
balance. All types of waste collection and transfer were accomplished with the help of
existing solid waste management staff and facilities being used at the university campus.

In addition to quantification and characterization of solid waste at university, visual
observations were also made through regular visits of solid waste management facilities and
existing practices including the placement of waste bins, color coding system and labeling of
bins, waste transfer and transport facilities and health and safety measures adopted by the
waste management staff particularly the waste collectors and transport personnel.

Existing practices of material use at university cafeteria by the students and staff were
evaluated with the help of a survey questionnaire. Purpose of this questionnaire based
survey was to evaluate the sustainability prospective for solid waste management at
university i.e. to identify the recycling, reusable and waste reduction options. Key questions
in this survey include; frequency of using cafeteria services, preferred mode of food
consumptions, preference for plastic alternatives and general awareness about solid waste
management practices at university.

Financial analysis was made to estimate the resalable potential of various recyclable
waste items such as plastic, metal, Styrofoam plates, disposable glasses and juice boxes etc.
For the organic waste, composting potential was evaluated. MS excel software was used for
data processing and statistical analysis during this study.

3. Results and Discussions
3.1 Existing system of solid waste management

Currently the maximum number of students and staff of the university use paper
plates as preferred food serving dish whereas, the use of plastic and ceramic plates is only
about 20 % and 25 % respectively (fig.1). Reuseable plates for food serving should be used at
maximum so as to minimize the waste production at source. This needs regular trainings
and awareness sessions for students and staff related to waste minimization, reuse and
recyclying as well as the potential health and environmental impacts of solid waste.
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Figure 1. Preferred food serving dishes at university cafeteria
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Plastic bottles are the preferred mode of dink consumption (38.3 %) among the
students and staff of university as shown in figure 2, whereas, the use of steel cans is only
17 %. As can be seen in figure 1, currently the use of Styrofoam cup for tea and drink
consumption is also significantly high at the university.
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Figure 2. Preferred mode of drinking at Institute of Business Management

Currently the solid waste is collected from all facilities with the help of trash bins
placed in each room and office of the university. In addition, outside each facility, large
moveable bins with proper color coding have also been placed. Waste from small bins is
shifted to the large bins once in a day. Although the color coded bins have been placed
throughout the university campus yet, the use of color bins is not quite common and most
of the time, mixed waste is found in the colored bins. It is noted that during the recent years
the use of color coded bins has significantly improved among the students and staff
however, it still needs to be improved through regular trainings and seminars related to
sustainable solid waste management including the proper use of color coded bins as
reported by various research studies in Pakistan [18,19].

Waste collected from all facilities of the university is transported to a temporary waste
storage point located outside the university. At this point manual segregation of the waste is
undertaken by local vendors who separate various useful items from waste stream mainly
including plastic, metal and paper to be sold in local market. After segregation the remaining
waste mainly comprises the organic part which is thrown into a nearby open waste
dumpsite. As the current practice, sold waste is given to the vendor free of any cost and he
does not provide any services related to waste collection and transportation to temporary
storage point. The only service he provides is to take off the recyclable waste from the
waste collection point. This situation can be improved by properly segregating and selling
out the recyclable waste which may be a reasonable input in overall integrated solid waste
management system as proposed through this study and reported by Sadef et al [20].

As far as the organic waste is concerned it should be used for composting that can be
used for horticultural practices at university [21]. As determined by this study there is the
significant potential and sufficient space available for composting outside the university
campus.

3.2 Waste quantification and characterization

Solid waste collected from various facilities of the university was segregated into four
components including paper and cardboard, plastic, metal and organic waste. Monthly
average and percentage of each component waste is provided in in table 1.
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Table 1. Monthly waste generated from various facilities of the loBM

Waste Weight (kg)
component Academic | Administrat | Cafeteria and | Other areas Total % of
blocks ion block student (library, total

activity parking, waste
center yards)

Paper and 192.8 64.1 78.4 53.6 388.9 19.1

cardboard

Plastic 342.4 19.5 128.6 48.2 538.7 26.5

Metal 278.2 32.0 86.4 55.0 451.6 22.2

Organic 257.8 32.5 133.3 230.4 654.0 32.1

Grand Total [2,033.2 |

As shown in table 1, in addition to the organic waste, overall waste stream generated
from the university occupies the significant proportion of paper, plastic and metal which are
the potential recyclable items in Pakistan and can easily be sold out in local market at
established scrap rates. Sold out recyclable material in Pakistan is sent back to various
recycling and manufacturing industries where it is recycled into various items [22]. The
highest amount of organic waste is generated from student cafeteria and activity center
which is mostly the food and kitchen waste generated during cooking and eating the meals.
This type of organic waste can be used to prepare the compost having potential application
as organic fertilizer.

3.3 Economic analysis
A simplified economic assessment of the resalable solid waste for the period of one
month and one year is provided in the table 2. Unit rates provide in the table 2 are based on
unsolicited vendor rates currently established in the city.
Table 2. Economic analysis of various types of waste generated from university

Waste type Weight (kg) Price/kg Total amount
(PKRs) (PKRs)
Monthly | Annual Monthly Annual
Plastic 538.7 6,464 15 8,080 96,960
Metal 451.6 5,419 20 9,032 108,384
Paper and cardboard 388.9 4,667 10 3,889 46,668
Total 1379.2 16,550 21,001 252,012

The cost of resalable waste calculated in table 2 reflects the cost gained without any
additional effort i.e. by using the existing system of solid waste management at the
university. However, if the recyclable solid waste is properly sold out through some certified
scrap merchant, the overall economic gain can be significantly increased and the income
generated can be utilized to achieve a self-sustained SWM system at the university.
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3.4 Composting analysis

Boldrin et al. reported a mass reduction of about 11-35 % (average: 23%) during the
composting of generalized organic waste [23]. Based on this, about 500 kg of good quality
compost can be produced per month from the organic waste generated from various
facilities of the university. Besides its use as organic fertilizer, the composting also reduces
the overall volume of the organic waste up to 41 % [24]. Carbon and nitrogen losses from
organic waste during the composting process accounts for about 29 % and 49 % respectively
[25]. The compost prepared from university waste can be used for horticultural practices at
the campus saving the amount to be used to purchase the fertilizer from market.

4. Conclusions

Analysis of existing solid waste management system at the IoBM, including the
guantification and characterization of waste reveals that currently an acceptable system of
SWM is in practice at this higher education institute with sufficient facilities of waste
collection, transportation, segregation and disposal. However, it still needs improvements.
According to the results of this study, about 252,012 Pak Rupees can be generated from
reselling the 16,550 kg of total recyclable waste generated from the university. Income
generated from the waste, can be used to run the various activities of SWM at the university
such as to purchase the waste bins, personal protection equipment for the waste staff and
for many other expenses. Composting of organic waste should be started by utilizing the
space available at existing waste collection site outside the university. Overall the findings of
this study reveal that there is significant potential to move towards a self-sustained
integrated system of solid waste management at the university which can be achieved by
implementing the proper system of waste collection, segregation, waste reselling and
composting as suggested by this study.
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