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Abstract

Waste Management is a grass root level problem and a decentralized and interdisciplinary approach is required to solve this problem. The
exponentially growing population and the fast changing socio-cultural behaviors of humans influencing mass production and consumption rates
are not environmentally sustainable and this explicitly defines the big picture in solid waste management scenario. The emerging threat to the
world is not only the alarming growth in production of waste but also the unabating mismanagement of the waste we produce. This menace
is troubling urban areas of both the developing and the developed nations with high population densities as the waste management is often
practiced as putting wastes away from immediate sight. After reviewing a few papers about the solid waste management practices around the
world, it intrigued me to write how the best practices differ from the worst practices in waste management around Asian cities. In this paper,
we assess solid waste management scenarios around four Asian cities and throw a light on the management practices that best ones are doing
differently to create a more sustainable urban environment for the residents. The countries who invest in holistic evaluation of waste produced
by their citizens and conduct proper research on how to manage wastes by utilizing locally available resources seem to perform better in waste

management sector.
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1. Introduction

The term ’solid waste’ usually refers to the discarded materials
from households, industrial processes, and commercial market as
well as construction and demolition practices. Solid Waste Manage-
ment therefore signifies management and disposal of the wastes
arising from anthropogenic activities so that health and lifestyle
of human beings are not affected. Toxic wastes find their ways
from open dumps to the remotest areas of oceans from the net-
work of rivers along human settlements and have become a ma-
jor threat to a sustainable future of humankind. It has been esti-
mated that if this trend continues, by 2050, we will have more plas-
tics in the ocean (by weight) than the fish [1]. Such a serious con-
cern, however, has not been taken seriously in many places around
the globe. This inefficiency clearly indicates weak implementation
of national level policies concerning management and proper dis-
posal of wastes. This inefficiency in handling our own wastes is
not only costing humankind aesthetic values but also causing bio-
diversity loses; human lives are at risk. Estimating and solving
these problems have become increasingly complex because these
pollutants have both point and non-point sources for mixing with
and contaminating the environment. This situation further wors-
ens the odds of finding one purposeful solution that would help
the whole world. Given that multiple aspects like technical, socio-
cultural, economical, ecological and political aspects are incorpo-
rated into solid waste management issue, the issue requires a mul-
tidimensional approach to find relevant solutions.

Urban and semi-urban areas are densely populated, and the
trend to leave villages to live in big cities with more services and op-
portunities seems to be increasing day by day all across the globe.
Wastes are the by-product of our lifestyle choices, increasing af-
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fluence and urbanization happening at an alarming rate across the
globe. If we do not make conscious changes to our lifestyle choices,
humans are set to increase waste production at the rate of 2.2 bil-
lion tonnes per year by 2025 [2]. The type and composition of
wastes generated by population varies with respect to the distribu-
tion of resources. In high income countries, there seems to be more
production of non-organic waste products due to more use of pack-
aged materials, whereas in low income countries, organic waste
seems to comprise a huge part of Municipal Solid Wastes (MSW). No
matter what kind of management practices are employed around
different cities in the world, we have yet to research and land on
the perfect approach for solving this issue. For now, we can only
analyze which methods are better than others.

Four cities were selected while conducting the assessment of
waste management practices in this paper: Kathmandu, the capi-
tal city and the most densely populated city of Nepal, a developing
country; Delhi, the capital city and most densely populated city
of India with rapid industrialization going on for the last couple
of decades; Seoul, the capital and the largest city of The repub-
lic of Korea, having the best waste management practices in the
world; and Beijing, the capital of China, the emerging industrial
hub of the world. Running a search across Google Scholar using
keywords mentioned in ’Key Words’ resulted in about 240,000 pa-
pers about solid waste management practices and the most recent
papers available (preferably published after 2010 AD) were priori-
tized during the review process.

From these papers, we analyzed the factors that are identified
to play an important role in proper management of solid wastes
and examined the cities and areas with a good waste management
system done differently than the other places. The finding of the
study is anticipated to contribute in understanding how towns and
cities can develop a wholesome and integrated model for the kind
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of wastes that they produce.

1.1. Kathmandu, Nepal

Kathmandu is the most urbanized city in Nepal. With an area of
50.76 km? [3], Kathmandu Metropolitan City currently has a pop-
ulation of 2.5 million people [4]. From 2001 to 2011, Nepal’s pop-
ulation increased by 1.35% per annum, while Kathmandu’s urban
population grew by 4.78% [4]. The average waste generation rate of
Kathmandu Metropolitan City is 0.66 kg per capita per day [5]. This
report also took into account dirt and construction debris, the un-
collected wastes along sidewalks and streets, in corners and in any
vacant land.

Household waste is found to constitute 50 % to 75 % of Munici-
pal Solid Waste [7]. The household wastes is composed of organic
wastes at largest portion (60.5 %) followed by Plastics (9 %), paper
and paper products (11 %), textiles (3%), wood (2.5 %), construc-
tion debris (4 %), glass (1.5 %), metals (3 %) and other wastes (5.5%)
[6]. Biodegradable wastes can be used to make compost and fertiliz-
ers but they are being mixed with other non-biodegradable wastes,
causing methane gas to mix in the atmosphere as a consequence of
anaerobic digestion, and leachates to pill from waste dumps and
seep into groundwater tables intoxicating water resources.

The main problem of the city in Solid waste management is open
dumping of solid wastes in public places and alongside rivers and
streams. Collection of wastes is done through door to door collec-
tion methods, roadside pickup from open piles and roadside con-
tainer collection. Collection efficiency is 86.9 % [7], which how-
ever, does not reflect the sight of the urban poor areas. The high
market areas and posh neighborhoods of Kathmandu Metropolitan
City are for sure cleaned and swept but in the areas where poor peo-
ple live in temporary homes like the neighborhoods along Bagmati
riverside, open dumping is quite a common site. Kathmandu Mu-
nicipality allocated as much as 26.72% of total municipal budget on
Solid Waste Management during 2011 AD but most of this budget
(60% to 70%) was spent on collection of wastes and street sweeping
and 20% to 30% was spent on transport of wastes leaving little to
no budget for proper disposal of wastes [7].

The fact that there is only one compost plant in a context where
60.5% [6] of the waste is bio-degradable organics reflects techni-
cal and managerial incompetency in the waste management sec-
tor. With commercial and industrial activities increasing at an ex-
ponential rate in this city, crude dumping sites are also increas-
ing exponentially and the proportion of waste disposed to sanitary
landfills is about 95% [6] which could easily be reduced to about
10% [7] if proper resource recovery methods are applied to the
wastes. This dumping is also not done in a sanitary manner and
thus, there are frequent local protests about the nuisance caused
by landfill sites which are termed ‘sanitary landfill sites’ but are
more like large open dumping area without proper landfill liners,
leachate control mechanisms, gas control and collection, surface
water drainage, final cover soil, compaction and environmental
monitoring facilities.

Currently, there are more than 1,111 people working on waste
management sector on a regular basis in Kathmandu city and more
so informally [8]. Most of the segregation works are done by infor-
mal workers or rag pickers for their livelihood by collecting and
selling high-value recyclable materials to vendors. The process is
labor intensive and working conditions are quite unsafe and on
top of that, these workers are working for exceptionally low in-
comes. It is evident that this situation is a result of unstable po-
litical situation and lack of clear policy and legislation. Little to no
capacity building workshops is being held for the workers in Solid
Waste Management. There is no availability of required invest-
ment in the waste management sector and this could be because
it does not seem to promise a good yield in return of investments.

This occurs because there is no culture of segregating wastes at
the source which makes the whole resource recovery method la-
bor intensive and expensive. Therefore, segregating wastes at the
sources and basic awareness among public about how to separate
their "wet’ wastes from their ’dry’ wastes is going to be a big step-
ping stone towards sustainable waste management. The nation’s
inadequacy to monitor and ameliorate inefficient or ineffective bu-
reaucracies, lack of adequate regulatory and enforcement tools,
corruption, lack of will to enforce regulations or absorb cost of mit-
igation, and lack of basic understanding of impacts and risks also
play important roles in this incompetence of waste management
sector in Kathmandu Metropolitan City.

A scenario analysis for solid waste in Kathmandu city was con-
ducted in 2014 by Singh [9] on the basis of Global Warming Poten-
tial, Biochemical Oxygen Demand, final disposal of waste, recycling
levels and energy recovery. The paper concluded that small techni-
cal changes such as collecting methane gas produced by the wastes,
collecting and treating leachate can make a huge difference in im-
proving the whole waste management system. Socio-cultural and
policy level changes such as formalization of informal waste pick-
ers and segregators by local government to separate recyclable
waste, encouraging local people to separate their organic waste
would add to the improvement of waste management system. Also,
treatment of wastes by methods like compost or bio gasify them for
fertilizers and electricity and appropriate management of existing
sanitary landfills can make a great deal of environmental and socio-
economic benefits to the people residing in Kathmandu city. The
paper emphasizes the importance of cooperation among stakehold-
ers and promotion of resource recovery methods in the city [9].

1.2. Delhi, India

The national capital city of Delhi is one of the fastest growing
cities in India. The population density of Delhi was 274 people/
km? in 1901 which increased to 1,176 people/km?® in 1951 and fur-
ther to 9,294 people/km?® in 2001 [10]. This mega-city has an area
of 1483 km?” and an official population approaching 14 million with
a population growth rate of 1.5 % in 2006 [11]. The solid waste pro-
duction of this city is roughly 0.57 kg per person per day which is
more than many other Indian cities [2].

The solid waste management of city of Delhi is currently being
carried out by three local bodies namely, Municipal Corporation of
Delhi (MCD), New Delhi Municipal Corporation (NDMC) and Delhi
Cantonment Board (DCB). The population in Delhi does not pay col-
lection and disposal fees separately but they pay the fees along
with property tax. The solid wastes in Delhi comprises of 38.60 %
of organic wastes, 5.6 % of paper, 6 % of plastics, 2 % of metals, 1 %
of Glass and 46.8 % of other wastes [10]. The main problems of solid
waste in Delhi are pollution and open dumping in urban poor neigh-
borhoods and markets followed by inefficient disposal of wastes in
dumping sites.

This city usually collects and dumps up wastes that are hetero-
geneous in nature. However, there is an increasing culture of seg-
regation of wastes at source as a response to the public awareness
and participatory programs conducted by the government in local
areas. The city has an average collection efficiency of 75 % with
controlled disposal of 87 % [11].This collection efficiency generally
responds to the richer neighborhoods of city which, with respect
to their higher tax yields, are served first and there certainly is dis-
parity when it comes to managing waste for the poor. The rich citi-
zens who have more political and monetary power at their disposal
can easily avoid or opt out of direct environmental impacts of solid
waste pollution in the city by shifting their pollution towards more
unfortunate citizens. The open dumps in these urban poor neigh-
borhoods also act as breeding grounds for disease vectors adding
to the vulnerability of its residents.
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A total of three mechanical composting plants are in operation
in Delhi, eight dumpsites have been exhausted so far by dumping
of MSW and three dumpsites are in operation. The area covered
by these dumpsites is estimated to be at least 1 % (14.83 km?) of
Delhi’s total area making the unavailability of land for disposal of
wastes a rising problem for MSW treatment in Delhi. In response
to this issue, local bodies make a blunder of disposing wastes in
open dumps at low-lying areas of city, converting them into open
dump hills which further worsen the situation. It was estimated
that the active and closed dumpsites produce approximately 81.5
million litres of leachate annually, most of which go untreated and
end up in groundwater by percolation [10].These landfill sites lie
in periphery of river Yamuna which is responsible for 70% of the
water supplied to people living in Delhi [12].

A total of 33% of waste generated is recycled where 27% of the
recycling is done by the informal workers. They pick up and sort re-
cyclables from mixed waste either at central waste collection bins
or dumping sites. There are a total of 170,000 informal workers re-
sponsible for recycling of solid wastes which suggests that these
informal workers make up to 1.2% of the total population of Delhi
and the waste they help recover sums up to an average of 5 tonnes
per worker per year [11]. These workers save the government ap-
proximately INR. 600,000 (USD $13,700) daily in segregation and
transport of recyclables [13]. If the undervalued works of waste
pickers are recognized by the local government at a level by pro-
viding them with safe working conditions and a decent payment,
it would also aid in uplifting the living standards of these workers
and their families.

Typical institutional deficiencies are seen in solid waste manage-
ment sector in Delhi and its formal workers faced by many urban lo-
cal bodies in developing countries. “In the Municipal Corporation
of Delhi, there are about 46,000 workers in solid waste management
but only 33,000 are available in the field. The absentee rate is 25%.
The rest serve as domestic servants at the residences of politicians.
The sanitary inspector, who supervises them, knows about it but is
easily bribed to mark him as present” [14]. This statement clearly
represents how some population is taking their job for granted by
not obeying and respecting the system while other unfortunates
have to work informally.

To say that Delhi does not have laws and policies that promote
efficient management of solid wastes in the city would be wrong.
The problem is with poor maintenance of existing infrastructures
and lack of monitoring by government officials. An incinerator was
bought and operated in Delhi during the 1980s and was expected
to generate power to supply for local grids. But, operational ex-
perience was not satisfactory [15]. This reflects the kind of mis-
take cities like Delhi have been making; little to no research on
which waste disposal methods would work best for the types of
waste, socio-cultural environment as well as financial situation of
their place have been carried out. Lack of segregation, poor main-
tenance and route planning during transportation stage, no socio-
environmental criteria to be fulfilled for landfilling, poor mainte-
nance of landfill sites in collection and treatment of methane gas
or leachates and no institutional coherence all aid to an inefficient
solid waste management and disposal system in Delhi. However,
Delhi plans to treat 42% of generated waste by 2024 by taking cer-
tain steps like privatization of MSW collection, segregation, trans-
port and disposal, public sector, private sector and citizens work-
ing in coherence by promoting involvement of local communities
and NGOs in raising public awareness and participation, working in
proper identification of applicable MSW technologies like anaero-
bic digestion and bio-methanation, regulating and optimizing the
performance of plants [12]. Delhi has already managed to attract
international investment to assist with developing state-of-the-art
facilities and will hopefully make more efforts to reach to its goals

within 2024.

1.3. Seoul, Korea

Politically, The Republic of Korea is divided into nine provinces
and seven metropolitan cities including the capital city, Seoul.
Seoul city has a population density of 481 people/km* which ranks
to be the third highest in the world [16]. The national capital, Seoul,
has a population of about ten million people and the total urban
population in 2010 was 82% of total. Seoul’s 10.3 million residents
in 25 districts generated 11,170 tonnes/day (t/d, i.e., 4077 thousand
tonnes per year) of municipal solid waste (MSW) in 2005 [17].

The waste in Korea comprises of Paper (35.1%), Plastic (21.4%),
Food (8.1%), Wood (1.6%), Rubber (0.9%), Leather (0.4%), Fabric (0.4
%) and others (32.1 %) [18]. Since the early 2000s, the Republic of
Korea has maintained top-rank status for its municipal solid waste
(MSW) recycling rate among OECD (Organization for Economic Co-
operation and Development) member countries. The most recent
2014 OECD MSW data show that the MSW recycling rates of the top-
three countries were 58.1% (South Korea), 47.6% (Germany), and
33.8% (Belgium). Thus, South Korea exhibits an outstanding MSW
recycling rate even among the top-tier members [2]. Until the mid-
1990’s, "collection and landfilling’ was the traditional method of
Solid Waste Management in Korea. But it was not very effective
so Government of Korea introduced several market-based policies
and systems that helped in shifting their Waste management wor-
ries to emission of less GHG, producing more jobs and increasing
resource recovery and some of them which made a huge shift in
the waste management system are discussed in this paper.

The total amount of municipal waste generation was 83,962
tons/day in 1990, and 58,118 tons/day in 1994. About 93 percent
of solid wastes was dumped into the landfills in 1990. Until 1994,
a waste tariff system in Korea was set up as a monthly lump-sum
fee system where each household made a fixed amount of payment
for waste management services. In 1995, Korean Ministry of Envi-
ronment (KMOE) introduced the Volume Based Waste Fee (VBWF)
system [19] to impose waste treatment costs on each polluter ac-
cording to the amount of waste disposed by them. By providing
free collection for recyclable waste, this system induced the pub-
lic to be more active in waste separation at the source. After the
implementation of the VBWF system in 1995, the MSW generation
fell from 58,118 tons/day in 1994 to 47,774 tons/day in 1995 show-
ing a 18% reduction and the recycling rate increased by 27% com-
pared to the previous year, 1994 [20]. Between 1994 and 2004, MSW
generation decreased by 14 % and the recycling rate increased by
34%. The landfill rate drastically fell from 81% to 16%. Waste gen-
eration per capita also dropped from 1.33 kg/capita/day in 1994
to 0.95 kg/capita/day in 2011. VBWF without question proved to
be one of the best policies in the history of waste management in
Korea.

“Extended Producer Responsibility” (EPR) system was intro-
duced in January 2003 after the failure of ‘deposit-refund’ system.
This system improvement was driven by some key ideas; recycling
initiatives should drive the economy as there was less space for
landfill due to increasing population. Korea’s compliance with
international regulations and agreements like EU ROHS (Restric-
tions on Hazardous Substances) and WEEE (Waste Electrical and
Electronic Equipment) was prioritized. The problem of resource
scarcity: both resource depletion and the increasing price of re-
sources had to be addressed as soon as possible. If producers or
importers did not fulfill the mandatory recycling rates, a fine was
imposed. This fine is calculated based on the recycling shortfall
multiplied by 115 to 130 percent of the standard recycling cost cal-
culated by the Korean Ministry of Environment. The EPR system
also proved to be one of the best systems introduced in waste man-
agement sector. Major achievements of the EPR system include
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increased recycling of waste and optimization of resources. The
mandatory rate for the EPR products has been continuously in-
creasing even though the actual recycling amount and rate did not
initially meet expectations. According to the K-eco, comprehen-
sive recycling performance has been meeting the target since the
introduction of EPR system. However, the performance rates for
each item varied from 50% (silver oxide batteries) to 117% (plastic
packaging materials) in 2014,

Every year in Korea, 26 million vouchers (83 tons of mail) were
used with an estimated cost of 1 billion USD to fill out the details of
waste produced and disposed at the waste management facilities
[21]. These documents were inconvenient to track illegal dump-
ing which was the main purpose of this document. Therefore, All-
baro (e-manifest) system was introduced by the KMOE in 2001 to
replace the hectic and conventional system. It allows for the entire
waste management and disposal process to be accessed and moni-
tored in real-time online and thus, has a function to prevent illegal
waste treatment and disposal.This system has helped in reducing
the burden of management and costs by digitization, improving
transparency levels with the public which in turn built up aware-
ness and trust among the public on the waste management system.
It stores information on waste management ranging from genera-
tion to final disposal including detailed information of waste gen-
erators, transporters, and disposers. Allbaro has been recognized
as an innovative Korean brand, and has been patented through the
Korea Intellectual Property Office (KIPO). It is estimated that KRW
134 billion (about USD 122 million) and 9.8 million hours of time
has been saved annually after the introduction of Allbaro system
[22].

Korea MOE released “Guideline of the 3rd Solid Waste Manage-
ment Plan” to local governments in February 2011. The 3rd Seoul
Solid Waste Management Plan was established in early 2013. This
is the latest plan set up the role for basic frame of SWM in Seoul for
10 years: from 2012 to 2021. Achievements during the 2nd Seoul
SWMP (2002-2011) were evaluated by the government in terms
of the performances of waste treatment methods and reduction
of GHG emissions. This latestplan aims to achieve three policy
stances: environmental conservation, environmental justice, and
social sustainability. These policy stances give six policy directions
i.e. direct landfill elimination, maximization of resource recovery,
waste collection system for city sanitation, optimization strategy
for waste facilities, improving waste treatment business, and im-
proving waste governance. The goals of the 3rd Seoul SWMP are
direct landfill 5.4 % and resource recovery 72 % by 2021. 1t is pre-
dicted that successful execution of the plan will reduce greenhouse
gas emissions and increase jobs. GHG emission is targeted to be
reduced by 9.8 %: from -4,061 thousand tons CO2/year in 2009 to
-4,459 thousand tons CO2/year in 2021. It is estimated that GHG
emission shall be -1.14 t CO2/ton MSW in 2021. The number of
jobs in waste management sector could be increased by 0.63 % from
11,102 thousand jobs in 2009 to 11,172 thousand jobs in 2021. It is
estimated that the number of jobs will be increased in the field of
material recovery of wood waste and recyclables and incineration
whereas reduced in the field of recycling of food wastes and land-
filling. The numbers of jobs are set to be 2.86 jobs per ton MSW
in 2021 [23]. Table 1 illustrates the past data and interpolation of
the past data to approximate future data as achievable targets for
greenhouse gas emission and job creation due to these strategic
policy changes.

The statistical indicators of greatest achievements of these
strategic policies and systems have been good performances of
waste treatment methods and GHG reduction effects. However,
waste management attitudes, age, and income have been seen to in-
fluence recycling and waste management behaviors in Koreans. A
possibility is that proper and efficient recycling and waste manage-

ment behavior is mostly influenced by people’s motivation to avoid
the cost for waste disposal and not due to an eco-friendly aware-
ness and/or attitude [24]. Whatever the reason is, statistics show
that these policies are bringing a positive change among Koreans.
The expansion of the number and functions of recycling facilities
in Seoul can be considered the key component of success. Inciner-
ation plants are run in different local governments which help to
reduce GHG rates. Waste incineration plants are partially used in
Seoul, which resulted significant increase of operation rate from
31 % in 2005 to 82 % in 2010 and 85 % in 2012. Additionally, four
incineration plants recovered heat energy of 461 thousand Gcal in
2005 and 1,761 thousand Gcal in 2010. As a result, the incineration
amount was increased from 416 to 723 thousand tons of waste and
Landfill decreased from 1,038 to 528 thousand tons of waste in 2005
and 2010 respectively which shows a 50% decrease in landfilling of
wastes [23]. Therefore, resource sharing, public campaigns in mak-
ing Seoul plastic free and a good foster seen in zero waste communi-
ties in Seoul are the positive changes happening in public attitude
towards waste management in Seoul [25].

1.4. Beijing, China

Beijing, the capital city of China with the land area of approxi-
mately 1368.32 km?, is located at the tip of the North China plain.
The city inhibited an urban population of 13.3 million people in
2006 with an annual increase of 3.54%. The average MSW genera-
tion rate in 2006 was 0.85 kg/capita/day or 4.134 million tons/year
in the metropolis [26].

The MSW in Beijing mainly contains food waste (63.39 %), fol-
lowed by paper (11.07 %), plastics (12.7 %), construction debris (0.62
%), dust (5.87 %), wood (1.78 %), glass (1.76 %), textile (2.46 %), metal
(0.27 %) and other wastes (0.08 %) [27]. Given a large composition
of food waste in MSW, its management has primarily focused on re-
duction of wastes and resource conservation with the aim of gradu-
ally substituting sanitary landfill by incineration and composting.
For this, proper management of food wastes is a crucial step and
Beijing addresses this problem by separating wastes at the source.

Beijing has a MSW collection rate of 96.5% where 52% of wastes
are collected separately at the source. According to correspond-
ing statistics, 90% of MSW generated in Beijing was landfilled, 8%
was incinerated and 2% was composted in 2006 [28]. About 4.7 mil-
lion people in Beijing separated their wet and dry wastes during
the time of initial disposal at the end of 2007 and this method has
proved to solve one of the main issues of waste management in the
city since incineration is considered the preferred technology and
the authorities have a plan on sky rocketing the percentage of in-
cineration of wastes to 30% in the near future [28].

The Municipal Solid Waste characteristics of Beijing are com-
bustible waste (91.51 %), compostable waste (77.08 %), moisture
content (61.21 %), recyclable waste (25.18 %); and the waste had a
low calorific value (4564 kJ/kg) [27] The low calorific value and high
moisture content of MSW indicated that even though combustible
waste accounted for 91.51 % of total waste in 2006, the waste could
not be incinerated efficiently without additional support [29]. Fur-
thermore, the electricity that powers Beijing city is non-clean en-
ergy derived from coal and there is a negligible change in the envi-
ronmental impact potential of the waste whether they are treated
by disposal in sanitary landfills or by incineration methods [30].

The main treatment and disposal technology of wastes in Beijing
city is thus sanitary landfilling followed by incineration of wastes.
The first sanitary landfill site (Asuwei Landfill Site) was established
in Beijing in 1994 and in 2006. There are a total of 13 landfill sites
and four incineration/composting plants in Beijing City, which cor-
responds a total designed capacity of 10350 tons/day while the ap-
proximate waste generation rate in Beijing City is 11326 tons/day.
Also, there are six transfer stations in Beijing that compress and
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Table 1: Greenhouse gas emission and job creation data corresponding to the third Seoul SWMP [23].

Category Year GHG emis- Job creation factor
sion factor
(ton-CO;
/ton waste)
2009 2012 2015 2018 2021 Collection  Facility
jobs (Jobs/
(Jobs/ton- thousand
waste) ton-waste)
Waste to collect (t/day) 11,337 11,010 10,768 10,732 10,697
Wood waste recycling 161 163 167 -2.46 2.2 43
Recyclables recycling 4,149 4,360 4,211 4,248 4,283 -2.87 1.5 2.9
Food waste recycling 3,446 3,347 3,273 3,263 3,252 -2.00 1.3 0.6
Incineration 2,041 2,092 2,434 2,425 2,417 0.37 1.3 0.2
Direct landfill 1,701 1,211 689 633 578 0.42 1.3 0.2
Greenhouse gas emission
Annual emission(thousand -4,061 -4,343 -4,360 -4,410 -4,459
ton-CO,/ year)
Unit rate -0.98 -1.08 -1.11 -1.13 -1.14
(ton-CO,/ton-waste)
Job creation
Annual Job creation 11,102 11,132 11,127 11,148 11,172
(Jobs/year)
Unit rate (Job/thousand 2.68 2.77 2.83 2.85 2.86
ton-waste)

separate wastes to ensure efficiency in transportation and recy-
cling rates. Out of these stations, only two have the required sort-
ing machinery well equipped and thus, they have limited sorting
rate of 980 tons/ day. These figures clearly indicate a considerable
gap between the designed capacity, required investments and in-
frastructures, the waste efficiently managed and waste generation
rate. This has led to infer that almost all the landfill sites, transfer
stations and treatment plants are overwhelmed with waste man-
agement practices [29].

Approximately 1.638 million tons of materials were estimated to
be recycled in 2006 which is 7.3% higher than in 2005. This figure
roughly includes 0.868 million tons of metals, 0.364 million tons of
paper, 0.168 tons of plastic and 0.077 million tons of glasses. This
data definitely shows that recycling does not happen in its full po-
tential and thus the trend of recycling wastes and creating a waste
value chain is rising culture in Beijing. It was also seen that recy-
cling focuses on high-value materials and neglects low-value mate-
rials which is a long-term issue. It was estimated that Beijing saved
approximately USD 1.43 million through formal recycling sector in
2006. There is also a huge culture of recycling across the informal
waste management sectors in Beijing. It was estimated that in 2006,
there were as much as 300 thousand individuals making a living as
informal recyclers or waste pickers, contributing to recycled mate-
rials that worth USD 0.438 million annually [29].

The main strategies that Beijing needs to work on shall be pol-
lution control during the waste management process i.e. evolv-
ing whole waste management system using appropriate technol-
ogy. Waste management sector needs more investment to further
expand the capacities of transfer stations and treatment plants be-
cause if this problem is not addressed in the very near future, given
the population growth rate and waste generation rate, the situa-
tion might get too bad too soon. If the technological advancement
that we see on other sectors would also resonate with the waste
management sector, Beijing can do wonders given their budget and
other immediate resources at the country’s disposal. Another issue

that needs to be addressed is the one regarding informally working
recyclers or waste pickers. If these undervalued individuals are en-
sured of better working conditions and their efforts are recognized
properly, Beijing could provide a better life to about 300,000 indi-
viduals and their families.

2. Discussion

Table 2 summarizes the information that has been presented in
this paper. Comparison of important indicators have been done to
reflect on the current status of Municipal Solid Waste Management
systems of these cities.

Here, we can see that the collection efficiency of Kathmandu and
Delhi are at a very similar range as these cities are more similar in
socio-cultural, economical, and awareness aspects compared to the
other two. They are the capital cities of developing countries while
Seoul and Beijing are the capital cities of emerging economies of
the world. Thus, the collection efficiencies of Seoul and Beijing are
also in a similar range. However, when it comes to the wastes that
are landfilled, Seoul is at 5.4%; Delhi is at 45%; Beijing is at 90%;
and Kathmandu is at 95 %. This data indicates how recycling and
resource recovery methods are implemented in each city. The city
where resource recovery methods are not properly implemented
dumps all of its wastes to sanitary landfills without calculating how
wastes could be used as valuable resources. In cities like Delhi and
Kathmandu where these sanitary landfills are not maintained effi-
ciently, the landfills can rather be called as open dumps. Similarly,
cities of the developing world seem to have a larger fraction of or-
ganic waste in their waste stream. This can be because segregation
of wastes is not a culture rooted among the public. The compo-
sition of plastics and paper wastes seem to be high in places that
are more industrialized compared to others. Also, the main issue
that most of the cities have in common seems to be improper man-
agement of informal workers who contribute to the waste manage-
ment sector.
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Table 2: Comparison of status of MSW management in the four cities.

Kathmandu, Nepal

Delhi, India

Seoul, Korea

Beijing, China

Collection efficiency
Waste that goes into
landfills

Proper maintenance of
sanitary landfills
Methods used for
resource and energy
recovery

Status of solid waste
management.

Main concerns for
solid waste
management in the
most immediate future

86.9%
95%

No

Recycling of
wastes mostly by
informal workers.

Poor

- Poor
maintenance of
dumping sites

- Institutional
deficiencies

- Public awareness

75%
45%

No

Recycling of
wastes mostly by
informal workers.
Poor

- Open dumping

- Poor maintenance
of dumping sites

100%
5.4%

Yes

Well managed
recycling,
Well managed
incineration

Best
- GHG emissions

- Energy recovery
- Discarding use of

96.5%
90%

Yes

Source separation
during collection
(52%),

Landfill,
Incineration.

Good but needs
more investment

- Energy recovery
- Existing resources
are overwhelmed,

- Institutional non- waste management
deficiencies biodegradables sector needs more
- Poor working investment
conditions for a - Consideration of
large group of environmental
informal workers impacts of
- Public awareness different waste
management
methods.

For a reduced global foot print and a sustainable future for
mankind, empowering local bodies for efficiency in waste manage-
ment system is necessary. Each city has its own waste characteris-
tics and socio-cultural values, this is seen to vary with industrializa-
tion and wealth. Motivation and emphasis for in-situ management
of wastes in a certain place is always a good step. Another problem
in solid waste management is untrained employees. Capacity build-
ing programs should be conducted and run such that sustainable
and efficient framework and directions can be established with lo-
cally available technology and locally available human resources.
This will also help address unemployment problems in poor coun-
tries as economic feasibility is an important factor for sustainabil-
ity in waste management practices [31].This will also help reduce
transportation costs to a certain extent. It is also seen that devel-
oping countries spend more than half of their waste management
budget in collection and transportation and little to no budget is
left when it comes to disposal and treatment. Investment opportu-
nities for research and development thus are very sparse in devel-
oping countries that need them the most.

The immediate action that can be implemented should be man-
agement of wastes in open dumps. Proper solid waste management
strategies shall be formed and implemented to contain pollution
from traveling from landmass to water bodies. If improper disposal
of wastes is not managed, the plastics are still going to end up in
rivers and oceans and the aquatic wildlife will keep on paying for
the harmful deeds we imposed upon the environment. Awareness
programs targeting the general public about sustainable consump-
tion, sorting out wastes from their household level, hazards of us-
ing micro beaded cosmetics, plastic shopping bags and straws, re-
duce, reuse and recycle shall be conducted at local levels. This shall
help the public in taking accountability for the wastes they pro-
duce and make them more mindful about their disposal. Commu-
nity based recycling activities and programs sound like a good idea
but it would ideally only help to clean up our neighborhoods once.
Local bodies should try to conduct life cycle assessment and track
down the sources of pollution. Measures such as taking record and

maintaining track of seasonal and geographical waste fluctuations
should be tried. This data will help in research and development
in the field of MSW management. Reward system can be imple-
mented to institutions and citizens who promote sustainability in
waste management. If this is done, a good amount of public at-
tention can be drawn to building a sustainable waste management
strategy.

Promotion of waste recycle business can be done by providing
subsidies for these businesses: support by the government in ar-
eas like tax cuts or less interest rate on governmental loans would
prove to be crucial. This would definitely attract investors towards
waste recycling business. Use of analytical tools like the demand
and supply curve in waste analysis can be done and the concept of
"Green economy’ can be promoted by imposing less tax on the prod-
ucts that are made of sustainable materials and promote optimum
utilization and conservation of earth resources. For this, first of all,
researches related to waste management approaches such as en-
ergy recovery should be done. Unless there are lots of researches
being conducted, we shall never know what shall work for us.

The policy for production of non-bio degradable materials
should change in areas such as codes of conduct, smart packaging
guidelines, supply chain reporting and compliance audits. These
changes would definitely offer opportunities to improve manage-
ment of issues regarding production and proper disposal of non-
biodegradables. It is actually good if the public voluntarily gives
up and discards materials that are toxic for the environment in
the long run but for the time being, imposing tax on the retailers
and consumers who use non-degradable like plastics could trigger
them to discard using such products. When producing pellets and
resins, use of identification codes can be encouraged so as the recy-
cling process would be easier and this would also increase resource
efficiency. The governments could put a “minimum recycled con-
tent requirements” for non-biodegradable products like plastics.
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3. Conclusion

This paper indicates what it takes for solid waste management
practices to be effective. The countries/cities that gave impor-
tance to research and holistic evaluation of waste produced by
their respective city population had more efficient and sustainable
waste management system. The management practices that yield
best results are those that use a multidisciplinary approach.

Management of Municipal Solid Waste generally comes under
the responsibility of local governments. Technical difficulties
in collection, transport and disposal of waste, lack of awareness
among public and unavailability of skilled human resources, eco-
nomic barriers in researches and development of new technolo-
gies, traditional methods used in segregation of wastes by landfill
scavengers, waste smuggling, high littering rates, illegal dumping
of wastes, little to no knowledge about recycling of wastes and dif-
ficult local architecture for collection are some of the areas that
are a clear indication of inefficient public services in developing
countries. Also, fragmented governance affecting the accountabil-
ity among stakeholders is playing a big role in these inefficien-
cies. If awareness among public in sustainable consumerism, seg-
regation of wastes, recyclable/non-recyclable/hazardous wastes is
spread, it could help in management of solid waste collection pro-
cess to a level. But, for proper disposal, researches in how to uti-
lize locally available resources and manpower, capacity building
training programs for employees working in waste management
sectors, research for appropriate energy recovery processes, es-
tablishing proper management frameworks like setting goals for
the disposal and creating awareness for discarding the use of non-
biodegradable materials can be a kick start to management of solid
wastes in the local level.

The main inadequacy of the current waste management ap-
proach is that we do not have a sustainable waste management
approach for our respective localities. Policies are formulated in
National and Regional level but actions are to be taken at the local
level: inclusion and participation of public is absolutely essential
to bring changes in the system. The existing Solid Waste Manage-
ment practices are economically unsustainable and require an un-
acceptable financial risk which is why investors might think it is
a better idea to put their money into investment somewhere else,
like the plastic industry which is responsible for majority of pollu-
tion but has great investment returns. Absence of technical and
practical skills, weak infrastructure and inadequate technological
advancements are some other problems to solid waste manage-
ment in developing nations. Also, practical laws are not brought
into action or, have insufficient interpretation and application on
a daily basis. Policies and laws are made by bureaucrats who have
strong alliance with big corporate houses and businessmen and
they tend to trade loopholes in policies and laws with planetary
sustainability. This kind of successful industry advocacy of insipid,
business-friendly governance interventions under the guise of cor-
porate sustainability, contributing to an overconfidence with the
value of individual responsibility and corporate self-governance as
management principles has been stern in maintaining their prof-
its while sucking the life out of the planet [32]. In brief, there is a
lack of holistic approaches or multi-dimensional approaches in the
waste management systems around the world.

If waste management issues are addressed at the local level, fig-
uring out what works and what does not through proper research,
and the concerned stakeholders work accountably, we could mini-
mize the disastrous situation we have been putting ourselves into.
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