ENHANCING MUNICIPAL SOLID WASTE MANAGEMENT
SYSTEM WITH 3R OPTIONS IN THIMPHU, BHUTAN

by

Yeshey Penjor

A thesis submitted in partial fulfilment of the requirents for the
degree of Master of Science in
Environment Engineering and Management

Examination Committee:  Prof. C. Visvanathan (Chairman)
Dr. N. T. Kim Oanh
Mr. Mylvakanam lyngararasan, UNEP

Nationality: ~ Bhutanese
Previous Degree:  Graduate Diploma in Environment Management
and Development,
Australian National University (ANU),
Canberra, Australia

Scholarship donor:  United Nations Environment Program (UNEP)
Regional Office for Asia and the Pacific

Asian Institute of Technology
School of Environment, Resources and Development
Thailand
December 2007



Acknowledgements

At the outset, my indebted gratitude and enormous thanks goes to .Pvidv@nathan
without whose close attention, benevolence and critical adiviemuld have failed to
complete this thesis and the Masters degree. My sincertideatind thanks also goes to
Dr. N. T. Kim Oanh, AIT and Mr. Mylvakanam lyngararasan frefNEP-ROAP for
serving as members of the committee for my thesis and fordbestructive comments in
the process of my research. Here, | would not like to mig®pportunity to acknowledge
Dr. Kim’s support and guidance during the period serving as my cadwssgor. In a wider
coverage, | would like to thank the Dean, faculty and the seie®taf the School of
Environment, Resources and Development (SERD) for enabling aeiave ymooth study
at the Asian Institute of Technology (AIT).

Very importantly, my sincere gratitude goes to the United Naftongronment Program-
Regional Office for Asia and the Pacific (UNEP-ROAP) feupporting with full
scholarship to my studies.

Back home, my profound respects to the Royal Government of Bhutan jRGddge
and the National Environment Commission Secretariat in partiéafagiving me the
opportunity to pursue the Masters degree. In person, | would like tessxpny fullest
gratitude to His Excellencyyonpo Nado Rinchhen the Hon’ble Deputy Minister of
Environment. Without His Excellency’s eleemosynary support and encuesd, |
would not have visualized the cherished qualifications.

My sincere thanks also go to Khun Prasert Laobusnanant to acknowisdged support

in many local logistics and specifically for sponsoring and tutoiliegSPSS software in
my data analysis. Khun Prasert is a Thai PhD student in é@ &f Environment

Engineering at AIT.

Lastly, it gives me a great pleasure to dedicate this $tudhy late father, my mother, wife
and the daughters. The understanding, warmness and love my fmsibwed upon me,
especially during the period of my stay away from them hamn bmy strength in

endeavoring my study and the thesis task.



Abstract

Bhutan, a small Himalayan Kingdom, where “Gross National pitegss (GNH)”
philosophy is the guiding spirit for the developmental progressaisable wastes
management is inevitable, especially the municipal solidesg®SW). A nation, highly
dependent on import, subsistence farming and tourism needs to lmarey with wastes
generation and the management. As of now, the major population seimadtent about
the consequences of the unmanaged wastes and waste managehmequées. Also, very
limited options remain for improvement of the conventional wasieagement systems.
In most urban settlements, formal waste management does naase

In Thimphu, the capital city, the conventional system of cotlgctitransporting and
disposing the MSW initiated in 1993 is ongoing. There has been not mpobvement or
changes in the system over the years. The collected wadtemsported and dumped at
Memelakha, an open site about 10 kilometers away from the downtawand\ 80,000
people live in the 26 square kilometers city area of Thimphu, wkicktches from
Chantagang in the north to Ngabi Rongchu in the south, fanning on Thimpéu Rhe
Thimphu City Corporation (TCC) is solely responsible for managing MI&WV of
Thimphu city. It has limited resources, manpower and facilittagblic responsibility
sharing and specific waste management institutional tésxdsaae limited.

The weeklong physical survey at the Memelakha disposal sit@ydhesis study found
that around 32 tones of commingled wastes is daily collected ang@drtetsto this site.
The site is virtually over used and wastes are physicallgfloweng. The physical survey
at the source point conducted for three months, from March to Mayf@00d that the per
day source point waste generation capacity is around 65 tones. Rakigemsehold per
capita waste generation is estimated to be 0.56 kg/dayhéluncollected 50% wastes
may not be remaining in the environment because certain rbteyglaste components are
collected by business vendors and informal waste pickers fongradross the border or
recycled.

There are cost effective policy options in the 3Rs paradignaddress the MSW
management of Thimphu. Few crucial parameters to highligt iarintroduction of
‘polluters pay principle’ (municipal taxation and service fefes)financial security and
responsibility sharing, ii) formalization of the internationaiomal waste management
cooperation, iii) encouragement of private parties and indsdwiénitiate cooperation in
MSW management, iv) enhancing MSW management awarameseducation, v) very
importantly to apply waste segregation practice at source ¢atalisis a transfer station. It
is inevitable that the upcoming National Solid Waste Managementmist embrace all
these crucial elements.
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Chapter 1
Introduction
1.1 Background

Inherent human desire in resources consumption governs the wastatiganeapacity.
The municipal solid wastes (MSW) quantity and composition therefieqgend on
population density, source diversity and the income of the people ilodhakty. With
increase in population, economic activity and the income, the MSWitityuaand
composition including the non-biodegradable and hazardous wastes is bouneaseanc
The evolutionary waste quantity and characteristics accordaiglilenge the municipal
authorities in management, demanding more and more resourcese@dmblogical
capability. In developing countries where resources and capcitpnstrained, the
challenges thus become serious.

Bhutan, a small Himalayan Kingdom, winner of the 2004 “Championhef Earth”

(Kuensel, 2005) and the “World Conservation Leadership Award” (Kue2@eg) is not

spared by the challenge of the urban solid waste management)(SWire “Gross
National Happiness (GNH)” philosophy is the guiding developmentalyp@liBS, 2004),

safe and sustainable SWM is inevitable. To maintain good huneaith and the
environment for the GNH spirit, adequate SWM is crucialhe@tise prioritizing

environment conservation in the government policies (PC, 1999; NEIB) as one of the
four pillars of the GNH (CBS, 2004) will be undermined. Therk & no greater impact
on the conservation quality than the contamination of the soil, veagrair through
unmanaged or under-managed wastes. A nation, highly dependent @tesiglesfarming
for livelihood of the majority population and hydropower and tourism foreitternal

revenue also calls for extra care in wastes management.

As of now, the major population remains innocent about the consequédrbesveastes
and the “hard to die old habits” continue disposing the waste®iradiyy. In Thimphu, the
local municipal authority, Thimphu City Corporation (TCC) is solelade responsible of
collecting, transporting and disposing the MSW. This mandate isefustrengthened by
the Bhutan Municipal Act of 1999 (RGoB, 1999) when it communicateghbahunicipal
authorities are responsible for collecting, transporting and dispdeniI8W as a public
service. The limited authority, fund, manpower and technologictrepon the other
hand have deprived the agency to cater satisfactory serVicessolid wastes collection,
transportation and disposal at Memelakha for Thimphu was initiatex® dvlay 1993
(TCC, 1992). Over the years there has been no improvemeramgeshin the system. The
site at Memelakha is overflowing with wastes. Yet, thenea alternative site or options to
stop disposing the wastes at this site. An alternate sinéfidd lacks fund to construct an
access road and to develop the site. Reduce and reuse optiomewareaptured in the
policies and the recycling option recommended in the 1992 project dot(ht&C, 1992)
has not materialized effectively. The recommendation of rexyaf wastes in three
phases; 5% in two years time, 10% in three years and 50% ipefars to increase the life
span of Memelakha site to a maximum of twelve (12) yearsineahahelved document.
The waste disposal at the site is ongoing for the last monefdlisteen (14) years without
any separation and pretreatment initiatives.



Public responsibility sharing and specific waste managemeirtutitstal tools also are
limited. The rules (RGoB, 1995), and Codes of Practices (NECa20d8C, 2000b; NEC,
2002b) developed by various organizations did not have much referencethafte
publications. Lately, the Royal Society for Protection of Nat(iRSPN), the only
environmental non-governmental organization (NGO) has published a pulsttepr
partnership policy framework for solid waste management (RSPN, .ZD@&)Ministry of
Works and Human Settlement has published a national strateiggcion plan for solid
waste management (MoWHS, 2007a). Both the documents highlightgdrement of
introduction of 3Rs (Reduce, Reuse and Recycle) as effestéps in the Bhutanese solid
waste management systems, but did not identify the viable@ins. The prevailing
predominant solid wastes reduction practice is separationwdhlal wastes, mostly metals
and beer cans and bottles, by the informal waste dealersengeas including the
municipal waste collection laborers, for sale across the hofties sale across the border
remains illegal since no formal agreements for the busieerist between the national
governments.

If compared with the size of urban areas and the wasteitigsim the region, Bhutan’s
solid wastes is so small that it should be manageable. It shmuimanageable with
appropriate policies and institutional setup in place. Not natiseequiring sophisticated
and expensive technologies. This study therefore aims to analymgement gaps in the
present urban solid waste management system of Thimphu and identifitiBRs, mainly
applicable low cost policy options. Anything that improves theasdn in Thimphu
should be applicable to other urban settlements in Bhutan as Thintbleucepital and the
biggest urban settlement.

1.2  Objectives
The specific objectives of the study include;

1. To conduct field survey to develop a segregated waste invergohave an
overview of the waste compositions, per capita and totakvgesneration capacity,

2. To collect secondary data and interview relevant respondents &standl the
gaps, mainly the policy gaps in the present waste managsystein, and

3. To find potential 3Rs options, mainly affordable policy options, for the
management of the predominant waste components in Thimphu.

1.3  Scope of the study

1. Collection of primary and secondary data through field survey, wdis@ens and
guestionnaires,

2. Reviewing the data, the existing policies, legal tools and thlel svaste
management technologies in place,

3. Developing a segregated waste inventory to understand the prevaiiste
composition, percapita and total waste generation capacity, and

4. Evaluation and identification of viable 3R options, mainly low cosikcpaptions
to enhance urban solid waste management in Thimphu.



Chapter 2
Literature Review

Resources consumption and the waste generation are inbuilt ifvitige process of a
human life. Human activities alter all the wastes commositonditions and pose a
challenge in the waste management. The wastes, if unmanagstiequately managed
pose threats of epidemic diseases, air pollution and groundwattmanation besides
space constrain, odor and aesthetic problems. The situatiarse w a municipal waste
management where wastes variety ranges from biodegradable@covgastes to toxic,
infectious and hazardous wastes generated from various sourtesb@noglouset al
1993).

Since late 1990s and especially after the 2002 World Summit oaigalde Development
(WSSD) at the Johannesburg, 3Rs (Reduce, Reuse, Recycleg¢dmmse a limelight in
solid waste management paradigm (TEI and Sasaki, 2006). The daVelmntries have
adopted the concept with strategic policies and legal instrum@ntg in the developing
countries, the concept is gaining popularity at a slow pace.if) the developed country,
Japan is concerting immense efforts and supporting to elevateRthedhcept in the
region. The major developing countries like Thailand, MalaySisina, and India have
begun to adapt to the initiative and exercise pilot projectsomiing to Thailand
Environment Institute (TEI) and So Sasaki (2006), Thailand has achfew exemplary
projects of 3Rs initiative for other neighboring countries to folltivdraws therefore the
interest to study the feasibility of applying 3Rs options towardsremtg the municipal
solid waste management in Bhutan, firstly for Thimphu muniitypal

2.1 Municipal solid wastes (MSW) management concept

Public and the local authorities have the responsibility to disposecipal solid wastes to
protect public health and the environment. Managing municipal wastestrial waste and
commercial waste has traditionally consisted of collecfiolipwed by transportation and
disposal. The particular concerns of unmanaged wastes arise dairiggseasons, high
temperature and when there are settlements in close proxintitg low-lying areas. The
run-off and high humid conditions increase the health hazards. Theefliatnaintained
landfill sites become prone to soil and groundwater contaminationtaueachate
percolation. Open dumping of garbage serves as breeding ground fmedigztors like
flies, mosquitoes, cockroaches, rats and other pests. Higlofrispreading diseases like
typhoid, cholera, dysentery, yellow fever, encephalitis, plageedengue fever also exist
in such an environment (TERI, 2006). Other risks of burning of wasig®pen dumping
are the air pollution to instigate respiratory and skin disedsesides contributing
greenhouse gases (GHG) into the atmosphere. Therefore, it d®canmparamount
importance for a mountain encased country like Bhutan to have ¢e plasystem that
addresses safe and sustainable municipal solid wastes mermageThe MSW
management becomes increasingly important as countries expanaddbromies and
urban population keeps increasing (IGES, 2006a; Fernandez, 1997).

2.2 Integrated MSW management

The conventional systems of solid wastes management involeitegtion, transportation
and disposal fails to confront the challenges posed by the modemsveastiution. It is



therefore important to keep integrating innovative techniques iprthailing systems to
tackle the challenges. The innovative techniques to be intelgratist be capable of
reducing the quantity of wastes, recovering materials forcleg, producing energy or
alternate resources from the wastes, and ultimately redbeipgrdous effects for more
safe and efficient disposal. A system that integrates vagtiastive techniques towards
achieving safe and sustainable wastes management is calédtebrated Solid Waste
Management (ISWM). An ISWM process in general may comprisa gfstem flow as
shown below in figure 2.1.

Solid Waste Management
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Source: Modified from (Hickman, 1999)
Figure 2.1 Integrated Solid Waste Management paradigms
2.3 MSW sources and composition

The wastes sources can be classified according to resourcesnpting and the landuse
patterns. For MSW, various sources include: residential houseloddsmercial areas;
institutions including hospitals, and offices; industries; consttn and demolition sites;
and street management activitiés.typical MSW percentage from various sources in a
municipality can be as shown below in figure 2.2.



MSW percentage by sources

Industrial
13%
Institutional
13% _ .
Residential
49%
Commercial
25%

Source: (Hickman, 1999)

Figure 2.2 Typical MSW percentages by sources in developeduntries

The MSW composition can range from the refuse produced by every faraihousehold
to highly toxic industrial wastes from the production of specidligwods such as
electronics, computers, cars, petrochemicals, and pladiat®lfanoglouset al, 1993).
This is why the MSW composition is considered complex and it needslecaisie care to
determine its composition and in defining it. Predominantly thepoasition of MSW in
the developing countries remains biodegradable organic wastedy dsodl waste and
vegetable wastes. Its decomposition process therefore atimastsof the ill-effects of a
MSW. The typical composition of MSW wastes in developing counsidgscribed below
in table 2.1 and its characteristics shown in table 2.2.

Table 2.1 Typical MSW categorization and its compositions in ldia

MSW categor Typical compositio
Organic waste Kitchen waste, vegetables, flowers, leénets.
Toxic waste Old medicines, paints, chemicals, bulbs, sprag; ertilizer and
pesticide containers, batteries, shoe polish.
Recyclable Paper, glass, metals, plastics.
Soiled Hospital waste such as cloth soiled with blood and btiayr
fluids.

Source: (TERI, 2006)



Table 2.2 Typical composition of MSW in developing countries

Descriptior % by weigh
(a) India (b) Thailand (c) In Malaysia
(Kolkota) (Pathumthani) (Nibong, Tebal, Penang)
Compostable organic 40 49.6 52.0
matter
Paper 10 4.5 16.5
Plastic 8 24 15.0
Glass/ceramics 3 1.7 7.0
Metal - 2.S 5.C
Yard waste (gras - 6.5 2.C
Wooc - - 1.t
Textile 3 5.5 1.0
Ash and others 35 1.00 -
Leather 1 1.9 -
Miscellaneous 11.73 0.4 -

Source: (a) and (b) Visvanathanal, (2004); (c) Isat al, (2005)

The MSW also is potential to contain hazardous wastes. Usuallapproximate
component of 1% of the total MSW is hazardous wastes (Tamagie 1999). Typical
household hazardous waste types are as listed below in table 2.

Table 2.3 Household hazardous wastes stream composition invééoped countries

Household hazardous waste component Component percentage (by weight)

Household maintenance products 34

Batteries 19

Cosmetics 12

Household cleaning produ 12

Automobile maintenance produ 11

Yard maintenance products 4

Miscellaneous 8

Source: (Hickman, 1999)

The municipal solid wastes sometimes is referred to as gmriefuse, or sludge from
waste treatment plant, water supply treatment plant, or dutjpol control facility and
other discarded material including solid, semisolid, liquid or coathigaseous material
resulting from industrial, commercial, mining and agricultural apens, and from
community activities. The types of solid wastes accordinght&r tsources area and
composition types also can be classified in three categorjestuficipal garbage, (ii)
industrial wastes, and (iii) hazardous wastes (Tammemagi, 188®&tever, the different
categories of waste generated in the municipal garbags tlaé own time to degenerate
as illustrated below in the table 2.4.



Table 2.4 Types of litters taking respective approximate timéo degenerate

Type of littel Approximate time it takes
degenerate the litter

Organic waste such as vegetable and fruit A week or two
peels, leftover foodstuff, etc.
Paper 10-30 days
Cotton cloth 2-5 months
Wood 10-15 years
Woolen items 1 year
Tin, aluminums, and other metal items s 10C-500 year
as cans
Plastic bag One million years
Glass bottle Undetermine

Source: (TERI, 2006)
2.4 3Rs for sustainable MSW management
2.4.1 Concepts of 3Rs

The concept of minimizing waste impacts in terms of quantityl-effects, by reducing
quantity of wastes, reusing the waste products with simplentezds and recycling the
wastes by using it as resources to produce same or modified prizdustslly referred to
as “3R” (Shimizu, 2006). Purchasing and using resources with aareeduce the pace of
consumption of resources and further connected energy and resoutioestely reducing
wastes in multifold streams. When long lasting goods are reusedatid again, it offsets
harvesting of new similar or same products. This saves fesslurces exploitation and
waste generation quantity. Some waste products can be consumedoasces for
production of different goods or the same product, meaning recyclingathe resource.
This too saves fresh resources and offsets waste generational\l the 3Rs individually
or collectively saves fresh resources exploitation, add valuthdoalready exploited
resources and very importantly minimizes the waste quamidyits ill effects. Waste
minimization efficiency is stated to be better achieved ap@I$Rs in a hierarchical order;
Reduce, Reuse and Recycle (Shimizu, 2006).

2.4.2 |Initiatives of 3Rs in Asia

The 3Rs was given a high priority at the 2002 World Summit for Susdils Development
(WSSD). Then the 30G8 Summit in June 2004 held at Sea Island, Georgia adopted the
3R as a new G8 initiative (UNEP, 2005). Under Japan’s initisdivé support the 3R
initiative has reached to the Asian developing countries. 8enmds of expert meetings
and Ministerial level conferences had been held to promote 3mtiirétin Asia and
Pacific. Several expert papers also has been presewtegjled and published (IGES,
2006b). An Asia Pacific Forum for Environment and Development (ABKi 3Rs has

also been launched in 2006 (Shizumi, 2006; IGES, 2006a).

The APFED Policy Dialogue meeting on 3Rs held in March 2006 in d,akgpan made
number of recommendations encompassing policy measures, institidioaade ments,
market based measures, research and technology developmentspagrtbhailding and
stakeholder involvement, international collaboration, etc. to p@m&s initiatives in



Asia. The meeting also identified following wastes in Asia Badific region priority to
promote 3R initiatives (IGES, 2006a):

(i) Organic waste: Compost and methane fermentation for organiesvestead of
conventional system of incineration and landfill disposal.

(i) Medical waste: Either incineration or autoclaving to preveriéctious disease
outbreak or soil/water contamination from untreated medicslava

(i) Waste electrical and electronic equipment (WEEE): Promotmd) farmalizing
regional/international collaboration in trading and recycling ckdye materials
between countries to prevent release of hazardous matesral$VEEE wastes.

(iv) End-of-life vehicles: Similar to WEEE wastes, end-of-Nehicles also should be
recycled through international/regional collaboration and prevesit hazardous
materials release to the environment.

2.4.3 Elementary instruments in 3Rs initiative

The United Nations Environment Programme (UNEP) in its contaobyiaper, “Strategic
Elements in Implementing the 3R Platform” to the 3R Ministévlakting of April, 2005
in Japan has been explicit in mentioning that a number of prerequasitiebarriers are
potential to influence the efficiency of 3R initiative (ER, 2005). The identified factors
were; enabling policy framework, education and awarenesdl a@oacerned, capacity
building and technology support, including human resources, technology;diretc. The
document also highlighted that acceptance and implementation afoB&ept by the
countries and entities in their policies is of critical intpace for the success of the
initiative. In order to overcome the barriers and fulfill therpguisites, it has been felt
important to understand few elementary instruments in theemmgattation of 3Rs.

Financial security

The government funding in full to the wastes management igetimin developing
countries (UNOPS, 2007). On the other hand, financial securttyeidvackbone for any
innovative and sustainable initiative. Dependence on external (dassistance and loan
from the financial institutions is risky with extravagan@bilities. Therefore, an internal
mechanism to ensure consistent financial resources isattocenhance and sustain an
appreciable waste management system. The avenues tosbstlidh an inbuilt system
are; i) privatization of the activity with adequate guidedinand enabling instruments
provision in the legal framework, or ii) “polluters pay principl@iunicipal taxation on
non-degradable goods import and municipal service fee on the wasteten sources,
including the industries (MOWHS, 2007a). This is expected to sulatastipplement the
financial recovery from the recycling activities to sust&nd enhance MSW management.

Laws and institutional arrangements

Governance is one of the main strategic factors that needlemtson for the success of
3Rs (UNEP, 2005). Institutional arrangements include framing apptegdlicies, laws,
regulations, guidelines, standards and enabling instruments that facilitate

implementation of 3Rs initiative. Clear cut responsibilitieavegned by strategic
institutional arrangements can offset misunderstandings, jctitsdioverlap and vested
interests, to contribute substantially to the effectivenesssasthinability of a MSW
management. Lack of clear roles and responsibilities does donstcdid waste



management (Visvanathan, 2006a). It is therefore of paramimpdrtance that the
national governments consider institutional arrangements coingjdgear cut roles and
responsibilities, capacity building through knowledge sharing, enaptiigy framework
addressing economic and market based instruments, and facilithtproviding accurate
and timely information to all stakeholders. An institution addresalhguch matters will
ensure meeting the national and international commitmentuding the Multi
Environmental Agreements (MEA) obligations (UNEP, 2005).

Waste segregation

Separation of waste at source is of paramount importance in 3R&viei The MSW by
virtue of its diverse sources will have mixture of materigéthout waste separation the
composition of wastes will not be known and planning, designing andrimeptation of
waste management systems is not possible. Waste sepdinatiefore is a key activity in
any successful 3R initiative. In general, the wastes caseparated at three levels; 1)
household and community level, 2) in the process of collection rmmdportation by
municipal workers, and 3) at the waste disposal site by the waakerthe scavengers
(IGES, 2006b). It is also important to note that in absence ptlneg industries or buyers
for the segregated wastes, the sorted wastes end up discaard mixed with unsorted
wastes in open spaces or at disposal sites.

People’s participation

In the 3Rs initiative, people’s participation is anticipatedfunction in an integrated
manner. People’s participation is the driving engine for sucoéssny mass activity
(Tokyo 23 Cities, 2005). Especially in 3Rs initiative, people’sigastion is crucial and it
is necessary to create a “recycling-oriented society”AJ&ZD05). Segregation of wastes
can be done best at the source point and it cannot happen without tioopefahe
people. People’s participation can be accounted in various forms aadaus levels. A
simple example is that unless people choose to consume recyatiettsr there will be no
buyers for the recycled products. There will be no wider awasearfethe benefits of the
recycled products. A concerted effort therefore is crucitienMSW management (RSPN,
2006). It is important to have good relation between people and therngoent to
implement any policies (Kojima, 2005). People’s participation wortleatbi note include;
wider awareness/education, responsibility and knowledge shariragioor@f innovative
market-base instruments, private initiatives to enhance &c@nd employment
opportunities, and possibility of leasing MSW management servicdscast sharing
through service fees. Lack of partnership is an obstacle insastainable mission
(Shimizu, 2006). People’s participation and responsibility shareng lwe through; i)
payment of municipal tax or fees for financial sustainabiftyhe services, and ii) through
encouragement of privatization with incentives like enabling iéiesy capacity building
and legal support.

Landfill

No waste management can go without landfill for the simpleoretisat waste can never
be zero for disposal. With the best policy and technology implet@mtavaste cannot be
made zero. All waste minimization activities; incinerafi@omposting, recycling, etc.
produce wastes in their own processes and from the products to cduierp@ojima,
2005). Therefore, landfill is the ultimate technology to ceasste® issue. However, waste



disposal cannot sustain with only landfill disposal (Kirkedtyal 2006). It is usual
challenge to the local authorities, especially in urban aredisid new landfill sites due to
the scarcity of space and opposition from the public. As a yeslitl waste disposal by
landfill become more expensive as it needs to be transgartad/ay for disposal.

Also, the characteristics of a modern landfill include method®tmain leachate, such as
lining clay or plastic liners. Disposed waste should be comgbartd covered to prevent
attraction of mice and rats and wind-blow littering. Many ldisléilso have gas extraction
system installed after closure to extract the gas gendwgtidd decomposing wastes. Such
gas is often burnt in a gas engine to generate electricéisinglthe gas off is even a better
environmental solution than allowing it to escape to the atmospkiaia gas from such
enclosures is methane, which is a far stronger greenhoushagashe carbon dioxide.
However, inclusion of all such provisions makes the landfill wndéble (Kirkebyet al,
2006) in the developing countries.

Composting

Predominantly the composition of MSW in the developing countriesairam
biodegradable organic wastes (more than 40%), usually food wastegetdble wastes
(Visvanathanet al 2004; Isaet al 2005). Due to the ubiquitous nature microorganism
presence in the biodegradable wastes, it starts to decomaposeon as the waste is
discarded at the source point. Therefore, it is this waste comiptireg commonly mess
the MSW management with odor and vermin attraction.

Composting is an effective approach to reduce waste pressure fih $&ted and improve
hygienic conditions. It needs to be started as soon as the whstevésted (IGES, 2006b;
UNDP, 2000). Composting of organic wastes is a historical conoepa 8Rs initiative.
Composting is a controlled aerobic decomposition process of the orgaaiters
considering parameters commonly like; nutrient balance (Cid) raiarticle size, moisture
control, aeration requirements, temperature and pH mainly ttvogethe pathogens
(Polprasert, 1996). A compatible composting system can inclusie waper if adequately
separated. Composting is managed at various levels; home compasimmunity
composting and central composting (UNDP, 2000; Visvanathan, 2006a).

Adequate segregation of wastes however is a perquisite abddkbone of the compost
guality. High cost does incur in qualitative composting and the eaoneturn will solely
depend on the quality of the compost and the market. Whatevearghitbne, considering
the landfill space constrains, hygienic and aesthetic vatoesposting is always a viable
option in developing countries for the MSW management. Should the ctngposrk
efficiently, it is also a source of revenue generationaangloyment.

Promotion of the 3Rs at the regional and international levels

The APFED Policy Dialogue on 3Rs in Asia also highlighted thatetl® already an
intensifying trend of trading wastes across the international isodde to the globalization
process and interwoven business ventures. Examples are; 1) thes feraste import
within ASEAN and the NIES3 (the republic of Korea, Singapore aid/dn Province of
China) and 2) the Japanese manufacturer Thai Negoro recy@ind®ttles in Thailand
(IGES, 2006a; TEI and Sasaki, 2006). The ferrous waste import BANSnd NIES3 is
that the host country requiring ferrous raw materials for soancular production imports
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ferrous waste from neighboring countries in the region. The Negioro PET bottle
recycling plant meets its 400 tons raw material demand by tintlet25 tons (about one
third) within Thailand and import the remaining two thirds (275 tdrsh Japan. 85% of
the PET recycled product, a 1arpet, producing 1.2 million Kifmonth is re-exported to
Japan. The APFED Policy Dialogue recommends a simil&idasnternational/regional
movement of all recyclable materials as a 3Rs initia#wvenechanism established to trade
waste products from the countries not having their own recyclipgctdsges to the
neighboring countries will be a promotion of 3Rs initiative through regi@ra
international cooperation (IGES, 2006a).

Informal waste recycling

Citizens in the developed countries with higher knowledge of envinot@ineonsequences
practice waste separation at household level and recycling sgrdekes place in a
mechanized system (Sinha and Amin, 1995). Such a thing does not happea i
developing countries firstly due to lack of institutional provisiddecondly, due to low
level awareness the sense of environmental responsibility is Alsor, very prominently
in south Asia, the social stigmas, looking down on waste handirsrirpeople’s interest
in the waste management. Therefore, in developing countikesinlithe city of Dhaka,
Bangladesh, the informal sector waste pickers and wasyelirer usually happens at a
low profile to improve their economic incentives (Lohani, 1984 lisually performed at
very small scale and in isolated manners. The grim realitlyis system is that child and
women labor is prominent and security from health hazards andatsrifli negligible.
Nevertheless, these informal waste pickers and recyclersriperiaste separation more
efficiently and contribute significantly to the waste ngamaent in developing countries.

A successful example of an informal waste recycling ventsirg/ongpanit recycling
company in Phitsanulok, northern Thailand (TEI and Sasaki, 2006). The compgungst
of economic efficiency introduced a Japanese technology to rgayede machines from
waste plastics because all the plastic wastes could gahietprocess of recycling the
plastic press machines. The Wongpanit recycled press madusissonly 100,000 Baht
against imported machine costing 400,000 Baht. There is no efficaifierence in the
machine functions. This attracted the market and the comydéimately helped the city
reducing waste quantity from 140-180 tons per day to 70-80 tons in the MBgtion.
The municipality is now believed to collect the waste onlyeoonc twice a week. The
success venture of the Company now is said to be expanding to regiopakation in
Cambodia and Laos PDR with collaboration support from the UNDP.

“Junk shop” and “Waste Bank”

One of the latest innovative ideas on trail that fits into 3&tsept is the “Junk shop” or
“Waste Bank” business (Kojima, 2005; TEI and Sasaki, 2006). It coulsijhpsvork
better in areas with more institutions, schools and school childie®n.Junk Shop will
accept recyclable wastes to exchange with waste recgotelucts from the shop. With the
Waste Bank, one can deposit the recyclable waste in the \Basie and collect the
returns as and when required; similar to the functions of tikeB&uch business, both in
case of Junk Shop as well as Waste Bank could do with goods somdikbingastes
paper exchanged with waste paper product stationeries, pachiegats or toys. School
children bringing in recyclable waste products like, paper,sglasmetals, plastics, etc.
could exchange or withdraw recycled waste paper books, envelopes, packay) toys,
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bicycles, football, and T-shirts. An example of Junk Shop techniguesferred in

Phitsanuk in northern Thailand by TEI and So Sasaki (2006). It is recdgoiz®e quite

successful in the city’s solid waste management. Itls® @ recognized system of
efficiently educating young children about environmental conservat@ines and

methods.

2.4.4 3R options for predominant waste components in developing courgs
Municipal organic waste

While reduction and segregation at source should be a priority, congpastthe most
effective end-of-pipe treatment considering recycling/regovdrenefits for the
biodegradable MSW even in the 3Rs concept. With composting, sagtifguantity of
MSW is expected to be prevented from going to the landfdl Segregation at source for
composting also benefits management process of other waste amtgppdiastes without
biodegradable composition will be much cleaner and odor free to h&wheposting of
organic wastes kills pathogen to improve hygienic conditions (IGBS6H). It creates
employment opportunities and alleviates management and budget pressiueeMSW
management systems.

Example of a community level composting success is said to ihakRakkret, Thailand
(TEIl and Sasaki, 2006). The Pakkret city initiated composting of faddeganic wastes
for fertilizer and methane-energy. The composting plant built wi37 million Baht with

support from JICA, collects food wastes from about 170 households and spR@@s
kg/day of wastes to produce fertilizers for the local community

Papers and Cardboard

Paper wastes including corrugated containers and boxboard constguly the largest
component (approximately 25-40%) of the MSW in volume (Tchobanogibak 1993).
Types of paper wastes include newspaper, corrugated cardbodreyrditg paper, and
mixed paper. The papers mills receive the paper and cardboatelswar recycling. The
mills accept the waste papers provided they are segregataeet the raw material quality
of the mill. The four usual categories of waste papeseaparated into three categories in
paper recycling. They are as; pulp substitutes, de-ink grades,balk grades. The
unprinted papers are favored and accepted to use it directly aguseulp. The other
waste papers are recycled to reproduce as tissue papergamws, stationeries, packing
materials, container boxes, etc. The waste papers als@canyeled as building materials
by reproducing it into gypsum wallboard and fed as composting raw matére@ultimate
disposal option of waste papers will be to use as refuse ddtieé(RDF) due to its high
calorific value. In the developing countries, the waste papeallysneeds re-segregation
and cleaning after receiving at the plant. Therefore, dbimes a source of employment,
but a cost burden.

Automobile wastes

Recycling of junk automobiles is highly dependent on the scrap metkéinexcept where
recycling is mandated by legislations, usually in the develgpentries. Most economists
do not account benefits of waste metal recycling to the envinainrfike cost of extraction
of virgin materials is never correlated to recycling. Té®ycling of metals usually requires
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much lesser energy, water and other resources than in prodreshgriaterials (Butteriss
and Sinden, 1994). The examples given are; recycling 1000 kg of aluncizwsnsaves
approximately 5000 kg of bauxite ore being mined and 97% of the energyerkdair
refine it. Recycling of steel saves about 95% of the energy tseefine virgin ore in
Australia.

Waste glasses

Typically, glass constitutes around 8% by weight of the totaMWMi8 the developed
countries like United States (Tchobanoglaisal, 1993). It may be lesser in developing
countries. However, it is important to consider waste gldssaecycling. The benefits of
glass recycling include reuse of the material, energingaveduction in use of landfill
sites and in most cases cleaner and safer composting of ongestés. Glasses can also be
used as RDF material. In usual cases, glasses ardetgaeproduce new glasses, glass
containers and bottles. Major developing countries are capable ang pgserecycling
plants. Therefore, for those countries not having their own liagycapacity, recycling of
waste glasses through regional/international cooperation enag bption.

Plastics and PET bottles

Plastic is a convenient commodity to be used in many forms, butynusstd as packing
materials, containers and hand-carry bags. Plastics have adaagtages: they are light,
durable, often provide safer container, good insulators, flexibleetformulated to any
shape, etc. Also, due to its advantages in packing wet foodssagd in microwave ovens,
plastic goods have largely replaced metals and glass as cosytaitensils, plates, cups,
etc. It has been in use for many years and the user demapd kereasing for its
conveniences. However, because of its availability in abundarar@dy in use, and
disposal nature in most packaging, people do not hesitate in displsipdastic goods.
For this reason, plastic wastes over the years have sectehastically to constitute high
percentage by volume and by weight in the MSW all over thedwhirtypically comprises
around 7% of the MSW by weight, but much larger in volume (Tchobanegt al
1993).

The recycling opportunities for plastics depend on the type of plaspecesenting the
origin of their resins. Separation of plastic wastes therei@rerucial for recycling

opportunities. The categorical classification symbol and codesisgiven in figure 2.3
and table 2.5 below, for waste plastics separation. The coostnonly recycled plastics
are; 1-PETE, 2-HDPE and 3-PVC. Due to its high calorific @ajplastic is also highly
viable to be used as RDF in the industries. Again, in developing @sjntecycling

through regional/international cooperation like the Thai Negoro necy&ET bottles in

Thailand (TEI and Sasaki, 2006) may be a viable option given theilityrabd handling

convenience advantages in waste plastics.
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Polyethylene terephthalate (PETE/1)
High-density polyethylene (HDPE/2)
Polyvinyl chloride (PVC/3)
Low-density polyethylene (LDPE/4)
Polypropylene (PP/5)

N\ 7\ 7\ "\
. I S/6
Z—4<3 qu) L.GA 1—745 7. (F;(t)h)gt)r/rfjﬂﬁa(; red) plastics (7)

~ /\ N
LS LD LY

PETE HDPE PVvC

ok wNE

Source: Adapted from (Tammemagi, 1999)
Figure 2.3 Symbols used for identification of plastic

Table 2.5 Classifications, identification codes, and usés common plastics

Materia SPI Cod Original use % use fol
packaging
Polyethylene 1-PETE | Carbonated soft drink bottle 7
terephthalate food containers
High-density 2-HDPE | Milk bottles, detergent bottle 31
polyethylene film products such as produce
bags, etc.
Vinyl/polyvinyl 3-PVC | Household and food produ 5
chloride containers; pipe
Low-density 4-LDPE | Thin-film packaging and wrap: 33
polyethylene other film materials
Polypropylen 5-PF Crates, cases, closures and e 10
Polystyrene 6-PS Foamed cups and plates; 10
injection molded items
All other resins and 7-other | Commingled plastics 4
multilayered material$

Source: (Tchobanoglow al, 1993)
E-wastes

E-waste is a popular informal name for electronic products nethvnend of their ‘useful
life’ such as computers, televisions, VCRSs, stereos, cydeex machines, microwaves and
washing machines. In the APFED forums, the E-waste isreeféo as WEEE (IGES,
2006a). The electronics and electrical goods are imported in bulk-esadteé generation is
on the rise in many developing countries. Actually, many of theaftevmaterials are
reusable or recyclable. However, it has its own obstaclgs. récycling of obsolete
computers and electronic equipment is costly due to difficultgrasation and extraction
of the content materials (UNEP, 2004; Mohamed, 2002). In the destacomputer
monitors & televisions there will be large quantities of phosphortaas], cadmium,
barium and mercury. These heavy metals require adequate ahdl technology to be
collected and recycled. As a product, these hazardous matesatafely sealed (UNEP,
2004).

In the developing countries, most of the electronic goods are iethbofherefore, the
countries lack recycling facilities and capacity for handlimghsitems. The most likely 3R
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initiative for such items in developing countries is a policyrumaent; check and balance
in the import system and recycling of wastes through intenmalfregional cooperation.
Projects like “Environmentally Sound Management of E-wastbanAsia-Pacific region”
initiated in 2005 under the recommendation of Basel Convention nebdgtomoted fast
and wider spread for the benefits of the developing countf®sS, 2006b).

Medical waste

Medical wastes, generally from the hospitals or biomedicattesafrom diagnosis,
treatment, or immunization of humans and animals or in reseatighies are usually in

the form of syringes, swabs, bandages, body fluids, human exeteta,containing

infectious properties (Visvanathan, 2006b, TERI, 2006). According tdindangs in a

research carried out by The Energy Research Institute (TER&d in New Delhi, 1 kg out
of 4 kg hospital wastes could be infected (TERI, 2006). Theratasecritical to separate
and treat hospital wastes prior to disposal into the environmeB&(I&006b). Incineration
is a common medical waste treatment technology in developed csuritie for the

developing countries the cost is high. Autoclaving is an environmienidfy technology

with moderate cost and easy to operate advantage (Visvan2@in).

Construction and demolition wastes
Sources of wastes in construction and demolitions can be mainly tinera types of
activity; earthworks and excavation, demolition and general consinactThe common
wastes from construction and demolition are as listed beldabie 2.6

Table 2.6 Composition of general construction wastes

Waste type % of total
Bricks, blocks & mortar 33
Timber 27
Packagin 18
Dry lining 10
Metals 3
Special waste (paint, solvents, etc.) 1
Other waste 10

Source: (Coventret al 2001)

The overriding factors for construction and demolition wastes miatiniz are; 1) to save
money, and 2) environmental concerns towards sustainable developrpeassed in
Agenda 21 of the WSSD (Coventey al, 2001). Examples of financial benefits in three
distinct areas are:

Reduction in the wastage through material procurement plannihghanagement,

Reduction in waste quantity through optimization of the mdtesie, and

Reclaiming materials for reuse.

Finally the conventional manner of disposing construction and dionolvastes are:
35% recycling (screening and crushing),
13% engineering of landfills,
24% landfilling as wastes, and
28% mostly soil, spread on sites requiring land reclamation.
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Chapter 3
Methodology
3.1Research overview

The research includes primary and secondary data collection alydisinen absence of
segregated waste information, the composition of the wastesimknown. The percapita
and total waste generation capacity at source point was als&nowin. With such
condition of available information, searching appropriate 3R opticas not possible.
Therefore, a primary data collection through field survey; ighy€ollection, segregation
and wet weight measurement of the wastes and interviewingseftquestionnaires was
initiated as per the outline of study objective. Side by d$idesecondary data in the form
of published documents and printed copies were collected from theameleesource
agencies and individuals.

3.2 Research basis
3.2.1 Sampling

Estimation of the sample representative has carried out b@settie Environmental
Protection Agency, Ireland (EPA, 1996), municipal waste charzat®n methodology. A
sample size of 351 representatives has been selected asddb&dw in table 3.1. The
148 residential households sample is from a distribution of 37 repregesntiiom each
four main parts of the city; Tashichodzong and above (north), uppeofreain town
(Motithang, Changangkha, Kawajangsa, Zulikha), lower part ohr@awvn (Chubachu,
downtown, Changazamtog), and Changjiji and below (south). The leveleofivihg
standard based on having more than one car as high-level incdmene car as middle
level income and no car as low level income has also d@®sidered in the sampling.

Table 3.1 Respective sample representation

Source descriptic Source populatic | Samile populatiol
Residential households 17214 148
Government and Corporate Offices 46 18
Schools 27 10
Retail Shop 39: 42
Bar shop 15¢ 16
Hotel & restaurants 11p 12
Other shops 335 34
Industry 90 9
Automobile workshops 48 10
Wholesale shoj 25 6
Private Office 46( 46
Total 18909 351

3.2.2 Data format and questionnaire

A modified format from EPA (1996) format has been used for recortimghysical wet
weight measurement. The format sample is submitted as apgnbire questionnaire for
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interviewing the respondents was modified from the World Bank’s queesttire for solid
waste management service survey in Pacific countries (Worladk,B&4996). The
guestionnaire format sample used for this study is enclosed asdapge

3.2.3 Data analysis

The analysis of the data is carried out using Microsoft Exdlthe Statistical Package for

Social Sciences (SPSS) software.

3.3

Data collection steps

The objectives and the scope of study outlined in the study proposabémvestringently
referred as guideline for the data collection process. Stepsvéal in the data collection
process are described below in table 3.2.

Table 3.2 Strategic activities to fulfill the objectivesf the study

Objective

Activity

To collect secondary datg
and interview relevant
respondents to understan
the gaps, mainly the polig
gaps in the present waste
management system,

|

<

Studying and identification of relevant resource
agencies.

Obtaining permission/appointment with relevan
stakeholder/personnel.

Developing questionnaires.

Visiting, discussing, collecting available
documents and distributing questionnaires.
Collecting duly filled questionnaires at a later
date. In cases where the respondents are illiter
or high level personnel, questionnaires needed
be self-filled on the spot according to the
information provided.

Analysis of the information.

t

ate

To conduct field survey tg
develop a segregated
waste inventory to have g
overview of the waste
compositions, percapita
and total waste generatio
capacity, and

Obtaining government approval,

Formatting the data forms and developing into
multi copies,

Arrangement of labor and transportation,
Obtaining respondents’ consent,

Collecting waste sample, segregating and
weighing,

Field recording of the data,

Software recording of the data, and

Analysis of the data.

To find potential 3R:
options, mainly low cost
policy options, for the
management of the
predominant waste
components in Thimphu.

Case studies on the prevailing management
systems of each predominant waste componen
and

Updating viable options from the literatures and
other country examples.

—
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3.4  Research process

3.4.1 Framework process

Research Proposa

!

Field observation Data collection [ Secondary data

A 4

A

Field survey and
interview

A

Data compilation MS Excel and

SPSS software

A 4

Gap identification
and filling v

Data analysis 4—-‘

v

A 4

Results discussion

Conclusions an
recommendatiot

Figure 3.1 Process flowcharts for a strategic research ppach
3.4.2 Details of the process
a) Field survey and physical measurement of waste samples

Physical waste data has been initially collected at Medhalavaste disposal site for one
week to determine daily waste collection quantity and the catigpuosLater, for almost
three months the source point survey was conducted to determinky the percapita
waste generation and the total waste generation capatitgpecific waste compositions.

)] Field survey at Memelakha

In an average, 16 different containers/trucks per day unload thtesnat the
landfill site, collected from various sources. With support ftbe municipal
authorities, randomly selected four to six containers/trucks wade o unload
their contents in the designated area. Employing four to six debdhe
separable wastes components were segregated and weighednatdodione
week. The remaining inseparable wastes is weighed and eecoad
commingled wastes. The waste measurement was conducted on theigbet
basis.
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i) Data collection at the source points
A 24 hours waste sample collection, separation and measurefntra wet
weight was carried out from totally 351 sample representatdfesaste
generating sources detailed in table 3.1 above.

b)  Questionnaire survey and interviews

A 16 points questionnaire has been developed for interviewing theonesnts
simultaneously. As mentioned above under sub-topic 3.2.2, the questoBasgiple is
submitted as appendix E.

c) Visual imaging

Photographs from the study areas and other places have besn ttakhave visual
observations of the sites and activities. Relevant photograplscarded in the chapters
where appropriate and in the appendices, mainly in appendix C.

3.4.3 Study area

Thimpu municipality area from Changdagang in the north to Ngabi Rong¢he south is
the main study area. The map of Thimphu city’s latest deateat boundary (MoWHS,
2007b) is submitted in appendix B. For the commercial activaies$ the industries,
random sampling selection has been carried out based on the lidestgangvided by the
Ministry of Trade and Industry. Similarly, for the governmant corporate offices sample
selection was done according to the list provided by the Royal &avilice Commission
(RCSC). For schools, it was as per the list provided by anilithistry of Education. The
hospitals and construction and demolition waste sources could novéed in this study.

Industries in the south; Samste, Gomtu, Pasakha and Phuentsholingebaveisited to
collect supplementary information.
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Chapter 4
Results and Discussions
4.1  Thimphu municipality outlook

Like any other parts of the kingdom, Thimphu at an elevation of appredima400
meters above sea level is located in a mountainous vallé iwestern region of Bhutan.
Approximately 26 square kilometers in area, Thimphu town stretobes@hangtagang in
the north to Ngabirongchu in the south fanning on Thimphu river (MOWHS, 20&/ri).
a population of 79,185 (PHCB, 2006), Thimphu is the capital and the sbiggean
settlement in Bhutan. The population of Thimphu constitutes 12.5% abthl population
of the country, 634,982 persons and 40% of the total urban population, 196,111 persons.
Thimphu municipality comprises of various stakeholders as giveawbiel table 4.1. An
analysis of the questionnaire interview of 148 residential houselegdssentative sample
distributing 37 representatives for each four main parts ofitheand considering having
more than one car, only one car and no car as living standard anditat/as found 4% of
Thimphu’s population high level income, around 60% middle level incamde36% low
level income societies.

Table 4.1 Composition of waste generation sources in Thimphu

Source descriptic No. Source of informatic
Residential households 17214PHCB, 2006)
Government and corporate offices MBoyal Civil Service Commission (RCSQ)
Schools and institutions 2Ministry of Education (MoE)
Retail shops 398 Ministry of Trade & Industry (MTI)
Liguor bar shog 15¢€ | MTI
Hotels and restaural 11z | MTI
Miscellaneous service shops 33WITI
Industries (mostly wood based) DMTI
Automobile servicing workshops 48 TI
Wholesale business ventures 29TI
Private offices 460 MTI
Hospital: 5 | Ministry of Health (MoH

Total 18914

4.2  Human demography

According to the report, ‘National Assessment of Agenda 21 ofd@hklihe Road from
Rio’ (NEC, 2002a), the annual urban population growth rate in Bhutanvi2éett% to
7%. Thimphu grows at 7% rate. The report estimated around 150,000 tamtsildn
Thimphu by 2025. In 1992, the Memelakha waste disposal site developmgatt pro
document (TCC, 1992) considered 25,000 residents with 5% annual inimeasemation

of the disposal site carrying capacity. The national Population anditp Census of
Bhutan conducted in 2005 (PHCB, 2006) revealed the resident populatioe fi§ur
Thimphu as around 80,000 persons. If 7% annual increase rate is apptieel 2005
population size, Thimphu could harbor over 200,000 residents by the year 2020
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Population status of Thimphu

Population (x 15)
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Year
Source: Adapted from (TCC, 1992; NEC, 2002a; PHCB, 2006)
Figure 4.1 Thimphu’s population escalation trend over the padew years.

4.3 Economic status

Ever since the initiation of the socio economic developmentalitdesi in 1961, Bhutan
has been enjoying progressive percapita income (PC, 1999). Althougipbe-export
balance remained always deficit, the import power of the cognény from approximately
United States Dollar (US$) 225 million in 2001 to US$ 425 million in 200Be
corresponding export power also steadily increased from approxyna®d 125 million
in 2001 to US$ 285 million in 2005 (DRC, 2006). The percapita Gross Donksticict
(GDP) increased from approximately US$ 570 in 2001 to over US$ 900 in 2@H, (N
2006). The exchange rate applied is Bhutanese Ngultrums (BTN) 40.0@leqtito US$
1.00. The trend of annual percapita GDP increase between the 3@al to 2005 is

displayed below in figure 4.2.
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Annual percapita GDP in USD
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Source: Adapted from (NSB, 2006)
Figure 4.2 Annual percapita GDP increase in Bhutan from 200fo 2005
4.4  Institutional arrangements
4.4.1 Reviewing the legal framework and the policies

The legal framework in overall is weak in comprehending effeétnplementation of the
MSW management parameters. The" 86ession of the National Assembly held in
December 2006 therefore directed the National Environment Coromi@$EC) to draft a
National Solid Waste Management (NSWM) Act. A drafting 8teeCommittee for the
Act has been recently instituted (June, 2007). Numerous environrpefitgl documents,
guidelines and reports already exist. Of those, the following docsndirgctly or
indirectly address solid waste management issues.

1) National Environment Protection Bill of Bhutan, 200RGoB, 2007);
The latest adopted National Environment Protection Bill of Bhu#8fl7, does not
specify solid waste management, but identified ‘principle of 2Rd ‘the polluters
pay principle’ amongst the applicable principles towards environmngeragection.
Solid waste management is a crucial measure in protebgngrvironment and the
human health. The Bill, which is a super environmental legisiatcould not
narrow down its scope to specify MSW issues.

2) National Strategy and Action Plan: Integrated Solid Waste Manage@wHS,
2007a);
This strategy and action plan developed with support from the Unigtbrs
Environment Programme (UNEP) has explicitly defined the 3Rsedatubrately
discussed the present situations of waste management. htididighted that no
significant waste recycling plants exist in the country. On i&ntial resources,
the document has clearly spelled out that the Thimphu City Cdigofdzad large
budget deficits every year. No solid waste management serfgeesollection
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3)

4)

5)

6)

system exist and no concrete action has been taken to secnwafinasources for
the waste management sector. It has also stressed outhéhgublic-private
involvement system prevails only for some ad-hoc public awaremessleaning
campaigns. However, the strategy and action plan did notifidesptecific 3R

options to address the highlighted problems.

Final draft of Thimphu City State of EnvironmélMoWHS, 2007b);

This report shows that the Royal government is aware and cedcabout the
emerging solid waste management problems. The report has notactfewing

status of the current landfill site and suggested to enhauyeling options to
reduce load level on the landfill by at least 50%. Privatmatwf the MSW
management has been identified as a viable option to encourage-pivalie

partnership. The report also incited to explore integrated wast@agament
opportunities for the expected 70 tones or so of the infectious smasteyear and
the obsolete pesticides. The report is awaiting finalizationsaianission to the
concerned authorities for approval.

Public-Private Partnership for Urban Environment: Policy Framoek for Solid
Waste Manageme(RSPN, 2006);
This document with a preliminary inventory of the daily wastéectibn quantity

in Thimphu and Phuentsholing mainly focused on policy gap analysis to

recommend corrective measures as a hon-governmental organizpémspective.
The recommendations include; i) a concerted national effort in SWM
development of a national integrated solid waste management,pijicgduction
of wastes through recycling or waste transformation, iv) enhgnpublic
awareness and education, v) institution of ‘polluters pay priricipi¢ inter
agencies coordination mechanism, viii) autonomy and capacitditgilof the
municipal authorities, and ix) solid waste management syrategelopment. The
last recommendation, solid waste management strategfopavent was the first
achievement. The Ministry of Works and Human Settlement dexelthe strategy

and action plan (MoWHS, 2007b), which is discussed (# 2) above, almost in

parallel timing to the recommending document.

Guideline for Infection Control and Healthcare Waste Management attlidie
Facilities (Third Edition) (MoH, 2006);

This guideline is developed Bhutanizing almost all the aspect$elsdnse, the
guideline is reviewed and refined occasionally to make pirastical as possible.
Safety and precaution measures in handling waste facilities qanpngents have
been elaborately outlined and practical disinfecting techniquethé biomedical
wastes were also discussed at length. In gist, the guidetioeurages cautious
waste separation between infectious and non-infectious wastes surce points.
For the final disposal, autoclaving and deep burial in dug pits wittenhealth
facility premises is recommended.

Environmental Codes of Practice (ECOP) for Hazardous Waste Management
(NEC, 2002b);

Identification of hazardous waste categories and procedural rdsiipnsof
hazardous substances are clearly specified in this guideliiect®n, fractioning,
storage and transportation steps, occupational health and safdgures,
education, training and awareness raising methodology including péaohithe

23



emergency responses are spelled out in the document.

7) Regulation for the Environmental Clearance of Projects and Regulation
Strategic Environmental Assessment, 2002C, 2002c);
This regulation authorized under the Environmental Assessmén2@@0,
regulates to assess environmental impacts, issue clearand monitor any type of
projects including the industries and urban development acsiviteedefinition of
‘Clean Technologies’ state, ‘technological improvements oragament practices
which will result in improved environmental performances aasured by, for
example lower or less toxic discharges’. This indicatetsttfeawaste management
issue addressable in the environmental assessment and ddasaiance
processes.

8) State of the Environment, Bhut@EC and UNEP, 2001);
This report deliberately provisioned a chapter on the stateold svaste
management to draw the attention of the decision makers. The higidights the
state and causes of the problem, with recommendations to adagpitific
techniques to minimize wastes and waste problems. Thimphu and Ploliegts
were specifically identified for prompt action considerations.

9) ECOP for Solid Waste Management in Urban Ar@diEC, 2000a);
This guideline encouraging community involvement and responsibififyrirsy
mechanism focused on providing guidelines in training, educatiora@aceness,
and waste handling of public, commercial and industrial aredsolsc and
institutions, automobile workshops and the residential areas. Tyeling of
wastes with incentives such as tax reduction, waste seigreget source and
privatization were discussed in this guideline too. Appropriatentqubs to
consider selection of the unavoidable landfill site are alsugsed.

10)ECOP for Sewage and Sanitation in Urban Ar@dEC, 2000b);
This document prepared to supplement the 1995 Water and Sanitation Rules
provides guidelines covering research and surveys, and technologicaisofor
septic tanks, disposal of effluents, soakpits, dispersion of adjairirenches,
disposal of sludge wastes from treatment plants, disposaludfjes from pit
latrines, disposal of sludge from septic tanks and the plaramdgdesign of the
main sewerage systems and public latrines.

11)Environmental Assessment (EA) Act, 2(00BC, 2000c);
This Act under the article number 8 and 9, governs all deveotahactivities
(public and private) requiring to complete environmental assessmerabtain
clearance from the NEC or the Competent Authority desigratats regulation
(NEC, 2002c), as prerequisite to any developmental conseratiniigt
environment clearance includes infrastructures and industtiep geior to the Act
and five years provision was allotted to such activity coraptsto make
necessary corrections according to the environmental cleaente and
conditions. By article number 10, the environmental clearanaathorized to set
environmental terms and conditions to fulfill in the processplementation of
the activities. Thereby, the EA Act, 2000 and its regulatBE, 2002c) indirectly
provide authority to address waste management issues. Hoveekang|
knowledge, information and capacity on waste generation pex;ass
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composition and characteristics, most clearance issuanceanitbring events
tend to overlook the waste impacts and its managememsissu

12)The Bhutan Municipal Act of 1998GoB, 1999);

The Bhutan Municipal Act of 1999 has focused mainly on definingatitbority
and administrative jurisdictions of the Municipal Corporations. ioth has been
covered on specific activities of municipal agencies. The m@gtion of the SWM
in the Act is mandating the municipal authorities to collespose wastes and
control littering as a functionary obligation under the general pud#iwices.
Although the Act authorizes the municipal authorities to manadmatsces, TCC
continues depend on the fund allocation from the government. Impleroenvt
the autonomous status and authority is yet to exercise.

13)Water and Sanitation Rules, 19@8%GoB, 1995);
This rule formulated and adopted by the then Public Works Division under the
Ministry of Communications continues to be basis of TCC’'s M8&W@&hagement
procedures. It outlines the requirements in solid waste mameemith penalty
provisions for the offenders. The rule however is limited to mament of the
existing system. It does not guide research and development oppesturtite rule
also fails to address financial security and defend the S3gslnizational status.

14)Final draft of the project document for Solid Waste Management ofohhii@ity,

Bhutan(TCC, 1992):

Probably the first document of its kind addressing MSW managemdstiutan
was developed to initiate collection and transportation of My ffhimphu for
disposal at Memelakha. The document evaluating a carryingitapé 70,000 to
80,000 cubic meters in volume recommend use of the site for maximy®eat®
from May 1993 with incremental recycling activities to pick up in ylears to
come. The recycling activity did not appear significantly andlahnefill site has
been using for more than 14 years.

On top of the above policy documents, the Royal Government adsexbecised initiatives
through issuance of government circulars between the yearsd 2085, which could
significantly benefit solid wastes reduction aspects.

)] Ban of car wash in the streams and rivers exercis¢lebMEC in 1998,

i) Ban of import of secondhand cars exercised by the MinitFnance in 1998,

iii) Ban of import of scrap materials for reprocessing and reus$e country
exercised by the Ministry of Trade and Industry (MTI) in 1999,

iv) Ban of use and sale of plastic carry bags, package emsippd pouches
exercised by the MTI in 1999, and

V) Ban of import and sale of Tobacco products by the MTI in 2005.

While the ban of secondhand cars and the import of scrap ederials are effectively
implemented other three efforts are facing illegal practidée effort of ban of use of
plastics is mainly impoverished due to deficiency of the radare biodegradable
resources. ldentification of specific operational techniquesilynkiw cost policy options
for respective waste components has been the focus in this ®fitlyenactment of the
NSWM Act, incorporating findings from this study and other reseaychesh of the gaps
are expected to be narrowed.
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4.4.2 Organizational structures and responsibility

The organizational responsibility allocation is clear in theakgypvernment system to the
level of the municipal authority like Thimphu City CorporatidiCC). While the Planning
Commission (PC) is mandated to coordinate the national level gmland the overall
developmental plans (PC, 1999), the National Environment Commigd$i&C)’s
responsibility is to formulate the national environmental poljcietes, guidelines and
advice the government on the environmental issues (RGoB, 2007). dpeertent of
Urban Development and Engineering Services (DUDES) under thetivinisWorks and
Human Settlement is responsible for developing urban developmeegesaand action
plans for emerging urban settlements throughout the kingdom. As tedndader the
Bhutan Municipal Act of 1999, the Municipal Corporations are responsibtellect and
dispose the wastes from the municipal areas as a public esefherefore, the TCC is
legally mandated to manage the municipal solid wastesiafighu.

The main organizational setup crisis of the MSW is whennteowithin the TCC. The
SWM is organized as a section under the Environment, Wastegré&gwvand Water
Supply Division of TCC. The section has only one Engineer and a Sube@w¢&0) to
manage the whole fleet of the solid waste management labanerdhe trucks. The
administrative staffs meant for the waste managemetibseare shared in the centralized
administrative office. The technical manpower is also burdendidefuro undertake dual
responsibilities of managing the weekend market and other commereias. For
financing, no specified budgetary allocations are provided towhste management
section. No strategic work plan is developed to carry ouddilg activities of the section.
All matters are taken up on adhoc basis seeking approval frofrhtbenpon (the Mayor).
A corrective action in terms of administrative and finanaiahority is deeming necessary
for waste management section to enhance efficiency isettwces.
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Figure 4.3 Organogram of Thimphu City Corporation

4.5 Present MSW management scenario

Ever since started to implement in May 1993 there was no chemghe MSW
management system of Thimphu. It is the basic system adctiolh, transportation and
disposal at Memelakha that is ongoing. Informal reuses of théiodegradable products
prevail, but waste reduction and recycling schemes are imaited. In the Bhutanese
context, recycling of wastes has been the practice of Golleand sending recyclable
wastes outside the country (MoWHS, 2007a). The informal wasteergidancluding
business ventures, scavengers and municipal waste manageivanetslacollect and
separate higher value recyclable materials and sell hetdocal scrap dealers or export
across the border. From the interview with the local scradesd Thimphu, it is noted
that the majority wastes product buyers across the bordendiem$ from the neighboring
town of Jaigaon. Only in some cases, the waste products atetosghe buyers in
Bangladesh. These, across border trading waste products iatg metal items and the
Beer bottles. In rare cases, especially the electronic di@dsomputer, mobile phones,
audio/video sets are taken by the privileged travelers foirmegpar exchange to Bangkok.
Only very lately, the in-country metal processing industriestaadeer producers in and
around Phuentsholing have started to buy specific metals and bées foottecycling and
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reuse in their factories. A small scale paper recycling bas come up in Jemina,
Thimphu. The composting plant constructed in 2004/05 at Serbithang to coosyan&
wastes from Thimphu municipality is gearing up to initiatefsration soon.

4.5.1 MSW inventory

The TCC project document (TCC, 1992) assuming 0.7 percapita wastsagens for a
population of 25,000 people estimated daily total wastes gemreitil7.5 tones in 1992.
The Royal Society for Protection of Nature’'s survey in 2005 (RS¥N6) found 36.7
tones daily wastes collection from Thimphu municipality. The 1@8@ment missed to
calculate percentage of waste collection daily and the R8RMKsdid not include waste
generation capacity at source point. Thereby, no realisticdedothe percapita waste
generation and total daily waste generations of the city exigtedwledge about the
composition of the MSW remains foreign. Therefore, this study eompelled to include
segregated waste inventory in its endeavor to understand the coampos$ithe wastes,
variety of sources, percapita waste generation, and correspgnthiegtotal daily waste
generation capacity of the city. The abstract of the physurvey data, waste generation
in percentage by sources is displayed in figure 4.4 and percditagenposition in figure
4.5 below.

Auto.

Industries Workshops

Service shops 3

1
Wholesale

Hotels & <1

Restaurant Private offices

9 2

Liquor bars
9

Retail s hops

‘ T

R Residential
Schools S
<1 Govt. & S 69
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2

Figure 4.4 Percentage waste generation by sources of thealod5 tones
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Waste % by composition
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Figure 4.5 Percentage waste generation by compositions of to€d tones

From the inventory of the wastes at the source point, it wais B&t the daily waste
generation capacity of the city is around 64.5 tones per day. Shlikeméal households
constituting around 91% of the source components contribute the higheshtpge,
around 70% of MSW. The percapita waste generation capacity ofreidential
households confirms to 0.56 kg/person/day, calculated from its 44,40@ykg/aste
generation quantity against the 79,185 population figure of 2005. Segregatiphyaichl
weight measurement of the recyclable component was not poskibleto time and
resources constrains. Through visual observation it was assuntedrdad 50% in
average of the generated wastes is recyclable. It is @itémtincrease the recyclable
waste percentage with stringent waste separation geacti

Surprisingly in Thimphu the segregated waste inventory found orgaaste component
very low (16 tons = 25% of the total). A unique case for a develamogtry in Asia. The
organic wastes in Thimphu will be mainly vegetables and frustegafrom the weekend
market and the domestic kitchens. The residential households (91%)at®rine waste
generation sources. Therefore, the probabilities for this low p&ge organic waste
component are; i) consumption pattern change with economic gainfesiglé changes,
as an urbanization process, ii) the physical survey months (ApriMay)l being dry or
vegetable cultivating season, and iii) the organic wastedllagally disposed to prevent
foul smells in the houses, where daily waste collection serace not available. Thimphu
highly depends on imported Indian vegetables and local vegetablefhemdistricts like
Paro, Punakha and Wangduephodrang. During the cultivating season, théieguahti
imported and local produce reduce drastically in the market angritte escalates. In such
situations, culturally, Bhutanese consume preserved vegetahledly wdeaned and dried
items. Consumption of such preserved items will have almostngothiwaste. Then, the
18% commingled wastes which could not be separated alsconttin substantial organic
waste component.
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Comparing the estimated waste generation capacity in 1992 witbft2807, the waste
guantity in Thimphu escalates by almost four folds in a span of 1%.yéhe waste
guantity increase is due to population escalation and not due to mdreassources
consumption rate. With this trend, should Thimphu harbor more than 20@£i@énts by
2020, the daily waste generation quantity will be more than 110 &mekown below in
figure 4.6. The extrapolated result of the questionnaire intemggeals 4% of Thimphu's
population in high level income society. Around 60% is middle leerire and 36% low
level income society. Therefore, closer attention needs @iviea to the middle income
and low level income population while considering MSW managemenbnapt
techniques.

Waste escalation trend

200
w150 -
o 112
€ 100 7
z 100 5 4_5/
o | 36.5 7%
50 175 ~ >
O W% I I I 1
1992 2005 2007 2020
Year

Source: For 1992 (TCC, 1992); 2005 (RSPN, 2006)
Figure 4.6 Waste quantity escalation trends in Thimphu

A weeklong physical survey at Memelakha disposal site saw uldksticontainers in

average coming to the disposal site daily to unload the collecistesvfrom Thimphu

municipality. The trucks/containers carry in average léss t2 tones of commingled
wastes. The average sum of the daily waste collectioreftheris around 31.5 tones. This
is around 49% of the source waste generation capacity. By tleewaste reaches at
Memelakha, the separable recyclable waste in terms ajhtvgjoes below 1%. The
commingled nature of the waste offsets the separation oppgrtdiieé waste carrying

trucks/containers are deprived to carry more wastes irstefrdensity because of the high
volume content of carton/cardboard boxes from every source point.

All the 51% uncollected waste is not expected to remain in theosmvent. This study
does not cover the percentage of wastes separated/collect&@dryal waste pickers and
respective business ventures for sale and export. Most wiksterdtals and beer bottles
usually do not reach the disposal site. Accounting the informalewasking, the waste
remaining uncollected in the environment should be lesser than 51%ls\etd beer
bottles reaching Memelakha are also immediately collectatdebynunicipal workers and
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other human scavengers. Also, most organic wastes (food and vegetablconsumed by
the cattle and the stray dogs scavenging freely attie si

Figure 4.7 Photos of the scavengers at the Memelakha MSW dasgal site
4.5.2 Financial resources

Regarding the financial resources, TCC always faced large ebudgficits. The
Corporation’s financial expenditure records reveal that only BhutadNgsd#rums 4.84
million (US$ 0.12 million) was spend for operation and maintenance obste MSW
equipments and the labor payment. Including the monthly salarié® afffice staff and
the Engineer in-charge, a mere expense of approximately USSillch was spent on
MSW management in 2006. This fund is fully borne by the government ®alste
management services fee collection is not provisioned by thangxjsblicy and legal
tools (MoWHS, 2007a).

4.5.3 Equipment and facilities

Thimphu City Corporation has limitation in equipments and facilites Most of the
equipment/facilities are donated in grant by the donor agenciesdtiygnents are aging
and wearing, demanding more and more maintenance costs. Ther&rnancial security
to procure/replace or maintain the equipment/facilities.

Table 4.2 List of MSW management equipment/facility withTCC

Equipment/facility Qty. Capacity
(No.) (volume)
Compactor vehicles 6 6
Tipping truck with tipping mechanism 2 8'm
Tilt-frame or hoist truck handling big receptacle t 2
Night soil tanke 2 2000 litre:
Tractol 2 1n’
Monitoring car (Hilux) 1
Bull dozer (small) 1
Backhoe 1
Receptacle bins 20 am
Wheel barrows (1 whet 1C
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Figure 4.8 Photos of the sample equipment/facilities usdxy TCC
4.5.4 Human resources

The TCC with limited financial resources can employ only lichiteimbers of workers.
People are reluctant to participate in the wastes manageespecially in public areas,
except for ad-hoc cleaning campaigns. Limited by the knowledge ofitseinem wastes

reuse and recycling, not many business ventures showed intef#S¥Wrmanagement. As
such, very limited people are involved in the MSW managgm®ince most of the
laborers employed in MSW management are Indians, opportunity todahtity of the

municipal workers is also constrained. The list of manpowectrinvolved in the MSW

management under TCC is as given below in table 4.3.

Table 4.3 List of MSW management manpower

Type of personnel N
Engineer
Sub-Overseer
Technical Assista
Teckniciar
Supervisor/Monitor
Driver

Labor

Total 53

©

N
@U-IOOI\JI\JI—‘I—‘

4.5.5 Challenges in the present MSW management system

Firstly, the Memelakha waste disposal site does not qualifigetaa sanitary landfill
(MoWHS, 2007a). There are no storm water drainage systeing lunderneath and
covering to control leachate. The landfill also has no gasctiolfe devices and proper
fencing to control the scavengers and overflow. With utilizatiothe site for more than
its specified capacity, the waste is physically overflowiRige physical overflow and the
leachate are highly potential to flow on to the lateral higharad/the water bodies passing
below disposal site. The elevated risk is that the streanmifplelow the landfill site joins
Ola Rongchu(stream) used by the local residents of Semtokha and Balresedation,
washing and bathing. There are also apple orchards, residentstantians not far away
in the upstream of the disposal site. The air pollutants frondigposal site could easily
reach these areas. Further downstream, Ola Rongchu joins Thimehamnd other major
rivers of the western region to form Wangchu, on which the twanaydropower
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stations of the Kingdom; the 336 MW Chukha and the 1020 MW Tala aablissed
(NEC, 2002a).

Figure 4.9 Photos of wastes overflowing at the saturated Meta&ha

Favored by the mountain terrain and the gravity force, the litteollected in the town
blown by the wind or washed by the storm water finds its way intogthikes and
ultimately into the Thimphu river, especially during the monsoon.hWimited
accessibility, resources and capacity, the TCC is nottaldever 100% of the municipal
area under MSW collection services. The TCC is also handidappeprove the service
techniques. The situation compels to continue with basic dolteand transportation of
the wastes to Memelakha without any prior segregation and treftmhe scope of
researching and development is almost non-existent. Without res@mdehe capability,
the TCC has not been able to develop the new landfill sitelieve the pressure on the
present site (MoOWHS, 2007a). The new site, 3 kilometers upstrethre present site was
identified two years ago.

Figure 4.10 Photo, Thimphu river in close proximity to the dy to receive wastes

Combination of the factors like; periodical expansion of the munich@indary,
increasing waste transportation distances, escalating the ppat® and fuel cost,
increasing population density, diversification of source types, raomis changing of
consumption pattern, non-segregation of wastes at sources, ancgmaitient facilities
like transfer stations, has become an irresistible force oraitimg old fashion MSW
management system. A remedial change in the MSW managesherhimphu has
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become an emergency.
4.6 3R gap analysis in MSW management of Thimphu

The concept of 3Rs is not well understood by the decisions makedtharesidents alike.
Only recycling option was discussed as early as 1992 (TCC, 1992)ii@nNEC and the
TCC officials heard about 3Rs participating in Asia 3R forufesv policy documents and
guidelines written through donor assisted projects by consultantcihiede3Rs as viable
option for MSW management. However, these documents too haspawaified options of
3Rs. For this reason, the implementation of 3Rs including the mefetied recycling has
not materialized in implementation.

The 3R gaps in Bhutan can be visualized from the information given lel@able 4.4 and
table 4.5.

Table 4.4 Technology status for implementation of 3R in Bhutan

Waste Category Technology Status
Thermal Recovery
Fuel Recovery

Material Recovery

Urban Municipal Waste i
Sorting

Pulverizing
Composting
Incineration

Material Recovery
Sorting
Pulverizing
Thermal Recovery
Fuel Recovery

Healthcare Waste Material Recovery

Sorting
Pulverizing

E-Waste

Note: Formal, Strong Informal, Weak

Formal but weak Informal but Strong
Technology Gap
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Table 4.5 Current situation of national policies, legislativeneasure and initiatives

3R Management Aspects

Stat

LIS

Framework

National Environment ProtecticBill
National Solid Waste Management Act

Direct
Regulatory

(draft)
- The Bhutan Municipal Act of 19¢
- Environmental Assessment Act, 200(
. Regulation for the Environmental
Clearance of Projects and Regulatior
on Strategic Environmental
Assessment, 2002

)

I

Economic

. Incentives to facilities and Industry
Associations implementing Pollution
Prevention programs

. Funds from Financial Institutions

Systems for Voluntary
Integrating
environmental
Considerations
into Socio-

- Eco-labeling

. Green Procurement

- Industrial Waste Exchange Program

. Industrial Environmental Managemer

Project

. Promotion of
Industrial Eco Park
Solid waste Reduction master Plan

it

economic
Activities

Information

. Environmental Code of Practice
(ECoP) for Solid Waste Management
2000

. ECoP for Sewage and Sanitation
Management in Urban Areas, 2000

. ECoP for Hazardous Waste
Management, 2002

. Public-Private participation in Urban
Environment: Policy Framework for
Solid Waste Management, 2006

. National Strategy & Action Plan:
Integrated Solid Waste Management
2007

Procedural

Formulation of standards and levg
classifying wastes eligible for recycle.
Implementation of [ISO 14001
Environmental Management System
government agencies & Busine
establishment

=
n

s

n
SS

Support for 3R- Related
activities

. Central Government commitment

. Local Government-Municipal
Authorities

. NGO-Royal Society for Protection of
Nature

Environmental education

Lack of environmental Education (ve

informal and ad-hoc nature)
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Lack of science and technological

Science and technology research and initiatives

Reduction of barriers to - Response of the Royal Government to
International Flow Basel convention
. Environmental legislation and policy
International Cooperation framing support from DANIDA and
UNEP

No systematic cooperation between the

government and the stakeholders and

amongst various stakeholders in terms|of

solid waste management

- Promotion of technology for Waste
minimization and recycling and
recovery of waste in industries

. Hazardous waste generation ,treatment,
storage and disposal

Cooperation of Stakeholders

Promotion of Science &
Technology for 3R

Sufficient Insufficient Gap

The response from the questionnaire interview asking about the kiymnmbé 3Rs reveals
the ignorance at a uniform platform irrespective of working positiomlification, living
standard and gender. The questionnaire interview was respondediaostying never
heard about 3Rs. 43% says have heard about it and 9% saying thepih&mewledge.
Only 1% says they know well about 3R concept. This outcome intethedtthe national
citizens lack 3R knowledge to digest the concept and transfamio action.

Knowledge level of 3R

_ X-axis label:

2 200 1 = No knowledge
3 2 = Heard about it
S 150 3 = Have fair knowledge
2 4 = Have good knowledge
o 100+
x
© 50-
o
zZ

0

1 2 3 4
Level of knowledge

Figure 4.11 Level of 3R knowledge by residents in Thimphu

The waste reduction mechanism did not have a strategic pré@gexecutive circulars
from various government agencies were issued not necessarilyjdd@sa MSW
management but had contribution in it. Like; banning of car wa#iite streams and rivers,
banning of import of secondhand cars, banning of import of scraprialstéor
reprocessing and reuse by industries, banning of import and daleacto products, etc.
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The ban of use and sale of plastic carry bags is the onltivetimken purposely to tackle
waste plastics.

To the fact that Bhutan depends highly on imported goods (DRC, 2006; NSB, #D6)
most items are comparatively expensive, reuse of the goode lBéposal is an integral
culture. Especially the expensive items like car and itsptiomentary parts, electronic
devices, electrical appliances are not considered a luxury ny sarieties. Therefore, as
much as possible, optimum usage, repairing and reuse of theatenastempted. Once
beyond repair, metallic goods are sold to the scrap dealers. djogitynquestionnaire
respondents (85%) as such stated that the E-waste goodsaietbel scrap dealers.

Although recycling of waste products requirement is addressedrlysas 1992 in the
Solid Waste Management for Thimphu City project document, no mignif
implementation is seen even today. The Regulation (RGoB, 1995ypEméntal Code of
Practices (ECoPs), and the strategic policy documents winigthasized recycling of
wastes therefore have received very little recognition whewmes to implementation.

4.7  Prerequisites and barriers to enhance 3R options in Thimfpu

As stated by the UNEP in its contribution paper (UNEP, 2005h¢03R ministerial
meeting held in Japan in April 2005, prerequisites and barrierpaential to influence
the efficiency of the initiatives. It is important to ideptdnd highlight crosscutting and
effective parameters. Understanding such parametersritigidy fulfill the prerequisites
and offset the barriers to enhance implementation of speéedimiques for the success of
reducing wastes and waste impacts.

4.7.1 Enacting the National Solid Waste Management Act of Bhutan

Accept for the Bhutan Municipal Act of 1999 and the Water and Samt&ules, 1995,
there are no legal instruments directly addressing municipéieenhe Bhutan Municipal
Act of 1999 is more focused on administrative and authority demarsadiod therefore
SWM did not receive much attention. The provisions under the \MauerSanitation
Rules, 1995 focused to guide only the prevailing collection, tratajmwor and disposal
systems. It did not address researching and development dealemiques in the system.
The latest, National Environment Protection Bill of Bhutan, 200@twa a visionary level
of conserving the environment and it could not narrow down its scope tdispEies
like MSW, although it identified ‘principle of 3Rs’ and ‘the pollutgeay principle’
amongst the applicable principles towards environmental protedtiwrefore the NEC
needs to expedite enactment of the National Solid Waste Maeagé\ct (NSWM Act)
which is under drafting process. The NEC also needs to ensure gowaradequate
options towards narrowing the prevailing gaps through wide range cdmmsidtand
research.

4.7.2 Financial security
In developing countries, a chance of the government funding in fulthferwastes
management is limited (UNOPS, 2007). Without financial secadtinnovative technique

is safe and sustainable. Dependence on external (donor) assiatahdoan from the
financial institutions associates high liability risk. THere, developing an internal
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financing mechanism to ensure consistent financing is crucile MSW management
system. The avenues to establish such an inbuilt system inglaliigger pays principle,
and privatization with enabling instruments (MoWHS, 2007a; UNOPS, 208vugh the
questionnaire interviews it was found that the citizens of phumare willing to cooperate
in anything to get rid of the waste problem. When asked for thiegviess to pay, 46.7%
said happy to pay, 42.5% agree to pay if asked for and only arodadespbonded not
willing to pay. Whatever, it is important that the colegttmoney should be directly
plowed back to the SWM activity instead of following the ustinancial norms.
Otherwise, the willingness to pay will not persist if poor E®w are provided after
fees/tax collection.

)] Polluters pay principle:
Provisioned within the NSWM Act, municipal service tax/tzen be imposed
on non-degradable goods on import or the industries production.
Collection of SWM service fees from the residents, shopstlamdndustries
according to their waste generation capacity for the munieighlorities or the
private party to provide paid services.

i) Privatization with incentives: Nurturing/encouraging privaparties to

undertake MSW management on the whole or in parts through capacity

building support, subsidies and/or soft loans, and competition for eccaltmi
viable recycling activities.

iii) Privatization through enabling instruments: Relieving/reducing infsates
tax on their waste recycled products and/or controlling the maxkéts waste
recycled products survive. The market control mechanism ctwdaggh either
imposing heavy import tax on fresh resource goods to balance thetrpeade
or by controlling the imports applying legal instruments. Making mimgdor
the residents to buy recycled products and streamlining the buscerses are
also some viable enabling instrument in private partyaitive.

4.7.3 Capacity building

Developing policy framework, guidelines and in many cases legalimetits is possible
through hiring of experts or well qualified professionals. Howesgpiendid policies,

strategy and action plans usually do not fulfill the expected outpusbsence of the
required capacity with the relevant organizations. Institutioapacity is usually weak in
developing countries (UNOPS, 2007). Lacking capacity and reso@sgscially skilled

manpower and finance undermines the determined objectives. Té@qgoaire interview
information interprets that people having fair knowledge of unmahageste implications
dominate the population. However, the knowledge about 3R concepts isApaguch, it

has become very important for Bhutan to prioritize institutional lamehan resources
capacity building in the MSW management policies. The capagtelopment can be
through;

Involvement of the national counterparts throughout the exercise thi

international experts in developing the policies, guidelines and tegula
documents,

Infusing basic environmental education regarding waste managersaiet,
drinking water, proper sanitation, etc. into the school curriculum,
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Providing periodical short-term intensive training for théicals and the staff
working in the field,

Providing continual long term scholarship for higher studies in fibld of
Environment Engineering and Management,

Regular media advertisement of environment protection through MSW
management,

Conducting periodical public campaigning on clean and healthyhetpés,

Regular reminder of waste reduction, reuse and recycling facusvaste
management.

4.7.4 Enabling policy instruments

Governance is one of the main strategic factors that needleastsdn for the success of
3Rs (UNEP, 2005). Institutional arrangements include framing apptepenabling
instruments that can facilitate implementation of 3Rs intat Governments considering
enabling policy framework addressing economic and market based instsufaeiitate
public participation especially through private initiative. Biwutis yet to initiate 3R
principles and enabling instruments should go hand in hand with theiamnitiot the
concept. Enabling instrument include;

Relaxation of rules and liabilities as deem necessary,
Relaxation of taxes/fees/fines on activities benefitinggieeral public,
Levying of taxes/fees/fines on activities affecting advegrsa the general

public,

Nurturing/encouraging public to participate in MSW managemenh@rvhole
or in parts,

Providing capacity building opportunities to the parties coming faiwa
participate,

Providing subsidies and/or soft loans to establish recypliagfs,

Maintaining transparency and equity in opportunities, information
dissemination,

Controlling the market forces to give more opportunities foyaked products,
Making mandatory for the in-country agencies and residents todmygled
products, and

Streamlining the business licenses to facilitate separatisnabf ventures from
other commercial activities and provide them support, whereeassary.

4.7.5 Public awareness and education

Public awareness is a mass capacity building instrumenti Afequate information
dissemination more and more people will understand the benefittheof MSW
management. Increase in number of people understanding the problemaste$ and
knowing how to manage it adequately will benefit the MSW rgameent implementers
and the public at large. Other than the ad-hoc cleaning campaigmidgated by various
government and private agencies and the educational institutionsegatarr public
awareness program exist in Bhutan. The media actually tan g crucial role in
disseminating public information. However, financial resourliest both the media
agencies and the environmental agencies to advocate regulargwidleness programs.
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Also, very little environmental education is imparted in ttieosling curriculum. For long
term benefit to the society, Education Ministry and NEC shouldoexpgbossibilities of
introducing waste management education in the regular school tarfcam the lessons
learned as of now, school authorities and the students havevbeemnstrumental in
influencing general public on the solid waste management. Theolscho Thimphu
practice pilot waste segregation to demonstrate the benefitgaste segregation. The
schools also adopted one stream each, flowing next to the schoosgsemosting sign
boards to refrain from littering wastes into the streamsrefbee, infusing environmental
themes in education curricula is envisaged to be a cruciahptafor the success of 3R
initiative.
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Figure 4.12 Photos of the pilot MSW management system by schowisThimphu

One cost effective and immediately applicable public awareopsn is to introduce
waste collection bins and announcement system in the public tratigponedes (buses
and taxis).

4.7.6 Waste segregation at source and transfer station

Separation of waste at source is of paramount importance in 3Rtvei The MSW by
virtue of its diverse sources will have mixture of materigéthout waste separation the
composition of wastes will not be known and planning, designing andrimeptation of
waste management systems will be undermined. Waste sepathérefore is a key
activity in any successful 3R initiative. In general, thestea can be separated at three
levels; 1) household and community level, 2) in the process of tolleand transportation
by municipal workers, and 3) at the waste disposal site by the ke the scavengers
(IGES, 2006b). In Thimphu, except for the school demonstrations, segtegation is not
practiced. This is confirmed from the questionnaire intervi#9 of the interviewees said
they do not segregate waste. People are however willing to redepe practice of waste
segregation. Around 195 respondents (55.6%) said they are 100%wadllisggregate
wastes, 21% said >50% willingness. Only 15% said willingnessdoegate <50% and 8%
said not willing to segregate wastes. The upcoming NSWMniAett make it mandatory
for all residents to segregate wastes and a stringent mogitorechanism must be
instituted.

The quality and efficiency of the recycling plants highly depend onqtfaity of the
segregated wastes. Especially the composting of orgamsiesvpurely depends on quality
of waste separation. To confirm segregation quality and eldhateefficiency of the
recycling plants, and also to reduce the transportation costseoivaste materials, a
transfer station is deeming necessary. Thimphu as of nesvrdii have a transfer station.
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4.7.7 Regional/International cooperation

The prevailing most prominent waste recycling activity in Bhugacollecting, separating
and selling of the higher value waste materials across the bortietia and Bangladesh.
Waste management through regional/international cooperation is egedurathe Asia
3R paradigm (IGES, 2006a). Like the Thai Negoro PET bottle reagydhutan can also
export waste materials abroad and purchase recycled products. Bhyteay as highly
dependent on import of most non-biodegradable products. Bhutan needs tozéotimal
trading system with the neighboring countries to enable waaterdecarry out the activity
legally and fairly.

4.7.8 Public-private participation and industries undertaking

Due to the fact that there is motivated thrust in privateative, privatization is a
recognized mechanism to boost economic development and socieésenvany country.
Solid waste management (SWM) is a crucial social serand possibly could be potential
economic activity where private initiative can make a diffiee in the services efficiency
and minimization of waste problemBhe Policy framework for solid waste management
developed by RSPN and the National Strategy and Action Plan deddbypMoWHS in
Bhutan also have recommended concerted effort in the MSW maeaggelomain. The
policy document developed by RSPN (RSPN, 2006) highlights that thelicaton
amongst the government agencies and between the government pridateeneeds to be
enhanced to address MSW problems. Lack of partnership is an olastaniesustainable
mission (Shimizu, 2006). Therefore, encouragement of public-pripatnership is
reiterated to implement in Thimphu's MSW management effort.

The prominent waste reduction and recycling activity is the nmibisystem of collecting,
separating and selling of the higher value waste materiadssatne border to India and
Bangladesh. For this, the Royal Government needs to streathé business licenses and
support the waste dealing business as an incentive to reduce relaséel problems.
According to M/s Karma, a local scrap dealer based int@dma, there is no restriction
under the umbrella of the retail business licenses to veatyrdusiness including waste
materials. The statement was later confirmed by the ©ored the Department of Trade.
This free horizon retail business provides opportunity for anyone tectalhd export the
higher value, less risk waste products like metals and bedeshdut, the low value, high
risk and special care requiring waste products like plastagserp and cardboard boxes
remain discarded. Further, the waste storage yards werer rEarmitted in the
commercially viable areas by the City Corporation. This emwes the collection and
transportation costs, making the waste dealership an utiatraenture.

With proper research, there is a potentiality to reuse,clecyand dispose various
components of wastes in a meaningful manner by the industitieis Whe country. But,
this has never happened in absence of a legal instrumentoteestifie industrialists. The
industries could consume some waste materials as supplementamaterials or as RDF
in heat energy furnaces. Like; Army Welfare Project (AWSmtse Unit could consume
cardboard/carton boxes and the liquor glass bottles for reusing andingdapc same
products. The RSA Poly Products Pvt. Ltd. in Phuentsholing and Bhalgméd?s in
Gomtu could possibly consume some PVC and LDPE origin waste pldsticgs
production of the Poly film and Texturised Yarns. The Bhutan Polythedesiry in
Phuentsholing could consume some HDPE and LDPE product wastespiaditstion of
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polythene pipes and fittings. Industries like Penden Cement and Ceahként factories in
Gomtu, Bhutan Ferro Alloys, Bhutan Chemical Carbide, Bhutan Bige$tries and Druk
Iron & Steel Factory in and around Phuentsholing could use wastecg|gstiper and
cardboard, glass and commingled components as RDF in their fsratiee segregating
the hazardous compositions. The NSWM Act is required to enforcstireito research
and develop techniques to consume MSW besides managing theistas.wa

Otherwise too, during my study research, there were mangterindividuals expressing
interests in venturing MSW management in parts or in a pack&geobstacles for them
have been long procedural formalities, very little flexipilind none concrete decisions
from the authorities. Probably, this is due to the absenceegfah framework addressing
solvable avenues on both sides; the government and the interestied. pas such,
adoption of the NSWM Act with adequate provisions to address allptheailing
loopholes has been very crucial and urgent.

4.8 Correlating viable 3R options for prominent waste componentsii Thimphu

The prominent waste components from the inventory of the study ge; giad cardboard
boxes, 17 tones, organic wastes 16 tones, glass-mainly glags Bottines, composites 4
tones, plastics 4 tones and the commingled wastes 11.5 tornthés Atncture, it is noted

that only paper/cardboard and the organic wastes are feasiblecfalimg within the
country. The rest may need to be continued with the management through
regional/international cooperation. It has therefore becoerg wrucial for the Royal
Government of Bhutan to formalize the export system of recyciabtes. Here below,

the 3R options for relevant waste components will be discussed.

4.8.1 Paper and cardboards

Most imported and in-country produced goods come packed in carton/cardboard boxes.
Therefore cardboard usually constitutes a large component in thetedligastes coming

to Memelakha disposal site. High content of the cardboard boxe&/efepphe waste
transportation carriers to carry high density waste. Makingemaunds of transportation
and increasing the transportation cost. The paper and cardboard/foaxies together
constitute around 26% of the total waste in terms of weigbtv Bmall scale paper
recycling units in a decentralized system should address the paylercardboard
component of the wastes in Thimphu. Like in any other developing country
(Tchobanoglouset al, 1993), the waste paper in Thimphu needs re-segregation and
cleaning after receiving at the plant. It is an altereaéisnployment opportunity, but a cost
burden.

Figure 4.13 Photos of the high volume cardboard boxes in the M&of Thimphu
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Currently, a private entrepreneur, Jungshi Paper Industry hagedita paper recycling
plant in Jemina, about 20 kilometers from Thimphu town, but it needshanee its
logistics efficiency. Mechanized system is limited in fent and there is only one private
press agency (KMT Press) which consumes the plant’'s productsamiymsiThe plant
consumes all types of waste papers including the cardboard boxeseproduces
wrapping papers, packing boxes, envelopes, incense and pencil emjtasmrow
containers, dolls and mask. In the present working capacity the gaantonsume only
400 to 500 kilograms of waste paper. With fully mechanized systeis,envisaged to
consume 5 to 6 tones of waste paper daily. The promoter howewes pebcy and
financial support from the government to enhance the capadite gflant. The proprietor
seems to have approached the relevant government agencid&keMTI and TCC, but
to no avail as of date.

Figure 4.14 Photos from the paper recycling plant in Jeminal' himphu

4.8.2 Organic wastes

A fairly small unit composting plant should effectively consuheorganic waste quantity
generated in the urban areas like Thimphu. If the composting pl&etrkbithang which is
suffering a teething problem becomes operational, the orgasie \weoblem of Thimphu
municipality should be resolved. However, composting efficiamitlyhighly depend on
guality of waste separation. Just within the organic wastes timiye will be easily
decomposing and non-decomposing compositions. In the organic MSW of Thimphu,
special care needs to be taken separating Bettle-nut covecdmpostable organics. Due
to the fact that Bhutanese culturally consume high amount of -bettlesignificant
quantities of bettle-nut cover was observed in the commingle@svdstod wastes having
high salt content also may hamper composting systems andyqudie distance of
transportation of raw material wastes to the composting plant@ngost products back
to the market will significantly influence the price of tekempost product. Alas the
composting plant in Serbithang is set up too far away from #@Etensource and the
compost market.
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Figure 4.15 Photos of the Bettle-nut in the market and theover in the wastes
4.8.3 Glass

In usual cases, glasses are recycled to reproduce new gtassscontainers and bottles.
Glasses can also be used as RDF material (Tchobanagl@}s1993). Glass, with 6.65
tones (10.3%) constitutes the third highest component of wastesns o¢ weight in the
MSW of Thimphu. Majority component of the waste glass is t@dasacyclable (around
90%) bottles those contained liquor and fruit squash juice. The ArmijaMyeProject
(AWP) in Gelephug and Samtse produces 750 milliliters (ml) bottistilery liquor and
the Bhutan Fruit Products (BFP) in Samtse produces mainly 600ang®squash bottled
juice for commercial business. Bottles other than beer botees {ess collected by the
waste pickers for its low price. The AWP and the BFP imstdacollecting their bottles
continue importing fresh bottles from India. Only the rural comnesiteuse the 750 ml
liquor bottles for containing and distribution of their localvieey.

Even the broken bottles and the waste glass from the commbesidlvare shops if
separated and collected are recyclable. The hardware sabjsated used to disposing
waste glass into the MSW bin, which after commingling with otvastes becomes
difficult to separate and risky to handle for the MSW workéi glass products are
imported and not produced in Bhutan. Therefore, to optimize utilizafidhe resources
and reduce risk to the MSW workers, it is pertinent to consideegatipn of waste
glasses for recycling. The benefits of glass recyclmiude reuse of the material, energy
saving, reduction in use of landfill sites and in most calsaser and safer handling of the
wastes. In absence of glass recycling plants within the goumaste glasses needs to be
resolved through regional/international cooperation.

Figure 4.16 Photos of waste bottle dealers preparing to transpothe collected bottles
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4.8.4 Composites, plastics and PET bottles

Composite constitute around 3.6 tones (5.62%) and plastics inclutBh@ET bottles
constitute 3.7 tones (5.23%) of the daily MSW in Thimphu. Stesabgtitution of organic
wastes by composites is a sign of consumption pattern transformatoridcal organic
products to imported package food. Plastic is a convenient comnmodigy used in many
forms, but mostly used as packing materials, containers and hamydeags. Also, it is
difficult to find alternative biodegradable sources to offsetafsglastics. Therefore, the
ban of purchase and use of plastics products exercised by the gavermrh@99 did not
show effective outcome. Separation at source is again vegryriamt for recycling waste
plastics too. Otherwise, due to its high calorific value,tjgas highly viable to be used as
RDF in the industries (Tchobanogloetsal, 1993).

The PET bottles can be shredded to pellets to increase densitgduw: volume for
transportation convenience while increasing the value of theriala The price is fetched
better since it saves space, time and energy of thelirgynits when exported in pellets.
The machines under use with the TCC and the Bhutan Agro IndustriBsimphu are
capable of shredding 32 kilograms of PET bottle pellets a day. #CbBfes make one
kilogram of pellets. The Thai Negoro recycling of PET bottte4 nf plastic boards and
the Wongpanit recycling waste plastics to press machine gi&lSasaki, 2006) are very
good examples, but the quantity and capacity within Bhutan is not t@biéiate such a
venture. It therefore has to be managed through regional/itieralacooperation.

Figure 4.17 Photos of PET bottles, shredding machine and tipellets

4.8.5 Commingled waste

By the time the wastes reach at the disposal site thee vgaflly mixed. The commingled
nature of the wastes makes it almost impossible to sepa@iclable wastes. A week long
physical survey at Memelakha found that a separable waste is ¢énvet weight is less
than 1% in average. Despite prior information and explanation on hoeptrage the
wastes, the source point survey also experienced significamttityuof commingled
wastes. In total, 11.45 tones (17.75%) of the collected wastmiate point for physical
measurement was commingled. If adequate separation effagpiged, the recyclable
waste component could significantly increase and the correspocwiimgingled quantity
will decrease. Therefore, a stringent provision for wastearagipn at source and
monitoring authority is necessary in the upcoming NSWM Act.

The commingled wastes after optimum separation of the hazaaddusecyclable wastes

can be either consumed as RDF in industries or managed through daptisalandfill
site. Landfill is the ultimate option for disposal of the non-sa&plarcommingled wastes.
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Since no waste management technique is capable of making ast@, Vandfill has to be
in place to complete the waste management system. Atewamimization activities;
incineration, composting, and recycling are to reduce quantityasftes going to landfill to
increase the lifespan of the landfills (Kojima, 2005; Kirkeitbyal, 2006). With removal of
the hazardous waste composition, the characteristics requirerh¢he landfill will be
much simpler and cheaper.

4.8.6 Junk shop and waste bank technique of waste management

Other 3R optional opportunity to explore is the “Junk shop” or “Waste Bangihess as
initiated in Phitsanuk in northern Thailand (TEI and Sasaki, 2006) dioubtful to operate
such options in Bhutan due to small population and small amount of appropaisie
products. However, there is no harm in studying the feasibilipgaslly where there are
schools nearby.

4.9  Other wastes

Other than the inventoried waste components, there are algefément wastes which are
worthwhile to discuss. They are;

491 Medical wastes

Autoclaving is an environment friendly technology with moderate aodteasy to operate
advantage (Visvanathan, 2006Byr the medical wastes in Bhutan, the Ministry of Health
(MoH) has developed a ‘guideline for infection control and healthwaste management
in health facilities’ which recommends deep pit burial within lilealth facility premises
after disinfecting the wastes through wet thermal disinfe@igotlaving. The third
edition of the guideline was published in 2006. According to the Drapat of Medical
Services officials, the guideline is Bhutanised in the semseittis made as practical as
possible and stringently monitored in its implementation. Theainitcineration plant at
the Jigme Dorji Wangchuck National Referral Hospital in Thimphedusr incinerating
medical wastes is out of order and the Health Ministry is nob@aging to restore the
plant. The guideline emphasizes segregation of waste at sollreetypes of waste
categorized by the guideline are; Yellow/White waste-imdeist waste in the form of
sharps, Red waste-other types of infectious waste, Green -Mastmfectious
waste/general waste, and Blue waste-food waste. The greeblue wastes are directly
disposable in the MSW waste bins. Practical treatment/dispusthods for each type of
the yellow/white and the red wastes are outlined in the guiddlime.MoH is also in the
process of developing a guideline for the pharmaceutical svasieagement.

4.9.2 E-waste

The Department of National Properties (DNP) collects lal government agencies
old/obsolete furniture, car, electrical and electronic devigcepublic auction time to time.
The items that could not be disposed in running condition are auctiorsmtags From
March 2006 to February 2007 the department has auctioned goodsofvapthrox. USD
1.65 million including trucks, cars, car batteries, worn-out tygemputers, fax machines,
photocopier, TV/Video sets, telephone sets, etc. The internatidiedsofisually auction
the old items to secondhand buyers before it gets obsolete. iVaw mffices, commercial
business and residential household users try to optimize the tigilizaf E-goods.
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Repairing within or outside the country is attempted at firstaince for reuse. Ultimately,
when it is beyond repair, the goods are sold as scraps to dpedsalers to recover at least
the minimal cost of the item. The most likely 3R initiatihat is feasible for E-waste in
Bhutan is to substantiate the prevailing system of public auctiamdgecycling of wastes
through international/regional cooperation.

4.9.3 Construction and demolition waste

Construction and demolition wastes according to the TCC offiai@smainly excavated
materials from foundation digging and landscaping of the building emtisins. The stone
boulders are reused into the construction and excavated earth iy usaabged for
landscaping along the Thimphu river. The demolition waste frontréfagtional houses
constituting mainly wood, stone blocks and rammed earth blockalsmereused. The
wood waste, whatever is not reusable is burned by the constructioruarcdpal workers
for cooking and heating.
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Chapter 5
Conclusions and Recommendations
5.1 Conclusion

The municipal solid waste although comparatively smaller in oyaamid less complexity
in composition is an emerging challenge in Bhutan particularihimphu. The Thimphu
City Corporation lacking authority, resources, knowledge and public supdecing
daunting challenges to tackle the MSW appropriately. Memelakigfill disposal site is
overflowing. Implementations of recycling options are constrainefinlycial resources,
human resources and the technological capacity. There araveffieat affordable policy
options in the 3Rs concept, potential to address the MSW challengdsmphu. The
study has come forth with various crosscutting and specific optionappdy for
predominant waste components. For a country like Bhutan, which carfood &b
establish many technocratic and expensive waste recycling plahis the country, the
regional/international cooperation for MSW management considertie APFED on 3Rs
(IGES, 2006a; TEI and Sasaki, 2006) is one suitable 3Rs option. fiee 3R options
requiring immediate application in Thimphu are; institution of wastgaration system,
polluters pay concept adoption and promotion of private party initiativthe MSW
management.

In an overriding manner, a large gap exists between documentedepotind the
implementation. The reasons for the failure are; i) laclohg legal instrument that
explicitly addresses municipal solid waste managemencik) of financial resources, iii)
lack of capacity and organizational liberation/upgradation ofvhgte management sector
under TCC, and iv) absence of specified technological options forgeaent of the
predominant waste components. Adoption of the NSWM Act encompassutgpss for
all the identified gaps and implementation of the specifist&v@omponent management
options is expected to significantly narrow the gaps and enhaedd3hV management
situation in Thimphu. A transfer station is deeming necessagnsure quality of waste
separation and reduce waste transportation cost and hassles.

5.2 Recommendations
5.2.1 Crosscutting options

The prevalent 3R options forth coming from the study worthwhileemmmmend is
enactment of the draft national SWM Act, at the earl@asihracing;

i) Enhancement of international/regional waste management cooperati

i) Waste separation mandate to all citizens/residents/rsifilazs,

iii) ‘Polluter pays principle’ (taxation on non-degradable goods and censaand
MSW management fee on residents based on volumetric waskadje) to ensure
financial security,

iv) Nurturing/promotion of private (including industries) initiativashe MSW
management,

v) Institutional and manpower capacity building, and

vi) Enhancing public awareness and education (infusing curricula da was
management in schools, various media programmes and announcenpentci
mode of transports).
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5.2.2 Waste component specific options

Specific options for predominant waste components are:

)] Composting for managing organic wastes. Otherwise, sepau@itifood waste
and vegetable wastes for donation to animal caring centersvastbtk rearing
residents is a food waste quantity reduction option.

i) Imposing municipal tax on the packing materials for all imported gabdise
entry points and on in-country producer agents and charging municipaeservi
fees on the local business vendors and the residents according tevabesr
generation capacity is expected to reduce significantly wast@awents like
plastics, paper and cardboard boxEBacouraging/nurturing private parties to
participate in recycling of waste paper and cardboard boxes &keftldungshi
Paper Recycling Plant in Jemina are in-country recycling opfionsvaste
paper.

iii) Industries requiring heat energy could collect and consume wastésc{®o
other than hazardous and recyclable components as refuse daev€dDF)
in their furnaces.

iv) Streamlining business licenses and making mandatory for the deslters to
deal with all sorts of recyclable waste products is an ogthomanage low
value, high liability waste products. The policing duty of theste@gproduct
business also can be entrusted to the specific wadergl#asuch a system.

V) Controlling the market for survival of the in-country recycleddorcts is an
enabling instrument option to encourage more waste recycling venture

Vi) Making mandatory for the in-country manufacturers to accept badk the
product wastes (worn-out/obsolete and containers) will be another dption
encourage industries participation in MSW management,

vii)  Very importantly, institutional capacity building.

5.3 Potential scope for future studies
5.3.1 Study scope in Thimphu

The MSW management concept is still at an initial stagghutan. This study is limited to
analysis of policy gaps and appropriate options from 3R paradigmmpgoove MSW
management in Thimphu. It did not cover physical, chemical, hzsbgvaste treatment
options and cost benefit analysis. Also, the study physicaégwaenducted was for three
dry months season (March-May) only. Therefore, future studiesrezemmended
covering whole year waste generation scenario, cost bensditysess and various
technological options.

5.3.2 National level study scope

Urbanization is an emerging issue in Bhutan. Around 50% of theaBésg population is
expected to live in urban settlements by 2020 (MoWHS, 2007a)MBW management
system is poor in the capital city and non-existent in matteoflistrict level urban
settlements. While the scope of study for MSW managememt aiational level remains
open and wide, one important observation in this study is laigclstifutional and human
resources capacity to cope with the MSW management challefigis study however
could not encompass an in-depth analysis on the aspects. Themaforenediate
institutional capacity building analysis study at the natitead! is recommended.
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Appendix A

Map of Bhutan

Source: (Drukair, 2007)
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Appendix B

Map of Thimphu city
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Appendix C

Photos of MSW in Thimphu and during data collection

Main part of Thimphu city Overflowing kerbside receptacle bin

Waste collection service by TCC Wastes collected by informalaste pickers

Mismanagement of wastes by residents
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Post weekend vegetable market scenario

Risks of unmanaged wastes

Disposal at Memelakha

Scenario at Memelakha
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Physical waste segregation and weight measurement survey fbig thesis study
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Appendix D

Sample of the field data collection format

Data collection date:
Location:
Source category: Residential HH,

Office/Institution/Commercial shop/Veg. market/
Hospital/Auto. Workshop/Construction & demolition

Waste Category

Weight
(kg)

% of
Total

%
Recyclable

ORGANIC WASTES

PAPER WASTE.

CARDBOARDS

COMPOSITES

PLASTICS

GLASE

METALS

TEXTILES

HEALTH CARE TEXTILES

SPECIAL MUNIICPAL WASTE

UNCLASSIFIED COMBUSTIBLES

Wood packagingGrates, cartons, fruit
trays/boxep

Other unclassified combustiblesqod-
boards, leather, rubber, bones

UNCLASSIFIED INCOMBUSTIBLES

COMMINGLED WASTES

GRAND TOTAL

Source: Modified from (EPA, 1996)
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Appendix E

Questionnaire sample
(Modified from World Bank, 1996)

General Information:

Date of interview:

Name of the Respondent:

Gender: (M/F)

Qualification (University/High School/None):

Address/Location:

Family/Staff size:

Occupation:

(Residential, Retail shop, Schools, Govt. & Corporate offieeisate Offices, Wholesale
business, Hotels & Restaurant, Bar shops, other service shopsryndusomobile
workshop)

1. Do you have municipal solid waste service accessibility?

Yes No

2. What is the service frequency?

Daily Weekly 3 days a week Never

3. What type of waste collection service do you receive?

Door-to-door Kerbside bin Collection trucks Others NO

4. Do you segregate wastes?

Yes No

5. How much do you know about implications of the unmanaged wastes?

Well Fair Little No

6. Where do you dispose electrical/electronic devices whendnmded and it gets
obsolete?

Municipal bins Sale for scrap Recycling abroad

7. Where do you dispose your cosmetics containers?

Municipal bins Open space Safe disposal

8. Where do you dispose shoe polish containers and batteries (penittend
battery)?

Municipal bins Open space Safe disposal

9. Where do you dispose obsolete fluorescence bulbs and tubes?
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Municipal bins Open space Safe disposal

10.Where do you dispose your battery and other wastes fluid and pofigtiners?

Workshop/export Open space|| MSW Collector || No car

11.What type of waste containers do you maintain at home?

Plastic bins Metal bins Plastic bags Others (boxes)

12.How much do you know about 3Rs (Reduce, Reuse, Recycle) concepthSW
management?

Well Fair Heard No

13. With what system do you think a MSW management will bettietain?

Municipal fee Awareness Privatization Legal tools

14.How much is your willingness to separate wastes at the hdddekel if such a
system introduced?

100% >50% <50% Not willing

15.How would be your willingness pay, if “polluter pays principie’intorduced?

Happy Agree Not happy

16.What is your suggestion for improvement of the urban solid waateagement in
Bhutan?

Awareness Penalty Service fee Privatization No comment
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Appendix F

Raw data

1. Collected MSW composition and wet weight measured at Memelakh

Daily collected| % to
Waste wastes total %
Composition (kg) waste Recyclable
Organic 432 1.5 1
Paper 913 3 3
Cardboar 77C 2.5 2
Composite 367 1 1
Plastics 929 3 3
Glass 224 0.7 1
Metals 15 <1 <1
Textiles 464 2 NA
Healthcare was 4814 15 NA
Sepcial wast 8 <1 NA
Unclassified (combust) 432 1.5 NA
Commingled 2214( 70 NA
Approx.

Total 31,508/ 100 1%

2. Sample representative size for source point physical segy and interview

Population Sample representative
Source description (No.) (No.)
Residential household 17214 148
Govt. & Corporate Office 46 18
School: 27 10
Retail Shop 39: 42
Bar shop 15¢ 16
Hotel & restaurants 11p 12
Other shops 335 34
Industry 90 9
Auotmobile workshops 48 10
Wholesale shoj 25 6
Private Office 46( 46
Total 18909 351
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3. Wastes measurement by sources

Waste generation sourt Total Observed recyclak
(kg/day) (%)
Residential households 44,400 70
Govt. & Corporate Offices 1310 70
Schools 190 70
Retail shop 262( 70
Liguor bar: 552( 80
Hotels and restaurants 60}0 60
Other services shop 600 30
Industries 1880 30
Automobile workshop 850 20
Wholesale Business stores 130 50
Private Office 96( 60
Grand total 64,530 49.7 %
Recyclable (%) Say 50%
4. Wastes measurement by compositions at source point
Waste compositions Quantity % to Observed
(kg/day) Total recyclable
(%)
Organic 15900 25 60
Paper and cardboard boxes 17000 26 80
Composite 3640 6 30
Plastics 338( 5 60
Glas: 6650 10 90
Metals 2850 4 90
Textile 1600 2.5 NA
Healthcare 95 <1 NA
Special 585 1 10
(Cosmetic, polish, paint eta.
containers)
Wood/rubber 1380 2 20
Commingled 11450 18 NA
Total 64,530 100% Av. 50%
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Appendix G
Case studies
1. Memelakha disposal case study
Details for Process/Operation and Management

Thimphu City Corporation (TCC) is the sole agency responsible foagement of the
waste within Thimphu municipality. With assistance from tBanish government
(DANIDA) the Memelakha waste disposal site project documestfaanulated in 1992.
The site was made operational since May 1993. Memelakha e autskirts of Thimphu
city about 10 kilometers from the downtown. When the project was fatetyl a
population of 25,000 persons with an annual increase of 5% was considéweed
volumetric capacity of the site was evaluated between 70,0000;ubic meters.
Considering a per capita waste generation of 0.7 kg per day kiiva a maximum
volumetric waste collection of 415°fweek (90% collection), the Memelakha disposal site
was evaluated to sustain 5 years without any waste recyckmgusc. With 5%, 10% and
50% incremental waste recycling attempt (including compostitig, lifespan of the
disposal site was expected to increase to 6.5 yeaesr8 gnd 12 years respectively.

The waste management remained collection and disposal syétewaste segregation at
source was initiated. The commingled collection is simpingported and disposed at
Memelakha. Other than informal waste pickers/scavengedsminor scrap dealers, no
significant waste recycling plans were initiated. Whatevastes that could be collected
and transported by the waste pickers/dealers were traded #woeolserder to India and
Bangladesh. The population of 2005 for Thimphu according to the population andghousi
census of Bhutan (PHCB, 2006) was around 80,000 people. The daily cofisttion
according to the primary data collection at Memelakha in A®@7 was around 32 tones.
Daily an average of 16 trucks and various capacity containersptvet this commingled
wastes to Memelakha. Under this condition, the disposal sée raftre than 14 years of
operation is overflowing. A new landfill site has been idesdif8 kilometers upstream of
present site, but TCC lacked resources to construct thesaoaesand develop the landfill
site for operation. No other suitable options are in hand to dfisetvastes going to
Memelakha.

Future Opportunity/Concluding Remarks/Recommendations

Sustainable waste management in Bhutan is possible through;
Urgent enactment of the upcoming national SWM Act,
Securing financial resources by introducing ‘polluters pay pletci impose
municipal tax on imported goods and charge MSW service fée teesidents,
Initiation of waste separation to enhance opportunities focliegyof wastes,
Privatization of waste management systems for greateojotentration,
Formalization of bilateral arrangements for waste exports,
Streamlining of trade licenses and specifying business regiies,
Promptly making the composting plant at Serbithang functional.
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Source: (Europa Technologies, 2006)

Memelakha is about 10 kilometers from the downtown, on the outgts of the city.
About 65 tones of wastes is generated daily in the city

Around 32 tones of commingled wastes is collected and dumpatiMemelakha daily
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2. Composting plant at Serbithang
Details for Process/Operation and Management

Danish government assistance through Danish International Dewatbprgency
(DANIDA) is the second highest donor, next to government of Ilmithe Bhutanese
socio-economic development. In the environment sector DANIDAdstahe highest
donor agency. The Environment and Urban Sector Programme SupporPSEUS
coordinates various components across the line ministries andiegé the government
systems. Clean Technology and Environmental Management (CTEMjei€omponent
implemented under the Ministry of Trade and Industry (MTI). Throtighscope of this
component, management of wastes from the automobile workshops amhpesting of
the organic wastes from Bhutan Agro Industry in Serbithang wegtdigiited. In parallel,
under the same donor support component to the Thimphu City Corporation (TCC),
composting of the organic MSW became a priority activity.sAsh, the two composting
visions were merged and a site was identified in upper Serbjtizogt 2 kilometers
upstream of the Bhutan Agro Industry to establish joint compoptanrd.

Three organizations; the National Environment Commission (NEC}has national
coordinator for the EUSPS assistance, the MTI and the TCBeasoist and beneficiary
components were involved in the mission. The TCC undertook the rdsipgnof
constructing the composting plant at site. Around US$ 47,000 was idvesta the
CTEM component. On completion of the shed construction and intaltz the required
machineries, it was realized that electricity supply toplaat, access road improvement
and fencing of the plant were missing in the plan and the budget #stiniche DANIDA
support lapsed by then and no other funding sources existed. Thetieéoogeration of
the plant remained suspended till now. Lately, the governmertahsidering the issue
after many controversial media coverage and discussions at'thea8@nal assembly in
June-July 2007.

Composting plant sheds constructed at Serbithang expecting be operational soon
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3. Jungshi paper recycling plant at Jemina, Thimphu
Details for Process/Operation and Management

Jungshi Paper Factory, a private endeavor in the paper productionevesnhaving two
units of its enterprise. The one in Thimphu produces traditional handpzde from
natural plants mainly two species of Daphne plant collected &rotside Thimphu. The
traditional handmade papers are widely used for writingicels scripts, packing materials
and hand-carry bags. The unit in Jimina, about 22 kilometers froroetfter Thimphu
town recycles waste papers. The waste paper recyclingvasitprivately initiated in the
late 1990s availing a loan from financial institutions. Due itoitéd market for its
production, the unit had to be closed for few years in betweemsltreopened in 2005 on
receiving demand for its products as packing materials from anptivate party, KMT
press.

Although the raw material (waste paper) is abundantly availfibfe various offices,
institutions and the commercial markets, the manual operafidgheoplant limits the
consumption capacity to 400 to 500 kilograms daily. The plant could coraluswts of
waste papers including the cardboard boxes. The commingled waste ipagmted
manually for metal pins and other defective ingredients prioredirig into shredding and
mashing processes for pulp. The recycled product of the waste gfeges are produced
into desired thicknesses and dried in open space manually. Packiagats like; paper
sheets of various sizes and shapes, envelopes of various rsizebagpes, paper boxes,
arrow and incense container tubes, and pen/pencil containers aregoraeduend product.
Toys and masks of various kinds also could be molded from the re@aped pulp. If the
recycling could be fully mechanized, it is envisaged that 5tam$ of waste papers could
be recycled daily. The packing material production of the redyslaste papers is also
expected to substitute plastic containers, thereby, reducing plastes. Currently, five
persons, most of them family members of the proprietor areogegbin the recycling unit.
Upgradation of the plant could enhance employment opportunities besidessauglithe
municipal waste papers problem. The proprietor approached varievamegovernment
agencies (NEC, MTI, TCC) for support in upgrading and fully medahnagithe plant, but
to no avail as of date.

Future Opportunity/Concluding Remarks/Recommendations

Promotion of few such private paper recycling plants in a dedeetl system would
address the waste paper problem locally. Enabling instrurpemission in the policy and
the upcoming NSWM Act would be appropriate to address the isBuastice of waste
separation at source is must to benefit and sustain the qualigcyafling. Government
institutions, private and all citizens must share the respomgibiliproviding segregated
waste papers in such a venture.
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Manual segregation of waste papers for recycling

Manual drying and stacking of the recycled paper sheets
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4. Medical wastes case study
Details for Process/Operation and Management

The handling of wastes at Healthcare facilities (HCFs) emnaptthe guideline (é ed.) for
Infection Control and Health Care Waste Management in healilitiés, 2006 considers
four types of wastes potential for generation from HCFs;

1. Infectious waste in the form of sharps-Yellow/White
2. Other types of infectious waste-Red

3. Non-infectious waste/general waste-Green

4. Food waste-Blue

Examples of wastes in each category are identified and manageguideiines specified.
The guideline also specifies transportation, waste treatnagict disposal at the
establishment techniques for the health care wastes. Theigeefinare very much
Bhutanized for implementation convenience even at the remotest Mslimited
capacity and resources.

Infectious waste in the form of sharps-Yellow/White: iterhattinclude those that can
cause cuts or puncture wounds whether infected or not are consigeradious and
potentially infectious. In the management, it is made mand&bosggregate, pack and in
safety boxes like previously containing drugs or pharmaceutiodlsatoclave wherever
possible prior to deep burial pits disposal. Handling with caréenaresms are emphasized
to ensure safety of the medical and the ancillary staff andetheral public. Low voltage
(1600-1700°C) electrical needle destroyer is supplied wherever eligtsupplies exist.
Mechanical needle destroying system is encouraged in absetheeadéctricity supply.

Other types of infectious waste-Red: that are susceptible taiog#thogens in sufficient
concentration to cause diseases to a potential hosts such as discatigials or

equipments from diagnosis, treatment and prevention including dressiags, sanitary
towels, blood bags, feces, urine, body fluids, sputum or lung Ee@eire to be collected
in red-colored dustbins or plastic bags of thickness: 0.1mm. Whetustiein is 3/% full,

it should be autoclaved prior to disposal into the municipalenaisis.

The non-infectious wastes including office waste, cloth, papestigda glass and bottles,
decontaminated media and lab ware, styrofoam, cans which canneicysed and

uncontaminated bedding is directly disposed into municipal waste hinsrmouraged to
recycle them.

Food waste to be collected in blue bins is encouraged to be colleated-ogers for cattle
and other domestic animal feeds.

Future Opportunity/Concluding Remarks/Recommendations

According to the officials with the Department of Medi&arvices, health care waste is a
serious concern and all the HCFs throughout the country are madetomgridananage
the health care wastes with safety. The HFC officialsewesined alternatively or in
batches as training of trainers to outreach the waste manaigknasvledge/techniques to
the HCF support staff. While techniques designed in the guidslimeaccordance to the
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grassroots resources and the capacity for realistic implenwentatonitoring of the sharps
destroyer and autoclaving of the infectious wastes needsrolmsiéoring scheme.

Close-lid waste bins for general wastes collection in th®spital corridors

Collected glucose container, PVC bottles
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5.  Automobile workshop relocation
Details for Process/Operation and Management

Ever since the five-year developmental plan began in Bhatd®61, road construction
received major thrust to ease transportation and elevate ecoactwities in the country.
Over the years, the road expanded and number of cars increasetfwidnBly the end of
the year 2006, the Road Safety and Transport Authority (RSTofgteeed 33,241 various
types of vehicles. Thimphu alone registered 18,967 (57%) vehili®ugh major repair
works of vehicles are usually carried out across the border in, léianultifold increase
in number of vehicles demanded regular and minor service workshopsansylocations
within the country. In Thimphu, the automobile service workshopsngprup in
Changzamtog area, in an open space nature on right hand sidd bintp&iu river. Due to
the fact that most of the owners of the automobile servicksliops are not the landlord,
investment in infrastructure improvement did not advance frompaeary shelters.
Substantial spillage of used oil directly on the ground or in then d@itinued polluting
the land and the river water. This aggravated concern dRolyal Government over the
years.

In 1997, the NEC encouraged a private entrepreneur to collect argpdrt waste oils
from the automobile workshops for sale across the border. Theeppadly was provided
a Tractor, drums and storage shed at Memelakha to factli@tbusiness. The initiative,
however, did not last long. Although the informal waste oil coliectind sale across the
border revived in 2006 with increasing demand from the bordering Indianciodaigaon,
the government has already considered relocating the workshopsawitimproved
infrastructure to address environmental concerns. Initially theisiy of Trade and
Industry (MTI) was designated to implement the relocation oftliemobile workshops.
The Ministry in consultation with the Thimphu City Corporation (TCd®nitified the new
site at lower Changzamtog. A project proposal was submitteiet@€leaner Technology
and Environmental Management component within MTI. The plan, howeleterred
when the Thimphu-Babesa express highway alignment came acrossiethtgied
automobile workshop site. The TCC after that ran short of spaiderntfy as substitute
site. In the meantime, the DANIDA assistance term expir

By 2006, the government decides allow private landowners in Ola Rondmelow
Semtokha to develop infrastructures for automobile services amd itr out to the
automobile workshop owners in Thimphu. This decision too is opposed by theoauem
workshop owners. The argument is that the automobile workshop owrletzevet the
mercy of the landlords on rental charges. However, thesinfreture construction in Ola
Rongchu is making rapid progress.

Future Opportunity/Concluding Remarks/Recommendations
With appropriate infrastructural design to prevent environmentaladaton from

automobile services wastes, and government mediation to nedb&atental charges, the
new location and infrastructure is expected to improve thétgwf the services.
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Present open space automobile servicing workshops in Chamguatog

Metal drums used for collection of waste oils in presergystem
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A private initiative, inbuilt automobile servicing system atNgabi Rongchu

Upcoming automobile service workshops infrastructure at @& Rongchu
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6. Other wastes recycling
Details for Process/Operation and Management
6.1 Sawdust briquetting

Sawdust briquetting venture at Ramtokto, Thimphu to address sawdbirprfrom the
sawmills is a success story in the event of solid waste geament. Until early 2005,
sawdust generated from the sawmills has been a concern tassintry and especially
in Thimphu. Controversial water pollution and sawdust hindrance to utreusding
inhabitants during the windy season has pressured the governmentlofeealternative
solutions. On the other hand, the high rate firewood consumption has defuetst
resources in and around Thimphu. Traditionally Bhutanese solely dkgpem firewood
burning for domestic cooking and all purposes of heat energy. Even tegegialy in
winter, Bhutanese consume significant quantities of firewood fdrdresrgy. Ultimately,
through repeated research and trial, the Forestry Development &apotimited
(FDCL) has managed to establish a sawdust briquetting plant mtolka in lower
Thimphu valley. This plant substantially consumed sawdust gendrat€dimphu and
Paro and substituted the firewood supply, reducing pressure tot#héorest resources.

Sawdust to briquette for reuse as firewood
6.2 Metal scrap

The metal scrap actually did not persist to be a waste maweagehallenge. In fact, cases
of loosing useful metal items to the informal waste picketenoérise leading to legal
cases. The two new Iron and Steel industries; Druk Iron andl &tBaptengang (Kamiji)
and Bhutan Steel Industry at Pasakha have further eased thke stcrap business by
consuming locally the metal scraps as raw materials. Oigerie tin scrap and e-waste
hardware are exported in bulk to India by the scrap dealers anddhmal waste pickers.
Aluminum and copper waste items are consumed locally by thtidreal metal
fabricating units within the country and across the border. The Kaorep dealer in
Thimphu alone exports annually an average of 5 tons metal sdragia@and Bangladesh.
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Beer cans and other metal containers collected for export

6.3 Shredding of PET bottles

No plastic and PET bottle recycling plants exist in the kingdom.exevwy lately the NEC
and TCC have initiated to shred PET bottles to pellets in dodeurchase better prices in
export while reducing the bulk and the transportation cost. With supporttire TCC, the
Bhutan Beverages Limited (PEPSI) has established a PET slotfdding unit in the heart
of Thimphu city, capable of shredding 32 kilograms of PET bottle tpedleday. 40 PET
bottles make one kilogram of pellets. The Bhutan Agro Indust8embithang, Thimphu,
which bottles spring water has also procured PET bottle shreddirgnaaco contribute to
the PET bottle waste management. The Industry has plans to ggirleae machines and
distribute to the distributing agents across the country.

PET bottles to pellets for reducing bulk in transportation storage and higher price
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Appendix H
Contact and information sources
i. Policy makers / Government agencies

National Environment Commission
Address: P.O. Box 466, Thimphu, Bhutan
Tel: +975-2-323384, Fax: 323385

H. E.LyonpoNado Rinchhen,
Deputy Minister of Environment
Email: nadorinchhen@nec.gov.bt

Mr. Sonam Yangley
Director

Mr. Ugen Tenzin
Head of Policy Coordination Division

Planning Commission
Thimphu, Bhutan

Mr. Kunzang Nobru,
Deputy Dircetor

Ministry of Works and Human Settlement
Thimphu, Bhutan

Mr. Rinchen Dorji
Director,
Department of Urban Development and Engineering Services

Thimphu City Corporation,
Thimphu, Bhutan

Mr. Nima Wangdi
Thrompon (Mayor)
Tel.: +975-2-323665
Fax: +975-2-324315

Mr. Ganesh Gurung

Engineer,
Solid Waste Management Section
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Ministry of Trade and Industry,
Thimphu, Bhutan

Mr. Sonam P. Wangdi
Director,
Department of Trade

Mr. Danraj Subba
Joint Director,
Department of Industry

Ministry of Health
Thimphu, Bhutan

Ms. Sonam Wangmo

Program Officer,

Department of Medical Services

Tel: 975-2-328091

Mobile: 17601973

Email: sonamwangmo@health.gov.bt

Royal Civil Service Commission
Thimphu, Bhutan

Ms. Monira A. Y. Tshewang
Chief Media & Information Officer
Tel.: +975-2-322491

Email: rcsc@rcsc.gov.bt

Ministry of Education
Thimphu, Bhutan

Mr. Tshewang Tandin

Director,

Department of School Education
Tel.: +975-2-325325

Fax: +975-2-325183

Road Safety and Transport Authority
Thimphu, Bhutan

Mr. Dophu Dukpa,
Head of Transport Division

Department of National Properties
Thimphu, Bhutan

Mr. Tashi Dorji Tangbi
Head of Properties Registration and Auction Division
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i) Industrialists

Managing Director

Bhutan Polymers Company,
Gomtu, Bhutan

Tel: +975-5-371178

Email: mdbpcl@druknet.bt

Mr. Pema Tenzin

Director,

Bhutan Steel Industries Ltd.,

P.O. Box 319, Phuentsholing, Bhutan
Tel: +4975-5-251025

Email: bhutansteel@druknet.bt

Mr. Rinchen Dorji

Managing Director,

RSA Poly Products Pvt. Ltd.,
P.O. Box 321, Phuentsholing
Tel.: +975-5-252458

Email: mdrsa@druknet.bt

Mr. Phuchu Dorji

General Manager,

Samtse Distillery, Army Welfare Project,
P.O. Box 92, Phuentsholing, Bhutan
Tel.: +975-5-365285

Email: awpsam@druknet.bt

iiiy  Private Scrap dealers

M/s Pin-Nga Scrap
P.O. Box 440, Phuentsholing, Bhutan
Tel.: +975-5-253146

M/s Karma Scrap Dealers
Semtokha, Thimphu
Mobile: +975-17603026

M/s Jungshi paper entrepreneur,
Thimphu, Bhutan.
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