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ABSTRACT 
 

Municipal solid waste management is an emerging concern in major cities of 

Bhutan, especially Phuntsholing city. Despite lack of reliable data on both the waste 

composition and quantity, no research studies are conducted to identify problems and 

alternatives to improve the current management system. Therefore, the study 

objectives are: 1) to determine solid waste composition and generation rate; 2) to 

investigate current solid waste management system in Phuntsholing City; and 3) to 

propose alternatives for its improvement.  

The study methodology involved both qualitative and quantitative methods. 

Waste samples were selected from various collection depots and analyzed for 

composition and generation rate. Investigation was carried out through interviews 

with municipal authorities and local residents, existing document reviews and field 

observations, to obtain information pertaining to the current management system.  

It was found that the organic fraction of waste composition was about 71% of 

the total. The average waste generation rate was estimated to be 0.40 kg/capita.day 

and the haul density was 298.11kg/m3. Further results revealed that the current 

management system is technically inefficient. Financial constraints, lack of policy and 

planning and weak social collaborations worsened the management problem.  

Therefore, recommendations are suggested to improve the current situation. 
 
KEYWORDS: MUNICIPAL SOLID WASTE/ WASTE GENERATION/ WASTE 
  COMPOSITION/ WASTE MANAGEMEN/ BHUTAN. 
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CHAPTER 1 

INTRODUCTION 
 

 

1.1 Background and justifications 

 

The problem of municipal solid waste management is a universal issue. It is a 

man-made disaster and it depends upon systematic measures taken to deal with them. 

It is the people’s greed that enforces temptation to consume resources more than 

necessary and it is the people’s ignorance of the responsibility to manage individual 

wastes, ultimately creating waste disasters to make the society vulnerable. The waste 

quantity increases proportionately to population, economic growth and rapid 

urbanization of the nation (Talyan, Dahiya and Sreekrishnan, 2007; Ojeda-Benitez, 

Armijo de Vega and Ramirez-Barreto, 2003). It is obvious that with changes in 

economic status, the individuals change in their resources consumption pattern, thus 

changing the composition and quantity of the waste imposing greater challenge to the 

waste management (Viniegra, Cortes and Cuevas, 2001).  

 

Basically, waste storage, collection and transportation, treatment and recovery 

and its disposal are the important technical aspects of waste management system that 

are well practiced in developed countries through well established and regulated 

programs (Al-Khathib et al, 2007).  Besides the technical aspects, financial, policy 

and planning, and social aspects are inherently important issues of management 

system (Schubeler, Wehrle and Cristen, 1996: Online; Sharholy et al, 2006). While 

most of the developed countries have put these management concepts into best 

practice through well organization and planning, developing countries are often 

encountered with ineffective management system. Generally, inadequate 

technologies, poor financing, lack of policy and planning and workable legislation, 

regulation and implementation plans are common causes for ineffective management 

systems (Vidanarachi, Yuen and Pilapitiya, 2006; Al-Khathib et al, 2007).  
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In order to adopt an effective management practices, the availability of 

information on waste composition and quantity are cornerstone to understand its 

potential for waste recovery and successful management planning (Gidarakos, Havas 

and Ntzamalis, 2006; Ojeda-Benitez, Armijo de Vega and Ramirez-Barreto, 2003; 

Magrinho, Didelet and Semiao, 2006; Jin, Wang and Ran, 2006; Chang and Davila, 

2007; Abu Qdais, 2006; Amponsah and Salhi, 2004). The waste components such as 

glass, paper, plastics and metals are recyclable materials while organic components 

can be composted (Sharholy et al, 2006). However, to move from existing condition 

to more sustainable waste management, there is critical need to review the existing 

conditions and identify its associated problems as an initial step to come out with 

suitable alternative solutions (Al-Khathib et al, 2007; Tinmaz and Demir, 2006; 

Vidanarachi, Yuen and Pilaptiya, 2006; Pasang, Moore and Sittorus, 2006). 

 

Like any other developing countries, Bhutan is also not spared by problem of 

municipal solid waste (MSW) generation and management. Especially it is an 

emerging concern for two cities of Thimphu (Capital city) and Phuntsholing that 

exhibit complexity of issues concerning high population growth and waste generation 

(NEC, 2000). Its limited land size and rugged topographical condition further 

compounds the problem of solid waste management for its disposal. Municipal city 

corporations are responsible body to manage the solid waste generated within the 

cities. In Phuntsholing city, the area of the study, Phuntsholing City Corporation 

(PCC) takes initiative to manage waste whereby waste are collected and transported to 

newly constructed landfill site.  The current solid waste management system is 

ineffective whereby waste littering prevails in every nook and corner of the city 

(Kuensel, 2006: Online). Despite its concern to improve existing situation, there is 

few reliable data on neither waste composition nor waste quantity, which is 

prerequisite for overall waste management planning. Furthermore, few studies had 

been conducted to investigate the existing solid waste management system that tries to 

identify its problems and potential for its improvement.  

 

 Therefore, this study aims to determine MSW characteristics and investigate 

current management system to identify problems and alternatives for its improvement. 
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1.2 Objectives of the study 

 

The study had fulfilled the following objectives 

1.  Determine the MSW generation and its composition. 

2.  Investigate the current MSW management system. 

3.  Propose alternatives to improve the current MSW management system. 

 

1.3 Research questions 

 

This study answered following questions 

1.  What are the MSW generation and composition?  

  2.  How is the situation of current MSW management system? 

  3.  What are the alternatives to improve the current management system?  

 

1.4 Conceptual framework 

 

In any communities including Phuntsholing city, wastes are being generated 

daily from every activity. It becomes main responsibility of the government, 

especially the local government to curb its problem. Primarily, waste management 

includes technical, financial, policy and planning, and social collaboration; however, 

no management systems are ideal and are no exception to existing problems. As such, 

existing management system needs to be investigated and their problems and 

alternatives must be identified for effective management system. Basically, 

information about waste characteristics such as waste generation and waste 

composition are essential to design and overall planning of waste management 

system. Therefore, the existing data must be updated in order to analyze together with 

different conditions in technical management, financial, policy and planning and 

social collaboration for recommended management planning (Figure 1). As a result, 

the main guiding principles for MSW management development is to achieve various 

goals, which include protection of human health, promote environmental quality, and 

support economic productivity of the city.  
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Figure 1 Conceptual framework 

 

1.5 Scope of the study 

 

The scope of this study covered waste generation and its composition, 

procedures and facilities of handling, planning and management system including 

technical, financial, policy and planning and social aspects of the management 

conceptualizing that municipal solid waste as the solid waste generated within the 

territorial limits of municipality service, which is independent of the source of 

generation. 
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Solid waste generation and composition  

 

In this study, municipal solid waste generation is the estimated quantity of 

waste generation in kg/capita.day. Waste composition is the estimated physical 

composition, constituting mean wet-weight fraction of individual components of 

waste. Both genetaion and its composition were based on actual amount of waste 

collected and not on classification by source of generation. 

 

Municipal solid waste management system 

 

It encompassed technical, financial, policy and planning and social aspects of 

the management. Technical aspects covered waste storage, collection and transport, 

treatment and recovery, and final disposal. Financial aspects looked at capital 

investment, operation and maintenance cost, cost reduction and control mechanisms. 

Policy and planning aspects included reviewing the existing policy pertaining to solid 

waste management and implementation plans of the municipal city corporation. 

Social aspects comprised the social survey interview for the residents of the city 

following the process of MSW management, covering waste storage, collection and 

transportation, waste separation at house, fee collection and performance of the 

current management system. 

 

Target groups for the study 

 

Phuntsholing City Corporation was solely responsible for solid waste 

management in the city. The main target group comprised municipal city corporation 

authorities responsible for solid waste management. It included head of waste 

management, Dasho Thrompon (mayor), deputy managing director, the engineers 

responsible for solid waste management division (Civil & Works), site engineers, 

drivers, and waste workers. Also, residents of the city as responsible for MSW 

generators, social survey encompassed 338 household heads which was 10 % of the 

total population.  
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Study area 

 

The study was conducted in Phuntsholing city located to extreme south of the 

country. The total land area of city is 22 km2, which included 2 km2 urban and 20 km2 

rural areas (PCC, 2005). It had a population of 22,500 people comprising 3,379 

households. The study covered three areas/zones namely area 1, main town, area 2, 

Royal Insurance Corporation of Bhutan (RICB), and area 3, Chukha Hydro Power 

Corporation (CHPC), the urban areas which was within the territorial limits of current  

waste management service. The study was conducted for duration of one month in 

November 2007. 

 

1.6 Expected outcomes 

 

 This study provides following contributions: 

1.  Provide baseline data on MSW generation and its composition to provide 

an understanding of waste recovery potential. 

2. Provide information about the current situations of MSW management 

system and identify problems. 

3.   Provide alternatives for improving current MSW management system. 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                   M.Sc. (Industrial Ecology and Environment) / 7 

 

CHAPTER 2 

LITERATURE REVIEW 
 

 

2.1 Introduction  

  

The urban environment deterioration is inherent with all countries and 

especially the issue of solid waste problem had posed a universal issue. Obviously, 

rapid economic and urban population growth had led to change in consumption 

pattern, thereby changing its quality and quantity of waste. In Bhutan, Thimphu and 

Phuntsholing had emerging concern regards to solid waste problem. While 

information regarding waste characteristics is important for overall management 

planning, availability of such data are very limited. While municipalities are directly 

responsible for managing local waste, existing managing systems had always 

remained unaccessed and problems unidentified. 
 

This chapter reviews the literatures which are relevant to the present study.  

First it reviews the literatures pertaining to solid waste characteristics, highlighting the 

standard methods used for conducting waste generation and composition analysis. 

Further in the subsequent sub-sections, it reviews the various concepts of municipal 

solid waste (MSW) management system which includes technical, financial, policy 

and planning and social aspects of the solid waste management. 
 

2.2 Municipal solid waste generation and composition  
 

2.2.1 Solid waste generation 

 

Waste refers to all kinds of refuse that are thrown away after the consumption 

or production. The terminology municipal solid waste, urban solid waste, residential 

solid waste and domestic solid waste are often used in ambiguous manner in most of 

the studies but actual with the same meaning. MSW is defined in several ways. Some 
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studies define as materials collected by the municipality or authorized organization. In 

general, MSW is defined as refuse from residential, institutions, and in general all 

solid waste generated by the activities of the community (Buenrostro, Bocco and 

Cram, 2001). Most researchers reveal that in most of the developing countries, due to 

availability of limited resource in MSW management sector, maximizing the cost 

effectiveness in using resource has to be one of the priority tasks for waste 

management practitioners. However, to achieve such objective, strategic planning is 

crucial, and the information on waste generation including generation rate and density 

is very essential. Basically, the use of data on waste generation rate and density finds 

importance in determining the size of waste storage, vehicle requirements, 

equipments, etc. Therefore, it is important to obtain the basic information about waste 

generation (WHO, 1996: Online; Amponsah and Salhi, 2004; Kumar, 2005: Online; 

Gidarakos, Havas, and Ntzamalis, 2006; Chang and Davila, 2007). 

 

However, information on waste generation in some countries is unavailable. 

When information is available, the validity of collected data sometimes remained 

unevaluated due to limited surveys. Some researchers looked for different choices to 

gain reliable data. For example, while information pertaining to waste generation can 

be obtained either based on waste generation by source or on actual amount of waste 

collection, waste generation study by source are acute due to technical knowledge, 

financial restrictions and time (Buenrostro, Bocco and Cram, 2001). Therefore, most 

of the studies for waste generation are based on actual amount of waste collection that 

portrays the waste generations. In this method, it involves quantifying the actual waste 

collected by the municipalities or other waste collection organizations for its disposal. 

Load count analysis is one mostly adopted method to quantify actual waste 

generation. It involves counting numbers of vehicles collecting the waste and taking 

note of its weight directly for certain period of time and computing total weight of 

waste. On the other hand, if direct weighment is not possible, it requires computing 

the waste volume using the typical specific weights and obtaining total weight. 

Finally, the unit wastes generation and generation rate considering the population 

covered by the municipality service can be computed (Tchobanoglous, Thiensen and 

Vigil, 1993). 
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2.2.2 Solid waste composition 

  

When municipal solid wastes are discharged into the containers without any 

separation, the result is a complex composition thereby making the management more 

difficult. The solid waste management options include source reduction, curbside 

recycling, material recovery, waste-to-energy, landfilling and composting. However, 

the information on solid waste composition is crucial to understand the potential for 

waste recovery and for overall planning of waste management system (Ojeda-Benitez, 

Armijo de Vega and Ramirez-Barreto, 2003; Amponsah and Salhi, 2004, Magrinho, 

Didelet and Semiao, 2006; Chang and Davila, 2007; Sha Ato et al, 2007).  

 

For instance, if organic materials make up the bulk of local solid waste stream, 

composting facilities would be favored while on the other, high fraction of plastics or 

papers could indicate recycling or incineration as good options due to its high heating 

value (Chang and Davila, 2007; Burley, 2007). Most of the studies (APO, 2007: 

Online; Vishvanathan and Trankler, 2007: Online) reveal that developing countries 

have similar trend of waste composition. Mostly, biodegradable portion dominates the 

bulk of solid waste and especially biodegradable portion consisting of food and yard 

wastes, which portrays composting as most appropriate technology for waste 

reduction.  

 

Several studies are being conducted on waste composition analysis. It reveals 

that most of the researches (Cascadia Consulting Group, Inc., 1999; 2004; 2006: 

Online; Gidarakos, Havas and Cram, 2006; Chang and Davila, 2007) employ waste 

sampling by obtaining sample size, sorting and weighment and then analyzing its 

mean composition. 

 

2.3 Municipal solid waste management 

 

 Solid waste management is defined as the discipline associated with the 

control of generation, storage, collection and transport, processing or recovery and 

treatment and disposal of solid waste in a way that is in accordance with best 
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principles of public health, economics, engineering conservation, aesthetic, other 

environmental considerations and taking public response into account (APO, 2007: 

Online). Therefore, in order to achieve sustainable and effective waste management 

system, it is important to consider financial, policy and planning and social aspects of 

the management system besides technical management (Schubeler, Wehrle and 

Cristen, 1996: Online; WHO, 1996: Online; Vidanarachi, Yuen and Pilapitiya, 2006; 

Al-Khathib et al, 2007; Hui et al, 2006). 

 

It obvious that in the absence of any mentioned aspect, it would constrain the 

overall performance of management system. Therefore, the existing solid waste 

management system must be reviewed and investigated to identify their problems and 

provide suitable alternatives for their improvement (AI-Khathib et al, 2007; Tinmaz 

and Demir, 2006; Vidanarachi, Yuen and Pilapitiya, 2006; Pasang, Moore and 

Sittorus, 2006; Rathi, 2006) 

 

2.3.1 Technical management 

 

Technical aspects of solid waste management include waste storage, waste 

collection, transfer and transport, waste treatment and recovery and waste disposal. 

The details of technical aspects are explained in following sub-sections: 

 

 Waste storage system 

 

In general, the main purpose of providing on-site storage system is primarily 

for temporarily storing the generated waste before collection for its final disposal. 

This measure is to prevent creation of unaesthetic and unhygienic condition from 

generated waste by avoiding open dumping. Further, it is meant to facilitate easiness 

for waste collection (Tchobanoglous, Thiensen and Vigil, 1993). 

 

Waste storage comprises provision of household and communal waste 

containers by the municipality to store individual waste before collection. This 

activity is associated with containment of solid in large receptacles used as central 
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collection points (Schubeler, Wehrle and Cristen, 1996: Online). Common types of 

waste storage include receptacles such as plastic containers, plastic bags, dumpsters, 

roll-off containers, etc. In fact, in some countries, the house owners requires to buy 

special bags so that cost of disposal is distributed towards individuals who produce 

more and in some, the owners requires to buy special bags and pay for the disposal on 

a per-bag basis (Mihelcic and Hutzler, 1999).  

 

For the on-site storage, there should be the provision of adequate number of 

waste storage facilities and capacity to handle total generated waste with their proper 

locations and distribution of storage bin through proper planning. In order to achieve 

the mentioned concerns, the availability of reliable information about its existing 

waste characteristics is inherently important (Gidarakos, Havas and Ntzamalis 2006; 

Ojeda-Benitez, Armijo de Vega and Ramirez-Barreto, 2003; Magrinho, Didelet and 

Semiao, 2006; Jin, Wang and Ran, 2006; Chang and Davila, 2007; Abu Qdais, 2006). 

Therefore, selection and provision of appropriate waste storage facilities should be 

based on area-specific data on prevailing condition of the waste characteristic such as 

waste generation rate, density, etc., in order to lower the cost and to reach efficient 

operation and maintenance. Remarkably, design and procurement must be made in 

close attention to requirement of preventive maintenance, repair and availability of 

spare parts (Schubeler, Wehrle and Cristen, 1996: Online; WHO, 1996: Online).  

 

 Waste collection and transportation system 

 

Collection of waste involves gathering of solid waste and recyclable materials 

and transporting to disposal site directly or either to transfer station or to processing 

facility. It includes temporary storage and transfer stations, vehicles and equipment’s 

for waste transfer, and the procedures for operating and maintaining these facilities 

and equipment. Basically transfer stations facilitate central points for waste 

scavenging and waste separation activities (Schubeler, Wehrle and Cristen, 1996: 

Online). In fact, their design and use must match the characteristic of the local 

collection systems and the availability of suitable and environmentally safe transfer 
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station place.  In general, transfer station is necessary when the disposal site is more 

than 10-15 km away from generation (WHO, 1996: Online; Sharholy et al, 2007). 

 

In collection and transportation, decision about types of service, frequency of 

collection, types of collection vehicles, crew size, utilization of vehicles and collection 

route design are important aspects. In terms of types of service, curbside pick up is 

most widely used service in most of the countries instead of door-to-door service to 

minimize time of collection. Frequency of collection depends upon the amount of 

generation rate; however 2-3 times per week is most commonly practiced. As daily 

collection requires more vehicles and workers, it is less efficient therefore, it is better 

to provide a reliable and regular collection service with lower frequency than 

unreliable one with higher frequency (WHO, 1996: Online). The selection of 

collection vehicle must be based on existing condition of the area and also considering 

easiness to maintenance and availability of spare parts. Collection vehicle such as 

compactor truck is considered to increase the mass of collection and typical crew size 

is usually 1-3 crews. The efficient crews and waste workers would enhance the waste 

collection and transportation effectiveness. As such, provision of basic economic and 

social securities to workers would improve their efficiency. In terms of collection 

route, while there are no fixed rule but following certain criteria such as pick up of 

waste in crowed areas before traffic, pedestrian congestion is at peak and collection 

points that generate a large a large volume of daily waste should be serviced earlier in 

the day (Mihelcic and Hutzler, 1999). Further, the use of properly planned collection 

and transportation route for vehicle is important for proper utilization of vehicle, 

manpower, saving of fuel and reduction of time (Schubeler, Wehrle and Cristen, 1996: 

Online; WHO, 1996: Online; Vishvanathan and Trankler, 2007: Online; Alam et al, 

2007).  

 

Collection and transportation can be organized by either individual 

owners/groups, service provided by public authority, private collection service on 

contractual or combination of both. Most of the waste management practitioners 

reveal that service provided by public and private is a better practice in view of 

environment and health and even costs if indirect costs are taken into account. 
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Collection and transportation is the most expensive unit operation of solid waste 

management which make up 70-80% of the municipal budget and its improvement 

and cost savings will generate financial resources necessary for final disposal (WHO, 

1996: Online; Nair, 1993: Online).  

 

 Waste treatment and recovery 

 

Primarily, the main purpose of waste treatment and recovery process is to 

reduce the volume and mass of solid waste for disposal and to recover conversion 

products and energy. Basically this involves recovery of separated materials, 

separation and processing of solid waste components, and transformation of solid 

waste. Separation of waste can be achieved through manual sorting, screens, 

shredding, and magnetic separation. Materials transformation can be achieved by 

chemical transformation through combustion for waste to energy or through biological 

process such as composting (Tchobanoglous, Thiensen and Vigil, 1993).  

 

Generally the waste components such as mainly metals, glass, and plastics are 

common recyclable materials besides other recyclables rubber, wood, textiles, etc 

(Schubeler, Wehrle and Cristen, 1996: Online; Sharholy et al, 2007). As such, 

recyclable materials can be recovered through recycling and reuse. This activity is 

economically useful and equally increases the life of landfill site through waste 

volume reduction. It can be achieved through informal waste scavengers. As there 

might be formal public sector workers recruited for waste scavenging activity, it is 

necessary to specify rights and recovery conditions of both formal and informal 

workers. The public sector may lease waste recovery rights to formal private sectors 

or else public sector itself become involved in waste recovery for recycling and reuse. 

WHO (1996: Online) provides useful keys to successful recycling as mentioned 

below: 

1. Develop a system that connects the generation of recyclables to collection, 

transportation, intermediate processing such as crushing, sorting, etc. and shipment to 

recipient facilities. 

2. Devise the means in each of the above components, and estimate costs. 



Norbu                                                                                                                   Literature Review /    

 

14

3. Develop a cost recover-cum-economic incentive method such as import/sales tax 

on canned/bottled drinks, deposit-refund system, tax incentive or direct financial aid for 

privates involved in recycling. 

4. Organize public information and campaign activities to encourage people’s 

participation in recycling. 

 

Composting is another promising area for the recovery of organic materials. 

However, the success of establishing composting plant would largely depend upon the 

availability of the market.  Therefore, decisions for composting plant must be market 

oriented and based on economic and financial analysis. While large scale sector 

composting plants are seldom financially viable, however, small-scale, decentralized 

composting plants are feasible options. As such, community based composting may be 

promoted. Obviously, the location of facility at the vicinity to market such as near 

farm may provide some advantage. In any case, the concern authorities needs to 

promote waste storage facilities and information campaigns on waste separation as 

success of composting demands waste separation at source (Schubeler, Wehrle and 

Cristen, 1996: Online). 

 

The other options for minimizing organic waste are home composting or 

gardening. There are some success stories of home composting through some projects 

such as “ Honiara Sup Sup Garden” project in Honiara, Solomon Island or/and Family 

Nutrition Improvement project in Micronesia and WHO (1996: Online) provides 

useful keys to successful home composting as mentioned below: 

1. Organize community group 

2. Use grass-root communication 

3. Make the operation simple with use of local resources  

 

 Waste disposal  

 

Proper disposal of MSW is a necessity to minimize the environmental health 

impacts and degradation of land resources. In most developing countries, studies 

reveal that solid wastes are disposed of by transporting and in open dumps, which are 
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environmentally unsafe. Some common options of waste disposal are composting, 

incineration and land filling. While, disposal options such as composting and 

incineration methods serves as intermediate disposal methods to minimize waste 

volume, there is always a large quantity of waste remaining for disposal in an 

environmentally sound manner. As such, waste disposal to land fill is often inevitable 

and integral part of waste management (Vishvanathan and Trankler, 2007: Online). 

 

Initially, the primary concern of waste disposal on the land as landfill is 

finding the suitable location and site. In most cases, while there is problem of finding 

suitable land site due to the limited land size, it is further constrained by limitation of 

sitting criteria requirement. Therefore, local government authorities responsible for 

MSW management should ensure the availability of appropriate waste disposal sites. 

While the technology for landfill is fairly simple, it involve complex organic process, 

therefore in order to ensure their efficient operation and to limit disturbances and 

environmental pollution, landfills need to be carefully sited, correctly designed and 

well operated that is in accordance to with locational and sitting criteria of the national 

and international standard (WHO, 1996: Online; Schubeler, Wehrle and Cristen, 1996: 

Online). 

 

In fact, methods of landfilling exists in various categories such as open dump 

or open landfill, semi-controlled or operated landfill and sanitary landfill among 

which sanitary landfill is an engineered system which is the best option taking into 

account the likely environmental impacts by solid waste with regards to air, water and 

soil. However, due to operational constraints, there is fear of air pollution from open 

burning and landfill gas generation and also contamination of surface and ground 

water through uncontrolled release of leachate. Therefore, particular attention must be 

given to ground water, soil, and air through the control of leachate and gases. It must 

be operated with daily soil cover, leachate control and treatment, gas control, proper 

liner system and ground water monitoring system (Tchobanoglous, Thiensen and 

Vigil, 1993; Agdag, 2008; Hui et al, 2006). 
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2.3.2 Financial Management 

 

The financial aspects of the waste management comprise capital investment 

cost, operation and maintenance costs, and cost reduction and control measures. 

 

 Capital investment 

 

Capital investments are costs that are incurred in the planning and construction 

phase including the equipment costs processing and handling of waste (Rhyner et al, 

1995). These investments can be realized in the analysis of a project on a yearly basis 

as fixed costs by annualizing the costs in either depreciation or amortization (Criner, 

Allen, and Schatzer, 2001). The main options available to local governments for 

financing capital investment in the solid waste sector are local budget resources, loans 

from financial intermediaries and special loans or grants from the central government 

(Schubeler, Whrle and Cristen, 1996: Online; METAP, 2000: Online).  

 

In some countries, municipal bonds may be a workable source of financing. In 

the recent years, private sector financing has also attracted growing interest for capital 

investment as an alternatinative option. Doubtlessly, in spite of all the available 

options, it is mainly the central government which is the central source of funding for 

major infrastructure investment in solid waste management (METAP, 2000: Online). 

However, for the planning of investment programs, it is indeed the full responsibility 

of the concerned local government authorities that must subsequently operate and 

maintain the acquired facilities and equipments being procured. Adequate financial 

analysis procedures are required at local government level at the planning phase so as 

to ensure suitability of the investment decisions (Schubeler, Wehrle and Cristen, 1996: 

Online).  

 

 Operating and maintenance costs 

 

These costs are associated with the daily operation of a facility (Rhyner et al., 

1995). In general, the operation and maintenance cost is most expensive and 
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concerning to on-going waste management. Therefore, careful attention is required for 

operation and maintenance financing (APO, 2007: Online; Vishvanathan and 

Trankler, 2007: Online). While foreign aid and support from nongovernmental 

organizations can help finance waste management, they cannot be relied upon as long-

term funding source. Thus, to ensure long-term financial sustainability, measures to 

generate revenues such as imposing user charges for solid waste management service 

becomes part and parcel to on-going management (WHO, 1996: Online; ENPHO, 

2007: Online).  Further, Schubeler, Wehrle and Cristen (1996: Online) emphasized 

that financial operations through user charge is preferable to encourage the 

responsiveness of the supplying agencies to user needs to ensure that collected funds 

are actually used for waste management. As such, its collection efficiency may be 

increased by adding solid waste utility charges, such as the water bill. The important 

issue is the question of implementing a user charge scheme in the areas where such 

practice is never adopted before without creating any socio-political problems. 

However, the above mentioned problems can be avoided by establishing affordability 

and willingness-to-pay level for waste management service in areas where such 

schemes are to be introduced and the most worldwide applied user charge level is a 

monthly user charge of less than 1% of the family monthly income (WHO, 1996: 

Online). 

 

Besides user charge as applicable source of generating the revenue, other 

available options can be in the form of local taxes and inter-governmental transfers 

(World Bank, 1999: Online). The local tax such as property tax is worldwide applied 

and their collection is directly the responsibility of the municipality. As far as 

possible, user charges should be based on the actual costs of solid waste management, 

and related, and the volume of collection service actually provided. Variable fees 

could be applied to meet the demand for waste services by providing added incentive 

for waste minimization for large waste generators. Obviously, the revenue so 

generated may be only sufficient to cover partial financing of operation and 

maintenance (METAP, 2000: Online). However, once the concept of payment for 

service is accepted by users, the level of charges can be increased gradually after 

providing visual improvement for the service provided initially to meet the operation 
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and maintenance cost and eventually the full service cost including capital cost, thus 

achieving a sustainable solid waste management system (WHO, 1996: Online). 

Moreover, in order to achieve equity of waste service, large scale waste generators 

should pay full cost of disposal services based on the “polluters pay principle” 

(Schubeler, Wehrle and Cristen, 1996: Online; METAP, 2000: Online). 

 

 However, in practice, the collection of waste service is quite poor in most of 

the local municipalities. Eventually, if the service provided to the localities is 

perceived to be unsatisfactory, it is likely that locals would be reluctant to pay for the 

service. Doubtlessly, this poor payment system would ultimately result to further 

worsen the service quality (Schubeler, Wehrle and Cristen, 1996: Online). Thus, this 

calls for improved fee collection means. It can normally be achieved by clubbing 

waste collection charges with other bills such as water supply or electricity, making 

progressive such that large users pay higher rate per volume of collected waste than 

small users. There must be link between waste revenues to the actual volume of 

provided service and it may be appropriate to adopt weight or volume based charge 

for large single point waste producers such as commercial and industrial sectors 

(World Bank, 1999: Online; Arntzen and Fidzani, 2000: Online). 

  

 Quite often, in many cities, solid waste service revenues flow into general 

municipal accounts. This bureaucratic accounting procedure tends to be absorbed by 

overall expenditures instead of being used for intended purpose of solid waste 

management and making more dependency on central government (ENPHO, 2007: 

Online). These results to getting less share of the amount collected for waste 

management. Further, danger of misuse of funds is greater when locally generated 

revenues are transferred to the central government before being applied to local 

municipality. This often results to provide linkage between revenues and the actual 

levels of service provision, which ultimately creates discouragement to improve local 

municipality service for the local municipalities. Thus, in order to ensure the collected 

revenues are actually used for solid waste management, this demands autonomy of the 

concerned body and as such, municipality must be authorized for solid waste 

management agencies to have own planning and implementation, collection of 
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charges, imposing standards, imposing penalties for non-compliance and other related 

(WHO, 1996: Online; Schubeler, Wehrle and Cristen 1996: Online). 

 

Further, besides the above mentioned option of generating revenues for solid 

waste management, other means would be to capitalize on composting and generate 

revenue through sale of compost to be used as soil conditioner for agricultural purpose 

(Vishvanathan and Trankler, 2007: Online). Obviously, the success of compost is 

likely to depend on market for the compost. Thus, decision about introducing 

composting plant must be market-oriented and based on economic and financial 

analysis. While large scale composting plant are seldom financially viable, a small 

scale decentralized composting could be practical and its nearby location to market for 

compost such as farms and horticulture may also bring advantage for its sale 

(Schubeler, Wehrle and Cristen, 1996: Online). 

 

 Cost reduction and control measures 

 

The existence of a sustainable waste management system depends very much 

on its financial viability and it is often a difficult challenge to waste management 

practitioners. Thus, to ensure the long-term economic sustainability of management 

systems, investments in system development should be in accordance to the level of 

resources which the society can make available for waste management. It is common 

problem that high rate of urbanization increases the service demand which far out-

strips the increase in funding provided. While potential for increasing revenue from 

waste management is usually limited, the most effective way to ensure financial 

sustainability is eventually “to do more with less”, which calls for cost reduction 

(WHO, 1996: Online; Schubeler, Wehrle and Cristen, 1996: Online; ENPHO, 2007: 

Online). 

 

In fact, there are options to significantly reduce the operational costs of MSW 

management services. As such, minimizing the waste generation of waste or reducing 

the waste load at source is one straight way to reduce the variable cost component 

(i.e., operation and maintenance cost) of the waste management (METAP, 2000: 
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Online; EI-Hamouz, 2007). While the potential for waste reduction in low-income 

residential areas might be quite limited, however, local residents’ participation in local 

solid waste management would reduce public waste collection costs. This step would 

involve recruitment of informal waste collection workers or hiring of small scale 

private enterprise for waste scavenging and recovery. Thus, this informal waste 

scavenging and waste recovery would contribute to cost savings through waste 

volume reduction that needs to be transferred and disposed and at the same time 

reduce waste collection cost (Schubeler, Wehrle and Cristen, 1996: Online). 

 

At the outset, the success of cost reduction would certainly indicate a better 

utilization of available manpower and equipment, improved maintenance of 

equipment, use of relevant technologies, etc. Therefore, accessibility to information 

on actual cost of MSW management service and other important relevant performance 

standards are vital to both central and local concerned authorities to understand the 

cost reduction potential of the service. Further, information about the cost data of 

collection and dissemination, efficiency indicators, performance standards, etc may 

provide the waste mangers attention on particular areas that would require 

improvement for the existing service (Schubeler, Wehrle and Cristen, 1996: Online; 

ENPHO, 2007: Online). 

 

2.3.3 Policy and planning 

 

 The problem of solid waste is a universal issue and is an emerging concern for 

both developed and developing countries to solve out the problem. In most of the 

developed countries, they have well established legislation, regulations and action 

plans however, in developing countries there is usually lack of organization and 

planning in waste management due to insufficient information about regulations 

(Tiymaz, and Demir, 2006). Besides technical and financial constraints, indeed it is 

generally the lack of appropriate policy and legislation that are common cause for 

ineffective waste management system. In some cases, while policies are framed, it 

remains broad and there are wide policy gaps and difficulties in upgrading the existing 

policies due to lack of education, poverty and in some cases customs that do not fit to 
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modern world (Vidanarachi, Yuen and Pilaptiya, 2006). Therefore, at the outset it is 

very essential to have comprehensive policies and implementation plans at the 

national or central level to provide clear guidelines in working procedures for the 

municipalities (WHO, 1996: Online). As such, policies and implementation plans 

should encompass clear goals and priorities, roles and jurisdictions, and legal and 

regulatory framework.  

 

 While formulation of clear cut goals remain important, priorities and trade-offs 

between alternative goals and objectives are inherent under extensive waste 

management demands and limited resources. Furthermore, it is important to clearly 

define the roles, jurisdiction, legal responsibilities and rights of the concerned 

agencies and other organizations to avoid misunderstandings, controversies for the 

concerned agencies which would lead to inaction and ineffectiveness of the solid 

waste management. Legal and regulatory framework which is detailed in the form of 

by laws, ordinance and regulations regarding solid waste management is the 

instrumental basis for implementing the strategic policy and plans. It also includes 

corresponding inspection and enforcement responsibilities and procedures at both 

central and local levels. Generally, regulations should be few in number, transparent, 

unambiguous, which is easily understandable and equitable (Schubeler, Wehrle and 

Cristen, 1996: Online; ENPHO, 2007: Online). 

 

WHO (1996: Online) pointed out that administration is one of indictors of waste 

management. Generally, administering body is responsible for making policies, 

implementation plans and public relations. Therefore, an efficient organization and 

administration structure with appropriate legal framework is basis to support an 

effective solid waste management. In Bhutan, National Environment Commission 

Secretariat, Royal Society for Protection of Nature, Ministry of Trade and Industry, 

Ministry of Works and Human Settlement are responsible for policy and planning at 

the central level for waste management. Some of the existing rules, regulations, 

guidelines and policy documents relating to waste management includes Water and 

Sanitation Rules 1995 (PWD and MOC, 1995), Bhutan Municipal Act 1999 (MOC, 

1999), Environment Assessment Act 2000 by NECs, Environmental Codes for 
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Practice for Hazardous Waste Management 2002 (NEC, 2002), National Environment 

Strategy, “ The Middle Path”,  (NEC, 1999), Ban on Use and Sale of Plastic Bags and 

Wrappers by Ministry of Trade and Industry, 1999, Action Plan for Thimphu 1992 

(TCC and NEC, 1992), etc. Amongst these documents, the most comprehensive 

document oriented to MSW management are Water and Sanitation Rules 1995, 

Bhutan Municipal Act 1994 and Ban on Use and Sale of Plastics (see the details of 

policy review of Bhutan pertaining to waste management in appendix IV). 

 

However, most of the documents related to policies, plans, guidelines, rules 

and regulation related to waste management are broad and there are wide gaps 

between policy and implementations. For instance, there is ban on use of plastic bags 

and wrappers, but there is no mention about its alternatives for use of plastics. Action 

plan for Thimphu 1992 provides autonomy of municipality in terms of financial and 

administration but till date it had not been implemented. Further, such policies and 

plans are not available at municipality or local government level which obviously 

would constrain the waste management system due to lack of clear working 

procedures.  

 

2.3.4 Social management 

 

People in the societies clearly generate solid wastes through their daily 

production and consumption. A solid waste management system that ignores social 

aspects is prone to be a failure and ineffective. For this reason, it is necessary to 

understand waste generation, disposal patterns and public participation especially in 

planning and implementation apart from knowing about technical or financial aspects 

in waste management research and decision making (Joos et al, 1999). 

 

Basically, people directly or indirectly generate waste. Direct generation 

includes use of product and its subsequent discard by individuals and indirect 

generations through discard of wastes created in manufacturing, marketing, sales, and 

any other processes associated with production and distribution of materials 

(Tammemagi, 1999). It is obvious that individuals change their consumption pattern 
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with economic status, thus resulting to change in their waste generation pattern. 

Moreover, waste generation is attributed to many reasons, such as their attitudes 

towards waste, patterns of material use, their handling pattern, interest in waste 

reduction and minimization. Besides, it entrails the effectiveness of waste collection 

services that influence waste generation and their disposal pattern (Bernstein et al, 

2004: Online).  

 

Obviously, in the absence of waste disposal options, individuals are likely to 

easily dispose their waste at the lowest cost such as open dumping. Therefore, it is 

necessity to provide waste disposal options for individuals to improve waste handling 

pattern with improvements in waste collection service. Waste disposal option includes 

storing waste in individual waste bins and disposing it to public storage containers or 

waste collection vehicles. Other options are waste separation and sale recyclable 

materials to recycling facilities. Degradable materials such as food and yard wastes 

can be home composted. Waste disposal patterns are influenced by those of their 

neighbors. Thus, their participation for use of solid waste service is crucial for 

improving waste handling practices (Schubeler, Wehrle and Cristen, 1996: Online; 

Bernstein et al, 2004: Online; Raji, Wakhare, and Deshpande, 2001). 

 

 Solid waste management is an essential public service that benefits all urban 

residents in terms of public health and environment protection. Therefore, no 

vulnerable social groups can be excluded from the service benefits and improvements. 

In fact, an efficient waste management cannot ignore incorporation of social aspects 

such as public participation and there are clear evidences whereby the management 

service is prone to fail and be ineffective due to lack of public participation1. 

Therefore, their participation in solid waste management is central to planning and 

implementation, design and operations of the management system to strengthen 

working capacity of the municipality (Saundra, 1994: Online). 

 

                                                 
1 For instance, inadequate public participation has resulted to cancellation of municipal solid waste 
management project in Antalya, Turkey (Bernstein et al, 2004: Online). 
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 Public participation refers the extent to which stakeholders can influence 

development by contributing to the project design, influencing public choices, and 

holding public institutions accountable for the goods and services they are bound to 

provide. It is a process that involves participation of beneficiaries in service design 

and implementation as well as participation in the opportunities created by the service 

and also managing expectations and providing timely feedback and follow-up of 

participants. Therefore, while waste management services may be provided by the 

municipal authorities, the public cooperation and their active participation is very 

essential for effective solid waste management in various areas. Once the public 

comprehend and acknowledge the main constraints and the challenges in the 

management system, public participation should be noticed in the form of proper 

storage of household waste, waste separation at source, placement of household 

containers and effective use of public waste service facilities, willingness to pay 

adequate fees and charges for the service, voluntary involvement in solid waste 

campaigns, following rules and regulations concerning waste disposal, and voicing 

any environmental unethical behavior on the part of public or government (Bernstein 

et al, 2004: Online; Vishvanathan and Trankler, 2007: Online). There are good 

examples of such public participation in Sri Lanka2 and China3. Further, participation 

by whole community for solid waste service is essential to bring about changes in 

waste management with regards to source separation, recovery of reusable and 

recyclables and storage of their waste prior to collection. For instance, one vivid 

example of successful venture is the “Garbage for Eggs”, Project in Klong slum area 

of Bangkok4. 

                                                 
2 In Sri Lanka, 1,280 families in Moratuwa area are encouraged to separate their waste at household by 
NGO and it has enabled NGOs to establish small scale composting plant and biogas generation, paper 
recycling, and sharing information within the network for benefit of the community as funded by 
Community Environmental Initiative Facility pilot project and the NGOs hopes to extend the system to 
about 8,000 families to make project a successful example (Vishvanathan and Trankler, 2007: Online). 
3 The involvement of Women Federation in China had encouraged its members especially mothers who 
took out their children for cleaning the litters and encouraged them to plant greenery every month 
(Vishvanathan and Trankler, 2007: Online). 
4 Eggs were provided by Environmental Conservation Group in exchange for recyclable materials like 
glass and plastic bottles, paper/boxes, plastic bags collected and deposited and initiated by group of 25 
residents of 70 Rai Community in 1997 after serious flooding of slum area. It took 8 months for 
removal of garbage from sewers and canals. The sale proceeds of the materials were further used to 
exchange eggs for the next batch such that the project became self-sustaining and similar projects were 
extended to other 23 communities in Bangkok (Vishvanathan and Trankler, 2007: Online). 
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Thus, public or community as a whole as a waste generators, they must be 

aware of hazards posed by ineffective management of solid waste. Therefore, 

concerned authorities are required to play important role in bringing about awareness 

to create sense of ownership among individuals and thus developing keen interest for 

shouldering responsibilities. Unless public are involved throughout the waste 

management programs by implementing agencies, awareness cannot be achieved. 

Thus, while public participation is important for effective management system which 

in turn demands high awareness programs, therefore, it is very important to provide 

such awareness programs to improve their participation and ultimately to attain 

sustainable management system (Schubeler, Wehrle and Cristen, 1996: Online).  
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CHAPTER 3 

METHODOLOGY 
 

 

3.1 Introduction  

 

This chapter describes the methodology of the study on municipal solid waste 

characterization and management in Phuntsholing City. Primarily, various literatures 

were reviewed relevant to present study to support data collection, analysis and 

compilation. It involved in both qualitative and quantitative methods. Both primary 

and secondary data were collected. The secondary data on current MSW service were 

provided by relevant reports and documents, while the primary data consisted of 

information on waste generation, composition and public’s opinions regarding 

existing solid waste management system, covering technical, financial, policy and 

planning, and social aspects of the management.  

 

3.2 Municipal solid waste sampling and analysis 

 

3.2.1 Solid waste generation  

 

This study was conducted in Phuntsholing city in November 2007. In order to 

obtain solid waste generation, the actual weight of waste collected from the three 

areas for disposal during one week period (29th October to 4th November, 2007) was 

recorded. The study assumed that all the actual amount of waste generated was 

collected for disposal. The per capita waste generation was then computed taking into 

account of population, provided by PCC, using equation (1). 

 

 

 

 

Waste generation rate, kg/capita.day 
Total waste generated, kg/week 

Total population * 7 days 
= (1) 
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Haul density  

 

 As information on haul density is important for selection of type of waste 

collection vehicle, haul density of the MSW was computed on weight-volume 

analysis. Initially, the capacity of each vehicle was recorded as provided by PCC. 

Based on the markings on vehicle body, the volume of waste collected was recorded 

and consecutively, the weight of waste collected by each vehicle was also recorded for 

duration of one week. Haul density was then calculated using the equation (2). 

 

 

 

3.2.2 Solid waste composition 
 

Municipal solid waste in this study included all solid waste generated by the 

residents and commercials in the city, which was collected by Phuntsholing City 

Corporation. Waste sampling and analysis was carried out as per method described in 

Cascadia Consulting Group (1999; 2004; 2006: Online). Primarily it involved two 

steps: waste sampling and analysis.  

 

Waste sampling 

 

Waste sampling was done at several designated collection spots within the city 

and at the landfill site. There were three waste collection areas and three waste 

collection vehicle employed to collect waste from respective areas. Therefore, one 

designated waste collection spot from respective areas (3 sample loads) and one 

vehicle load from three areas (3 sample loads) were selected as waste sample loads. 

Thus, a total of six sample loads was selected.  

 

To obtain waste samples from the designated spots, initially whole weight of 

the waste was weighed to make at least 100-135 kg. Whole sample load was taken as 

waste sample. After obtaining the required weight, the waste components were sorted 

Density, kg/m3 = Weight, kg / Volume, m3                   (2)
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into its prescribed components (Table 3.1). Each waste component were then weighed 

and recorded. 

 

Table 3.1 Waste components of municipal solid waste 
 

Types of waste Components 
 

Putrecibles 
 

Food waste (vegetables, meat scrap, egg shell, dairy products) and 

yard waste (leaves and grass, pruning and trimmings, branch and 

stems, crop residues, manures and others). 

Paper Newspaper, office paper, ledgers, magazines, books, cardboard. 

Plastics Plastic containers, bags, HDPE, PETE, other composites 

LWTR Leather, wood, textiles,  rubber, threads, yarns, fabrics, cloths, etc. 

Ferrous metals Tins, steel cans, iron rods and all other ferrous metals 

Non-Ferrous Aluminum foils, aluminum cans and all other non-ferrous metals 

Glass Clear bottles, colored bottles, composite glass and others glasses 

Inert Stones, rocks, soils/fines, ash and others 

Miscellaneous Others that do not fit to any of the mentioned categories 

Source: Gidarakos, Havas and Ntzamalis, 2006 

 

For the selected waste collection vehicle as waste sample load, one vehicle 

from three existing waste collection areas was selected and weighed at the 

weighbridge to obtain the total weight of the waste. The waste was unloaded at the 

landfill site, and mixed manually. From the known weight, waste sample load was 

divided into cells each making at least 100-135 kg and one cell was selected as the 

representative waste sample. It was then manually sorted into the prescribed waste 

components (Table 3.1), weighed and recorded. 

 

Waste composition analysis 

 

The mean waste composition (wet-weight basis) estimate was calculated using 

equation (3) with the help of software Micro Office Excel 2003. It was derived by 

summing each component’s weight across all of the selected samples and dividing by 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment)/ 29 
  

 

Rj  =  ∑ Cij / ∑ Wi         (3)         

the sum of the total weight for the entire sample. The ratio of the component weight 

was converted to percentage by multiplying with 100. 

 

Where, 
  

Rj is ratio of component weight to the total weight of the entire sample 

 i = 1 to n, where n is the number of selected samples 

 j = 1 to m, where m is the number of components 

 C = the weight of particular component 

 W = sum of all components weight  

 

3.3 Municipal solid waste management in Phuntsholing city 

 

The existing MSW management system was investigated covering technical, 

financial, policy and planning, and social aspects of the management system. It mainly 

involved obtaining information through existing documents and record reviews, 

consultations and interviews with concerned authorities of PCC mainly the MSW 

section and administrative section. Field investigation and records, interviews with 

waste workers and public was also conducted. The details of the method and types of 

data collected with regards to various aspects of management are detailed in following 

sub-sections: 

 

3.3.1 Technical management 

 

To acquire information regarding technical management, initially, the 

prescribed questionnaire guide was provided to officer in charge of MSW, mainly 

engineers. The existing documents and records were also reviewed and to obtain in-

depth information, they were personally interviewed. Field observation and interviews 

with waste workers, drivers and supervisors were also conducted to investigate the 

existing condition of service provided by PCC. This investigation acquired the 
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information regarding waste storage facilities, waste collection and transportation, 

waste treatment and waste recovery practices and final waste disposal methods.  

 

3.3.2 Financial management 

 

To investigate financial management system, it was mainly carried out through 

reviewing of the existing documents. It also comprised personal interviews with the 

concerned authorities of MSW management department. Information related to 

investment cost, operation and maintenance cost, cost reduction and control measures 

of the existing management system were obtained. Local residents were interviewed 

through cross-checking of bills such as property taxes, water bills and electricity bills. 

 

3.3.3 Policy and planning management 

 

In terms of Policy and planning, it mainly involved interviews with the 

administrative section, MSW division heads and existing document reviews. 

Researcher had reviewed the existing policy and plans, acts and regulations oriented 

towards MSW management.  Further, information about PCC’s implementation plans 

for waste management and their administration organization were also obtained.  

 

3.3.4 Social management 

 

The case studies revealed that as residents of any communities as the generator 

of wastes, understanding their perception about current management situation are 

important. As per the concept of solid waste management, social aspects of the 

management include waste generation, their waste disposal pattern and public 

participation. As such, many researchers (Sharholy et al, 2006; Vidanarachchi, Yuen 

and Pilapitiya, 2006) had conducted social survey mainly following the process of 

MSW management. Therefore, social survey was conducted through questionnaire as 

method to obtain qualitative data that will be quantified to descriptive. 
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Study site, sampling and sample size 

 

Social survey was conducted in Phuntsholing city, covering mainly three areas 

of the city, including only the urban populations that have access to PCC’s solid waste 

management service.  As per the survey, total population of the city was about 22,500 

people with 3,379 households. 

 

Random sampling method has been used in selecting the sample. While 

sample size is likely to vary with total population, Neuman (2003), Isreal (1992) and 

Cochran (1963) suggest that for a study population under 1000, the required sample 

size of 30% is suggested for more accuracy, for more population 10,000, sample size 

is about 10% and for population over 150,000, the sample size can be 1%. Therefore, 

total sample size of 338 households representing 10% of total population households 

was selected. 

 

Questionnaire 

 

The questionnaire (Appendix III: Table 1) in general was designed to obtain 

information regarding waste storage and disposal practices by individuals, waste 

separation at source, collection and transportation service, fee collection, and overall 

performance of current waste management service. 

 

Data compilation, analysis and interpretation 

 

 The results of data obtained from investigation with regards to current 

management system with covering technical, financial, policy and planning, and 

social aspects have been compiled and analyzed using software package Micro Excel 

2003. It involved both quantative and qualitative method and is interpreted in 

descriptive manner. Social survey respondent’s analysis is presented in appendix III: 

Table 2. 

 

 



Norbu                                                                                                               Results and Discussion / 32 
 

CHAPTER 4 

RESULTS AND DISCUSSIONS 
 

 

4.1 Introduction 

 

The aim of this chapter is to describe the findings of the study regarding 

municipal solid waste (MSW) characterization and management in Phuntsholing city, 

Bhutan. Firstly, it discusses the results of MSW generation rate and composition in the 

city. Secondly, it discusses the results of investigation of current municipal solid 

waste management (MSWM) system. This covers the discussion of the findings with 

regards to technical, financial and policy and planning, and social aspects of the solid 

waste management. The results of this study are presented and discussed in the 

following sub-sections: 

 

4.2 Municipal solid waste generation and composition 

 

4.2.1 Solid waste generation 

 

Municipal solid waste generation rate for the whole city was computed on 

actual amount of waste collected by collection vehicle for duration of one week in the 

November 2007.The total amount of MSW collected in one week was 62,770 kg and 

the urban population covered by the MSW management service was 22,500 people 

(PCC, 2007). Therefore, waste generation rate per capita is 0.40 kg/capita.day (Table 

4.1). Obviously, the waste generation rate in the city has increased from 0.31 

kg/capita.day in 2000 (NEC, 2000) to 0.40 kg/capita.day in 2007 indicating an 

increase rate of 3.8% per year. As such, waste generation per day was estimated to be 

8,967 kg, which indicated that waste generation per year is about 3,273,006 kg. 

Ingeneral, the waste generation is considered to increase with population growth and 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment) / 33 
 

rapid urbanization (Sharholy et al, 2006). The country as a whole, the population 

growth rate is 1.3% and the estimated urban population growth rate is between 7-10% 

per annum due to rural-urban migration (PHCB, 2005: Online). This portrays that the 

waste generation will be more pronounced especially due to urban population growth. 

At present, besides the capital city, Thimphu, Phuntsholing is one among the most 

urban city showing highest population growth and the largest generator of MSW 

(NEC, 2000).  The waste generation in Phuntsholing city in 2007 is presented in Table 

4.1(Details in appendix I: Table 1). 

 

Table 4.1 Waste generation by areas in Phuntsholing city in 2007 
 

Areas Waste 

generation 

(kg/day) 

Waste 

generation 

(kg/week) 

Waste 

generation 

(kg/year) 

Total 

population* 

Waste 

generation rate 

(kg/capita.day) 

No.1 4,341.43 30,390.00 1,584,621.95 - -

No.2 2,695.71 18,870.00 9,83,934.15 - -

No.3 1,930.00 13,510.00 7,04,450.00 - -

Total 8,967.14 62,770.00 3,273,006.10 22,500 0.40
Source: Survey in November 2007 

Note:  * Data provided by Phuntsholing City Corporation 

 

Actually, the quantity of waste collected is different from the quantity 

generated from the source. Therefore, in this study, it was assumed that the waste 

generated from all sources is equal to waste collected by the vehicle for disposal. This 

assumption was reasonable to certain extent because there were no waste separation at 

source, which would have lead to diversion of recyclable waste to recycling facilities.  

 

In practice, there was waste diversion due to waste collection by the waste 

scavengers from the waste storage areas. Obviously, most of the waste at the 

backyards always remained uncollected and there was existence of open burning both 

at source of generation and collection spots. These activities revealed that the actual 

waste generation was clearly higher than actual volume collected for disposal.               
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Doubtlessly, the actual amount of waste generation in the city was higher than the 

present estimation. 

 

In order to collect the waste, there were mainly three areas covering an area 

no.1, which is the main town area, area no.2 Royal Insurance Corporation of Bhutan 

(RICB) area, and area no.3, Chukka Hydro Power Corporation (CHPC) area (PCC, 

2007). The waste generation by areas revealed that the area no.1 had highest with 

4,341 kg/day, followed by area no.2 with 2,696 kg/day and then area no. 3 with 1,930 

kg/day (Table 4.1). The per capita waste generation rate estimation by areas was not 

possible, as there was only total number of population in all areas/zones 

 

As information on waste density along with waste generation finds importance 

in provision of waste storage and waste collection systems, haul density of the MSW 

was estimated. It was computed on weight-volume analysis of waste collected by the 

vehicle in the city (Details in appendix I: Tables 1 and 2). It was estimated in an 

average of 298.11 kg/m3 (Table 4.2).  
 

Table 4.2 Haul density of solid waste by areas and type of vehicle in   

      Phuntsholing city in 2007 
 

Areas Vehicle 

type 

Average 

volume 

of waste 

(m3 /trip) 

Number of

vehicle 

trips 

(trip) 

Total volume

of waste 

(m3) 

Total 

weight 

of waste 

(kg) 

Haul 

density 

(kg/ m3)

No.1 Open  

truck No.1 

5.92 13 76.96 30,390.00 394.88

No.2 Compactor  

truck No.1 

6.23 13 80.99 18,870.00 232.99

No.3 Compactor 

truck No.2 

3.90 13 50.70 13,510.00 266.46

Total - 16.05 39 208.65 62,770.00 894.33

Average - 5.35 13 69.55 20,923.33 298.11
Source: Survey in November 2007 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment) / 35 
 

The haul density by areas revealed the highest in area no.1 with 394.88 kg/m3, 

followed by area no.3 with 266.46 kg/m3 and lowest in area no.2 with 232.99 kg/m3. 

The higher density for area no.1 was authentic as construction works were under 

progress and the mix of construction and demolition waste was observed in the 

collected waste. Normally, haul density of compacted waste collected by compactor 

truck are higher than un-compacted waste collected by open trucks but in contrary, it 

showed that density for waste collected by compactor trucks were lower than open 

trucks. Further, its density was lower than typical specific density of the compacted 

waste of 296.65 kg/m3 (Tchobanoglous, Thiensen and Vigil, 1993). Obviously, the 

higher density of waste collected by open truck was reasonable because it was 

collecting construction and demolition waste mixed with MSW from area no.1.  On 

the other, the damage of compaction system can possibly occur so that haul density 

for compactor truck can be lower. However, as waste generation varies with seasons 

and accordingly its density (Nair, 1993: Online), therefore further study on waste 

generation and density following seasonal variations is necessary. 
 

4.2.2 Solid waste composition 
 

Municipal solid waste composition was determined in November 2007. The 

results of the MSW composition by wet-weight analysis were mainly organic 

materials (Table 4.3) (Details in appendix II: Table 1). 
 

As a whole in the city, total waste generation in 2007 was estimated to 327, 

3006 kg. The total organic fraction of the waste composition made up the largest 

70.93% (2,321,543 kg) of the total, which mainly constituted putrecibles 31.04% 

followed by paper 20.35%, plastics 10.84% and leather, wood, textiles and rubber 

(LWTR) 8.70%.  The total inorganic materials comprised 23.95% (783,885 kg/year), 

which constituted glass 10.74%, ferrous metal 2.34%, non-ferrous metal 2.45%, and 

inert (stones, ash, soil, construction and demolition waste) 8.42%, while other 

miscellaneous materials constituted 5.12% (167,578 kg/year). The total percentage of  

materials such as paper, plastic, ferrous metal, non-ferrous metals and glass comprised 

46.72 % (1,529,149 kg/year) of the total MSW generated in the city. 
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Table 4.3 Municipal solid waste composition in Phuntsholing city in 2007 
 

Waste quantity Compostable waste Recyclable waste Type of waste

(kg/year) (%) (kg/year) (%) (kg/year) (%)

Organic  

Putrecibles 1,015,941.09 31.04 1,015,941.10 31.04 - -

Paper 666,056.74 20.35 - - 666,056.74 20.35

Plastics 354,793.86 10.84 - - 354,793.86 10.84

LWTR* 284,751.53 8.70 - - - -

Inorganic   

Ferrous metal 76,588.34 2.34 - - 76,588.34 2.34

Non-ferrous 80,188.65 2.45 - - 80,188.65 2.45

Glass 351,520.86 10.74 - - 351,520.86 10.74

Inert** 275,587.11 8.42 - - - -

Misc.*** 167,577.91 5.12 - - - -

Total 3,273,006.10 100.00 1,015,941.10 31.04 1,529,148.45 46.72
Source: Survey in November 2007 

Note:  * Leather, Wood, Textile and Rubber 

 **Stones, ash, soils, construction and demolition waste. 

***Nappies, sanitary napkins, other materials that do not fit into any of the mentioned    

categories. 
 

In general, all kinds of waste components were the generation from residents, 

commercials, institutions, public services, hospitals, construction and demolition, 

street sweeping and industries. Analyzing the types of waste and its components in the 

city, the putrecible waste was mainly food scraps and yard waste. The paper 

components constituted newspapers, packaging materials, magazines, office papers 

and cardboards. Plastic components were in forms of packaging materials, bags, 

bottles and other miscellaneous plastics, while LWTR constituted mainly textiles, 

rubber, and leather and wood. Both ferrous and non-ferrous were in the forms of top 

and end cuts (scraps) and cans. In glass components, there were glass bottles and other 

broken glasses. Inert consisted mainly in forms of stones and gravels while other were 

sanitation waste such as napkins, diapers, etc. 
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Informal 
recycling 
facilities

Collection and 
transportation 

Generation Waste storage 

 Ms trolleys 
 Ms swing bin 
 Concrete bin

Disposal 

Sanitary landfill 

Waste recovery 

Scavenger** 

Open dumping Scavenger*  

The MSW composition of the city in 2007, the organic component of 

putrecible waste constituting mainly food and yard waste with 31.04 % which 

indicates 1,015,941 kg/year of waste can be recovered through composting. While, the 

most commonly recyclable materials namely ferrous metal, non-ferrous metal, paper, 

plastic and glasses, constituted 46.72% of the total waste, which indicates 1,529,149 

kg/year of waste can be recovered through recycling. As a whole, considerably high 

percentage (77.76%) of total waste, which indicates 2,545,090 kg/year of the waste 

generated in the city, can be recovered through composting and recycling while the 

rest had to be managed through disposal in landfill.  
 

4.3 Municipal solid waste management system in Phuntsholing city 
 

It looked at technical, financial, policy and planning and social aspects of 

waste management which is detailed as follows under each sub-section: 
 

4.3.1 Technical management 
 

Technical management system covered investigation with regards to waste 

storage, waste collection and transportation, waste treatment and recovery and final 

waste disposal systems as presented in Figure 4. 

 

 

 

 

 

Figure 4.1 Municipal solid waste management in Phuntsholing city in 2007 
           Source: Survey in November 2007 

           Note:  * Informal waste scavenger not assigned by PCC 

         ** Informal waste scavenger assigned by PCC 
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Waste storage 

 

The waste generated from residential, commercial, industries, construction and 

demolition, institutions, public services, hospitals, food and yard wastes and street 

sweeping were stored in waste storage facilities provided by Phuntsholing city 

Corporation (PCC). The type of waste storage is all commingled or mixed waste. The 

facilities were mainly of three types, which consisted metallic sheet trolley bins, 

metallic sheet swing bins and masonry concrete bins excluding open storage, which 

were placed at designated spots as shown in Figure.4.2. 

 

 

 

 

 

 

 
 (a) Trolley bin        (b) Swing bin                   (c) Concrete bin 

Figure 4.2 Three different types of waste storage bins provided by PCC 
               Source: Survey in 2007 

 

The official data revealed that all trolley bins had the same capacity of 1.38 

m3; swing bins had capacity of 0.55 m3 and concrete bins varied in their capacities 

with average capacity of 4.26 m3.  The details of the storage facilities as provided by 

PCC are shown in Table 4.4. 

 

It indicated that trolley bins is mostly distributed, which is 44.04% of the total 

followed by swing bins 41.67% and the least distribution is concrete bins 14.29%. As 

per the information obtained from the municipal authority, the distribution of existing 

types of waste storage facility is attributed to various reasons. The distribution of 

heavy metallic sheet trolley bins was meant for security of the containers from loosing 

it. Furthermore, since it is bulky and cannot be moved easily, it was meant to keep the 

containers in designated collection spots intact in position. The second dominant 

distribution of waste storage was swing bins. The distribution of this type of bins was 
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attributed to convenience to unload the waste during waste collection. The least 

distribution was concrete bins. It was meant to receive large volume of waste in the 

city. Another prevailing waste storage was open areas for residents who had no access 

to waste storage facility. In general, it is found that maintenance conditions of all 

types of bins were poorly maintained. The existing condition of each type of bins is 

explained as follows.  

 

Table 4.4 Waste storage bins and its capacity in Phuntsholing city in 2007 

Type of waste storage 

bins 

Capacity of 

bins (m3/bin) 

Numbers 

of bins 

Total capacity of 

bins (m3) 

% of bins 

Ms trolley bins 1.38 74 102.12 44.04

Ms swing bins 0.55 70 38.50 41.67

Masonry concrete bins 4.26* 24 298.20 14.29

Total  - 168 438.82 100.00
Source: PCC, 2007 

Note: *Average capacity (Ranges from 4.00 - 4.52 m3) 

 

Metallic sheet swing bins 

 

Swing bins were placed on the stand that can swing at the pivot making 

convenient for waste collection. The workers can unload the waste by pouring it 

down. It had lid at the top to cover the stored waste. However, due to poor 

maintenance conditions, these bins were not in proper position. Most of them were 

tilted. When the waste was full, there were lot of overflows and the lid remained all 

times opened thereby making easy access to flies, insects and rodents, etc. It made the 

waste collection spots aesthetically unsound and unhygienic thereby creating Not In 

My Backyard situations who reside near to the collection spots. However, it is easier 

to maintain, convenient to use, more hygienic and cost cheaper compared to trolley 

bins and concrete bins. The prevailing conditions of the swing bins are as shown in 

Figure 4.3. 
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Figure 4.3 Existing conditions of swing bins in Phuntsholing city in 2007 
             Source: Survey in November 2007 

 

Masonry concrete bins 

 

Another kind of waste storage was the concrete bin at various locations fixed 

in one place with varied capacities (Figure 4.4). It did not have any cover at the top. It 

was kept wide open at all times. Most of them were found damaged which indicated 

poor maintenance condition. Due to its open nature, there existed lots of overflows 

and scattering of waste due to wind and access to animals at the site. It is not suitable 

to use during rainy season. There also existed open burnings at these waste storage 

facility sites. Open burning is considered an unhygienic practice, which will pollute 

the air. The use of concrete bins as waste storage facility is not appropriate. Initially, it 

requires high cost for construction and since it is fixed in one place, it has no 

flexibility to change its position other than to dismantle it whenever there is set up of 

new infrastructures.  

 

 

 

 

 

 

 

Figure 4.4 Existing conditions of concrete bins in Phuntsholing city in 2007 
           Source: Survey in November 2007  
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Metallic sheet trolley bin 

 

Another kind of waste storage was the trolley bins which weighed about 180 

kg. It had the wheels at the bottom for easy movement of the bin from one spot to 

another. It had no lids or covers at the top and it remained opened at all times. Due to 

its open condition, lots of waste was found scattered nearby. Most of the bins were 

found tilted and its wheels damaged which indicated its poor maintenance conditions. 

The difficulties of maintenance were foreseen due to its heavy weight, which cannot 

be easily taken to workshops. Obviously, it was not suitable during rainy seasons due 

to its open nature. Further, the overflows and drainage of this water made its 

surrounding dirty thus creating aesthetically unsound and unhygienic. Also, 

availability of such containers for replacement of the damaged one was apparently 

expensive and has to be imported from overseas (Figure 4.5). 

 

 

 

 

 
 

 

 

Figure 4.5 Existing conditions of trolley bins in Phuntsholing city in 2007 
             Source: Survey in November 2007 

 

Open storage and illegal dumping 

 

Besides the three types of waste storage bins, there were the open waste 

storage areas in open space beside the roads. These areas were designated by PCC for 

storing the individuals waste and it was mainly in the areas where there is no direct 

access to waste storage bins. Other kind of waste disposal by individual was illegal 

open disposal practices which revealed the lack of individual responsibility and social 

awareness. The individuals simply dispose of their waste in and around their 

residential premises and in the open space which remained always uncollected. Both 
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practices of waste storage in open designated areas and illegal disposal of individual 

waste were found to be aesthetically unsound and unhygienic (Figure 4.6). 

 

 

 

 

 

 
 

 

Figure 4.6 Existing condition of open dumping of waste in Phuntsholing city in 2007 
  Source: Survey in November 2007 

 

In principle, the main purpose of provision of on-site waste storage facilities is 

primarily for public concern, aesthetic consideration and to facilitate easiness for 

waste collection (WHO,1996: Online), however, as mentioned, the prevailing 

condition of distribution and use of existing facilities provided by current management 

system do not intend to serve any of this purpose.   

 

With regards to capacity of the various types of bins (Table 4.4), currently 

distributed 24 numbers of concrete bin with an average capacity of 4.26 m3/bin had 

the highest capacity to store 298.20 m3 of waste. The next was the 1.38 m3/trolley bin 

whereby, the distributed 74 numbers had the capacity to store 102.12 m3 of waste. The 

least was the swing bins whereby 70 numbers of 0.55 m3/bin had capacity to store 

38.50 m3. Therefore, as a whole, it revealed that the existing distributed bins had the 

capacity to store 438.82 m3 of waste generated in the city. 

 

In general, provision of waste storage facilities must be based on its area 

specific data such as waste generation, composition, volume, density of waste, volume 

of containers, etc (Schebuler, Wehrle and Cristen, 1996: Online; Tchobanoglous, 

Thiensen and Vigil, 1993). As per the present study on waste generation, total volume 

of waste generated in the city in one week period accounts to 208.65 m3 (Table 4.2). 
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Therefore, estimated total volume of generated waste in the city is 29.81 m3 per day 

while the existing total volume of containers provided to the city is 438.82 m3 (Table 

4.4). Thus, this indicated that the total waste storing capacity of the containers 

provided to the city is in excess to total volume waste being generated. This portrays 

that provision of storage bins in the city is not appropriate. It also clearly reveals 

current MSW management system did not take into account of the current existing 

situation of the city’s waste generation while providing waste storage facilities. 

 

While the provision of waste storage capacity facilities is in excess to the 

current waste generation, field investigation found the existence of designated open 

waste storage areas and illegal open dumping of individuals waste in and around the 

city, which made surrounding dirty and at the same time, it is an unhygienic practice. 

This situation portrayed that waste storing capacity of the bins provided by current 

MSW management system is insufficient to handle the current total waste generated 

in the city. Thus, it indicated that the distribution of waste storage bin is improper.  

 

Waste separation at source and waste storage in segregated form are practiced 

in many countries. Waste separations into organic, recyclable and other non-

recyclable materials are commonly practiced.  However, the introduction of waste 

recovery and source separation must be done in incremental manner beginning with 

pilot scale to assess and encourage the householder to participate. In the study area, 

there is no separation of waste at source, nor the provision of waste storage facilities 

for segregated waste.  All kinds of waste generated are stored in one common 

container provided by PCC. There are hardly any measures taken towards introduction 

of waste recovery and waste separation in the city.  

 

Thus, with regards to waste storage facilities in the city, the present study 

found that current management system had failed to consider the information on 

current existing waste generation for provision of required capacity of storage 

facilities. This has led to provision of improper distribution of storage facilities with 

weak purpose of public concern, aesthetic consideration and easiness of waste 

collection.   
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 Waste collection and transportation 

 

In the city, waste collection and transportation included transferring the stored 

waste in individual waste bin to the nearest collection containers or directly loads to 

the collection vehicle by individuals during arrival of waste collection vehicle 

provided by Phuntsholing city corporation (PCC). It also included the street 

sweepings. For the main road and streets, there is provision of street sweepers that 

cleans it on daily basis and collects the accumulated waste to the collection spots. 

 

There consisted the use of stationary container system, manually loaded 

vehicle and waste loading by waste crews from collection spots to the waste collection 

vehicle that transport it to the disposal site. In order to collect the waste, there were 

mainly three areas: area no. 1 (main town), area no. 2 (CHPC colony area) and area 

no. 3 (RICB colony area). In respective areas, the stationary containers mainly 

consisted of trolleys bins, swing bins and concrete bins placed in designated collection 

spots. From the designated collection spots, the collection crews manually loaded the 

wastes to the vehicle using basket containers and were directly transported to disposal 

site without waste transfer stations. As per the official report, the waste collection 

service had 100% service coverage of the urban areas of the city with daily waste 

collection frequency of two trips per day (morning and noon).  

 

There were total of five waste collection vehicles, which comprised three 

compactor trucks and two flat-bed open trucks. For daily collection of waste, three 

vehicles were engaged on daily basis making two trips per day which included two 

compactor and one flat-bed open truck. Other two vehicles, one compactor truck and 

one flat-bed open truck were kept as standby collection vehicles but during the study 

period, both the standby collection vehicles were under maintenance. The open truck 

was used for collection of waste from area no. 1 and other two trucks from area no. 2 

and 3. 

 

Along with the waste collection vehicles, there were 17 collection crews who 

were engaged for daily waste collection. There were also three drivers for three 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment) / 45 
 

respective vehicles and two numbers of supervisors for daily waste collection 

supervision and one vehicle maintenance personal.  All the collection workers were 

paid on daily wages system except the drivers, supervisors and vehicle maintenance 

personal, who were regularized. The details of the human resource and vehicle for 

collection and transportation of MSW in the city are shown in Tables 4.5 and 4.6. 
 

Table 4.5 Human resource for waste collection in Phuntsholing city in 2007 
 

Duty Numbers  Status 

Supervisors  2 Regular 

Drivers  3 Regular 

Collection crews 17 Daily wage 

Street sweeper 7 Daily wage 

vehicle maintenance 1 Regular 

Others 3 Regular 

Total  33 - 
Source: PCC, 2007      

 

Table 4.6 Types of vehicle, frequency, capacity and capacity utilization of waste        

collection vehicle in Phuntsholing city in 2007 
 

Vehicle Frequency 

(trips/d)* 

Capacity of 

vehicle 

(m3/trip)* 

Total 

collection

capacity 

(m3/d) 

Average 

volume 

of waste 

collected 

(m3/trip) 

Total 

volume of 

waste 

collected 

(m3/d) 

Utilization

of vehicle 

capacity 

(%) 

Compactor 

truck no.1 

2 9.00 18.00 6.23 12.46 69.22

Compactor 

truck no.2 

2 5.10 10.20 3.90 7.80 76.47

Open truck no.1 2 6.00 12.00 5.92 11.88 99.00

Total  6 - 40.20 - 32.14 -
Source: Survey in November 2007 

Note: * Information provided by PCC 
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Generally, concerning waste collection and transportation, decision about 

types of service, frequency of collection, types of collection vehicle, crew size and 

collection route design are important aspects to be considered (Schebuler, Wehrle and 

Cristen, 1996: Online).  

 

In terms of types of waste collection and transportation service, PCC had 

adopted curbside pick up or stationary container service system. However, along with 

curbside waste pick up, there was also door-to-door waste collection service whereby 

individuals directly load to collection vehicle from their own dust bins. In fact, waste 

collection service comprised the mixed of two services. While much time was 

required for collecting waste from fixed stationary container system, additional time 

was required in waiting for the individuals to dispose their waste from their dust bins. 

Due to default in timings of vehicle arrival, most often residents who practice direct 

loading were prone to adopt other easy disposal options such as open dumping in open 

spaces. Therefore, direct loading or door-to-door collection service was not effective. 

Indeed, curbside waste pick up was more practical and effective if there was provision 

of appropriate waste collection bins such as collection bins that can be easily lifted for 

waste loading instead of using heavy built, fixed collection bins. 

 

Currently waste collection frequency was two times per day. Even with this 

frequency, current waste collection system had failed to maintain good aesthetic 

condition and hygienic condition in the city. About 80% of residents complained 

about flies, insects and rodents, 77% about bad odor due to waste degradation from 

waste collection spots, and 51% about waste remained uncollected (Appendix III: 

Tables 1 and 2). It clearly revealed the inefficiency of waste collection frequency. Due 

to more frequent waste collection service, it had resulted to high fuel consumption. 

The study draws conclusion that involvement of more frequent collection was due to 

under capacity utilization of waste collection vehicle’s capacity.  

 

Pertaining to the existing waste collection capacity and utilization of vehicle, 

current management system had provided two compactor trucks with a capacity of 

9.00 and 5.10 m3 and one flat-bed open truck of 6.00 m3 for waste collection on daily 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment) / 47 
 

basis with frequency of twice per day. Therefore, in ideal case, the provided waste 

collection vehicle with two trips per day had total waste collection capacity of 40.20 

m3/day. However in practice, current waste collected from compactor trucks were 

only 12.46 and 7.80 m3/day, while flat-bed open truck had 11.88 m3/day on average. 

Thus, total volume of waste collected was 32.14 m3/day, which is 79% of the total 

vehicle capacity (Table 4.6).A breakdown by type of vehicle reveals that current 

management system had better capacity utilization of open truck 99% compared to 

compactor trucks, which had 69 to 76 % in terms of waste collection. It portrayed that 

use of open truck is more appropriate in the city. Thus, improving the capacity 

utilization of the existing vehicle and selection of appropriate collection vehicle would 

reduce the demand for more frequent collection frequency. Obviously, vehicle 

capacity utilization can be improved through development of work monitoring system. 

It can be done through use of standard data forms to collect relevant information over 

a period of time which would form the baseline data for their performance analysis 

and pin-point its shortcomings.  

 

Basically, selection of vehicle types must be based on area specific data such 

as prevailing condition of waste and considering operation and maintenance 

requirement.  Since the current management system are encountered with lack of 

necessary maintenance support, thereby operation of compactor trucks revealed to be 

ineffective and costly.  

 

In fact, good performance of waste workers would contribute to enhanced 

waste collection system. Currently, the waste collection system involved high number 

of labors, whereby the normal crew size varied from 4-6 crews per truck (PCC, 2007). 

Obviously, intensive requirement of waste workers was attributed to use of highly 

inappropriate fixed type of waste collection bins such as concrete bins and trolley 

bins. Most of the waste workers were untrained and not regular workers (Table 4.5). 

As such, it was encountered with irregularities and shortages in their duties which 

resulted to default the daily waste collection schedules. Recruitment of national waste 

workers in the city was very acute due to common notion of the citizens that waste 

workers job is low profile job. All the waste workers were from overseas and their 
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commitment to service was low and their performance foreseen poor. All the workers 

worked on daily wage systems which do not provide any economic incentives. 

Moreover, while they worked under the extreme hazardous conditions which are 

detrimental to their health, there was no provision of safety equipments and clothing 

for safe working conditions.   Therefore, provision of the above mentioned constraints 

may alleviate the waste workers performance and ultimately enhance waste collection 

system.  

 

While present study had limited information regarding waste collection route 

and routing, it was found that mainly the lack of good network of road in the city had 

constraint proper route design. The existing small and mainly unpaved road condition 

had led to much fuel consumption and time. Further, many households did not have 

convenient access to roads and in addition they had to ensure timely arrival of 

collection vehicle for their waste disposal especially those who use direct loading. As 

such, due to default in timing, they were likely to other easy disposal options such as 

open dumping in open spaces. Therefore, direct waste collection by existing large 

collection vehicle through scheduled routing was not very effective. In fact, provision 

of smaller waste collection vehicle according to the existing road condition may prove 

to be effective to collect waste especially from areas where there are no convenient 

accesses or/and small roads. 

 

 Waste treatment and recovery 

 

In the city, there is no waste treatment or recovery facilities established by 

neither the City Corporation, nor private companies. However, there exist some 

informal recycling facilities within the city that accepted major recyclable items such 

as metals, glass, plastics, rubber and papers. While transfer stations serves to be center 

for waste scavenging and waste recovery, there is no involvement in transfer station. 

Most of the waste recovery was done at the disposal site. The average quantity of 

waste recovered in 2006 is shown in Table 4.7. 

 

 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment) / 49 
 

Table 4.7 Recovered items from disposal site in 2006 
 

Total amount Items  Quantity (kg/year) Rate (Nu/kg) 

(Nu/year) (USD*/year) 

Plastics 3,600 0.50 18,000 464.51

Papers 1,440 10.00 14,400 464.52

Glass 1,800 6.00 10,800 278.71

Rubber 24,000 1.00 24,000 619.36

Total 30,840 - 67,200 1,827.10
Source: PCC, 2007 

Note: There was no available data of metal 

          1USD* = Nu. 38.75 (November 2007)  

 

It revealed that, the main wastes recovered are papers, glass, plastic and 

rubber. A total average 30,840 kg of waste were recovered in 2006. The waste 

recovery practice involved the recruitment of informal waste scavengers at the 

disposal site. The individual was allowed to segregate the waste they wanted. They 

were not paid by the PCC but were assigned by the PCC. Whatever, they have 

recovered were allowed to be taken by them and the returns from this recovered items 

were own by the individual without any financial benefit to PCC.  

 

In actual, the waste which is recoverable from the waste stream is presented in 

Table 4.8. Putrecibles (food and yard wastes) waste constituted about 31.04 % 

(1,015,941 kg), which are highly degradable and it can be composted and used as soil 

conditioner. Further, total commonly recyclable materials including paper, plastic, 

metals and glass constituted 46.72 % that can be recovered. Field survey also revealed 

that rubber items had its economic value (Table 4.7) and the visual observation 

depicted rubber items were major fraction in LWTR components, which would 

increase the percentage of recoverable items in the waste stream. Thus, more than 

77.76 % (2,545,089.54 kg) of the total waste generated were recoverable. However, 

currently only about 30,840.00 kg of total waste was recovered in 2006.  Therefore, it 

is important to improve waste recovery through composting and recycling as an 

alternative to increase the life of existing landfill site. 
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Table 4.8  Percentage and quantity of recoverable waste through recycling and        

composting in Phuntsholing city in 2007 
 

Materials Composition 

(%) 

Recoverable waste items 

(kg/year) 

Paper 20.35 666,056.74

Plastics 10.84 354,793.86

Ferrous metals 2.34 76,588.34

Non-ferrous metals 2.45 80,188.65

Glass 10.74 351,520.86

Putrecible (food and yard wastes) 31.04 1,015,941.09

 Total 77.76 2,545,089.54
Source: Survey in November 2007 

Note: Total waste generation in 2007 was 3,273,006.10 kg 

 

However, the case studies from other cities of the different countries reveal 

that the success of waste recovery through recycle and composting depends much 

upon the efforts taken towards waste separation. While waste separation at source by 

individuals remains to be the top priority but as it is evident from other practitioners 

that it demands high social awareness regarding waste management and it is a long 

term process. Since, in Phuntsholing, currently there is no practice of waste separation 

at source and moreover, due to recent set up of waste management, it is very likely 

that the issues regarding waste management is new to the residents of the city and 

obviously their awareness is poor. Therefore, introduction of waste separation at 

source would likely to be long term goal. The most common practice is to separate 

waste at waste storage points through provision of different containers for recyclable 

waste, food and yard wastes, and other non-recyclable waste. Therefore, PCC could 

initially start with pilot scale such as in institutions, commercial, big housing 

complexes and then extend to residential level. 

 

Currently, waste recovery for reuse and recycling were done by waste 

scavengers or waste pickers at the landfill site. These practices of waste recovery at 

final disposal site were found to be inappropriate for various reasons. Primarily, when 
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recyclable waste were collected and transported mixed with food and yard waste, 

obviously recyclable materials especially paper components were easily degraded, 

other reusable components such as glass bottles were damaged and other recyclables 

contaminated. Thus, it had resulted to reduce the quantity of waste to be recovered 

and at the same time degrade the quality of recovered materials. Further, it also did 

not intend to reduce the burden of waste collection and transportation through waste 

volume reduction because waste recovery was carried out at final disposal site. 

Therefore, measures should be taken to shift the waste recovery practices to be carried 

out at source or at waste collection points. The waste scavengers can then be 

organized into waste recycling worker at the waste collection points, and recovered 

items can be sold to the existing informal waste recycling facilities within the city. 

 

Although home composting by individuals can be adopted, still requirement of 

composting plant was very crucial due to its highest share in the waste stream and it 

was the major component destined for landfill. As in Thimphu, capital city, Thimphu 

City Corporation (TCC) has already established composting plant along with 

provision of separation unit and it is intended to reduce the amount of waste destined 

for landfill and at the same time generate revenue for TCC through sale of compost. 

As such PCC may also establish composting plant which would increase the life of 

existing landfill and at the same time generate revenue.  

 

 Waste disposal  

 

Waste collected from Phuntsholing city was disposed at Toribari, newly 

constructed disposal site situated at 9 km away from the city. It is a sanitary landfill 

site with surface water diversion system, single liner, and leachate collection system 

with soil cover. The waste disposal to this site was started recently in March 2005. It 

was constructed with an expected life span of 10 years. It has total land area of 1.512 

hectares (PCC, 2007).  

 

The daily operation of the waste disposal comprised hydraulic automatic 

unloading of the collected waste from the vehicle to the disposal site. Unloaded waste 
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was spread out with bulldozer. Two informal waste scavengers were assigned by PCC 

to separate the recyclable items, which were mainly metals, plastics, glass and papers.  

The dry waste was open burnt, followed with or without compaction using the 

compactor (roller) to reduce the volume of waste. There was a single layer of liner 

provided for final cover and final soil cover at the top. There was also provision of 

bottom liner. Around the disposal site, there was drainage constructed for surface 

water diversion. There was also leachate collection system through perforated HDPE 

piping system and leachate was stored in concrete built storage facility. The total 

waste disposed in 2007 is presented in Table 4.9. 

 

Table 4.9 MSW disposed in Phuntsholing city in 2007 
 

Particulars  Quantity of waste ( kg/year) Quantity of waste (%) 

Total waste recovered1 30,840.00 0.94

Total waste disposal  3,242,167.14 99.06

Total waste generation2 3,273,006.10 100.00
Source:  1. PCC, 2007 

 2. Survey in November 2007 

Note: Waste recovered in 2006 is assumed to be equal to waste recovered in 2007 

 

Sanitary landfill is considered to be an engineered facility for MSW disposal, 

which has to be designed and operated to minimize public health and environmental 

impacts. However, the most concerning issues regarding its operation is the fear of 

contamination of ground water or surface water streams through uncontrolled release 

of leachate (Tchobanoglous, Thiensen and Vigil, 1993; WHO, 1996: Online). At the 

present disposal site, there was inadequate quality control of liner system, which is 

likely that there is release of leachates into the ground water.  Moreover, provision of 

small inadequate leachate collection systems, the absence of leachate treatment system 

and ground water monitoring system revealed the fear of contamination of ground 

water and nearby streams, which is of high health risk for downstream water users. 

The complaints about sensible negative effects by the downstream users portrayed the 

condition of nearby streams and ground water due to release of leachate from the 

landfill site. Provision of perfect liner system, leachate collection and treatment 
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system such as aerobic or anaerobic treatment would be difficult for the existing small 

scale landfill site. However, action must be taken to minimize leachate production. 

The measures such as re-circulation and evaporation of generated leachate were found 

to be a suitable method to reduce leachate production at the existing site due to its 

location in tropical zone. Further, the capacity of the leachate collection system needs 

to be enlarged so as to overcome the overflows of generated leachate and to curb 

contamination of nearby stream.  

 

Another concerning issue is the air pollution from open burning of the waste at 

disposal site. Open burning is often adopted as a means to reduce the volume of waste 

to disposal site to extend its life span. However, open burning as means for waste 

reduction is considered as inappropriate method as it releases toxins and carcinogens 

especially from plastic materials. The present practice of open burning of waste at the 

disposal site as daily operation for waste reduction were prone to pollute air and have 

direct or indirect public health risk. However, the best option to reduce waste volume 

and extend life of existing disposal site would be to improve waste recovery through 

recycling and composting. 

 

Currently, besides the small amount of waste being recovered by the waste 

scavengers from the disposal site as mentioned, rests of the waste were all disposed of 

to the disposal site. The MSW disposed in Phuntsholing city in 2007 is presented in 

Table 4.9. It revealed that total waste generated is 3,273,006 kg. However, only 

30,840 kg of waste was recovered and rest 3,242,167 kg of waste was all disposed of 

to the landfill site which indicated that the current waste disposal was 99%. 

Obviously, at this current waste generation and its disposal, it is evidently putting 

much pressure on existing landfill site life span and also demand for new disposal site 

which is practically difficult to find the appropriate site. Therefore, urgent steps must 

be taken to reduce the amount of waste disposed to the landfill site. Eventually, it can 

be reduced through adoption of improved waste recovery practices. Thus, current 

waste management needs to put much effort for waste recovery through recycling and 

composting for all the reasons mentioned above. 
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4.3.2 Financial management 

 

The financial aspects of MSW management covered investment cost, 

operation and maintenance cost, cost reduction and control mechanisms. It is detailed 

as follows.  

 

 Capital investment cost 

 

In 2005, Phuntsholing City Corporation had invested a total capital investment 

of 372,000 USD for MSW management in procuring the equipment and other 

facilities (Table 4.10). More than half (54%) of the total investment was made towards 

acquiring landfill site. Other major investment was for procurement of landfill heavy 

equipment (22%) and waste collection truck (16%).  Other investment was made 

towards procurement of inspection vehicle such as scooter, waste storage bins and 

others. The main source of financing capital investment for MSW management for 

municipality was from the central government and funding aids from DANIDA and 

Urban Sector Program Support (USPS).  

 

Table 4.10  Total capital investment for MSW management in Phuntsholing city   

                     in 2005  

                          Costs Investment  

                      (USD)                        (%) 

Waste collection truck 60,000 16.12

Landfill heavy equipment 80,000 21.51

Inspection vehicle 3,000 0.81

Waste bins 19,000 5.11

Landfill 200,000 53.76

Others 10,000 2.69

Total Investment 372,000 100.00
Source: PCC, 2007 
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 Operation and maintenance costs 

  

 The current MSW management system is encountered with very high expenses 

towards operation and maintenance, which was about 122,900 USD in 2006 (Table 4.11). 

 

Table 4.11   Overall operations and maintenance cost for MSW management in           

Phuntsholing city in 2006 

                   Cost Particulars  

(USD) (%)

Maintenance 36,500 43.71

Operation  30,000 35.93

Rent sites and buildings 15,000 17.96

Operational sites and building 2,000 2.40

Total operation and maintenance  83,500 67.94

Salaries 39,400 32.06

Total  122,900 100.00
Source: PCC, 2007 

 

About 83,500 USD was spent mainly in operation and maintenance, which is about 

68% of the total recurrent cost and rest 32% were spent for salaries. A breakdown of the 

operation and maintenance cost shows that, the expenses were made towards operation and 

maintenance of vehicle, equipments, and for renting sites and buildings.  Most of the 

expenses on operation and maintenance cost were incurred towards waste collection and 

transportation. The operation and maintenance cost for waste collection and transportation 

of Phuntsholing city in 2006 is presented in Table 4.12.  

 

It revealed that a total of about 81,217 USD were spent for overall waste 

collection and transportation service in the form of operation and maintenance of 

vehicle, and salaries. The majority of the expenses for waste collection were towards 

operation and maintenance of vehicle that is about 73% (58,949 USD) of its total 

expenses, and rest 27 % (22,267 USD) were for salaries. A breakdown of the expenses 
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for operation and maintenance of vehicle revealed that the expenses for compactor 

truck were higher than open truck. 

 

Table 4.12 Operation and maintenance cost for waste collection and transportation  

 of  Phuntsholing city in 2006  

                Operation and maintenance cost Particulars 

              (Nu/year)      (USD*/year)                        (%)

Refuse compactor no.1 799,819.20 20,640.50 35.01

Refuse compactor no.2 769,281.60 19,852.43 33.68

Open truck no.1 715,183.20 18,456.34 31.31

Total  2,284,284.00 58,949.26 72.58

Salaries  862,860.00 22,267.40 27.42

Total  3,147,144.00 81,216.66 100.00
Source: PCC, 2007      

Note: 1USD* = Nu. 38.75 (November 2007) 

 

As the mentioned above, the overall expenses on operation and maintenance 

cost accounted to 122,900 USD out of which about 81,217 USD were attributed to 

waste collection and transportation. Therefore, as a whole almost 66% of expenses 

were incurred towards waste collection services. This revealed that the expenditures 

towards waste disposal are lower than collection and transportation. With assumption 

that solid waste collected in 2006 is equal to 2007, as a whole, the cost for operation 

and maintenance cost is about 37.55 USD/ton (0.40 USD/kg) of waste and cost for 

operation and maintenance for waste collection and transportation is about 24.81 

USD/ton (0.03 USD/kg) of waste.  

 

In the city, there are no direct user charges levied on households for waste 

collection or disposal or/and MSW service as a whole. While present study had 

limited information regarding exact figures of the tax collection rate, the residents 

were liable to common local taxes such as property tax. Thus, apart from the support 

from central government, the cost of operation of MSW management was covered by 

this general local tax collection. However, while municipality authority is responsible 
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for local tax collection, all the locally collected fees and generated revenues are 

transferred to the central government before being distributed to the local level. Thus, 

the misallocation of funds for waste management was clearly visible with current 

management system. Further, this kind of accounting procedures did not intend to 

provide any incentive for local authorities to improve the existing services. Therefore, 

while responsibility is being given, there was also necessity for local government’s 

authority. As such, autonomy of local government in financial aspects was crucial as a 

resolution to mentioned problem. 

 

Although, financial constraints for capital expenditures were met with support 

from central government and financial aids from donor agencies, there was crucial 

need for funding the recurrent expenditures such as for operation and maintenance. 

The concerned authorities of the municipality stressed that some kind of fund 

injection is necessary for current operation of waste management service and for 

improving existing service. Waste collection levy such as levying users’ charges was 

suggestible option. The main concern is the question to implement a user charge 

scheme in areas where such services charges have never been imposed before without 

creating socio-political problems. The practitioner of user charges reveals that such 

problems can be avoided by establishing the affordability and willingness to pay for 

the management services in areas where user charges are to be imposed. Interestingly, 

the municipality had great opportunity to introduce the above mentioned charge. The 

survey exposed the fact that majority of the residents (88%) had willingness-to-pay 

for waste collection and disposal if the city is cleaner or has a better environment. 

Only 12% were not willing to pay as their main concern being the rate the authorities 

may impose (Appendix III; Tables 1 and 2). This called for consideration of resident’s 

income for their affordability and rate to be charged.  The level of user charge rate 

should be less than 1% of family monthly income which is applied worldwide (WHO, 

1996: Online). Therefore, further study should be conducted looking at income level 

and establish the affordability and willingness-to-pay level and introduce such scheme 

to meet recurrent cost and for further improvement of current service.  
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Other available option to generate revenue is through sale of composting. As 

evident from waste composition study (Table 4.3), putrecible waste constituted 

highest fraction (31%) of the total waste. As such, there is an opportunity to capitalize 

on composting to generate additional revenue. While large scale composting plant 

may not be financially viable, but introducing small scale community based 

composting plant would be feasible option.  

  

 Cost reduction and control measures 

 

As the earlier mentioned, the waste collection and transportation service was 

most expensive operation. It constituted about 66% of the overall operation and 

maintenance expenses. Thus, it was imperative for current waste management 

authorities to devote close attention to this area and look for ways and means of 

improvement and cost savings or/and cost reduction. This savings can then be used to 

provide funds for improvement in other areas of solid waste management such as for 

final disposal without increasing the overall solid waste management budget.  

 

Obviously, the first priority option and straight way to reduce the variable cost 

component such as expenses on wages, fuel, maintenance, and other miscellaneous is 

waste volume reduction at source. This might be achieved through local resident’s 

participation in local solid waste management. Basically, it would involve hiring of 

informal waste scavengers (Schubeler, Wehrle and Cristen, 1996: Online) or waste 

sorter. As such, they would not only help in cost reduction of collection cost, but also 

contribute to cost savings by reducing the volume of waste that needs to be 

transported and disposed to the landfill site. However, in the city, cost reduction 

through waste volume reduction at source was very limited. In fact, PCC had assigned 

few waste scavengers for waste recovery at the landfill site, and the quantity of waste 

recovered and their financial implication is presented in Table 4.7 under waste 

treatment and recovery section. 

 

A total quantity of 30,840 kg of recyclable waste was recovered in 2006. 

Further, it also revealed high financial implication of more than 1,827 USD per year 
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through waste recovery.  However, currently all the waste recovery through informal 

waste scavenging were done at the final disposal site. As such, the means of cost 

reduction at source and/or cost savings through waste volume reduction for 

transportation was very limited. Further, as all kinds of waste being recovered and the 

financial benefits obtained from recovered items were taken by waste scavenging 

individuals. Therefore, there were no direct financial benefits from waste recovery to 

current waste management system. However, the volume recovered with associated 

value indicated potential of waste that can be reduced at source for cost reduction 

and/or cost savings by reducing the volume of waste which needs to be transported 

and disposed in landfill site. 

 

As per the present study on waste composition, it entrails high cost reduction 

and financial implication from waste scavenging as presented in Table 4.13. 

 

Table 4.13 Cost reduction and cost saving potential of MSW in Phuntsholing city            

in 2007 
 

Composition Recoverable 

waste 

Rate Total amount Materials 

(%) (kg/year) (Nu/kg) (Nu/year) (USD/year)

Putrecible 31.04 1,015,941.09 NA NA NA

Paper 20.35 666,056.74 10.00 6,660,567.41 171,974.37

Plastics 10.84 354,793.86 0.50 177,396.93 4,580.35

Ferrous metals 2.34 76,588.34 NA NA NA 

Non-ferrous  2.45 80,188.65 NA NA NA

Glass 10.74 351,520.86 6.00 2,109,125.13 54,457.14

Total 77.76 2,545,089.54 16.50 8,947,089.47 231,011.86

Source: Survey in November 2007 

Note:  Total waste generation is 3, 273, 06.10 kg in 2007 in Phuntsholing city 

           * Average rate provided by Phuntsholing City Corporation 

           1 USD = Nu. 38.75 (November 2007) 

 

In an ideal case, out of total waste generation of 3,273,006 kg, about 2,545,090 

kg of waste can be recovered through reuse and recycling of recyclables and 
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composting of putrecible waste. This indicates it has high cost reduction potential 

through waste reduction of about 78% of the waste generated through waste recovery. 

Moreover, there is also high financial implication of more than 231,002 USD per year 

through sale of recyclable materials alone. The shown financial implication is only for 

paper, plastics and glass which are exclusive of financial implication from ferrous and 

non-ferrous metals. Furthermore, textiles and wood (Ojeda-Benitez, Armijo de Vega 

and Ramirez-Barreto, 2003) and rubber (Table 4.7) are also recyclables which has 

financial implications. In real practice, some components of recyclables of paper, 

plastic, glasses, etc may not be recycled or have high financial values due to its 

degraded quality.  Therefore, in general assuming that at least 30% of the waste 

components are highly recyclable with same rate, the financial implication is about 

69,300 USD per year.  As such, the financial implications are still high from waste 

recovery. 

 

 As evident from the above mentioned, as a whole, there is high potential for 

cost reduction through waste quantity reduction. Quite obviously, cost reduction 

implies a better utilization of available resources, introduction of appropriate methods 

and elimination of improper procedures. Currently, while waste recoveries are being 

practiced with involvement of informal waste scavengers, the methods of waste 

scavenging at disposal was not appropriate. It is because, since waste recoveries were 

being done at disposal site, it did not intend to reduce the volume of waste that needs 

to be transported and disposed off. As such, cost reduction for waste collection was 

very limited. Therefore, there was need to shift the waste scavenging at waste storage 

points instead of disposal sites to reduce the waste collection cost through waste 

volume reduction which needs to be transported and disposed to final disposal site. 

 

4.3.3 Reflection of local residents in Phuntsholing city 

 

 Opinions of local residents in Phuntsholing city are prime indicator reflecting 

Phuntsholing City Corporation (PCC)’s service in municipal solid waste management.  

Before focusing local responses in this matter, PCC’s working direction and style are 

discussed under the framework of concerned policies and implementation plans. 
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 Policies and implementation plans 

 

 In the national level, National Environment Commission Secretariat (NECs), 

Ministry of Trade and Industry (MTI), Royal Society for Protection of Nature (RSPN) 

are major responsible agencies which create solid waste management policies and 

their implementation plans for all city corporations to work at municipal level.  

However, such policies and plans do not provide practical mechanisms for public 

officials to work efficiently and for local residents to participate in solid waste 

management properly.1  In 2005, although the central government, DANIDA, and 

USPS provided financial supports to PCC in order to have a landfill site, compactor 

trucks, and other essential equipments, the PCC had not created specific policies and 

implementation plans for municipal solid waste management of the city. 

 

 

 

 

 

 

 

Figure 4.7 Organization chart of Phuntsholing City Corporation in 2007 
Source: PCC, 2007 

 

 

                                                 
 
1

 For example, regulation on ban of plastic has failed to provide other materials to replace plastic use. 
Plastic in forms of drinking bottles, goods wrappings, and food containers have been noticed in public 
waste bins and at disposal site. 
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Without such policies and plans, PCC had no clear direction in working 

procedure.  Moreover, when we focus on the existing administration body of PCC as 

shown in Figure 4.7, there are main sections of engineering and finance.  Planning and 

monitoring sections, for instances, have not been established in its administration 

structure.  As mentioned in earlier sections, the design of waste bins were poor and 

their distribution in the city were improper.  Clearly, municipal solid waste 

management in Phuntsholing city had not employed any baseline data of waste 

generation and composition as well as behavior of local people in production and 

consumption.  The PCC then had been facing with mismanagement of municipal solid 

waste. 
 

Social responses 

 

 Phuntsholing city is second largest urban area besides Thimphu, the capital 

city of Bhutan.  It is mainly a commercial hub which provides accommodation 

facilities, transportation, institutions, etc.  Unquestionably, Phuntsholing city has 

faced rapid urbanization and high rate of rural-urban migration.  In 2007, its urban 

area had about 22,500 of total population with 3,377 households (PCC, 2007).  Most 

of them have used the city as a dumping and littering ground. Since 2005, PCC had 

just started solid waste management in order to curb open dumping by the locals.  

Doubtlessly, local people had not been clearly informed about this new management 

of solid waste. 

 

 Generally, local residents’ concept of solid waste management is confined to 

cleanliness at their home so that there is a lack of their environmental awareness for 

especially public hygiene.  Further, most people thought the PCC is the sole 

responsible agency to keep the city clean.  This misunderstanding has led them to 

ignore their own responsibility of managing waste properly.  Lack of collaboration 

between local people and the PCC can be noticed, for instances dirty roads, spillover 

of solid waste from the bins, etc.  The researcher will show results of local opinions in 

solid waste management as follows. 
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 In 2007, the researcher took a field survey by interviewing 338 respondents in 

municipality of Phuntsholing city which is around 10 % of the total households.  

Following process of solid waste management, opinions of local residents can be 

shown into 1) waste storage, 2) waste separation, 3) access to public containers, 4) 

waste collection and transportation, 5) waste collection fee, and 6) overall 

performance of PCC’s service. 

 

1. Waster storage 

 

Local residents employed several types of waste storage containers at their 

households.  Around 70 % of total samples used their own dustbins in forms of tins, 

carton box and plastic container whereas the rest used other materials such as plastic 

bag and nearby public container.  Evidently, waste storage of local people depended 

upon their convenience, although there was a public regulation of ban on plastic.  This 

action reflected of no collaboration between the local people and the PCC and the 

failure of information dissemination in solid waste management (Table 4.14). 

 

Table 4.14 Waste storage containers at households in Phuntsholing city in 2007 
 

Total respondents Responses 

(Numbers) (%) 

Own plastic bag 47 13.90 

Own dust bins 237 70.12 

Public containers 54 15.98 

Total 338 100.00 
Source: Survey in November 2007 

 

2. Waste separation 

 

Generally, waste separation at household level is considered the best practice 

for reuse and recycle of waste.  However, around 77 % of total samples did not 

separate waste because they thought it was not an important action and did not 

encourage any sound practice.  Only 23 % of them separated waste because they 



Norbu                                                                                                               Results and Discussion / 64 
 

wanted to gain income by sorting valuable material for sale.  Obviously, the survey 

revealed that about 82 % of total samples showed their collaboration to separate waste 

at home, if PCC has an action plan and put it into enforcement (Tables 4.15 and 4.16). 

 

Table 4.15 Residents practice of waste separation in Phuntsholing city in 2007 
 

Total respondents   Responses 

(Numbers) (%) 

Yes (Separate their waste) 158 23.10 

No (Do not separate their waste) 180 76.90 

Total 338 100.00 

Source: Survey in November 2007 

 

Table 4.16 Resident’s willingness to separate their waste in Phuntsholing city in 2007 
 

Total respondents   Responses 

(Numbers) (%) 

Yes (Willing to separate) 278 82.30 

No (Not willing to separate) 60 17.80 

Total 338 100.00 
Source: Survey in November 2007 

 

3. Access to public containers 

 

Outside local households, PCC provided different types of public bins or 

containers to store household wastes.  The survey revealed about 80 % had an access 

to PCC’s waste containers while the rest of 20 % had no access by leaving their waste 

on the roadside or any open space (Table 4.17).  However, the distribution of 

containers in three zones of the city was not well served to most residents because 

there had been no assessment of correct capacity of containers based on waste 

generation.  As seen in high capacity containers such as masonry concrete and 

metallic sheet trolley bin were likely to serve only in confined area. In addition, 

residents almost not utilized them in full capacity. 

 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Industrial Ecology and Environment) / 65 
 

Table 4.17 Access to public waste storage containers in Phuntsholing city in 2007 
 

Total respondents Responses  

(Numbers) (%) 

Yes (Access to waste storage containers) 270 79.88 

No (No Access) 68 20.12 

Total 338 100.00 

Source: Survey in November 2007 

 

4. Waste collection and transportation 

 

In practice, PCC had provided waste collection service of twice a day in three 

zones for its final disposal.  Nevertheless, the survey showed different frequency of 

waste collection and transportation in all zones.  More than half of total samples or 

about 66 % reported frequency of waste collection was about two times a day from the 

main roadsides, whereas around 25 % had only once a day and the rest had at least 

once to twice a week (Table 4.18).  Reasons of these diverse occurrences were due to 

the poor road network and road surface condition which resulted in ineffective access 

of vehicles to waste containers. 

 

Table 4.18 Frequency of waste collection service in Phuntsholing city in 2007 
 

Total respondents Responses  

(Numbers)  (%) 

Daily once 84 24.85 

Daily twice 222 65.68 

Twice a week 14 4.14 

Once a week 6 1.78 

Others 12 3.55 

Total 338 100.00 

Source: Survey in November 2007 
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5. Waste collection fee 

 

Obviously, no one clearly knew how residents paid for waste collection fee.  

The survey revealed that about 4 % of the samples thought they paid this fee through 

the tax payment for public services.  Moreover, no one knew how much he or she paid 

for this.  Consultation with the concerned authorities of PCC and the counter bills 

(Jamtsho.S, pers.comm. in November 2007) also confirmed that local residents were 

liable to local public services charges such as property tax, water and electricity 

charges, which were collected on monthly basis but there were no specific charges for 

waste collection fee.  However, most people or about 88 % were willing to pay for 

waste collection and disposal if the city is cleaner or has a better urban environment 

(Tables 4.19 and 4.20). 

 

Table 4.19 Payments for waste collection service in Phuntsholing city in 2007 
 

Total respondents Responses 

(Numbers) (%) 

Yes (They pay for service) 14 4.14 

No (Do not pay) 324 95.86 

Total 338 100.00 
Source: Survey in November 2007 

 

Table 4.20 Resident’s willingness to pay for improved waste collection service in 

         Phuntsholing city in 2007 
 

Total respondents Responses 

(Numbers) (%) 

Yes (Willing to pay) 298 88.17 

No (Not willing to pay) 40 11.83 

Total 338 100.00 
Source: Survey in November 2007 
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6. Overall performance of PCC’s service 

 

At present, Phuntsholing city was not so much clean and tidy.  Around 77 and 80 % 

of total samples complained about flies, insects, and other vectors and about bad odor from 

waste containers reflecting poor management of waste collection respectively.  However, 

most people or around 84 % of total samples were pleased with the overall performance of 

PCC in solid waste management because the PCC had just been established and they had 

started their work since 2005 (Tables 4.21 and 4.22). 

 

Table 4.21 Complaints about current waste management service in Phuntsholing city 

in 2007 

Existence of bad odors from waste  

storage areas 

Existence of flies, insects and vectors 

from waste storage areas 

Total respondents Total respondents Responses 

(Numbers)  (%) (Numbers) (%) 

Yes 270 79.88  261 77.22 

No 68 20.12 77 22.78 

Total 338 100 338 100.00 
Source: Survey in November 2007 

 

Table 4.22 Resident’s satisfaction towards current waste management service in 2007 
 

Total respondents Responses 

(Numbers) (%) 

Yes (Satisfied) 283 83.73 

No (Not satisfied) 55 16.27 

Total 338 100.00 
Source: Survey in November 2007 
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4.4 Conclusion 

 

This chapter had presented the results of MSW characteristics and management 

study conducted in Phuntsholing city in November, 2007.  Initially, chapter begins with 

results and discussion of MSW characteristicistics including waste generation rate and its 

composition, followed by discussion about existing waste management system including 

technical, financial, policy, planning and implementations and finally social collaboration in 

the city. 

 

It was found that current waste generation rate is about 0.40 kg/capita.day. The 

waste composition study revealed the dominance of organic materials, especially food 

and yard wastes of 31%, which can be composted. Further, there was also high 

fraction of 46% recyclable materials that can be reused and recycled. As a whole, 

about 77% of the waste had potential for waste recovery.  

 

 In general, current waste management system was found to be ineffective in 

various aspects. Technically, the selection and use of inappropriate technologies to 

existing situation of city had led to inadequate provision of required facilities. 

Furthermore, financial constraints, lack of policy, planning and implementations of 

municipality and lack of social collaboration had compounded the problems to 

effectively manage the current waste management system. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

5.1 Conclusions  

 

The purpose of this chapter is to provide the conclusions drawn from the 

present study on municipal solid waste characterization and management study 

findings that was conducted in Phuntsholing city, Bhutan.  Further, it aims to provide 

suitable recommendations as alternatives to improve its current municipal solid waste 

management system for the city.  In general, increase in population, rapid urbanization 

and its economic growth in Phuntsholing city has led to increasing its quantity and 

change in its composition of the waste generated, which is poorly managed in terms of 

technical, financial, policy and planning, and social collaboration aspects. 

 

First and foremost, the availability of reliable information on waste generation 

rate and composition holds its prime importance to design and planning of all the 

aspects of municipal solid waste management system.  The study found that there was 

lack of any authentic data on both quantity and quality of waste.  The waste 

generation rate estimation from the field survey in November 2007 showed increasing 

trend in waste generation with its major composition in forms of organic and 

recyclable components.  Possibly, the organic components can be composted and used 

as soil conditioner, while other recyclables can be recovered through recycling 

processes. As such, there is high potential for waste reduction through waste recovery.  

Currently, Phuntsholing City Corporation as only public agency for the city, has tried 

to manage all kinds of waste generated but are encountered with many problems 

without any study being conducted since its establishment to assess the existing 

problems and alternatives for its improvement. 
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The technical aspects of solid waste management focused on the existing waste 

storage, collection and transportation, waste recovery and disposal system. It was found that 

lack of proper planning based on current existing information about the waste had led to 

inappropriate use and distribution of waste storage bins throughout the city.  Waste 

collection and transportation was encountered with problems of high frequencies and under 

capacity utilization of vehicle capacity due to use of inappropriate collection vehicle that 

mismatched the current waste collection system. Moreover, despite prevalence of high 

waste recovery potential through composting and recycling, there was lack of or/and 

improper methods of waste recovery practices in the city.  At the final disposal site, PCC 

did not operate it properly. There were mainly two problems especially the contamination 

of ground water or surface water due to uncontrolled leachate and air pollution by open 

burning.  As such, current waste management system was technically inefficient and its 

performance remained low. 

 

Financial aspects looked at investment cost, operation and maintenance costs 

and mechanism of cost reduction and control methods.  Findings revealed that though 

initial investment cost was supported by donor agencies and central government 

funding, but financial constraints were mainly from operation and maintenance costs.  

In addition, lack of cost reduction and control mechanisms and lack of user charge for 

the service worsened the constraints.  While some cost reduction measures such as 

waste volume reduction through waste recovery by informal waste scavengers were 

adopted, their methods were improperly done at waste disposal site which obviously 

did not reduce the cost.  Clearly, improper financial accounting procedures due to 

non-autonomy of the municipality had created misallocation of the revenues generated 

from general local taxes.   

 

In terms of policy and planning management in general, there were wide 

policy gaps along with poor enforcement primarily at national/central level. Policies 

and implementation plans at the municipality level did not exist.  As such, current 

waste management system had worked without any clear direction of its working 

procedures and thus municipality is encountered with mismanagement of municipal 

solid waste in the city.  
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Regarding social collaboration between public and the municipality, there was 

lack of clear information about new management of solid waste and doubtlessly local 

residents’ awareness was poor.  While there was high willingness of public 

participation, current management system had taken very limited measures to 

encourage publics to participate in local solid waste management.  Therefore, the 

present study identified some alternatives and recommendations, which may be useful 

to integrate in current municipal solid waste management system for its improvement. 

 

5.2 Recommendations 

 

5.2.1 Estimation of solid waste generation based on waste classification by 

source and considering seasonal variation for proper design and planning of current 

waste management system. 

 

Present waste generation estimation based on actual amount of waste 

collection revealed that actual amount of waste generation is higher than actual 

amount of waste generated from sources due to waste diversions at waste storage 

points.  Furthermore, evidence from other studies reveals that its estimation based on 

actual waste generation from source, taking into account of whole seasonal variation 

would provide more reliable data.  Therefore, a further study on waste estimation 

based on waste classification by source considering whole seasonal variations is 

recommended. 

 

5.2.2 Solid waste composition considering its seasonal variation for proper 

design and planning of effective waste management system in the city. 

 

Present waste composition was estimated in November 2007 which was 

representative of a season.  Evidence from other studies revealed waste will vary with 

seasonal variations.  Therefore, further study considering whole seasonal variation is 

recommended to obtain reliable data about its composition. 
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5.2.3 Introduce waste separation at source by putrecible (food and yard wastes), 

recyclables and others for waste reduction, reuse and recycle as long term goals. 

 

For waste volume reduction through reuse and recycle, waste separation at 

source is intrinsic step.  It obviously demands public participation. Social survey 

revealed high opportunity for waste separation at household level, whereby about 82 

percent of the local residents were willing to separate their waste at home if PCC had 

action plans. Further, since waste composition results showed dominance in 

putrecibles (food and yard wastes) followed by recyclables, and others (inert, misc.), 

waste separation at source into compostables, recyclables and others is recommended 

for waste reduction, reuse and recyclable as long term goals. 

 

5.2.4 Waste recovery at appropriate place for composting and recycling as 

short term goals 

 

Recycling  

 

 Current waste recovery for reuse and recycling was conducted with the help of 

waste scavenging at waste disposal site, which was not appropriate because this 

practice did not intend to reduce waste volume destined to landfill, nor does it reduce 

the burden of waste collection and transportation cost.  Therefore, waste recovery for 

recycling at appropriate sites such as at waste storage points would bring advantage in 

terms of collection and transportation cost as well as waste volume reduction destined 

to landfill, which would increase the life span of current landfill site. 

 

Composting 

 

Provision of waste composting would depend upon the quantity of its material 

content in the waste stream and also availability of its market for its viability. Current 

waste composition estimation reveals highest fraction of putrecibles (31.04 percent) of 

the total waste.  Therefore, composting is recommended in order to reduce waste 
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volume destined to landfill site and at the same to generate revenue for waste 

management. 

 

5.2.5 Selection of appropriate waste storage bins and distribution of adequate 

number of bins according to existing waste generation information for reducing open 

dumping in open spaces. 

 

Current waste storage bins are of mostly fixed and heavy type (metallic sheet 

trolley and masonry concrete bins) which had no flexibility to changing its locations, 

nor convenient for its use.  Moreover, their use is highly unsuitable during rainy 

season due to its open nature and it did not intend to serve its basic purpose of 

maintaining aesthetic and hygienic conditions.  Also, current waste storage bins are 

distributed mismatching with current waste generation, as such use of high capacity 

bins had been confined to certain location which resulted to improper numbers of bin 

coverage in the city.  Selection and provision of appropriate of storage bins such as 

existing metallic sheet swing bins or plastic containers considering current waste 

generation information is highly recommended. 

 

5.2.6 Selection of appropriate waste collection vehicle according to existing 

mixed waste collection system and improvement of existing vehicle capacity 

utilization to reduce waste collection frequency. 

 

Current waste collection system was all mixed types including construction 

and demolition waste were collected along with solid waste stream. As such, use of 

compactor trucks for waste compaction is unsuitable in the city.  Moreover, these high 

performance vehicles were mostly encountered with under utilization of their 

capacity.  Therefore, selection and use of appropriate waste collection vehicle 

according to current mixed waste collection system such as opens trucks and other 

simple small vehicle are recommended.  Further, existing vehicle capacities had to be 

improved through development of daily work monitoring procedures to reduce more 

frequent waste collection and transportation. 
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5.2.7 Closely control and upgrade existing landfill operation system  

 

The means of waste volume reduction destined to landfill through open 

burning would bring about adverse impact to both local and global environment due to 

air pollution and ultimately an impact to human health.  As such, waste volume 

reduction has to be controlled through waste recovery for composting and recycling 

and improved means of waste compaction at landfill site.  Moreover, while operation 

of landfill through provision of perfect liner system and leachate treatment system 

might be impractical for small landfill site, however, measures for leachate 

minimization must be adopted through re-circulation and evaporation process as it is 

suitable due to its location in hot tropical zone.  In addition, leachate storage facilities 

had to be upgraded to facilitate adequate generated leachate storage so as to prevent it 

overflows and ultimately to reduce contamination of nearby surface and ground water. 

 

5.2.8 Autonomy of municipality regards to financial operation to prevent 

misallocation of funds generated for intended purpose of waste management. 

 

Due to non autonomy of the municipality, whatever the revenues generated 

from general local taxes collected from residents were transferred to central 

government before being distributed to local level.  As such, solid waste service 

revenues flow into general municipal account that intends to be absorbed by overall 

expenditures instead of being directly applied to intended purpose of waste 

management.  As a result, misallocation funds were visible.  Therefore, autonomy of 

municipality is primarily recommended in term of financial operation.  Through 

autonomy, the municipality can conduct financial dealing such as collect fees and 

taxes and obtain direct benefits derived from sources and can be used directly without 

the consent of central government. 

 

5.2.9 Cost reductions to reduce financial burden on recurrent operation and 

maintenance cost of waste management by increasing management capacity building 

and proper utilization of existing resources. 
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Initially, there is need to develop human capacity in the municipality in term 

of additional human resource and trainings.  Only through strengthened such capacity, 

it would provide effective waste management service.  For instance, most waste 

workers were untrained and there was under utilization of existing vehicle capacity, 

the waste collection system then remained inefficient and costly.  Therefore, specific 

recommendations are suggested for the improvement of municipal financial capacity 

for current waste management system as follows: 

-  Reinforce and follow up with cost recovery practices, 

-  Introduce cost effective collection methods, 

-  Introduce and initiate public participation to waste management, 

- Lower cost by increasing management capacity buildings.Improve capacity 

utilization of existing equipments/vehicle 

 

5.2.10 Introduce user charge for waste management service to generate 

revenue to meet its recurrent operation and maintenance cost 

 

In the city, there was no direct user charge applied for waste management 

service.  As such, current waste management system was encountered with high 

expenses especially in operation and maintenance costs without sources of revenue 

generation.  In fact, some fund injection was necessary to compensate partial cost of 

operations.  Therefore, it was recommended for further study about appropriate rate of 

user charge scheme. 

 

5.2.11 Policy and implementation plans at municipality level 

 

Policy and planning is essential to provide clear direction in working 

procedures.  As evident from the existing organization structure of PCC with regards 

to waste management, there is no policy and planning department which can create 

working guidelines.  Organization structure revealed their main focus on technical 

aspects.  As such, their management was done on ad hoc basis and worked under no 

clear cut working procedures.  Therefore, establishment of planning department in 

existing organization structure is highly recommended. 
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5.2.12 Public awareness programs and education about new management of 

solid waste to both public and children for fulfillment of both short and long term goals 

 

Public education and awareness programs are highly recommended for both 

general public and childhood level.  For general publics, media awareness through 

television, education and campaigns focusing on specific issues introducing new 

innovative alternatives needs to be adopted frequently for fulfillment of short term 

goals. At youth level, clubbing civic values and responsibilities in education 

curriculum is important for long term goals so that the youth will grow up as 

responsible adults. 

 

5.2.13 Immediate littering clean up campaigns 

 

Immediate mass clean up campaigns is also recommended to curb immediate 

goals to clean up the open dumplings in open spaces, and uncollected waste from all 

corners of the city.  This short term clean up campaigns would also provide some 

advantage to maintain implementation plans and other follow-up regulations regarding 

waste management. 
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APPENDIX I 

 

FIELD RECORD OF WASTE COLLECTED BY EACH VEHICLE TO 

ESTIMATE WASTE GENERATION IN PHUNTSHOLING CITY 

 
Table 1: Waste collection in Phuntsholing city in November 2007 
 
 

Compactor  truck 
no.2 

Compactor  
truck no.1 

Open truck 
 no.1 

Date Day 

Vehicle No. 
BG-2-0492 

Vehicle No. 
BG-2-0494 

Vehicle No. 
BG-2-0359 

Three vehicle 

      Gross 
weight 

(kg) 

Net 
weight 

(kg) 

Gross 
weight 

(kg) 

Net 
weight 

(kg) 

Gross 
weight 

(kg) 

Net 
weight 

(kg) 

Gross 
weight 

(kg) 

Net 
weight 

(kg) 

29.10.07 Mon AM 5,300 1,270 6,100 1,100 8,400 3,200 19,800 5,570 

  PM 5,110 1,080 6,330 1,330 7,300 2,100 18,740 4,510 

30.10.07 Tues AM 4,730 700 6,060 1,060 7,070 1,870 17,860 3,630 

  PM 5,210 1,180 6,700 1,700 7,200 2,000 19,110 4,880 

31.10.07 Wed AM 5,300 1,270 6,200 1,200 6,700 1,500 18,200 3,970 

  PM 4,970 940 7,200 2,200 7,900 2,700 20,070 5,840 

1.11.07 Thur AM 5,260 1,230 6,600 1,600 8,500 3,300 20,360 6,130 

  PM 4,920 890 6,000 1,000 7,700 2,500 18,620 4,390 

2.11.07 Fri AM 4,530 500 6,600 1,600 7,120 1,920 18,250 4,020 

  PM 4,780 750 6,400 1,400 7,500 2,300 18,680 4,450 

3.11.07 Sat AM 5,320 1,290 6,680 1,680 6,800 1,600 18,800 4,570 

  PM 5,210 1,180 6,200 1,200 7,500 2,300 18,910 4,680 

4.11.07 Sun AM 5,260 1,230 6,800 1,800 8,300 3,100 20,360 6,130 

Total - - 65,900 13,510 83,870 18,870 97,990 30,390 247,760 62,770 

Source: Survey in November 2007 
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Table 2: Vehicle capacity and volume of waste collected by each vehicle in 
Phuntsholing city in 2007 

 
Date Day Compactor no.2 

Vehicle No. 
BG-2-0492 

Compactortruckno.1 
Vehicle No. 
BG-2-0494 

Open truck no.1 
Vehicle No. 
BG-2-0359 

Total volume 
 

   Vehicle 
capacity 

(m3) 

Waste 
volume 

(m3) 

Vehicle 
capacity 

(m3) 

Waste 
volume 

(m3) 

Vehicle 
capacity 

(m3) 

Waste 
volume 

(m3) 

Vehicle 
capacity 

(m3) 

Waste 
volume 

(m3) 

29.10.07 Mon AM 5.10 4.10 9.00 6.00 6.00 6.00 20.10 16.10 

  PM 5.10 4.10 9.00 6.00 6.00 6.00 20.10 16.10 

30.10.07 Tues AM 5.10 3.10 9.00 6.00 6.00 6.00 20.10 15.10 

  PM 5.10 4.10 9.00 7.00 6.00 6.00 20.10 17.10 

31.10.07 Wed AM 5.10 4.10 9.00 7.00 6.00 6.00 20.10 17.10 

  PM 5.10 4.10 9.00 7.00 6.00 6.00 20.10 17.10 

1.11.07 Thur AM 5.10 4.10 9.00 6.00 6.00 6.00 20.10 16.10 

  PM 5.10 4.10 9.00 5.00 6.00 6.00 20.10 15.10 

2.11.07 Fri AM 5.10 3.10 9.00 7.00 6.00 6.00 20.10 16.10 

  PM 5.10 3.10 9.00 6.00 6.00 6.00 20.10 15.10 

3.11.07 Sat AM 5.10 4.10 9.00 6.00 6.00 6.00 20.10 16.10 

  PM 5.10 4.10 9.00 5.00 6.00 5.00 20.10 14.10 

4.11.07 Sun AM 5.10 4.10 9.00 7.00 6.00 6.00 20.10 17.10 

Total - - 66.30 50.30 117.00 81.00 78.00 77.00 261.30 208.30 

Source: Survey in November 2007 
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APPENDIX II 

 
FIELD RECORD OF WET-WEIGHT OF THE WASTE COMPONENTS  

OF WASTE SAMPLES 
 

Table 1: Wet-weight of waste samples in Phuntsholing city in November 2007 
 
Materials  Wet-weight of waste samples Total weight 

 S 1 
(kg) 

S 2 
(kg) 

S 3 
(kg) 

S 4 
(kg) 

S 5 
(kg) 

S 6 
(kg) 

(kg) % 

Putrecibles 31.80 40.10 35.80 29.90 32.30 42.20 212.10 31.04 

Paper 35.50 25.80 19.50 22.20 19.10 16.90 139.00 20.35 

Plastics 15.40 10.30 8.50 12.70 12.40 14.80 74.10 10.84 

LWTR 12.50 9.20 11.20 9.50 7.60 9.40 59.40 8.70 

Ferrous metals 4.20 2.80 3.80 2.40 1.50 1.30 16.00 2.34 

Non-ferrous  5.30 3.20 3.50 1.60 2.40 0.70 16.70 2.45 

Glass 21.10 10.20 13.80 7.40 10.10 10.80 73.40 10.74 

Inert 4.80 8.40 9.60 9.80 10.10 14.80 57.50 8.42 

Misc. 5.30 6.20 4.50 6.20 8.50 4.30 35.00 5.12 

Total  135.90 116.20 110.20 102.00 104.00 115.20 683.20 100.00 

Source: Survey in November 2007. 
Note  : Samples (S1-S3) were obtained from designated collection spots and samples (S4-S6) were 
            from waste collection vehicles 
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APPENDIX III 

 

QUESTIONAIRES FOR SOCIAL SURVEY IN PHUNTSHOLING CITY  

IN NOVEMBER 2007 
 

Questionnaire for social survey to grasp understanding on waste generation, disposal 

pattern, public participation and opinions about current solid waste management 

system in Phuntsholing city. 

By Mr. Norbu, Post graduate student, 

Faculty of Environment and Resource Studies, Mahidol University, Salaya 

 

Table 1: Questionnaire for social survey in Phuntsholing city in 2007 

Bio-data 

Name/address: 

Occupation:  

Number of household members: 

Type of house: residential/ commercial 

Location: near the road/ away from road  

A. Waste storage 

A1. Where do you store your garbage? 

(a). Own plastic bag  

(b). Own duct bins;  

(c). Public containers 

A2. Does Phuntsholing City Corporation provide containers to store your garbage in 

your area?  

( a). Yes 

(b). No 

A3. Do you separate your waste at your home? 

(a). Yes (Go to 4 and 5)  

(b). No ( Go to 6) 
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A4. If you separate your waste, why do you separate your waste?  

(a). PCC wants you to separate your waste  

(b). You gain some materials for sale  

(c). Others 

A5. If you separate your waste, how do you separate your waste?  

(a). Separate into dry and wet waste  

(b). Others (specify it please) 

A6. If you don’t separate your waste, why don’t you separate your waste? 

…………………………………………………………………………………………...

A7. If you are asked to separate you waste by PCC, are you willing to separate your 

waste at your house?  

(a). Yes (Go to 8)  

(b). No ( Go to 9) 

A8. If yes, why do you want to separate your waste at your home? 

…………………………………………………………………………………………...

A9. If no, why you do not want to separate your waste at your home? 

…………………………………………………………………………………………...

B. Waste collection and transportation 

B1. Does PCC provide waste collection service in your area? 

(a). Yes (Go to 2, 3, 4 and 5)  

(b). No (Go to 10) 

B2. If yes, how many times do they collect the waste?  

(a). Daily once  

(b). Twice daily  

(c). Twice a week  

(d). Once a week  

(e). Others (specify it please). 

B3. Do you pay for the waste collection service?  

(a). Yes  

(b). No 

B4. How much do you pay per month or per year? 
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…………………………………………………………………………………………...

B5. How do you pay for the waste collection service?  

(a). In terms of tax  

(b). Others (specify it please). 

B6. Are you satisfied with current waste collection service provided by PCC?  

(a). Yes (Go to B7) 

(b). No ( Go to B8 and 9) 

B7. Why do you think current waste collection service is satisfactory? 

…………………………………………………………………………………………...

B8. Why you are not satisfied with current waste collection service? 

…………………………………………………………………………………………...

B9. What is your suggestion to PCC for improvement in waste collection service? 

…………………………………………………………………………………………...

B10. If there is no waste collection service, what is your opinion about provision of 

waste collection service by PCC?  

(a). PCC should provide the service  

(b). Not necessary to provide. 

B11. Why do you think PCC should provide waste collection service? 

…………………………………………………………………………………………...

B12. If PCC provides waste collection service, are you willing to pay some amount for 

the improved waste collection service?  

(a). Yes  

(b). No 

B13. Why do you want to pay or not to pay for the service? 

…………………………………………………………………………………………...

C. Disposal  

C1. Where do you often dump your garbage?  

(a). Open street (Go to C2)  

(b). Public containers (Go to C3) 

C2. Why do you dump your garbage in the open street? 

…………………………………………………………………………………………...
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C3. Why do you use public containers? 

…………………………………………………………………………………………...

D. Complaint about current waste management service 

D2. Most of the waste in your area is left uncollected?  

(a). Yes  

(b). No 

D3. There is too much of bad odor/smell from waste storage areas?  

(a). Yes  

(b). No 

D4. There are so much of flies and insects form waste storage areas?  

(a). Yes 

(b). No 

D5. There is so much of waste spillage during waste collection and transportation?  

(a). Yes  

(b). No 

D6. How is the workers performance?  

(a). Their service is good 

(b). Their service is not good 

D7. If workers performance is not good, what is your suggestion for improvement? 

…………………………………………………………………………………………...

E. Satisfaction towards current waste management service 

E1. Are you satisfied with current waste management service in your area/home?  

(a). Satisfied (Go to E2)  

(b). Not satisfied (Go to E3) 

E2. Why do you think current waste management service is satisfactory? 

…………………………………………………………………………………………...

E3. Why do you think current waste management service is not satisfactory? 

…………………………………………………………………………………………...

E4. What is your suggestion to PCC for improving the current waste management 

service? 

…………………………………………………………………………………………...
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Table 2: Respondent’s analysis in Phuntsholing city in 2007 

Question Responses Respondents (%) 

A.1 a. Own plastic bag 13.91

 b. Own duct bins 70.12

 c. Public containers 15.98

A.2 a. Yes 79.88

 b. No 20.12

A.3 a. Yes 23.08

 b. No 76.92

A.4 a. PCC wants you to separate your waste 1.48

 b. You gain some materials for sale 97.93

 c. Others 1.48

A.5 a. Separate into dry and wet waste 5.33

 b. Others 94.67

A.6 - Time constraint and separated materials may 

land up in the same landfill site. 

- Others (e.g. No use of separation, dirty work, 

etc) 

80.00

20.00

A.7 a. Yes 82.25

 b. No 17.75

A.8 - Gain financial benefits from sale of wasted items 

and maintain hygiene at home.  

- Others (e.g. Usual practice ) 

88.50

11.50

A.9 - No time and there is no use of separating waste. 

- Others (e.g. Dirty work, no workers at home, 

etc ) 

85.00

15.00

B.1 a. Yes 92.31

 b. No 7.69

B.2 a. Daily once 24.85

 b. Twice daily 65.68
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 c. Twice a week 4.14

 d. Once a week 1.78

 e. Others  3.55

B.3 a. Yes 4.14

 b. No 95.86

B.4 - Do not know but feel it is paid along with other 

bills. 

- Others (e.g. Water charge gone high, may be 

charged with water bills) 

98.00

2.00

B.5 a. In terms of tax 0.59

 b. Others  99.41

B.6 a. Yes 84.62

 b. No 15.38

B.7 - PCC is maintaining the city clean and they 

collect individuals waste with no charge. 

- Others (e.g. Provided alternatives for our 

disposal) 

95.00

5.00

B.8 - At times, Waste remains uncollected in our area. 

- Others (e.g. Workers skip our area, flies, bad 

smell from storage area, etc) 

67.50

32.50

B.9 - Provide more sweepers and sufficient number of 

waste bins. 

- Strict supervision of workers. 

- Others (e.g. More vehicles, regular service, etc) 

60.00

24.80

15.20

B.10 a. PCC should provide the service 43.79

 b. Not necessary to provide 56.21

B.11 - Keep city clean. 

- Others (e.g. Their responsibility, etc ) 

92.80

7.20

B.12 a. Yes 88.17

 b. No 11.83
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- Want pay because they are providing service to 

keep our surrounding clean. 

- Others (e.g. Give cooperation, etc) 

99.00

1.00

B.13 

 

- Do not want to pay because we must be paying 

with other bills. 

- Others (e.g. Cannot afford, generate less waste, 

etc ) 

94.00

6.00

C.1 a. Open street 19.53

 b. Public containers 80.47

C.2 - There is no waste storage bins nearby. 

- PCC allows us to store our waste in some areas. 

- Others (e.g. No options, usual practice, etc ) 

97.80

1.20

1.00

C.3 - PCC provided waste storage facilities in our 

areas, storage bins are easily accessible. 

- Others (e.g. PCC advised us, our bins gets filled 

up) 

99.20

D.1 a. Yes 43.2

 b. No 56.8

D.2 a. Yes 50.89

 b. No 49.11

D.3 a. Yes 79.88

 b. No 20.12

D.4 a. Yes 77.22

 b. No 22.78

D.5 a. Yes 39.19

 b. No 60.95

D.6 a. Their service is good  79.88

 b. Their service is not good 20.12

D.7 - Strict supervision of waste workers required and 

provide training. 

68.40
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- Others (e.g. Provide basic necessities, etc )  31.60

E.1 a. Satisfied 83.73

 b. Not satisfied 16.27

E.2 - City cleanliness improved compared to previous 

years, PCC collects waste from individuals with 

free service. 

- Others (e.g. Doing good for us, etc) 

89.00

11.00

E.3 - Waste not collected sometimes, bad smells from 

storage areas especially during rainy season. 

- Others (e.g. Spillage of waste, backyards not 

clean) 

55.00

45.00

E.4 - PCC need to conduct mass clean up.  

- Most of the people are not aware of handling 

waste; they need to conduct some awareness 

programs.  

- There is need to inform about do's and don'ts of 

individuals and enforce some kind of penalties 

for the defaulters.  

- Need to improve waste storage facility. 

29.00

21.25

19.34

30.41
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APPENDIX IV 

 

POLICY REVIEW OF BHUTAN PERTAINING TO SOLID WASTE 

MANAGEMENT 

 
Water and Sanitation rules 1995 

 

Water and sanitation rules 1995 were prepared by public works division of 

ministry of communication (PWD and MOC, 1995). The motive behind the regulation 

was the fact that, in the urban areas due to uncontrolled waste disposal, it had resulted 

to aesthetically unsound, unhealthy conditions, waste of resource and landfill sites. 

Therefore, this policy was to safeguard public health, maintain its aesthetic 

conditions, and to reduce the quantity of waste that is disposed. The formulated rules 

tend to ensure the prerequisites to sustainable urban development and it spells out 

concepts for efficient management of the urban utilities with clear delineation of the 

responsibilities of the city corporations and the residents. The rules oriented to waste 

management are summarized under different category of rules; general, specific and 

amendment rules. General rule focus on ways of disposing the generated waste, 

specific rules for waste generators and amendment rules for municipalities.  

 

General rules 

 

Provisions for littering and unauthorized dumping clearly states that all solid 

waste, unless specifically explained in the rules, shall be disposed off in receptacles 

provided or approved by the city corporation. It also prohibits littering and 

unauthorized dumping of solid waste not only in Thimphu but throughout the country. 

 

The rules not only prohibit any individuals from damaging any public waste 

collection equipment, including use-me bins, bin supports, and steel containers but 

also restricts burning of waste, disposal of hot ashes, and activities that potentially 

cause damage to public waste collection equipment. Further, it prohibits any person 
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from removing public waste collection facilities from locations assigned by City 

Corporation. 

 

Burning of solid waste within the city boundaries is permitted under no 

circumstances of threat to public health, safety, property and the environment. The 

city corporation may order the burning of solid waste be ceased under conditions 

including, but not limited to, nuisance smoke, fire hazard, or poor air quality. It also 

requires the ashes from burnt solid waste to be disposed off in the same manner as 

household waste but not in condition of causing fire. 

 

The rules also require composting within the city limits to be conducted in a 

manner that prevents animals or weather from scattering the composting materials and 

which does not create unreasonable odors, vermin or other nuisance. 

 

Scrap dealing is permitted under the condition that scrap dealers are required 

to have valid licenses, city corporations approved locations, accept legally obtained 

scrap, store scraps in enclosed compounds with no threat to public health and safety, 

maintain cleanliness of the storage to prevent rats and vermin, segregate and store 

hazardous and inflammable waste under roofed area to prevent seepage/leakage into 

the environment. They are also required to dispose off the unsold scraps and 

associated solid wastes in a way that is approved by City Corporation. 

 

Specific rules 

 

These rules are for urban entities that generate waste. The rules require all residents, 

business and institutions, as generators of waste within the city boundaries, to manage the 

solid waste that they generate in a manner that does not threaten the public environment. 

Specifically, residents are required to dispose off all the solid waste, other than the 

composted or recycled ones, in a container or bin approved by the city/municipal 

corporation and containers are required to be emptied at collection locations as per 

schedules. Vendors and customers at the public markets are required to dispose off all solid 

waste generated in the bins provided by the city/municipal corporation. 
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Institutions including health care facilities such as hospitals and clinics are 

required to abide by certain regulations in the disposal of pathological, infectious, 

pharmaceutical and other wastes requiring special care. Pathological and infectious 

wastes are required to be collected in sterilized containers or disposable bag and 

incinerated at the Jigme Dorji Wangchuck Referral Hospital or treated by 

decomposition in slaked lime. The rules also prohibits disposal of special hospital 

waste and pharmaceutical waste in the city/municipal corporation’s public waste bins 

or containers. Health facilities are required to collect special hospital waste and 

prevent accidental contact with waste collection workers or public. Incinerated ash 

and fully decomposed treatment residues shall be disposed off in the same manner as 

waste from residences. 

 

Offices, schools, and institutions are required to provide sufficient receptacles 

for solid waste. The non recycled contents are required to be emptied into a container 

or bin approved by the city/municipal corporation at an established location. Non-

domestic solid waste generated at construction or demolition sites, including, but not 

limited to, concrete and brick rubbles and wood waste, is prohibited for dumping 

without the disposal instructions from the city corporation. 

 

Vehicle repair workshops within the city boundaries are required to dispose 

off solid waste that they generate in ways that do not threaten the environment or the 

health and safety of the workers and public. They are subject to sanitary inspection for 

compliance of the rules including; 

- Storage of waste oil in drums under conditions that minimize risk of fire and 

accidental spillage or leakage; prevent flow of oil into water bodies, 

- Disposal to city’s landfill site is prohibited. Disposal is permissible only through 

methods that include burning of oil waste in appropriate apparatus or shipping to an 

oil recovery business, 

- The rules also requires chemical industries to dispose off chemical wastes either 

through shipment to qualified recycling business for recovery or by minimizing the 

impacts through neutralization and evaporation process, 
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- Industries located within the city limits are required to minimize quantity of 

industrial waste and dispose off in ways that do to threaten the environment, health 

and safety of its workers and the public. They are required to provide reports every 

two years on the type, source, and quantity of industrial wastes it generates. The 

city/municipal corporations on the basis of the report will provide the directions for 

disposal. 

 

It is the policy of City Corporation to encourage residence, commercial 

establishment, institutions and industries, located within the city/municipal 

boundaries to sell or otherwise recycle recyclable material rather than disposing it. 

 

The rules also contain regulation for collection, transport and disposal of solid 

waste. The rules require that collection, transport and disposal of solid waste that is 

generated within the city/municipal boundary shall be done in a manner that protects 

both the environment and health and safety of the public and the waste workers. It 

requires that city/municipal corporation to conduct solid waste management by; 

- Providing/approving sufficient waste collection receptacles and locations for the 

public use, 

- Collecting solid waste at a frequency and in a manner sufficient to protect public 

health and prevent visually unattractive condition, 

- Transporting solid waste in a manner that prevents its blowing or falling from 

collection vehicles, 

- Disposal of solid waste in city/municipal Corporation approved locations and 

disposal sites and practices to comply with applicable Royal Governmental 

environmental standards. 

 

The rules also provides for sanctioning of fines or labor contributions to clean 

up solid waste within the city as may be specified by the city corporation from time to 

time. The respective municipalities are authorized to amend the rules from time to 

time if necessary. The documents grants the city corporation with authority to enforce 

the rules contained therein, and also enact and enforce solid waste management rules 

in future. 
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Bhutan Municipal Act 1999 

 

This Act was prepared by Ministry of Works and Human Settlement (MOC, 

1999). It was aimed to enable the establishment of municipal city corporation as legal 

entities with perpetual successories, and to confer powers as required to forgo 

partnership between the municipal corporations, the residents, business and industries 

of municipality for effective development and governance of kingdoms urban 

communities. The Act does not contain any specific provisions related to urban waste 

management. 

 

Action plan for Thimphu 1992 

 

It was prepared by National Environment Commission secretariat and 

Thimphu City Corporation (TCC and NEC, 1992). It was intended to provide first 

step towards making Thimphu city a model city. While in this action plan, one 

recommendation was: 

- Autonomy of the Thimphu city corporation in administrative and financial 

matters. Only though such autonomy it is possible to ensure city corporations ability 

to implement its plans and to develop the necessary sense of responsibility among the 

citizens; example by correlating fees and taxes directly with benefits derived from 

sources. However, the mentioned recommendation had remained unimplemented till 

this date. 
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