
Greater Malé Waste-to-Energy Project (RRP MLD 51077-003)   

SECTOR ASSESSMENT (SUMMARY):  
WATER AND OTHER URBAN INFRASTRUCTURE AND SERVICES 

 
A. Sector Roadmap 
 

 Sector Performance, Problems, and Opportunities 
 
1. Sector performance in Maldives. With their disbursed nature and limited available land, 
small island nations such as Maldives present unique challenges for solid waste management 
(SWM).1 It is estimated that more than 1,000 tons per day (tpd) of solid waste are generated in 
the country; this is rarely treated and rarely disposed of sustainably because of a lack of adequate 
SWM infrastructure, low awareness on sustainable SWM, and limited capacity to manage solid 
waste effectively. Low technical and professional skills in waste management constrain industry 
performance. As a result, waste is mostly dumped into the ocean or left at uncontrolled dump 
sites where it is burned periodically, creating serious public health and environmental impacts.2 
 
2. The project area, which covers the Greater Malé region3 and 32 inhabited outer islands 
and 86 tourist resorts within the Alifu Alifu Atoll, Alifu Dhaalu Atoll, Kaafu Atoll, and Vaavu Atoll, 
with a population of 295,000 (53% of Maldives’ total population), suffers from severe 
environmental pollution and deteriorating livability because of inadequate collection and 
haphazard disposal of solid waste.4 The dumping and burning of garbage at the 10-hectare dump 
site established in 1992 on Thilafushi island (6 kilometers from Malé) creates a significant 
environmental and public health hazard. Plumes of smoke visible from the capital city, the 
international airport, and surrounding resorts compromise air quality and pose a daily nuisance to 
residents and tourists. The project area lacks an organized and sustainable waste management 
system for the estimated 836 tpd of mixed solid waste generated (2019 projections).5 With rapid 
urbanization and tourism development in the project area,6 the amount of waste is projected to 
grow to more than 1,000 tpd by 2027.7 This will increase pressure on an already stressed waste 
management system, posing a significant threat to Maldives’ economic cornerstones—tourism 
and fisheries—both of which rely on the country’s pristine environment.8 
 
 

 
1  Maldives’ land area is less than 300 square kilometers, its average elevation is about 1.2 meters, and its territory 

stretches more than 750 kilometers.  
2  Government of Maldives, Ministry of Environment (MOE). 2017. State of the Environment 2016. Malé. 
3  The Greater Malé region includes Malé, Hulhumalé, Villingili, and the industrial islands: Thilafushi and Gulhi Falhu. 
4  The project area is classified as zone 3 in the National Solid Waste Management Policy (2015). The policy divides 

Maldives into seven regional zones for solid waste management (as shown in the map in the main text of the report 
and recommendation of the President), each with a regional waste management facility. Government of Maldives, 
MOE. 2015. National Solid Waste Management Policy for the Republic of Maldives. Malé.  

5  Of the total waste generated, about 300 tpd are suitable for incineration. The estimated breakdown of solid waste by 
type is as follows: construction and demolition (68.0%), household (19.0%), resort (6.0%), commercial (3.0%), airport 
(1.2%), industrial (0.8%), market (0.3%), hazardous (0.2%), and end-of-life vehicles (0.1%). The composition of 
municipal waste is as follows: organic (53.0%); paper and cardboard (12.0%); plastic (11.0%); hazardous (medical) 
waste (8.0%); metal (3.0%); glass (3.0%); and others (11.0%). Government of Maldives, MOE. 2018. Feasibility 
Study for an Integrated Solid Waste Management System for Zone III and Preparation of Engineering Design of the 
Regional Waste Management Facility at Thilafushi. Malé. 

6  This urbanization is mainly because of the rapid development of Hulhumalé, which is expected to accommodate 
240,000 residents in the long-term as an expansion of Malé city. 

7  Government of Maldives, MOE. 2018. Feasibility Study for an Integrated Solid Waste Management System for Zone 
III and Preparation of Engineering Design of the Regional Waste Management Facility at Thilafushi. Malé. 

8  Tourism is the largest and most rapidly expanding industry, accounting for 24.4% of gross domestic product (2018). 
As of 2014, one-quarter of the country’s employment is in tourism and fisheries. ADB. 2019. Maldives Economic 
Update 2019. Manila. 

http://www.adb.org/Documents/RRPs/?id=51077-003-3
http://www.environment.gov.mv/v2/wp-content/files/publications/20170202-pub-soe-2016.pdf
http://www.mvlaw.gov.mv/pdf/gavaid/minHousing/28.pdf
https://www.adb.org/sites/default/files/institutional-document/544946/maldives-economic-update-2019.pdf
https://www.adb.org/sites/default/files/institutional-document/544946/maldives-economic-update-2019.pdf
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3. Institutional arrangements for solid waste management. The Waste Management and 
Pollution Control Department in the Ministry of Environment (MOE) is mandated to provide safe 
waste disposal, cost-effective and environmentally responsible waste management, and pollution 
controls on all inhabited islands. The department is also in charge of drafting national strategies 
and action plans to implement national policies, while the Environmental Protection Agency, a 
separate entity within the MOE, is the regulatory body and enforces the national provisions for 
SWM. Under the government’s decentralization program, island councils are mandated to provide 
key municipal services, including SWM.9 In 2016, Waste Management Corporation Limited 
(WAMCO), a state-owned operator, was contracted to provide solid waste collection and transfer 
in the Greater Malé region and manage the dump site on Thilafushi island. 
 
4. Waste collection and transfer in the project area. About 89% of Malé, 89% of Villimalé, 
and 84% of Hulhumalé are covered by inefficient waste collection, resulting in waste often piling 
on streets. WAMCO collects waste but has limited staffing and technical and managerial capacity 
in modern and efficient collection and transfer systems, which is required, especially in the 
densely populated and narrow streets context of Malé. There are no standardized collection 
routes, collection points, or bins. Solid waste collection equipment includes a small fleet of aging 
trucks that are unable to access smaller streets. About 20 tpd of waste are dumped on beaches 
or in the ocean on outer islands, and backyard burning is common (footnote 7). There is no 
transfer infrastructure, and WAMCO transports the waste collected from the project area in open, 
non-containerized vessels to the industrial island of Thilafushi, resulting in significant spillage into 
the ocean. As part of the Greater Malé Environmental Improvement and Waste Management 
Project, supported by the Asian Development Bank (ADB) and approved in 2018, the government 
is developing a systematic and containerized collection and transfer system for the project area, 
including equipment, transfer stations, and community capacity building for SWM on outer 
islands.10 
 
5. Waste disposal in the project area. On Thilafushi island, waste is disposed without 
treatment on a dump site that has no leachate systems and is managed by WAMCO.11 Since 
2008, fires have been set to reduce growing mounds of garbage, producing plumes of smoke and 
severe air pollution for on-site workers, Malé residents, and surrounding resorts. Though WAMCO 
stopped setting fires in 2018, waste burning still occurs because of existing hotspots, causing 
frequent complaints from nearby residents and resorts. On-site equipment and site logistics are 
not sufficient or optimal to efficiently manage the growing volume of incoming waste and to stop 
fires. Under the Greater Malé Environmental Improvement and Waste Management Project, the 
government is procuring equipment to optimize dump site management, treat construction and 
demolition waste, halt fires, and implement waste baling as an environmentally sustainable 
temporary disposal solution until a new regional waste treatment facility for the project area is 
commissioned (under the proposed project). The government expects to stop fires and start baling 
solid waste by September 2020. 
 
6. Lack of sustainable solid waste treatment services and scarce land. While the 
Greater Malé Environmental Improvement and Waste Management Project is addressing 
important prerequisites to improve SWM, the project area still lacks solid waste treatment and 

 
9  In 2010, the government formulated a national decentralization program under which island councils were to be 

entrusted with the responsibility for water supply, sanitation, environmental management, and land management. 
10  ADB. 2018. Report and Recommendation of the President to the Board of Directors: Proposed Grant and Technical 

Assistance Grant and Administration of Grant to the Republic of Maldives for the Greater Malé Environmental 
Improvement and Waste Management Project. Manila. 

11  Thilafushi island is an artificially reclaimed island created in the early 1990s from a combination of garbage and sand. 
It is zoned for industrial use. Thilafushi island does not have any inhabitants. 

https://www.adb.org/sites/default/files/project-documents/51077/51077-002-rrp-en.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-002-rrp-en.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-002-rrp-en.pdf
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disposal services to provide a long-term, sustainable, end-to-end solution for SWM in the project 
area. Developing critical infrastructure that is able to systematically and efficiently treat waste 
while safely disposing residuals from the process remains a critical priority to improve public 
health and the environment in the project area. Scarcity of land is a serious constraint that requires 
high treatment and volume reduction efficiency. There are only 15 hectares of land available for 
solid waste treatment and disposal, which the government had to reclaim in 2018 from the 
adjacent lagoon close to the Thilafushi dump site because of insufficient space. Despite 
innovative examples in the project area, recycling is limited to a small fraction (5%–7%) of the 
municipal solid waste generated (footnote 7). Scaling up of recycling is constrained by the lack of 
waste processing industries in the country, high transportation costs, the intensive land 
requirement for processing, and recent bans of recyclable waste imports in neighboring 
countries.12 A combination of proven modern waste-to-energy (WTE) technologies that are able 
to treat and minimize residual waste for final disposal (landfilling), recycling, and public awareness 
for waste minimization has emerged as the best-fit solution for SWM in the project area (footnote 
7). 13 
 
7. Vulnerability to disasters and climate change. As one of the lowest-lying countries in 
the world (1.5 meters above mean sea level), Maldives is vulnerable to sea level rise and extreme 
weather linked to climate change, including increased precipitation and storm severity. The 
eastern side of Maldives, including Greater Malé, is more exposed to natural hazards (tsunamis, 
storm surges, floods, and strong winds) than the western side. The Indian Ocean tsunami in 
December 2004 dispersed about 290,000 cubic meters of waste from open dump sites on land, 
including municipal and hazardous wastes (asbestos, medical, and oil).14 
 
8. Investment opportunities. With the launch of the Saafu Raajje (Clean Maldives) initiative 
in 2015, the government began significant infrastructure, capacity building, and awareness raising 
activities on SWM across all seven administrative zones. About $70 million, mainly provided 
through grants from ADB and the World Bank’s International Development Association, was 
invested to improve SWM in zones 2, 3, 4, and 5. The government is planning to invest a further 
$170 million to improve SWM in the Greater Malé region, including (i) developing solid waste 
treatment (proven WTE), disposal, and recycling infrastructure (that is disaster and climate 
resilient); (ii) rehabilitating the dump site on Thilafushi island; (iii) strengthening institutional 
capacities for solid waste services delivery and environmental monitoring; and (iv) improving 
public awareness and behaviors in reduce-reuse-recycle. These investments will result in 
substantial improvement of public and environmental health (air quality and ocean health) with 
positive impacts on major economic activities (tourism and fisheries) in the project area. 
 

 Government’s Sector Strategy 
 
9. Strategic action plan. The government’s Strategic Action Plan, 2019–2023 recognizes 
SWM as the most visible and pressing environmental issue, and it details policy actions to 
promote waste as a valuable resource, including strengthening waste collection and management 
in the Greater Malé region, establishing regional waste management facilities, and expanding 

 
12  The Economist. 2019. South-East Asian countries are banning imports of waste for recycling. 15 June; Government 

of India, Ministry of Environment, Forest and Climate Change. 2019. Amendment in Hazardous Waste (Management 
& Transboundary Movement) Rules, 2016. News release. 6 March. 

13  WTE is complementary and supports high-quality recycling. Many countries with high recycling rates also have high 
WTE rates (e.g., Japan, Germany, and the Netherlands). 

14  United Nations Environment Programme/United Nations Office for the Coordination for Humanitarian Affairs Joint 
Environment Unit. 2005. Indian Ocean Earthquake-Tsunami of 26 December 2004: United Nations Disaster 
Assessment and Coordination—Rapid Environmental Assessment, Republic of Maldives. Geneva. 

https://www.economist.com/asia/2019/06/15/south-east-asian-countries-are-banning-imports-of-waste-for-recycling
https://pib.gov.in/newsite/PrintRelease.aspx?relid=189227
https://pib.gov.in/newsite/PrintRelease.aspx?relid=189227
https://wedocs.unep.org/bitstream/handle/20.500.11822/8201/Reports_rea_maldives.pdf?sequence=3&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/8201/Reports_rea_maldives.pdf?sequence=3&isAllowed=y
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WTE.15 The plan also includes key actions to introduce extended producers’ responsibility, apply 
the polluter pays principle, and ban the use and sale of single-use plastic over the long-term. 
 
10. National solid waste management policy and regulation. Maldives’ strategy on solid 
waste is based on the National SWM Policy (2015)16 and the Waste Management Regulation (No 
2013/R-58). These set out key strategic, governance, and legislative principles to meet worldwide 
statutory objectives for waste management, including (i) a waste hierarchy approach to SWM, 
prioritizing waste minimization and resource recovery;17 (ii) proximity and self-sufficiency, 
requiring waste to be dealt with as close as possible to where it is produced; (iii) the polluter pays 
principle, reflecting the environmental and health costs of waste generation, treatment, and 
disposal in the price of products and SWM fees; and (iv) the best practicable environmental option 
as a major tool for decision-making. The National SWM Policy divided the country into seven 
waste management zones, with each zone having its own regional waste management facility 
(footnote 4). The government is considering a new SWM law to further strengthen the current 
legislative, regulatory, and institutional framework on waste management. In 2019, the 
government established the Maldives Green Fund to enhance investments in environmental 
improvement sectors, including SWM.18 The government is also developing national operational 
guidelines and emission standards for incineration and WTE with the support of ADB technical 
assistance.19 
 
B. Major Development Partners: Strategic Foci and Key Activities 
 
11. The MOE works with development partners to develop waste management systems in 
each of the seven SWM zones under the National SWM Policy (para. 10). The key development 
partners are (i) the Organization of the Petroleum Exporting Countries Fund for International 
Development (zone 1); (ii) the Abu Dhabi Fund for Development, the International Renewable 
Energy Agency, and the World Bank (zone 2); and (iii) ADB, the Asian Infrastructure Investment 
Bank (AIIB), and the Islamic Development Bank (IsDB) (zone 3); (iv) the World Bank and the 
Government of Denmark (zone 4); (v) the World Bank (zone 5); (vi) the United Nations 
Environment Programme, and the Ministry of the Environment of the Government of Japan (zone 
6); and (vii) the Abu Dhabi Fund for Development and the International Renewable Energy 
Agency (zone 7). 
 
12. In each of the seven SWM zones, bilateral and multilateral partners are establishing a 
regional SWM facility and providing island waste management centers and capacity building for 
environmental management in targeted island communities. The World Bank’s Maldives 
Environmental Management Project is the largest completed SWM project and also supported 

 
15 Government of Maldives. 2019. Strategic Action Plan, 2019–2023. Malé. 
16  The policy (i) defines the responsibilities for SWM, assigning the regulatory role to the MOE and the monitoring role 

to the Environmental Protection Agency; (ii) divides Maldives’ territory into seven administrative zones, mandating a 
regional waste management facility in each of them; (iii) stresses reduce-reuse-recycle, and raising citizen 
awareness; (iv) mandates the development of island waste management plans and systems, including equipment 
and facilities (island waste management centers), on all inhabited islands; (v) specifies mechanisms for SWM fee 
collection; and (vi) mandates residual waste from islands to be transferred to regional waste management facilities. 
Government of Maldives, MOE. 2015. National Solid Waste Management Policy for the Republic of Maldives. Malé. 

17  The waste hierarchy is structured as follows (from the highest priority to the lowest): (i) waste prevention and 
minimization; (ii) reuse; (iii) recycling; (iv) recovery and/or other treatment; and (v) disposal (e.g., landfilling). 

18 The Maldives Green Fund was established on 6 January 2019 as a trust fund under Public Finance Act (Law No. 
3/2006). Fund revenues are from a green tax, which is payable by tourists who stay in resorts, hotels, and tourist 
vessels at the rate of $6 per day of stay, and in tourist guesthouses at the rate of $3 per day of stay. Government of 
Maldives, Ministry of Finance. 2019. Green Fund Report: December 2019. Malé. 

19 ADB. 2017. Project Preparatory Technical Assistance to Maldives for the Greater Malé Environmental Improvement 
and Waste Management Project. Manila.  

https://storage.googleapis.com/presidency.gov.mv/Documents/SAP2019-2023.pdf
http://www.mvlaw.gov.mv/pdf/gavaid/minHousing/28.pdf
https://www.finance.gov.mv/public/attachments/j5Rtr95iFP3SoARmwAPJJ4I9cJmWDDERJZipxkJ1.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-001-pptar-en.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-001-pptar-en.pdf
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the development of a 40 tpd incineration treatment plant in the regional facility on Vandhoo island 
(zone 2). The plant was later upgraded to a WTE facility in 2019 and under commissioning. 
 
13. The government assigned the Greater Malé region (zone 3), the most populated and 
largest waste catchment area, to ADB, AIIB, and the IsDB (para. 11). For the proposed project, 
ADB sought cofinancing of $40 million from AIIB and mobilized additional grant funding of $10 
million from ADB’s Japan Fund for the Joint Crediting Mechanism to help finance the large WTE 
package. ADB is coordinating with the IsDB, which is processing a loan with an indicative amount 
of $20 million for the proposed Thilafushi island dump site rehabilitation and development of the 
Hulhumalé transfer station as a separate project. 
 
14. Since 2016 the government, through the Ministry of Finance (MOF) and MOE, has 
supported donor coordination in zone 3. The MOF and MOE organize annual donor coordination 
meetings involving ADB, AIIB, the IsDB, and the World Bank. The meetings provide opportunities 
to discuss financing and exchange lessons and best practices SWM. 
 

Table 1: Major Development Partners 
Development 
Partner Project Name Duration 

Amount 
($ million) 

Waste Management and Pollution Control 
OFID Provision of Water Supply, Sanitation and 

Solid Waste Management Project 
2016–2018 9.2 

World Bank Maldives Environmental Management Project  2008–2016  12.0 
World Bank Maldives Clean Environment Project  2018–2023  20.5 
ADB Greater Malé Environmental Improvement and 

Waste Management Project 
2018–2023  40.0 

ADB and AIIB Greater Malé Waste-to-Energy Project 2020–2025 151.1 
ADFD/IRENA Small-Scale Waste-to-Energy 2016–2021  12.0 
Government of 
Denmark 

Low Emission Climate Resilient Development 2015–2018  4.8 

EU and World Bank Climate Change Trust Fund 2015–2018  2.0 
EU and World Bank Climate Change Adaptation Project 2014–2018  0.8 
ADB = Asian Development Bank, ADFD = Abu Dhabi Fund for Development, AIIB = Asian Infrastructure Investment 
Bank, EU = European Union, IRENA = International Renewable Energy Agency, OFID = Organization of the 
Petroleum Exporting Countries Fund for International Development. 
Source: Government of Maldives, Ministry of Environment. 
 

C. Institutional Arrangements and Processes for Development Coordination  

15. The MOF and MOE, through its Waste Management and Pollution Control Department, 
coordinate with bilateral and multilateral agencies and other stakeholders involved in SWM. A 
project steering committee—chaired by the minister of environment and comprising the MOE; 
MOF; Ministry of National Planning and Infrastructure; Ministry of Tourism; Ministry of Health, 
Ministry of Gender, Family, and Social Services; and local governments—oversees the 
implementation of ADB SWM projects in Greater Malé and coordinate with other government and 
external agencies. A project management unit (PMU) has been established within the MOE 
consisting of eight full-time staff members. The MOF and MOE will lead coordination among 
development partners to ensure synergies in development planning and financing for waste 
management in Maldives. 
 
D. ADB Sector Experience and Assistance Program 
 
16. ADB provided $14 million to the water and other urban infrastructure and services sector 
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from 1999 to 2017 for two projects.20 The projects supported a balance of institutional, 
infrastructure, and environmental improvements (on islands outside the proposed project area) 
and included small investments in SWM (equipment, awareness building). In 2018, ADB approved 
the GMEIWMP ($35 million) a dedicated SWM project for the Greater Malé capital region and its 
outer islands (zone 3) to (i) improve the upstream segment of the SWM chain including collection 
and containerized transfer; (ii) develop institutional capacity and public awareness for sustainable 
SWM service delivery; (iii) develop infrastructure to treat and recover construction and demolition 
waste; and (iv) implement temporary measures, such as baling of municipal solid waste, as 
adequate interim solution to stop open dumping and burning on Thilafushi until a modern solid 
waste treatment and disposal facility will be operational.21  
 
17. Strategic approach. The proposed project is included in the country operations business 
plan for Maldives, 2020–2022, and will complement the ongoing Greater Malé Environmental 
Improvement and Waste Management Project by supporting the government to provide a full-
fledged SWM service to the project area through modern waste treatment (proven WTE) and 
disposal infrastructure. The project is part of a phased approach consisting of two ADB-supported 
projects: the Greater Malé Environmental Improvement and Waste Management Project and the 
proposed project. This approach is to match implementation capacity of the government and 
improve project readiness for efficient resource allocation, allowing for urgent measures to be 
implemented while complex WTE infrastructure preparatory measures are being completed (i.e., 
land reclamation of 15 hectares, advance procurement, and preparing environmental impact 
assessment preparation). 
 
18. Transaction technical assistance is attached to the project. It will (i) strengthen the 
institutional capacity of the MOE and Environmental Protection Agency to supervise WTE service 
delivery; (ii) support improvement of financial sustainability for WTE service delivery; and (iii) 
provide implementation support to the project management unit in contract management, 
performance monitoring, compliance with safeguards requirements, and financial management 
during the design and build period (of the WTE design–-build–-operate contract).22 
 
19. Lessons. The following lessons and good practices are incorporated into the project 
design: (i) include long-term operation and maintenance in contracts to improve service continuity 
and sustainability; (ii) provide adequate preparation support to avoid downstream delays;23; (iii) 
provide implementation support and capacity building to project management unit staff in project 
implementation, particularly in procurement, contract management, and safeguards;24 (iv) 
complement infrastructure investments with strong capacity building; (vi) promote strong 
community consultation and awareness on reduce-reuse-recycle, targeting women;25 and (vii) 
incorporate disaster risk reduction and climate change-resilient measures into project designs.

 
20  ADB. 1999. Report and Recommendation of the President to the Board of Directors: Proposed Loan to Maldives for 

the Regional Development Project. Manila. ($8.0 million); and ADB. 2005. Report and Recommendation of the 
President to the Board of Directors: Proposed Loan to Maldives for the Regional Development Project Phase II—
Environmental Infrastructure and Management. Manila.  

21 ADB. 2018. Report and Recommendation of the President to the Board of Directors: Proposed Grant and Technical 
Assistance Grant and Administration of Grant to the Republic of Maldives for the Greater Malé Environmental 
Improvement and Waste Management Project. Manila. 

22  Attached Technical Assistance Report (accessible from the list of linked documents in Appendix 2 of the report and 
recommendation of the President to the Board of Directors). 

23  Independent Evaluation Department. 2011. Country Assistance Program Evaluation: The Maldives. Manila: ADB. 
24  Independent Evaluation Department. 2012. Learning Curves: Country Assistance Program Evaluation for the 

Maldives. Manila: ADB. 
25 ADB. 2014. Completion Report: Regional Development Project, Phase II—Environmental Infrastructure and 

Management in the Maldives. Manila. 

https://www.adb.org/sites/default/files/project-document/69381/rrp-mld-33218.pdf
https://www.adb.org/sites/default/files/project-document/69381/rrp-mld-33218.pdf
https://www.adb.org/sites/default/files/project-document/69381/rrp-mld-33218.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-002-rrp-en.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-002-rrp-en.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-002-rrp-en.pdf
https://www.adb.org/sites/default/files/evaluation-document/35019/files/cap-mld-2011-21.pdf
https://www.adb.org/sites/default/files/evaluation-document/36084/files/lc-cape-mld.pdf
https://www.adb.org/sites/default/files/evaluation-document/36084/files/lc-cape-mld.pdf
https://www.adb.org/sites/default/files/project-document/81827/33218-013-pcr.pdf
https://www.adb.org/sites/default/files/project-document/81827/33218-013-pcr.pdf
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Problem Tree for Water and other Urban Infrastructure and Services  
 

 
 

Residents and tourists suffer from waste left on roadside and garbage dumped or burned (smoke) in the open at 
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