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0. Executive Summary

This report summarizes the outcomes of the 2024 Seoul ODA Challenge Program, led by the Seoul
Metropolitan Government, to support a sustainable solid waste management system in Colombo, Sri
Lanka. It also includes a pre-feasibility study for establishing an organic waste bio-gasification facility
in the City of Colombo.

Through this report, the Seoul Metropolitan Government presents practical implementation strategies
to address Colombo’s complex challenges—rapid urban population growth, surging municipal solid
waste, insufficient resource-recycling technologies, and limited wastewater treatment infrastructure—
and reviews an actionable project plan through an integrated assessment covering technical, economic,
institutional, and environmental aspects.

Colombo, the capital and economic center of Sri Lanka, continuously generates 700-800 tons of
municipal solid waste per day. However, due to aging facilities, budget shortages, institutional gaps,
and insufficient private-sector participation, the city has been unable to build a sustainable waste
management system.

This preliminary feasibility study aims to improve these urban challenges and provide a policy and
technical roadmap enabling Colombo to realize a sustainable and circular organic waste treatment and

recycling model.

0.1 Background and Problem Recognition

0.1.1 Intensifying Waste Issues

Colombo generates the largest volume of waste in Sri Lanka, with organic waste accounting for
approximately 68% of the total—of which food waste comprises about 48%.

Due to the high proportion of high-moisture organic matter:

- Reduced incineration efficiency and electricity generation

- Increased leachate in landfills

- Odor, pathogenic microorganisms, and pest proliferation

- Deterioration of urban aesthetics and sanitary environment

The currently operating Waste-to-Energy incineration facility in Kerawalapitiya region(Western Powers
Kerawalapitiya) was originally planned to process the entirety of Colombo's municipal waste. However,
the high share of wet mixed waste has significantly reduced operational efficiency. Other than WPK,
Colombo has almost no official recycling facilities, and large quantities of waste are managed through

unsanitary landfilling or open dumping.

0.1.2 Institutional, Financial, and Organizational Constraints

Colombo exhibits the following challenges regarding organic waste management:

- Insufficient budget, equipment, and staffing (most budget allocated to waste collection only)



- Underdeveloped PPP framework for private-sector participation
- Ambiguous laws and administrative responsibility related to waste, wastewater, and sludge
- Overlapping roles among CEA, MoE, and Colombo Municipality, resulting in weak management

These complex issues cannot be solved through a single facility. An integrated model strengthening

technical, institutional, financial, and operational capacities is required.

0.2 Project Objectives and Scope

The goal of this preliminary feasibility study is to fundamentally improve Colombo’s organic waste
management challenges while simultaneously achieving renewable energy generation, GHG reduction,
environmental sanitation improvement, and increased private investment. The study proposes an

integrated organic waste bio-gasification infrastructure model.

0.2.1 Detailed Scope
@ Baseline Study

- Analysis of waste, wastewater, and sludge generation and composition
- Analysis of legal, institutional, and administrative structures
- Assessment of CMC’s budget, organization, equipment, and O&M capacity
- Survey of resident opinions, onsite feedback, and complaint patterns
@ Technical Feasibility

- Suitability assessment of candidate sites (Madampitiya, Kerawalapitiya)

- Evaluation of facility scale and comparison of anaerobic digestion processes

- Strategy for treated water, biogas, and digestate utilization

- Environmental and siting risk analysis (flooding, inundation, ground stability)

- Review of applicability of Seoul/Korea’s advanced cases (Jungnang, Tancheon, Seonam)

@ Economic and Financial Analysis

- CAPEX/OPEX estimation

- Revenue from electricity sales, tipping fees, and fertilizer/by-products

- Carbon reduction revenue under Article 6

- IRR, NPV, B/C ratio, and sensitivity analysis

- Evaluation of public finance + private investment (PPP) + MDB blended model
@ Environmental & Social (E&S) Impact Assessment

- Compliance with CEA standards
- BIQ (EIA preliminary review)
- Marine/river impacts, odor, traffic, and social impact assessment
@ Capacity Building
- Sharing Seoul’s integrated waste—wastewater management experience

- Site visits to advanced Korean AD/wastewater facilities



0.3 Summary of Key Findings

0.3.1 Waste Assessment Results
- MSW generation: approx. 800 tons/day
- Organic waste ratio: 68%, predominantly food waste
- Collection rate: 40-60%, below 30% in some areas

- Very high applicability of bio-gasification due to high organic fraction

0.3.2 Institutional and Regulatory Analysis
- Overlapping roles among MoE—-CEA-CMC-NWSDB
- Very limited local government O&M capacity
- Lack of tariff and regulatory frameworks to attract private investment
- Strict environmental regulations but weak enforcement

- Institutional and administrative improvements must accompany technical solutions

0.4 Technical Feasibility

0.4.1 Project Scope

The organic waste bio-gasification facility aims to treat and recycle anaerobically digestible organic
waste generated from households, restaurants, and markets.
Applicable waste types:

- Food waste (households, restaurants, markets)
- Market waste (high-moisture organic fractions)

- Certain organic commercial waste

0.4.2 Key Components
- Dedicated organic waste transport/collection system
- Pre-treatment facilities (pulping, degritting, mixing)
- Anaerobic digesters
- Gas purification and storage system
- CHP-based power generation (gas engine)

- Digestate drying and fertilizer production facilities

0.4.3 Site Suitability

Madampitiya was evaluated as the optimal site:

- Urban planning and designated land use
Previously designated for a wastewater treatment plant; suitable for public environmental
infrastructure with minimal legal/planning constraints.

- Geographic accessibility and optimized waste collection routes
Located 2 km from Baseline Road (A4) and 3 km from the coastal expressway (A2), capable of
serving both northern and central Colombo.

- Adequate land area and future expandability

Approx. 41,000 m?, suitable for a standalone AD facility with future expansion potential.



- High ground stability

Field measurements show the site is stable for large-scale infrastructure construction.

0.4.4 Main Technical Elements and Advantages

Facility capacity was estimated based on per-capita organic waste generation and Colombo's 2030
population projection; the target capacity is 200 tons/day.
Key technical elements

- Continuous stirred-tank reactor (CSTR) AD system
- Pre-treatment optimized for food and market waste mixtures
- CHP system of approximately 1.5-2.5 MW
- Fertilizer/soil-conditioner recycling of digestate
Technical advantages
- Improvement of unsanitary landfilling/dumping practices
- Separate treatment of wet organic waste improves calorific value of remaining MSW, supporting
existing WtE incineration

- Energy production (electricity/heat) generates revenue

0.5 Economic Feasibility Analysis

0.5.1 Capital Expenditure (CAPEX)
- Total CAPEX: approx. USD 35 million
- Includes civil/equipment/M&E, design/supervision, taxes/duties, contingency
- Based on a 200 t/d standalone AD facility
- Comparable to medium-scale biogas plants internationally

0.5.2 Operational Expenditure (OPEX)
- Total OPEX: approx. USD 0.86 million/year

- Chemicals, maintenance, and labor account for ~80% of total

0.5.3 Benefits
- Digestate-based liquid fertilizer: production and sales possible
- Potential revenue from tipping fees (requires negotiation)
- Additional carbon credit revenue if Article 6 eligible

- High expected value due to strong methane reduction impact

0.5.4 Economic Results
- NPV >0
-B/C=1.15-1.20
- IRR = 6-7% (close to 8% social discount rate)
- Payback period: approx. 12 years

Economic feasibility remains stable even under sensitivity scenarios involving power tariffs and OPEX

variation.



0.6 Environmental & Social (E&S) Impact Review
The project offers the following E&S benefits:
- Reduced environmental pollution from landfilling and illegal dumping
- Significant reduction in leachate, odor, and pathogenic risks
- Improved urban aesthetics
- Improved fisheries and tourism environments
- Climate change mitigation (methane reduction)
- EIA review confirmed that predicted environmental impacts are manageable with proper controls

0.7 Implementation Strategy and Policy Recommendations

0.7.1 Institutional and Administrative Improvements
- Establish dedicated integrated Waste—Water department within CMC
- Reform waste and wastewater tariff (user-charge) systems
- Establish PPP structures (BOO/BOT, hybrid PPP)
- Create dedicated O&M fund for financial sustainability

0.7.2 Financing Strategy

Most feasible model is blended finance:

- ADB/WB/AIIB concessional loans and grants

- Korean support from EDCF, KEXIM, KSURE

- Private-sector investment (PPP)

- Fiscal support from CMC and national government

This combination minimizes Colombo’s financial burden while enabling project implementation.

0.7.3 Long-Term Roadmap
- Phase 1: Finalize PFS, confirm site, basic design (1 year)
- Phase 2: PPP, procurement, EIA, detailed design (1-2 years)
- Phase 3: Construction and commissioning (3 years)

- Phase 4: Operation and MRV for carbon credits (20 years)

0.8 Overall Conclusion

This preliminary feasibility study establishes the technical, economic, and environmental justification
for innovation in Colombo’s waste management system.

The study concludes that proper treatment and recycling of organic waste through this project is the
most effective measure to transition Colombo toward a sustainable urban environment. Leveraging
Seoul’s advanced environmental management experience and technology, the project can
simultaneously achieve circular-economy development, climate action, urban environmental
improvement, and enhanced private-sector investment.

The strategies and roadmap presented in this report will serve as critical policy and technical

references during subsequent full feasibility studies and PPP project development.



1. INTRODUCTION

1.1 Background

Colombo in Sri Lanka is a key commercial and administrative hub, generating more than 500 tons of
municipal solid waste daily. However, existing waste management systems and policies remain
inadequate, and the current recycling infrastructure is underdeveloped. To address these challenges,
the 2024 SEOUL ODA Challenge Program - supported by the Seoul Metropolitan Government and
executed by the Seoul Urban Solutions Agency aims to strengthen Colombo’s organic waste
management capacity, including a facility plan for biogas production from organic waste such as food
waste.

In addition to attracting private-sector capital, this program will pursue financing from multilateral
development banks (MDBs) to de-risk and scale the project. By tapping concessional loans, grants, and
blended-finance facilities offered by institutions such as the Asian Development Bank and the World
Bank, Korean EXIM Bank, the initiative can lower upfront investment hurdles and reduce the overall
cost of capital.

Within this context, the study investigates the major issues affecting waste treatment facilities in
Colombo, particularly the barriers to introducing new schemes and fulfilling technical requirements.
The findings will serve as the basis for recommending advanced waste treatment solutions, both from
institutional and technical perspectives, thereby aiding in the city’s transition toward a more

sustainable and circular waste management system.

B Figure 1-1 Basic Direction for Project Implementation

Worsening Waste Weakering Fiscal Soundness i
Management Siuation » Ongoing national burdens due ,Hm' '““w""’e m""'"”
* Increasing waste generation to COVID-19 and political i s s adl
due to urt?aq deve&opm instability : ;;’0' ay A
and population growth « Difficulty in allocating funds for R SO ORI
* Lack of effective solutions for infrastructuse development I
organc waste treatment

Plan to establish an optimal organic waste biogas fadility in Colombo,
Strengthening the city’s waste management capacity,
and Conducting a Pre-feasibility study to promote private-sector investment.

Enhancement of Colombo's Foundation for Transferring Establishment of a Foundation
Waste Management Capacity Advarced Technology to Promote Private
* Implementing a project * Promoting overseas resource Ivestment
aligned with Sri Lanka’s waste recycling by sharing Seouls » Create business cpportunity
management policies and acharced crganic waste for ernvironmental companies’
greenhouse gas reduction management experience organic waste to energy PPP
targets project
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1.2 Scope of Project

1.2.1 Scope of Pre-Feasibility Study
1.2.1.1 Baseline Study
B Table 1-1 Baseline Study Direction

Item

Details of Work

Basic data
collection and

- Environmental management status of the central and local governments
- Status of waste management in the target area
- Review of related laws and policies

analysis
y - Review of the status and prospects of best available technologies (BAT)
Analysis of . L . .
t - Survey of waste management practices within the administrative area of the Colombo
waste
Municipal Council (CMC)
management ) . ,
tat - Analysis of key problems in the target area’s waste management system
status

and references

- Review of applicable best practices considering local conditions

1.2.1.2 Pre-feasibility Study
B Table 1-2 Pre-feasibility Study Direction

Item

Details of Work

Establish priority
projects

Organize training sessions to build institutional and technical capacity

- Host project-related seminars with government officials and experts

Pre-feasibility
study

Establish basic plans and conduct a preliminary feasibility study for priority cooperation
projects
- Status survey

- Investigation of waste characteristics and environmental quality
- Technical review (candidate site review, process planning, etc.)
- Economic review (project cost, O&M cost, economic analysis)
Establish an operation and maintenance plan
Propose an investment plan
- Review of procurement/contracting approach

- Investment analysis, investment plan, profit model analysis, etc.

1.2.1.3 Capacity Building

B Table 1-3 Capacity Building Direction

Item Details of Work
Comprehensive analysis based on field research
Training Discovery of priority cooperation projects and establishment of promotion
Session
strategies
Organize training sessions to build institutional and technical capacity
Capacit . . . -
. p ¥ Host project-related seminars with government officials and experts
Building and
Knowledge Share best practices in waste management technologies and policies
Sharing

Foster knowledge exchange to ensure sustainable project operation

11




1.2.2 Scope of Treatment Facilities

B Table 1-4 Organic Waste Biogas Plant Scope

Item Description Note
Target Area Colombo Municipal Council Administrative Area
Site Area Madampitiya (or Kereawalapitiya)
Target Year 2040
* Organic Waste Biogas Plant
- Capacity: 200 tons/day (Food waste 200tons/da)
Facilities - Treatment method: Anaerobic Digestion
* Biogas utilization method: Heat & Power Cogeneration
- Biogas Engine Generator 500kwh/unit, total 2,000kWh

1.3 Estimated Project Cost
B Table 1-5 Estimated Project Cost

(Unit : thousand USD)

Alt. 1 Alt. 2
Item Public Fiscal Private/PPP Public Fiscal Private/PPP
Project Project Project Project
Direct Construction 116,249.778 116,249.778 25,915.556 25,915.556
Consulting Service 5,812.489 5,812.489 1,295.778 1,295.778
Taxes & Duties 19,104.488 19,104.488 4,258.962 4,258.962
Contingency 11,624.978 11,624.978 2,591.556 2,591.556
Project 3,487.493 3,487.493 777.467 777.467
Management
Land & 200.000 848.000 200.000 440.000
Miscellaneous
Total 156,479.226 157,127.226 35,039.319 35,279.319

1.4 Project Benefit

Benefits of the project from economic, social, technological, and environmental preservation

perspectives are as follows.

1.4.1 Economic benefits

* Rational land use through efficient utilization of urban space

* Job creation through construction works and facility operation

¢ Enhanced public environmental awareness through sanitary waste treatment

¢ Mid- to long-term reduction in municipal solid waste management and treatment costs

1.4.2 Social benefits

* Provision of stable and sanitary waste treatment infrastructure in Colombo Municipality
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* Mitigation of negative perceptions of waste treatment facilities through designs harmonized
with surrounding environments

* Improved community acceptance and trust through adoption of environmentally friendly
concepts

¢ Contribution to local economic activities through facility development and operation

1.4.3 Technological benefits

* Improved operational efficiency through systematic planning of waste treatment processes
¢ Establishment of cost-effective and stable waste treatment systems

¢ Strengthened technical capacity and professionalism through accumulated O&M experience
* Securing a safe and sustainable management system for municipal solid waste

¢ Establishing a long-term foundation for sanitary and reliable facility operation

1.4.4 Environmental preservation benefits

* Create a more pleasant living environment through sanitary and stable waste management

* Improve hygiene and public welfare through sanitary waste treatment

* Minimize secondary pollution and improve local landscape through well-planned and scientific
treatment

* Prevent soil contamination caused by illegal dumping of waste
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2. INITIAL DATA SURVEY

2.1 Target Country and Study Area

2.1.1 Target Country Information

B Table 2-1 General Information of Sri Lanka

Item Contents
Country Democratic Socialist Republic of Sri Lanka
Capital Sri Jayawardenepura Kotte (Administrative), Colombo (Commercial)
Project area Colombo City
Population Approx. 22.2 million (2023, World Bank)
Area 65,610 km? (Land: ~62,705 km? / Water: ~2,905 km?)
Religion Buddhism (70.2%), Hinduism (12.6%), Islam (9.7%), Christianity (7.4%)
Atmosphere Tropical monsoon
Language Sinhala and Tamil (both official), English (widely used)
Currenc Sri Lankan Rupee
¥ (1 USD = LKR 320-330 range, 2024 estimates)
Democratic Socialist Republic with a semi-presidential (president + parliament
Government
ary) system
Ruling Party NPP(National People’s Power)
President Anura Kumara Dissanayake
Prime Minister Harini Amarasuriya

2.1.2 Economic Status

Sri Lanka’s official currency is the Sri Lankan Rupee (LKR), trading at around LKR 320-330 per USD in
late 2023. While GDP stands at approximately USD 84.5 billion, the economy contracted by 7.8% in

2022 amid a severe crisis, with 1-2% growth projected for 2023.

A USD 3 billion IMF bailout in March 2023 provided temporary relief, but structural issues persist.
Tourism and apparel exports remain key foreign-exchange earners, highlighting the country’s limited
economic diversification. Colombo, as Sri Lanka’s commercial capital, remains crucial for port activities

and services, yet it faces high inflation, currency volatility, and uncertain investor confidence.

Moving forward, fiscal consolidation and economic diversification are vital for sustained recovery.
Political stability and transparent governance will be equally important, as Sri Lanka’s leadership
navigates debt restructuring and implements reforms to bolster both Colombo’s and the broader

nation’s economic resilience.
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B Table 2-2 Indicator of Fund Credit

Year Unit 2024 2025 2026 2027 2028
Nominal GDP Bils. USD 90.0 97.0 105.0 114.0 122.0
Export Amount Bils. USD 13.5 14.5 15.8 17.2 18.6

Gross International
Reserves
Note : 1. Nominal GDP: Reflects a gradual recovery from Sri Lanka’s recent economic crisis, assuming moderate

Bils. USD 3.5 5.0 6.5 8.0 9.5

growth and successful implementation of reforms.
2. Export Amount: Based on incremental improvements in major sectors (e.g., apparel, tea, rubber, and
emerging service exports) and a partial rebound in tourism receipts.
3. Gross International Reserves: Dependent on ongoing debt restructuring, IMF support, and stable

capital inflows.

Since May 2022, Sri Lanka has faced its worst political and economic crisis, beginning with a default
declaration and the collapse of the long-ruling Rajapaksa family amid massive protests. Fiscal
mismanagement, including drastic tax cuts and a ban on chemical fertilizers, combined with external
shocks like the COVID-19 pandemic and the Russia-Ukraine war, led to hyperinflation reaching 73.7%,
a poverty rate soaring to 25.9%, and severe depletion of foreign reserves. In March 2023, Sri Lanka
secured an IMF bailout of approximately USD 2.86 billion, implementing significant fiscal reforms such
as increasing VAT from 8% to 18% and raising corporate taxes. By 2024, GDP growth rebounded to

around 5%, inflation stabilized to 1.1%, and foreign reserves partially recovered to USD 5.9 billion.

In September 2024, Anura Kumara Dissanayake was elected president, pledging economic democracy
and efforts to maintain preferential trade access through the EU’s GSP+, crucial for sectors like apparel.
However, non-compliance with governance and labor standards threatens these benefits, risking
billions in export earnings. The government is focused on reforms and maintaining international
dialogues to preserve tariff advantages. Domestically, challenges persist with high living costs, 17%
youth unemployment, and a labor participation rate of 48.6%, driving increased overseas migration.
Internationally, Sri Lanka seeks to balance relations with China and India while addressing concerns
from the US and India about growing Chinese influence. Sustainable recovery depends on effective
reforms, maintaining trade preferences, and balanced international relations, with significant support

expected from partners like South Korea.
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2.1.3 Government Status

Political System

- Sri Lanka operates under a semi-presidential system that combines a directly elected Executive
President with a Parliamentary democracy. The President serves as both head of state and head
of government, holding substantial executive authority, while the Prime Minister and Cabinet are
responsible for the day-to-day administration and are accountable to Parliament.

President

- Anura Kumara Dissanayake assumed the presidency on September 23, 2024, following the
presidential election held on September 21, 2024. Representing the leftist National People’s
Alliance (NPP), Dissanayake secured 55.9% of the vote in the second round of voting, succeeding
Ranil Wickremesinghe after the previous president's resignation amidst the 2022 economic crisis.

- Dissanayake's election marks the first time a representative from the leftist coalition has held the
presidency in Sri Lanka. His core campaign promises included anti-corruption measures and pro-
poor policies, which garnered strong support from vyouth, farmers, and impoverished

communities.

Prime Minister

- Harini Nireka Amarasuriya was appointed as Prime Minister since September 2024, after the
presidential election. She oversees the cabinet and coordinates legislative affairs in Parliament
alongside the President’s directives.

Minister of Foreign Affairs
- Herath Mudiyanselage Vijitha Herath appointed as Minister of Foreign Affairs, appointed as

managing Sri Lanka’s diplomatic relations and international engagements.

Mayor(Colombo Municipal Council)

- Since March 19, 2023, after the expiration of the previous mayor’s term and the indefinite
postponement of local government elections, all powers, functions, and administrative duties of
the Colombo Municipal Council (CMC) were temporarily transferred to Municipal Commissioner
J.M. Bhadrani Jayawardena. During this period, the commissioner oversaw all council operations
and governance in the absence of elected representatives.

- Following a prolonged legal and political impasse, full local government elections were finally
held on May 6, 2025. Of the 117 seats on the council, the National People’s Power (NPP) won 48,
Samagi Jana Balawegaya (SJB) secured 29, and the United National Party (UNP) obtained 13, with
remaining seats divided among other parties and independents. No single party achieved an
outright majority, prompting a multiparty-contested council.

- OnJune 16, 2025, the newly elected council convened for its first meeting, where the mayor and
deputy mayor were chosen by secret ballot. Vraie Cally Balthazaar of the NPP was elected mayor,

making history as the council’s first female left-wing mayor, while Riza Zarook of the SJB was the
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runner-up. Until this new leadership took office, Commissioner Jayawardena continued to
execute all administrative powers. With the election of the new mayor and deputy mayor, the
Colombo Municipal Council returned to a full representative structure after more than two years

of commissioner stewardship.

Recent Political Developments

- Parliamentary elections were held in Sri Lanka on November 14, 2024, to elect 225 members to
the newly formed 17th Parliament. The left-wing National People's Power (NPP) coalition, led by
President Anura Kumara Dissanayake, achieved a historic landslide victory by securing 159
seats—the highest ever for a single party in Sri Lanka. The NPP won every district except
Batticaloa and made significant strides in women's representation with 21 female MPs elected.
Additionally, over 150 MPs were first-time legislators. This election marked the first supermajority

win for a single party since 1977 and the first non-Tamil victory in the Jaffna District.

Prior to the election, the Sri Lanka People's Freedom Alliance (SLPFA) under Mahinda Rajapaksa
had governed since winning the 2020 elections. However, their tenure was marred by the COVID-
19 pandemic and an economic crisis, leading to widespread protests and the 2022 political crisis.
Consequently, both Gotabaya Rajapaksa and Mahinda Rajapaksa resigned, with Ranil
Wickremesinghe assuming the presidency before being succeeded by Dissanayake in the
September 2024 presidential election. Exercising his constitutional authority, President
Dissanayake dissolved the 16th Parliament early on September 24, 2024, to hold the
parliamentary elections as part of his election promises. The newly elected parliament was
inaugurated on November 21, 2024.

2.1.4 Waste Related Status

2.1.4.1 Waste Management Status
Waste Generation and Composition

- Waste generation in Sri Lanka is estimated at approximately 7,000 tons/day nationwide, with per-
capita generation around 1 kg/person/day in urban areas. Colombo, as the largest metropolitan
area, generates approximately 700—1,000 tons/day depending on the scope and data source.

- In general, the waste stream is characterized by a high share of organic (biodegradable) waste
(approximately 60-70%), and a relatively high moisture content (around 50%), reflecting the
predominance of food waste and other wet organics. These characteristics imply relatively low
calorific value compared to drier waste streams, underscoring the need for biological treatment
and/or integrated resource recovery approaches in addition to thermal treatment for residuals..

Collection and Disposal

- Although Colombo has a more developed waste management system compared to other cities,
its overall waste collection rate remains at only 50-60%. At the national level, the average urban
collection rate is approximately 40%, meaning that more than half of the waste generated across

Sri Lanka is managed through informal channels, illegal dumping, or open accumulation.
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- Uncollected waste directly contributes to blocked drainage systems, increased urban flooding,
heightened pathogenic risks, and persistent issues related to odor and pests—resulting in
significant public health concerns. Despite ongoing efforts, Colombo’s collection rate continues
to remain in the 50-60% range, with a substantial portion of waste still not being properly
collected. lllegal dumping and improper disposal practices remain persistent challenges, leading
to adverse environmental and public health impacts.

Plastic Waste Challenge

- Although official statistics on per-capita plastic waste generation in Colombo vary, the increasing
use of single-use plastics in urban areas is a clear and consistent trend. Plastic waste—primarily
PET and LDPE—continues to rise, yet the country lacks large-scale mechanical recycling
infrastructure, resulting in persistently low recycling rates.

- While the SWM Rules 2021 stipulate plastic regulations and the introduction of Extended
Producer Responsibility (EPR), implementation of these measures remains at an early stage.

Waste-to-Energy Initiatives

- In Colombo and the Greater Colombo area (including locations such as Kerawalapitiya), both the
government and the private sector have continued to explore waste-to-energy (WtE) projects as
a means of addressing landfill saturation. Sri Lanka’s first privately financed WtE project was
initiated near Kerawalapitiya, representing a policy milestone in terms of reducing landfill
pressure and diversifying the national power mix.

- However, challenges related to fuel composition instability, high moisture content, and low
calorific value present significant technical and economic constraints, and the long-term
operational performance of such facilities is generally assessed to be limited.

Infrastructure Gaps and Urgent Need for Planning

- Colombo has a relatively more developed primary and secondary waste collection system
compared to other regions in Sri Lanka; however, it has not yet achieved a fully established
Integrated Waste Management (IWM) system. In particular, the systems for segregation,
collection, and recycling of different waste streams—such as organic waste, plastics, and
construction debris—remain insufficient. Strengthening recycling, enhancing organic waste
treatment, and updating the policy framework through a comprehensive master plan are
therefore urgent priorities for long-term improvement.

Waste Recycling Status

- Sri Lanka has historically relied on the informal recycling sector for the recovery of non-organic
materials. However, as of 2023, only 4.20% of the solid waste produced in the 342 municipalities
is recycled.

- To improve this rate, the government has launched nationwide source separation pilot programs
aimed at increasing the recovery of recyclable materials by encouraging households and
businesses to separate their waste at the source.

Waste Collection and Transportation Status

- Solid waste management in Sri Lanka is primarily handled by local authorities (Municipal Councils,

Urban Councils, and Pradeshiya Sabhas), with varying levels of service coverage and capacity.
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- Waste collection rates differ by area: major cities such as Colombo generally achieve around 50—
60% collection coverage, while the national average across other areas remains around 40%.

- Collection and transportation are often the only stages actively managed; downstream treatment
(recycling, composting, sanitary disposal) remains limited in many jurisdictions.

- Open dumping and uncontrolled disposal practices remain widespread, contributing to
environmental pollution and public health risks.

- The recycling rate remains low; only about 4.20% of waste generated across 342 local authorities
is currently recycled.

B Figure 2-1 Waste Collection and Transportation Status
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Waste Disposal Status

- Most of the generated waste in Sri Lanka (70%) is disposed of in unsanitary landfills, while
approximately 20% is treated in composting facilities. To mitigate the environmental pollution
and health impacts caused by unsanitary landfilling and inadequate composting, the government
aims to enhance the sanitary treatment of urban solid waste by:

- Increasing the incineration treatment rate to 60%

- Raising the sanitary landfill rate to 10%

- Reducing the unsanitary landfill rate by 20%

- However, the four major waste landfills in Colombo have caused serious environmental impacts,
including soil and groundwater contamination due to leachate pollution. Addressing these issues
is critical to improving environmental health and sustainability in the region.

Government Targets for Waste Management
According to Sri Lanka’s official policy documents—SWM Rules 2021 and the National Waste
Management Policy 2019—the government’s waste management goals are as follows:

- Expansion of segregation at source = Increased recycling and material recovery

- Scaling up biological treatment of organic waste (composting and biogas)

- Gradual elimination of open dumping (non-sanitary disposal)

- Use of sanitary landfills strictly for final residues

- Large-scale incineration/WHtE to be considered only as a supplementary option for the national
power mix

Overall, the Government of Sri Lanka aims to move toward reducing uncontrolled dumping,
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strengthening organic waste treatment, and increasing recycling rates as key policy directions.
Environmental Issues at Landfills

The four major landfill sites in the Colombo region (e.g., Bloemendhal, Meethotamulla, Karadiyana,
Kolonnawa) have repeatedly reported severe environmental impacts, including:

- Soil and groundwater contamination caused by continuous leachate leakage
- Increased odor and pathogenic risks
- Public health impacts on surrounding communities
- Fire and gas explosion risks (notable cases include the 2012 Bloemendhal collapse and the 2017
Meethotamulla collapse)
Addressing these environmental issues requires expanding sanitary landfill capacity, strengthening

leachate treatment systems, and significantly reducing the volume of organic waste entering

disposal sites.

2.1.4.2 CMC’s Waste Management Status

The Colombo Municipal Council (CMC) generates and manages approximately 700 to 800 tonnes of
municipal solid waste (MSW) daily, which corresponds to an average per capita generation rate of

about 0.75 kg per person per day.

A detailed waste composition study was conducted through direct field measurements to
accurately characterize the waste stream. The analysis reveals the following breakdown:

- General Municipal Solid Waste Composition:
The waste stream primarily consists of organic materials, plastics, paper, metals, glass, textiles,
and inert materials. Among these, organic waste constitutes a significant proportion.

- Organic Waste Proportion:
Organic waste accounts for approximately 75% of the total municipal solid waste generated in
Colombo. This category includes biodegradable materials such as food scraps, garden waste, and
other decomposable matter.

- Food Waste within Organic Waste:
Of the organic fraction, food waste represents a substantial share, estimated at around 68%. This
food waste fraction is a key target for biogas production and other organic waste treatment
technologies due to its high biodegradability and energy potential.

These findings, derived from direct measurement campaigns, provide a critical basis for planning
effective waste management strategies, including the development of organic waste biogas

facilities and optimizing collection and treatment processes.
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2.1.4.3 Waste-related Institutional Framework

Solid waste management is regulated by the Ministry of Environment (MoE) through the Central
Environmental Authority (CEA), which sets legal and technical standards, issues environmental

permits for landfills, transfer stations, and recycling centers, and enforces compliance through

inspections, fines, and closure orders.

Local authorities carry out waste collection and transportation services for households and businesses,
plan collection routes and schedules, and operate intermediate collection points, disposal sites, and
recycling facilities. They also promote source separation of waste, crack down on illegal dumping,

enact and enforce municipal bylaws, and partner with private sector operators to expand recycling

and resource recovery programs.

B Figure 2-2 Institutional Structure of Environmental Law and Regulation
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Ministry of Environment (MoE)

- Policy Development and Coordination: The MoE collaborates with other ministries to ensure
that environmental considerations are integrated into national development programs. It plays

an active role in providing policy advice and coordinating the implementation of action plans

across various sectors.

- Monitoring and Review: The Ministry is responsible for reviewing and monitoring the

environmental impact of development projects across all sectors, ensuring sustainable practices

are upheld.
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- Legislation and Regulation: The MoE formulates and enforces environmental laws and

regulations to protect natural resources and promote sustainable development.

Central Environmental Authority (CEA)

- Leadership: Headed by the Chairman, the CEA operates under the Ministry of Environment and
serves as the primary regulatory body for environmental protection and management.

- Environmental Impact Assessments (EIA): The CEA oversees the assessment and approval of EIAs
for proposed projects to ensure they meet environmental standards.

- Pollution Control: It monitors and regulates air, water, and soil pollution levels, implementing
measures to control and reduce pollution.

- Waste Management: The CEA develops and implements policies and programs for effective
waste management, including recycling, waste collection, and disposal.

- Biodiversity Conservation: Focuses on the protection and conservation of Sri Lanka's biodiversity
and natural habitats.

- Climate Change |Initiatives: Addresses climate change issues and promotes sustainable
development practices to mitigate environmental impact.

- Public Education and Liaison: Engages with the public through educational programs and

initiatives to raise environmental awareness.

B Figure 2-3 Organizational Chart of CEA
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Colombo Municipal Council (CMC)

- Municipal councils plan, finance and oversee door-to-door collection services for residential,
commercial and institutional waste. They contract with public- or private-sector haulers, manage
transfer stations and local disposal sites, operate or license recycling centers and composting
facilities. Councils also run community outreach and school programs to promote source

segregation and waste reduction.
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- CMC Solid Waste Management Division is full responsible for the collection, transport and

disposal of the municipal waste with in Colombo City.

- The Management unit is situated at the Town Hall and the solid waste management services is

carried out through Director Engineering Solid Waste Management and appropriate engineers

and the collection is done through the six district offices

B Figure 2-4 Organizational Chart of CMC
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2.1.5 Related law and Regulation, Policy Status
2.1.5.1 Environmental Related Policies and Acts

National Environmental Act (NEA) No. 47 of 1980 (Last Amendment: 2023)

- Provides the overarching legal framework for environmental protection.

- Empowers the Central Environmental Authority (CEA) to set environmental standards, issue

Environmental Protection Licenses (EPLs), and regulate pollution across air, water, land, and

waste sectors.
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Fauna and Flora Protection Ordinance No. 2 of 1937

- Regulates the protection of wildlife and plant species.
- Establishes national parks and protected areas and controls hunting, trade, and disturbance of
wildlife habitats.

National Building Research Organisation (NBRO) Act No. 6 of 1980

- Establishes NBRO as the national authority responsible for geotechnical safety, landslide risk
assessment, and soil stability.
- Provides technical criteria used for infrastructure development and site-suitability assessments.

National Heritage Act No. 28 of 1987

- Protects archaeological, historical, and cultural heritage sites.

- Regulates construction, excavation, and alterations within designated heritage zones.

National Biodiversity Strategy and Action Plan (NBSAP) 2018-2025

- Sets national strategies for biodiversity conservation and sustainable use.
- Includes targets for expanding protected areas, managing invasive species, and promoting

community-based conservation.

National Climate Change Policy (2016; updated 2024)

- Provides the national framework for climate adaptation and mitigation.
- Defines sectoral strategies for energy, waste, water, agriculture, forestry, and coastal resilience.

National Water Resources Policy (Draft, 2019)

- Establishes principles for Integrated Water Resources Management (IWRM).
- Provides guidance on water allocation, watershed management, and protection of environmental

flows.

Coastal Zone and Coastal Resources Management Policy (2015)

- Guides sustainable development in coastal zones.

- Addresses erosion control, wetland and mangrove protection, and coastal disaster-risk reduction.
Mines and Minerals Act No. 33 of 1992

- Regulates extraction of sand, gravel, and other construction minerals.

- Requires licensing and environmental safeguards, particularly relevant for infrastructure projects.
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2.1.5.2 Waste management related

Hazardous Waste Management Regulations (Gazette 1534/18 of 2008; Amendments through
2023/2024)

- Establish procedures for the generation, storage, transport, treatment, and disposal of hazardous
waste.
- Include manifest systems, permitting requirements, and restrictions aligned with the Basel

Convention.

Solid Waste Management Regulations (Draft under review, 2022-2024)

- Propose mandatory source segregation, composting and recycling targets, and technical
standards for sanitary landfills.
- Intended to strengthen municipal solid waste governance but pending final gazetting.

E-Waste Management Guidelines (2021; final approval in progress)

- Introduce procedures for collection, refurbishment, material recovery, and environmentally-
sound disposal of electronic waste.
- Incorporate extended producer responsibility (EPR) frameworks.

Plastic Management Regulations (Multiple Gazettes: 2017, 2021; Draft amendments 2019/2023)

- Restrict the manufacture and sale of specific single-use plastics, including polythene bags and
expanded polystyrene food containers.
- Introduce labeling requirements and minimum recycled content standards under draft

consideration.

Healthcare Waste Management Regulations (Draft; Ministry of Health & CEA, 2012-2023)

- Define segregation, storage, sterilization, and disposal procedures for medical waste.
- Set design and operational requirements for autoclaves, incinerators, and sharps management.

- Final gazetting remains in progress.

Recycling and Waste Reduction Act (Draft Bill, 2018)

- Requires large waste generators to prepare Waste Minimization Plans.
- Establishes incentives for recycled-material markets and PPP-based resource-recovery facilities.

- Still pending parliamentary approval.
Construction and Demolition (C&D) Waste Management Regulations (Draft, 2023 final stage)

- Mandate on-site separation and reuse of concrete, metal, and inert materials.

- Require waste audits for major construction projects and designate approved recycling facilities.
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Ship Recycling and Waste Disposal Act 2020

- Regulates ship dismantling activities in alignment with the Hong Kong Convention and Basel
Convention.
- Requires submission of an Inventory of Hazardous Materials (IHM) and enforces safe handling of

asbestos, oils, and other hazardous materials.

2.1.5.4 Major Environmental Policy
National 3R Strategy on Solid Waste Management (2015)

- Establishes national direction for waste minimization through Reduce—Reuse—Recycle principles.
- Provides sector-specific action plans for municipalities, industries, and households to increase
resource recovery and reduce landfill dependency.

- Forms the foundation for current municipal solid waste reforms and circular-economy initiatives.

Sri Lanka Climate Change Strategy and Action Plan (CCSAP) 2014-2018

- Outlines national adaptation and mitigation measures across energy, transport, industry,
agriculture, and waste sectors.

- Emphasizes institutional strengthening, mainstreaming climate resilience, and inter-agency
coordination.

- Serves as the operational strategy complementing the National Climate Change Policy.

National Action Plan on Short-Lived Climate Pollutants (SLCPs) 2016

- Targets reductions in methane, black carbon, hydrofluorocarbons (HFCs), and tropospheric ozone
precursors.

- Identifies waste management (landfills, open dumping, burning), transport, cookstoves, and
agriculture as priority sectors.

- Supports alignment with global CCAC (Climate and Clean Air Coalition) initiatives.

Sri Lanka’s Second Nationally Determined Contribution (NDC) and Second National Communication
to the UNFCCC (2021-2022)

- Provides updated national GHG inventories, mitigation commitments, and sector-wise reduction
pathways.

- Sets a national target of 4% unconditional and 10.5% conditional reduction below BAU by 2030.

- Highlights waste and energy sectors as high-priority mitigation domains.

- Includes detailed vulnerability and adaptation assessments for climate-sensitive sectors.
National Green Economy Strategy / Green Growth Framework (2021)

- Sets a national roadmap for transitioning to a low-carbon, resource-efficient, and socially

inclusive green economy.
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- Integrates green financing, sustainable procurement, eco-innovation, and circular-economy
development.

- Aligns with the National Policy Framework “Vistas of Prosperity and Splendor.”

National Biodiversity Conservation Action Plan (NBCAP) 2018-2025

- Defines conservation and restoration programs for terrestrial, aquatic, and coastal ecosystems.
- Focuses on invasive species control, habitat restoration, protected-area management, and
biodiversity mainstreaming in urban and agricultural planning.

- Supports CBD (Convention on Biological Diversity) obligations.

National Renewable Energy Policy (2020; updated targets included in 2023 NDC updates)

- Introduces targets for solar, wind, small hydro, and biomass-based renewable power generation.
- Aims to achieve 70% renewable electricity generation by 2030 and move toward carbon
neutrality by 2050.

- Establishes investment incentives, feed-in mechanisms, and private-sector participation routes.

National Adaptation Plan for Climate Change Impacts (NAP) 2016-2025

- Provides a structured national adaptation roadmap for water, coastal zones, cities, health, energy,
agriculture, and fisheries.

- Guides central and local government actions to reduce climate vulnerability and strengthen
resilience.

- Directly relevant to wastewater, flood control, sludge management, and coastal infrastructure
projects.

B Figure 2-5 Waste Hierarchy
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2.1.7 Project Area Information

B Table 2-3 Project Area Information

Item Contents
Population Approximately 619,959 (as of 2024)
Area Colombo Municipality Area
Climate Tropical monsoon climate
Type: Mayor—Council
Government - Body: Colombo Municipal Council (CMC)

- Mayor: Vraie Cally Balthazaar

Special Notes

- Commercial Capital: Colombo is the economic hub of Sri Lanka, hosting major
financial institutions, the Colombo Port, and numerous multinational
corporations.

- Cultural Landmarks: Includes Galle Face Green, Colombo Fort, National
Museum, and Independence Memorial Hall.

- Tourism: Key destination for tourists with attractions like the Gangaramaya
Temple, Beira Lake, and numerous shopping districts.

- Infrastructure: Colombo is undergoing significant infrastructure development,
including the Colombo Port City project aimed at boosting economic growth

and urban development.

Economy

- Major Sectors: Services, Finance, Trade, Manufacturing, Information
Technology.

- Port of Colombo: One of the busiest and most strategic ports in South Asia,
facilitating international trade.

- Main Sources of Income: Services (45%), Commerce (20%), Manufacturing
(15%), Transport and Communication (10%), Construction (5%), Agriculture
(3%), and Others (2%).
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B Figure 2-6 Location Map of Colombo Municipality
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2.2 Related project review and implications

2.2.1 Multilateral Development Banks
(1) World Bank

Metro Colombo Urban Development Project (MCUDP)

- The World Bank has provided substantial financing (over US$200 million) to support urban
development in the Colombo Metropolitan Area.

- Goals include improving the city’s drainage infrastructure, revitalizing public spaces, and
promoting sustainable solid waste management.

- Key Components:

a) Institutional Strengthening: Enhancing the capacity of local authorities (e.g., Colombo
Municipal Council) for efficient waste collection and disposal.

b) Infrastructure Upgrades: Constructing or rehabilitating transfer stations and improving
landfill operations.

- Environmental Monitoring: Introducing a real-time system to monitor water quality in canals and
waterways affected by urban waste.

- Expected Outcomes: Reduced risk of flooding, improved sanitation, and heightened public
awareness of waste management practices.

- Long-Term Impact: The project aims to benefit over 2 million urban residents by delivering
cleaner public spaces, better waste management services, and enhanced resilience to climate

change.
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(2) AlIB (Asian Infrastructure Investment Bank)
Colombo Urban Solid Waste Management Improvement Project

- AlIB approved around US$150-200 million financing for upgrading waste management
infrastructure in select urban local authorities in the Western Province, including Colombo.
- Key Components:

a) Waste Collection and Transportation: Procure new collection vehicles, expand community-
level collection points, and introduce pilot programs for source-segregated organic waste.
- Waste Processing and Disposal:

a) Construction or rehabilitation of engineered landfills and closure of open dumpsites.

b) Support for composting and resource recovery facilities to reduce the volume of waste
sent to landfills.

c) Institutional Strengthening: Provide technical assistance to municipal councils on contract
management, environmental safeguards, and public awareness campaigns.

d) Environmental and Social Safeguards: Emphasizes community engagement and mitigation

of any adverse impacts on surrounding neighborhoods.

2.2.2 Others
(1) JICA (Japan International Cooperation Agency):

Western Province Solid Waste Management Master Plan

JICA supported formulation of a provincial-level SWM master plan for Western Province,
including:

- strengthened collection systems and phased upgrading/closure of open dumpsites,

- a 3R/action framework (reduce—reuse—recycle) with institutional arrangements,

- capacity-building components (municipal staff training and public awareness), and

- long-term site planning for disposal and specialized waste streams.

Implications for this Project

- Maintain consistency with the Western Province master plan priorities (source segregation,
organics diversion, and staged infrastructure development).
- Build a practical capacity-building package (target groups, training modes, and operational

manuals) tied to facility commissioning and early operations.
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3. KEY ISSUES AND SOLUTIONS

3.1 Key Issue

Project Target Area: The Colombo Municipal Council (CMC) in Sri Lanka’s Western Province faces
persistent challenges in managing municipal solid waste (MSW), of which a substantial share is organic
(food, market, and yard waste). While the Western Power Kerawalapitiya (WPK) Waste-to-Energy
(WtE) facility partially treats MSW, Colombo continues to depend on open dumping and legacy
disposal sites (e.g., Meethotamulla, Bloemendhal), which lack adequate technical controls and

therefore pose significant environmental and public health risks.

Need for Landfill Rehabilitation and Organic Waste Treatment: To reduce environmental impacts and
service disruptions, rehabilitation/closure of existing dumpsites and expansion of technically managed
treatment capacity—particularly for organics (e.g., composting and/or anaerobic digestion)—are
urgently required. The WPK facility alone cannot address the full volume and characteristics of
Colombo’s waste stream, especially where mixed waste contains high-moisture organics that

undermine stable processing and operations.

3.1.1 Institutional issues

Inadequate Budget Allocation

- CMC’s budget envelope is insufficient to sustainably finance solid waste management
improvements, including dedicated organic-waste treatment facilities (composting, anaerobic

digestion) and the associated O&M requirements.

Minimal Private Sector Engagement

- Private participation in waste processing and energy recovery remains limited. Although WPK
represents a PPP-type effort, it has faced operational challenges linked to the high moisture
content of incoming mixed waste, underscoring the need to remove/redirect degradable organic

fractions through dedicated treatment pathways.

No Formal Recycling/Recovery Systems

- System-wide segregation, composting, and food-waste recycling programs are not widely
implemented, which limits resource recovery, revenue generation, and diversion from final
disposal.

- Septic-tank desludging is largely informal and insufficiently regulated; in the absence of
designated receiving stations and tracking mechanisms, illegal dumping of septage into

canals/open land continues to create environmental and health risks.
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3.1.2 Infrastructural issues

3.1.2.1 Waste Management Infrastructural issues

Lack of Sanitary and Sustainable Treatment Facilities for Organics

- Existing open dumpsites are not designed to handle large volumes of biodegradable waste.
Without dedicated composting/AD and upstream segregation, unprocessed organics accelerate

leachate generation, odors, vectors, and uncontrolled methane emissions.

W1E Capacity and Feedstock Constraints (WPK)

- WPK is a major milestone in modernizing SWM; however, it cannot process all of Colombo’s waste,
and performance can be degraded when mixed waste contains high-moisture organics and non-
combustible fractions. Complementary organics treatment and pre-treatment (segregation,
conditioning) are required to stabilize the overall system.

Resource and Capacity Constraints

- Developing and operating composting/AD facilities and supporting systems (collection, transfer,
pre-treatment, monitoring) requires significant capital and technical capacity, and typically

necessitates national and/or international support.

Need for Rehabilitation and Upgrades

- In the absence of secondary infrastructure (e.g., organic pre-treatment, material recovery
facilities, controlled transfer), both disposal sites and existing treatment facilities become

overburdened, increasing operational risks and costs and reducing service reliability.

B Figure 3-1 Existing Solid Waste Management Facilities in CMC

Name | Location | Target Waste | Method
Westem Fower Kerawalapitya |+ Combustible Waste to
Keranekpilys Wattala (Inch, Qrganics) Energy
Madampitiya Opery  Madampitiya, |+ Incombustible e
Dumping EMC « C/Dwaste Sumging
Clean ].I"(_'h Mabola, + Recyclable Machine
Recycle Center Wattala Recovery
+ Organic Waste
KerawalapityaWasty  Kerawalapitlya, | | g;ﬁ:::l\‘/‘d\f\iﬂ)'[u Dumpling, o o
Park Wattala i’E‘m;!'w']‘l‘;,) Composting  F RN AR Kerawalapitiyal
g - e \Waste]Rark
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3.1.3 Existing Facilities Status
3.1.3.1 Waste Management Existing Facilities Status

Western Power Kerawalapitiya (WPK) WtE facility (Wattala)

The 10 MW Colombo Waste to Energy Power Plant incinerates 700-800 tons of waste per day using a
moving grate incinerator. Developed to address Sri Lanka’s growing waste management challenges,
it began commercial operation in January 2021. Constructed by China Western Power at a cost of
LKR 13 billion, it converts municipal waste into renewable electricity. Owned and operated by
Western Power Company Pvt. Ltd. (a subsidiary of Aitken Spence PLC), it supplies a net 10 MW to
the grid.

- Plant Name: 10 MW Colombo Waste to Energy Power Plant

- Capacity: 700-800 t/day

- Electrical Power: 10 MW net

- Type of incinerator: Moving Grate Incinerator

- Owner / Operations & Maintenance: Western Power Company Pvt. Ltd. (A subsidiary of Aitken
Spence PLC)

- Construction Cost: LKR 13 billion

- Commercial Operation: 2021 January

B Figure 3-2 Picture of WPK WTE Facility

Picture of WPK Facility

Waste Disposal Facilities
CMC currently has no sanitary landfill for final disposal of MSW. Following suspension of disposal to
the Aruwakkalu site, collected waste has been temporarily stored at former disposal sites

(Kerawalapitiya and Madampitiya), increasing operational and environmental risks.

Aruwakkalu Final Disposal Site (Puttalam)

The Aruwakkalu Final Disposal Site in Puttalam was introduced after the 2017 Meethotamulla landfill
collapse to handle waste from the Western Province. Originally a limestone quarry, it was
repurposed with advanced environmental safeguards to address landfill-related challenges.

However, the Colombo Municipal Council (CMC) currently lacks a sanitary landfill for final disposal of
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solid waste. Due to the suspension of waste disposal at Aruwakkalu, CMC now temporarily stores
collected waste at former disposal sites in Kerawalapitiya and Madampitiya.

- Project proponent: MoUD&H

- Operation management entity: MoUD&H

- Landfill capacity: 5,668,000 m3

- Expected commercial operation date: Started trial run in August 2024

B Figure 3-3 Picture of Aruwakkalu Final Disposal Site

Aruwakkalu Final Disposal Site |

Kelaniya Transfer Station

The Kelaniya Transfer Station is located next to Colombo Railway Main Line and near the Colombo-
Kandy Highway as well as the bypass road connecting the Colombo Puttalam Road with the
Colombo-Kandy Highway. It is next to the currently operating dumping site by the Kelaniya
Pradeshya Sabah which is called Kelaniya Dumping Site.

- Location: Situated in Kelaniya, Gampaha District of the Western Province, serves as an
intermediate collection facility for solid waste in the Colombo Metropolitan area.

- Processing Capacity: Up to 1,200 tons per day

- Processing Method: Collected waste is compacted into residual waste blocks

- Transport Modes: Two 30-wagon dedicated waste trains planned to run to the Aruwakkalu landfill

- Implementing Agencies: MoUD&H

- Ownership: by a new entity under the Ministry of Megapolis and Western Development,

operated by a private-sector concessionaire

B Figure 3-4 Picture of Kelaniya Transfer Station
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Kelaniya Transfer Station
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3.2 Solutions

Colombo should prioritize valorizing organic waste through anaerobic digestion (AD) to produce
biogas, while strengthening upstream segregation and downstream disposal controls. An integrated
program combining organics diversion, facility development, and dumpsite rehabilitation can reduce
uncontrolled emissions and environmental impacts, while generating renewable energy and circular-
economy co-benefits. Financing should be structured through a blend of international concessional

funding and private investment to ensure bankability and long-term O&M sustainability.

3.2.1 Institutional solution

Inadequate Budget Allocation:
Establish dedicated CMC budget line-items for organic-waste treatment infrastructure
(AD/composting) and create a ring-fenced SWM fund supported by user charges, service fees, and/or

environmental levies to ensure predictable O&M financing.

Strengthen manpower and operational readiness:
Implement structured capacity-building programs (operator training, safety, process control, asset
management) and conduct targeted study tours and technical exchanges with jurisdictions operating

mature AD systems (e.g., Korea) to accelerate institutional learning and reduce commissioning risks.

Mobilize private-sector participation:

Package priority investments (AD facilities and associated collection/pre-treatment systems) as PPP
projects with clear offtake arrangements (e.g., feed-in tariffs for biogas-based power, heat utilization
strategy) and enable viability mechanisms such as output-based aid and/or viability-gap funding to

attract qualified bidders for design—build—operate contracts.

3.2.2 Social solutions

Improve public awareness and participation

Conduct sustained public campaigns linking proper waste segregation and organic-waste
management to reduced flooding, cleaner waterways, improved public health, and neighborhood
livability. Align communications with practical participation steps (segregation rules, collection

schedules, enforcement).
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3.2.3 Infrastructural solutions
By aligning organic-waste biogas projects, Colombo can achieve improved sanitation, renewable
energy generation, and circular-economy benefits—all underpinned by robust institutional

frameworks and community engagement.

Organic Waste Anaerobic Digestion:

- Conduct sustained public campaigns linking proper waste segregation and organic-waste
management to reduced flooding, cleaner waterways, improved public health, and neighborhood
livability. Align communications with practical participation steps (segregation rules, collection

schedules, enforcement).

Integrated Operation & Maintenance:

- Deploy a centralized SCADA platform for real-time monitoring of key process parameters
(feedstock, digester stability, biogas yield/quality) and performance reporting.
- Implement preventive maintenance schedules, standardized SOPs, and periodic refresher

training to sustain compliance, safety, and treatment efficiency.

Dumpsite Rehabilitation and System Upgrades (parallel track):

- Rehabilitate/close legacy open dumps with engineered measures (containment,
drainage/leachate controls, gas management, slope stabilization) and strengthen transfer/pre-
treatment facilities (MRF/organic pre-treatment) to reduce the burden on final disposal and

improve system reliability.

B Figure 3-5 Advanced organic waste to biogas technologies

Advanced organic waste to biogas technologies in Seoul
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4. APPROACH AND METHODOLOGY

4.1 Implementation Strategy

4.1.1 Understanding of Assignment

B Table 4-1 Implementation Strategy

Project

Category Objective Implementation Detail Deliverables
= Utilized as reference data for formulating a detailed
execution plan
External Environment Analysis
Investigation of current political, economic, social, and
technological factors
Analysis of Waste-Related Laws and Policies
1.1 - Research on policies and regulations regarding waste
Baseline - Investigation of laws and regulations related to private
Study investment project promotion
Investigation of Systems and Regulations Related to
Greenhouse Gas Reduction Projects .
Review of Local Government Environmental Management Baseline
Component Organizations and Systems Study
1. Investigation of Operations in Basic Environmental Facilities Report
and Related Companies Waste .
; Composition
Review of Survey
Project = Used as foundational data for developing the basic plan Report
Condition through current status and issues analysis BI\/FI) P Test
Investigation of Waste Generation and Treatment Status Report
1.2 Investigation of Colombo City Waste Management Practices
Investigation and Analysis of Issues
of Waste - Coordination with relevant personnel and data analysis
Management to identify key issues
Practices and Investigation and Analysis of Waste Composition
Case Studies - Collecting local waste samples for composition analysis
in CMC Conducting BMP (Biochemical Methane Potential) Test
for organic waste
Study of Advanced Best Practices in Waste Management
Investigation of best practices in the Republic of Korea and
proposal of possible alternatives
= Establishing a fundamental plan for waste management
measures and set direction for pre-feasibility study
Overview of the Basic Plan
Setting indicators based on comprehensive analysis of Minutes of
21 ) baseline data Meeting
Basic Planning Formulation of the Master Plan for Sustainable Organic Waste (MoM)
Treatment Facilities
Component Forecast of waste generation by target year
2. Resource recovery and treatment methods for organic waste
Strategies to advance waste management
Pre-
Feasibility Selection of Project Site and Detailed Field Survey Soil
Study - Selection of project sites for priority initiatives Investigation
Site Survey and Ground Investigation Report
2.2 . (Topographic Survey & Soil Investigation) Topographic
Tech'nl.c.al Pre- - Carried out through local contractors after selecting Survey
Feasibility project sites Report
Study
= Technical preview of project for ensure the proposed Preliminary
waste treatment facilities are technically feasible Feasibility
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Technology & Process Selection

Facility Capacity & Scalability

Site Conditions & Infrastructure Requirements
Environmental & Regulatory Compliance
Operation & Maintenance (O&M) Plan
Resource Recovery & Energy Utilization
Construction & Operating Cost Estimates

Risk Assessment & Mitigation Measures
Potential for Future Expansion

2.3
Economic Pre-
Feasibility
Study

= Economical preview of project to confirm that the
proposed project is economically viable and offers
sufficient returns on investment
Cost-Benefit Analysis, Economic and Financial Feasibility
Analysis
Setting of Influential Factors for Economic Feasibility Review
Sensitivity Analysis
= Review and Feasibility Study for PPP in Organic Waste
Biogas and Power Generation Facilities
Analysis of Funding/Financing Options
Selection of Project Implementation Method
Development of Project (Investment) Plan Reflecting
Sensitivity Analysis
Examination of Potential Participation in International
Greenhouse Gas Reduction Projects

2.4
Environmental
and Social
Impacts
Screening

= Screening for potential environmental and social
impacts related to facility construction and operation

Environment: Air, water quality, soil, biodiversity, climate
change, etc.
Society: Land use, health risks, gender equality, cultural
heritage, etc.
Facility Construction: Environmental and social impacts
during construction
Facility Operation: Environmental and social impacts
during operation

Study
Report

Component
3.
Capacity
Building

3.1
Organic
Waste
Management
Capacity

Technology transfer and enhancement of Colombo City’s
implementation capabilities by Inviting and Training Related
Organizations

Overseas Training in the Republic of Korea During the Project
Period

Site visits to outstanding waste treatment facilities

Seminars on Seoul City’'s Waste Management Policies, etc.

Capacity
Building
Report and
Satisfaction
Survey

38



4.1.2 Work Implementation Strategy

Implementation of the study by stage and specfic field
Major
Concerns

Development of priority project policy action plan with a series of communication of

each stage

B Figure 4-1 Work Implementation Procedure

Stage 1 Team & Staffs Schedule and Implementa?ion
z oty Strategy Strategy and Kick off
Kick off & Inception Organization .
Meeting L ) k Confirmation ) Meeting ;
- - ~ A
Stage 2 Data collection and Site Visit Detail Study
Review (Existing facilities and (Waste Characteristics
Site Survey k(Primary and Secondary)) k candidate site) ) and topographic survey)
. J
Stage 3 Identification of Issue Prediction of Waste Management
and Recommendation Demand and Treatment Scheme
Basic Plan Development L of Optimal Plan ) K (Waste Generation) ) Establishment )
Financial Review Priority Project
Stage 4 Technical It% N Identification &
Consultation for
Pre-Feasibility Study Alternative Review J k Dacilon ) Procu;:c:::t Plan {
Stages Workshop and Invitation Program
Interim Report and Interim Report Study Tour
Works%op k e ) K ( Y )
Stage 6 Final Report e R ' .
' To Local < Final Deliverables
Final Report and Consultation
Deliverables |\ Counterparts ) k ) )
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4.2 Component 1 - Review of Project Condition

4.2.1 Activity 1.1 - Baseline Study

* This section presents an overview of the current conditions related to organic waste management

in Colombo.

* The baseline study includes a review of existing infrastructure, waste generation and collection
rates, treatment capacities, operational practices, regulatory framework, and environmental
challenges. The objective is to establish a comprehensive understanding of the present situation,
which will inform the identification of gaps, needs, and priorities for the proposed integrated biogas

facility.
Compare and review the current data already secured with on-site data obtained
locally.

Major Conduct direct on-site investigations as outlined in the data collection plan, while

Concerns simultaneously gathering data through local partner firms.

execution plan.

Thoroughly analyze the collected data by sector to establish a rational and efficient

B Figure 4-2 Baseline Study

Reference Survey Plan Preliminary Survey Site Visit and Organization of

Review Preparation

and Review

Analysis Findings

Survey ltems

General Status :Geography,political, economy,
population

Market Research : status of local business,
environmental industry,

Environmental Status : Climate, air and water
quality, land use, precipitation, protected
area

Waste management : Laws, regulations, policy,
authority, budget, tariff, collection system

Methods

Reference Review and Existing Documents
- Consultation with authorities
- Publications

Site Survey
-Cooperation with local counterparts

Reference Review

Data Request Local (extended)
1 Study
National Publication Zoom In/Out

éﬁ‘“‘ Study

Related Regulations

Specific Site Study

Site Survey
Topography Credible Data

Effective Data
Collection

Existing facilities

Efficient Use

40




4.2.2 Activity 1.2 - Investigation of Waste Management Practices and Case Studies in CMC

Survey focusing on a candidate site for priority projects
Survey plan in consultation with local sub-contractors for efficient implementation
Survey designed for basic paln establishment of priority project

Major
Concerns

B Figure 4-3 Process of Survey

Survey Planning
% * Access 1o existing data and documents
"mhg fdﬂdSApf;;()\d *  Detail plan
Of Site AcCcess ) L )
Local Sub-consultant
fmplementation and Implementation « Agreement from Client
plan ) L ')
Data organization * Organization for basic plan (drawings)
Data Review * Basic plan application
J - J
B Table 4-2 Survey Iltems and Method
Survey Method Use
* Review of existing data, literature, and ® Use of basic data for basic plan
computerized data preparation
Topography * Slope analysis through contour analysis ® Estimation and cost of compensation and
Survey of the project area earthwork volume for facility installation
* Survey of topography (mountain slope, ® Evaluation of suitable cadidate sites
rainwater drainage) for impact review through surveys
* |dentify the composition and physical
properties of the soil layers by drilling ® Use of basic data for preliminary basic
Soil Surve sampling. design stuructual factor
y * Select representive drilling point for * |dentify the soil stability condtion for
estimating soil condtion of candidate facility construction
site
® Analyze organic waste recycling
methods and efficiency
W ® Review of possible application of waste ® Use of basic data for basic planning, etc.
aste . .
. to energy (energy recovery) * Basic data for process design of waste
Characteristics . . ) L
® Review of possible utilization of by- treatment facilities
product of organic waste treatment
(fertilizer and etc.)

B Table 4-3 Specific Survey Items

Survey Result

Cadastral information, site perimeter

Topograph
pography | Contour Slope and structure inforamtion

Environmental |Environemtnal and

. . Residents and any social infrastructure status
and Social Social status

Waste characteristic survey(General)

Waste Characteristic . . . :
Biochemical methane potention test(Organic Waste)
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4.3 Component 2 — Pre-Feasibility Study

Major
Concerns

reasonable project excusion structure

Reflect current waste management issue and needs of CMC

Review project feasibility based on technical, ecnomical factors, and suggest most

B Figure 4-4 Pre-Feasibility Study

Feasibility Study Methodology
Review of Baseline Survey Result

! * Review of Gereral Satus of Target Avea

- * Pevew of Waste Management Status

T+ Baview of Basic Plan for Organic Waste
Twatrment for OMC

Pre-Feasibiity Study

« Set Techncal / Economical Dvection for
Pre-Fesbiny Study undler Bilsteral

+ Develop Basc Desgn for Faoity

« Estimate CAPEX / OPEX

+ Set Franaal Ssucnure for Progect Based
on Economic Reveew

2 Phase

Review of Basdline Study
Assoss Curment Status

Discuss Treatrnent Alt. and
Priorities Factors and Methods

Datermine Facility Basic Plan
{Capacity, Location, Method, edc)

Ground

Initiating Sairvey
(Vopographic / Waste / Soil Survey)

Barsic Designing and
Set Opevation Strategy

Estimate Project Cost
{CAPEX & OPEX)

Economical Pre-Feasibility Study and

Set Financial Structure

4.3.1 Activity 2.1 — Basic Planning

Major
Concerns

Proposal of Economically sound solution

Identification of technically viable and credible solution

B Figure 4-5 Basic Planning

|

* Analysis on waste
generation and its
characteristics

* |dentification of
concerns from an

generation
* Capacity and

s Forecasting Demand g

* Prediction of Waste

demand estimation
for waste treatment

* Review and
comparison of
technical alternative
of treatment method

* Harmonization of use

Alternative Review g

Priority Projects

« Identification of
optimal solution of a
set of facilities

* Verification of
compliance with

existing facilities facilities and management of local demand and
the existing facilities regulation
J
4.3.1.1 Condition Analysis
B Figure 4-6 Condition Analysis
Waste Setting Approaches
Gomuﬂoa ue
" Y From Waste i of
Regulstion  Authority d'-""”""“
| satsties | > > Technical lssues
— | SteSurvey |
Existing Facility |~ Collection Foundation of Both
Operation Statua
Technical and Policy Review

42




4.3.1.2 Forecasting of Demand

B Figure 4-7 Forecasting of Demand

Business and F:ndustmil Structyre

VoW

Future Population Projection

Relevant Policy Review

Eccoamic and Sacial Develapment

Status Review

* Domestic culture and social aspects review

* Mathmethical analysis of statistics

® Economic and urban development plan review

* Relevant national policy and rgulation reivew

® Comparison with cities or countries of similal eocnomic and
social consition

B Table 4-4 Forecasting of Demand Procedure

Reference

Description

Population Projection

Future population, per capita waste genertaion and waste amount to be
treated

Relevant Policy Review

Regional and national development plan, and investment plan for waste
management

Economic and Social
Development Status

Changes of waste characterisitics due to a economic condition of the city

Business and Industrial Status

Changes of waste characterisitics due to industrial and business
structures (construction, medical) of this area

4.3.2 Activity 2.2 — Technical

Pre-Feasibility Study

4.3.2.1 Site Selection for Facility
This section evaluates potential sites for the integrated biogas facility in Colombo, considering factors

such as proximity to waste sources, accessibility, available land area, environmental impact, and

connectivity to existing utility infrastructure.

The objective is to identify the most suitable location to optimize operational efficiency and minimize

environmental and social risks.

Major Site assement based on proposed candidate site from Fact Finding Mission
Concerns Rapid selection of candidate site for follow up technical review of facility

B Figure 4-8 Site Evaluation Procedure

* Topographical Stability

* Sunrounding Civll Pratoction Stalus | |
|» Land Use Stans

1. Praliminary Selection of Candidate Site

'1- Access Hoad Condtions

Y

2. Literature Review

‘ * Relationship with Surrounding Environment
« Current Project Site Usage

e i» Futura Expandability
% Or-Site Survay « Access Foed & Trafti Conditions

‘ « Feasiblity of Water Resources

\» Rewsaw of Utility Connectivity
4. Analysis & Site Evaluation

¥

5. Final Candidate Site Sslection

43




4.3.2.2 Technical Alternative Review
This section reviews and compares the main technological options for the integrated biogas facility,

including types of anaerobic digestion (e.g., single-phase vs. two-phase, wet vs. dry, mesophilic vs.
thermophilic) The pros and cons of each alternative are evaluated with respect to technical
performance, local conditions, sustainability, and resource recovery potential. The recommended
technology is selected based on this assessment.

In addition, the study actively considers the successful experiences and best practices of Seoul
Metropolitan Government in the field of organic waste treatment. Seoul has implemented advanced
food waste anaerobic digestion, achieving high biogas yields, stable operations, and significant
reductions in landfill disposal. The applicability of Seoul’s innovative technologies and operational
strategies—such as centralized treatment, optimized process control, and energy/resource
recovery—is thoroughly reviewed to assess their relevance and potential adaptation to the Colombo
context. Leveraging Seoul’s proven models can provide valuable guidance for the technical design,

operational stability, and sustainability of the proposed facility.

B Figure 4-9 Treating Method Evaluation

Technical Review and Establishment of

Advantage and
Disadvantage Economically
Viable
:'.7=‘qu','.-: Lagaan Digestor

Unit Cost Comparison Sobd S Aot Ligud)
Facility Plan
Development

trwironmental / Socially

Efficient Adopted

wTt

Lagoon Anq?_r’ﬂ!lc

fantng Trestmert Method

[l Comments and Oplnloni o

B Table 4-5 Best Practices of Seoul City’s Integrated Organic Waste Treatment

Wastewater .
Organic Waste . .
Treatment . Main Organic . ————
Center ) Treatment Capacity Biogas Utilization
Capacity TeeE Waste Treated
(tons/day) v
Juneran 1.590.000 300 Sewage sludge, Gas engines for power,
grang e Food waste boilers for heating, fuel cells
Nanji 860,000 505 Sewage sludge, Ga§ engines for. power,
Food waste boilers for heating
Tancheon 900,000 165 Sewage sludge, Gas engl.nes for powgr, fuel
Food waste cells, boilers for heating
Sewage sludee Gas engines, boilers,
Seonam 1,630,000 315 & 8¢ pipeline gas for industrial
Food waste use
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4.3.3 Activity 2.3 - Preliminary Financial Feasibility Study

Preliminary financial feasibility study outlines the key financial components to be analyzed for the

project, including initial capital investment, operation and maintenance (O&M) costs, revenue

projections from energy and compost sales, potential government incentives, and lifecycle cost

considerations. Sensitivity analysis may also be included to assess financial robustness under

different scenarios.

Also, examines possible procurement and implementation methods for the facility, such as public

procurement, public-private partnership (PPP), build-operate-transfer (BOT), or other models. The

review considers factors such as project financing, risk allocation, regulatory requirements, and

capacity of local stakeholders to manage and operate the facility.

B Table 4-6 Financial Analysis Items

Analysis items

Description

Preparation Cost

Engineering design, Construction, Construction supervision and auxiliary cost

Compensation Cost

Investment cost for structure, resettlement cost and compensation cost

Operation Cost

Labor cost, maintenance cost and utility cost

Economic Benefit

Sales of Recyclables, electricity sales,

Environmental Benefit

Improvement of hygienic condition, control of odor

Social Benefit

Improvement of Lnaduse efficiency and road condition

B Table 4-7 Procurement Method Review

- . . Public-Private Joint Entit
Category Public Financing (PSC) Private Investment (PFIl) (PPP) v
Public Sector Comparator . . T Public-Private Partnership
. Private Finance Initiative Lo
(PSC), Public-led . ) (PPP), Joint investment
. . (PFI1), Privately led, profit- .
Overview development (national, . . by government/public
. oriented project . .
local governments, public agencies and private
. development
agencies) partners
- . ' . . Public-private joint
Financing Local government’s own Private investors ublc pr.lva eJjom
resources corporation
. . . After review and studies,
Design / Private sector responsible . .
. Implemented after . private sector responsible
Construction / .. . for design and .
. sufficient review . for design and
Quality construction .
construction
. Somewhat limited . - . -
Operational - . High efficiency through High efficiency through
L . specialized operational
Efficiency okills expert operators expert operators
As a public-interest Greater efficiency in Maximizes the
Special project, it ensures long- service, creativity, and advantages of public-
Considerations term stability and management than public sector stability and
credibility financing private-sector efficiency
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4.3.3.3 Financial Feasibility Review and Assessment

B Figure 4-10 Financial Feasibility Review Process

Establishment of Evaluation Criteria

'/,/"

S

Estimation of Costs

* Facility Investment Cost
* Facility Operation Cost
* Incidental &amp; Contingency Expenses

Estimation of Benefits

* Waste Dizposal Fee Revenue
* By-Product Sales (Heat, Electricity, etc.)

S~

i

Social Discount Rate

Pregent Value Calculation

* Present Value of Costs
* Prezent Value of Benefits

Evaluation Indicators

* NPV (Met Present Value) * B/C (Benefit/Cost) * EIRR (Average Rate of Return)

Sensitivity Analysis

Optimal Completion Time

Investment Priority Assessment

Erwironmental & Strategic

Analysis Aszessment
Comprehensive Evaluation
r
Decision Making
B Table 4-8 Factors for Financial Feasibility Assessment
Item Description LI
P Standard
The average annual return based on benefits and costs
. EIRR
Economic Internal Rate discounted at the Minimum Acceptable Rate of Return
of Return (EIRR) >MARR
(MARR).
The difference between the present value of benefits and
Net Present Value (NPV) NPV >0
the present value of costs.
Benefit/Co/st Analysis The ratio of benefits to costs, discounted at the MARR. B/C>1
(B/C)
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4.4 Component 3 - Capacity building for waste management staff in charge of facility
operation and maintenance

4.4.1 Activity 3.1 - Capacity Building Workshop

Introduction of Korea's waste management policy and system to CMC officials and
Major experts, the study tour to advanced waste treastment facilities
Concerns Participants will be selected in consultation with the CMC and relevant Government

Agency of Sri Lanka

4.4.1.1 Preliminary Plan for Workshop

B Table 4-9 Preliminary Plan for Workshop

Waste Management Officers (CMC)
Candidate MoE & CEA
If required,techcnial advisor recommended by CMC

Site visit: Organic Waste Treatment Sites in Seoul Metropolitan Area
Contents Seminar :Korean policy development and experiences
Consultation meeting with SMG and SUSA

Period In Conjunction with Report to CMC / SMG / SUSA

B Table 4-10 Process of Workshop

1. Consultation with CMC and SUSA 2. Schedule Preparation
Tentative schedule and candidate Seminar and class based on interest of CMC
(local Counterpart < SMG / SUSA) Site selection related to priority project

Review the solid waste management issues of CMC to
contribute to solution findings

3. Submission of Plan 4. Result Report
Preparation of prior plan Activities performed discussion and evaluation
Description of Budget estimation, candidate, seminar | Result report and evaluation
contents, site visit Final Report

Invitation letter and visa preparation

B Table 4-11 Tentative Schedule

Day 1 2 3 4 5 6 7
SMG meeting Site Visit Site Visit Site Visit Culture
. e e e . Departure
(Opening) (Facility 1) (Facility 3) (Facility 4) Excursion(1)
Schedule
Arrival SUSA Seminar Site Visit Interim Report Culture
Consultation (Facility 4) P Excursion(1)

*The schedule is subject to change due to circumstances
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4.4.1.2 Activity 3.2 - Consultation Meeting

All the reports and deliverables from this Pre-feasibility Study will be scheduled with

Major their contents, due date and purpose to manage the activities and collect opinions
Concerns
from thorough anticipation and review for each of report and deliverable

4.4.1.3 Principle and Method
B Table 4-12 Principle and Method

* All reports prepared under monitoring and direction of SMG/SUSA and
submitted

Principal * Reports and deliverables provided on schedule, which enables all intersted
parties to prepare a review and comments

* List of potential priority projects organized for interim report

* Submission of the reports and hosting areporting session to present
Method of * Third party experts to be hired to provide comments

Consultation * During the session, comment to be collected and its supplement will be

preprared and reporeted

4.4.1.4 Reporting Sessions
B Table 4-13 Reporting Sessions

Report Outputs Schedule Place
Inception report
. - Purpose / Scope / Activities Korea
Inception . Jan. 2025 .
Hiring local Sub-Contractor Sri Lanka

List of request (Data, Focal Point)

Interim report
. - Basic Plan & Technical Review Korea
Interim . . June 2025 .
Candidate Selection & Sri Lanka

Determination Priority Project

Consutation for the interim report

. - Review on the basic design
Third Party

. - Review on the investment plan Aug. 2025 Korea
Consultation

Opinion for quality and result improvement
Invitation Program (Study tour)

Final Report
. - Priority project discussion Korea
Final Report oo Sep. 2025 .
- Appendix (site survey, etc.) Sri Lanka
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5. Technical Feasibility Study

5.1 Analysis of Conditions at the Project Site

5.1.1 Summary of the Project Site

5.1.1.1 Madampitiya
The first candidate site is in Madampitiya, which was originally designated for a wastewater treatment

plant under Asian Development Bank (ADB) support. Positioned in Colombo’s postal area 15 at 6°57°
38" Nand 79°52°20" E, it lies just northeast of the city center.

It is bordered by Mattakkuliya to the north, Mutwal to the west, Peliyagoda to the east, and
Bloemendhal to the northeast. The site covers about 41,000 m? of currently vacant land, surrounded
by urban drainage canals, and is ideally located to serve both Colombo North and Colombo Central

waste-collection zones.

B Figure 5-1 Madampitiya Site Location Map
i g S

-

The climate in Madamepitiya is classified as tropical rainforest (Af), with an annual mean temperature
of 26.5 °C, ranging between 25.7 °C in December and 27.4 °C in March. The site receives approximately
2,387 mm of rainfall per year, mostly during the Southwest (May—August) and Northeast (October—
January) monsoons, while enjoying about 3,007 hours of sunshine annually. Since more than 75
percent of annual precipitation occurs during the wet months, robust drainage infrastructure will be
indispensable to prevent flooding of both the site and the adjoining roads.

Accessibility is relatively good, with the site lying around 2 km northeast of Baseline Road (A4), one of

Colombo’s major north—south corridors, and 3 km east of Galle Road (A2), a major coastal highway.
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However, the current site entrance is narrow and must be widened to accommodate heavy vehicles
and waste-processing equipment.

Given its original designation for a wastewater treatment plant, Madampitiya provides a unique
opportunity to plan an integrated facility that combines wastewater treatment with the processing of
organic waste through a biogas plant. This integrated approach could maximize resource efficiency by

treating both liquid and solid organic waste streams in a coordinated system.

5.1.1.2 Bloemendhal

Bloemendhal, located in the northern part of Colombo, is a former major waste dumping and disposal
site. Over a long period, uncontrolled and unsanitary waste tipping caused serious environmental and
public health issues, including leachate leakage, foul odors, pathogenic contamination, and recurring
fire risks. The surrounding area is characterized by high-density residential communities, making the
site a long-standing hotspot for civil complaints and environmental conflicts. Leachate inflow into
nearby drainage channels and waterways has also been repeatedly reported, contributing to the
deterioration of the city’s water environment. Following the Meethotamulla disaster, the government
officially acknowledged the need to close and rehabilitate the site; however, full restoration has yet to
be completed, and illegal dumping and temporary stacking are still observed in parts of the area.
Within this context, considering Bluemendhal as a candidate location for an organic waste treatment
facility may offer certain administrative advantages. As the land had previously been used for waste-
related purposes, the burden of land-use reclassification is relatively low, and the site holds potential
to be integrated with environmental remediation projects that could help rebuild basic infrastructure.
Nevertheless, when assessed as a potential location for a full-scale organic waste biogas facility, the
limiting factors significantly outweigh the advantages. The long-term use of the site as a dumpsite has
left the ground unstable, making it risky to install heavy structures such as digesters, storage tanks,
and pre-treatment facilities, all while subsidence and gas emissions remain possible. Furthermore,
given the odor and gas-management requirements of anaerobic digestion facilities, it would be
extremely challenging to secure social acceptance in Bluemendhal, which is located adjacent to highly
sensitive residential areas. Additional environmental constraints—such as poor drainage systems,
persistent leachate issues, and flood risks during the monsoon season—raise further concerns that
new waste-based facilities could worsen the local environment.

For these reasons, the Bluemendhal site should be managed with a long-term focus on environmental
restoration and urban regeneration, rather than considered as a suitable location for a new organic
waste treatment facility. Compared with the other candidate sites under review for this project,

Bloemendhal shows significant limitations across technical, environmental, and social dimensions. As
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such, it should be classified as an area where priority must be given to pollution remediation and

rehabilitation, rather than expansion of organic waste treatment infrastructure.

B Figure 5-2 Bloemendhal Site Location Map

! 2

5.1.1.3 Kerawalapitiya
The third candidate site is in Kerawalapitiya, an area already designated for waste treatment purposes.

Its proximity to the western coastline and the Kelani River estuary provides a strategic location,
enabling the facility to serve both the Colombo metropolitan area and the wider Gampaha district.
Kerawalapitiya is well recognized as an industrial and infrastructure hub, home to large-scale facilities
such as the Kerawalapitiya combined-cycle power plant. The land is generally flat, and some areas are
already used for industrial and utility purposes, making it well-suited to accommodate a waste
management facility without significant land-use conflicts.

The local climate is characterized as tropical rainforest (Af), with an annual mean temperature of
approximately 26.5 °C and rainfall of about 2,300-2,400 mm. Most rainfall is concentrated in the
monsoon seasons, and the site’s proximity to the Negombo Lagoon and canal system increases the risk
of flooding. Accordingly, the facility design must incorporate a comprehensive drainage system to
ensure year-round operability.

Accessibility is a strong advantage for Kerawalapitiya. The site is located near the Negombo Road (A3)
and the Katunayake Expressway (E03), ensuring efficient connections with Colombo city, Bandaranaike
International Airport, and the Katunayake Export Processing Zone. Similar to Madampitiya, however,
the site’s existing entrance is too narrow and requires widening to accommodate heavy transport

vehicles and processing machinery.
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Unlike Madampitiya, Kerawalapitiya is considered primarily for a stand-alone biogas facility focused
solely on organic waste treatment. This narrower scope reflects the area’s industrial character and the
absence of prior wastewater treatment planning, making it more suitable for a specialized facility

rather than an integrated system.

B Figure 5-3 Kerawalapitiya Site Location Map

Kerawalapitiya
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5.1.2 Analysis Condition

A comprehensive evaluation was conducted for the three candidate sites—Kerawalapitiya,
Bloemendhal, and Madampitiya—based on three assessment dimensions: technical factors,
environmental factors, and factors contributing to site unsuitability. Each site was analyzed using
detailed criteria derived from field investigations, including accessibility, terrain and ground conditions,
utility connectivity, transport convenience, drainage and flood risk, and the environmental sensitivity
of surrounding areas.

Among the three sites, Madampitiya recorded the most balanced scores in both technical and
environmental dimensions, while Bloemendhal was assessed as the least suitable due to its overall
environmental vulnerability and ground instability. Kerawalapitiya, despite its advantage as an
industrial zone, showed limited technical performance due to flood and drainage risks and insufficient
internal access roads.

Landownership conditions were also evaluated as a critical factor in site selection. Kerawalapitiya is
owned by the Sri Lanka Land Development Corporation (SLLDC), Bloemendhal is owned by the Urban
Development Authority (UDA), and Madampitiya is jointly owned by the Colombo Municipal Council

(CMC) and the UDA. This ownership structure indicates that Madampitiya offers the most favorable
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conditions for future permitting, administrative coordination, and long-term operational convenience.

(1) Technical Aspect

From a technical standpoint, Madampitiya benefits from having previously been planned as a site for
an ADB-supported wastewater treatment plant, meaning its utility connections, ground conditions,
and accessibility have already been validated. Its proximity to the northern and central Colombo
collection zones provides the highest waste-transport efficiency, and the site enables the
establishment of an integrated wastewater and organic waste treatment system using the existing
urban drainage canals. As such, technical efficiency and scalability are assessed to be exceptionally

high.

(2) Environmental Aspect

Environmentally, Madampitiya also presents the lowest level of environmental risk among the
candidate sites. Unlike Bloemendhal, it does not face contamination or ground instability risks
associated with former dumpsites, and unlike Kerawalapitiya, it is not exposed to coastal or lagoon-
related flooding and drainage hazards. Its natural ground conditions allow for more effective
environmental sensitivity management. Furthermore, integrated treatment of wastewater and organic
waste at this site would significantly reduce greenhouse gas emissions, odors, and leachate generation,

offering the greatest environmental benefits.

(3) Unsuitability Aspect

In terms of unsuitability factors, Madampitiya demonstrates the lowest risk with respect to ground
stability, community acceptance, and urban planning coherence. While Bloemendhal carries major
risks due to residual contamination and high potential for community complaints, and Kerawalapitiya
faces clear limitations from flooding risks and inadequate access roads, Madampitiya—as a publicly
designated site—shows no conflicts with existing development plans and offers the strongest long-

term operational stability.

53



B Figure 5-4 Technical, Environmental, and Unsuitability Assessment of Candidate Sites
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SLLDC UDA CMC & UDA
Technical Aspect 2 3 1
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Inappropriate Aspect 2 3 1
Q 9 k 9
Remarks Recommend Madampitiya site, which has excelient location and is owned by the city of Colombo
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5.2 Technical Feasibility Analysis for Organic Waste Biogas Plant

A stand-alone biogas plant dedicated solely to municipal organic waste (food waste, septage, and
WWTP sludge collected by CMC) is considered as an alternative option in case the Madampitiya site is
not available, with Kerawalapitiya or other sites as possible locations. This ensures flexibility in
implementation and reduces dependence on site-specific conditions.

The facility would adopt mesophilic two-stage CSTR technology, with dedicated biogas handling and
digestate management units. An additional wastewater treatment step will be included to ensure safe
effluent discharge. Digestate will be separated into a liquid fraction for use as liquid fertilizer and a
solid fraction for composting, in compliance with Sri Lankan standards.

This sole biogas plant model offers a technically viable, sustainable solution for Colombo’s 2040 waste
management strategy, ensuring energy recovery, nutrient recycling, and environmental compliance

even without WWTP integration.

5.2.1 Biogas Plant Capacity Estimation
(1) Baseline Setting

For the facility design, only consider organic waste from municipality which is directly managed by the
Colombo Municipal Council (CMC).

The waste generation and capacity estimates are based on projected quantities for the target year
2040 to ensure the facility is adequately sized for future demand.

Limiting the design to municipally controlled waste streams enable more accurate prediction of input
guantities, streamlines administrative oversight, and aligns with CMC'’s operational responsibilities. It
also ensures that the facility is not burdened with uncontrolled or unpredictable waste inflows that

could compromise system stability or exceed design specifications.

B  Figure 5-5 Target Organic Waste

- Organic Fertilizer

Municipal Organic
Solid Waste

‘ Electricity

\ Anaerobic Digestion System j
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(2) Population Estimation for Target Year

(A) Target Year Setting

The target year for the biogas plant is set as 2040, in alignment with the WWTP planning horizon. This
ensures consistency in overall infrastructure planning, population growth rate assumptions, and helps
prevent excessive investment.

(B) Set Basis for Population Forecasting

Population forecasting is based on the most recent census data available for the Colombo Municipal
Council (2012, population: 561,314).

As the latest 2024 census provides only district-level population figures, post-2012 projections for the

CMC apply the annual growth rates published in the 2024 census.

B Table 5-1 Population Forecast

Year Growth Rate (%) Estimated Population
2012 1.2 561,314 As Census 2012
2013 1.14 567,035

2014 1.09 573,217

2015 1.03 579,127

2016 0.98 584,817

2017 0.92 590,206

2018 0.87 595,355

2019 0.81 600,217

2020 0.76 604,793

2021 0.70 609,065

2022 0.65 613,029

2023 0.59 616,633

2024 0.54 619,959

(C) Population Forecasting

To forecast the population of the Colombo Municipal Council (CMC) for the target year 2040, three
standard methods were applied: the Arithmetic method, the Geometric method, and the Least
Squares method. All projections are based on the most recent estimated population for 2024, which
is 619,959, as derived from the application of annual growth rates observed in national census data
and taking into account the observed deceleration in population growth.

Data Source and Basis

- The base population of 619,959 for 2024 is estimated from the 2012 census (561,314), using

annual growth rates reported in the latest census.
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- Colombo’s population growth has exhibited a declining trend, with the average annual growth
rate dropping from approximately 1.2% in 2012 to about 0.5% in 2024.

- The mean annual absolute increase has declined from about 5,800 persons (2012—-2016) to about
3,300 persons in 2024.

- Both the annual increase and the annual growth rate have decreased each year, with the average
annual increase falling by approximately 200 people per year and the growth rate by about 0.04
percentage points per year.

Arithmetic Method

- The arithmetic method assumes that a fixed number of people is added to the population each
year. This approach is commonly used when population growth is steady or slowing down, as is
currently observed in mature urban centers like Colombo.

- In this analysis, the annual increment starts at 3,300 in 2024 and decreases by 200 persons each
year, reflecting the declining trend observed in recent census data.

- Calculation: P, = Po + 3300 x n x n(n +1)

P.: Population in year n after the base year
Po: Base year population (2024) = 619,959

R: Average annual increase (3,300)

n: Number of years after 2024 (n = 0 for 2024)

Geometric Method

- The geometric method assumes that the population grows by a percentage rate each year, a
typical pattern for urban populations influenced by migration, natural growth, and urbanization.
- In this analysis, the annual growth rate starts at 0.54% in 2024 and decreases by 0.04 percentage
points each year, reflecting recent trends.
- Calculation: P, =Pgo x (1 + 1)
(rn=0.0054-0.0004 x n)
P.: Population in year n after the base year
Po: Base year population (2024) = 619,959
rn: Growth rate in year n after 2024
n: Number of years after 2024
Least Squares Method

- The least squares method uses regression on historical population data to derive a trend line and
forecast future values.

- For this scenario, a quadratic regression equation is used to reflect the recent slowing growth,
providing a more realistic projection than a simple linear fit.

- Calculation: P,, = Po + 3,500 x n - 100x n?
P.: Population in year n after the base year
Po: Base year population (2024) = 619,959
n: Number of years after 2024
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Result of Population Forcast

- The Geometric method (with declining growth rates) produces only a slightly higher forecast,

reaching about 650,648 by 2040, reflecting that even compounded growth has now slowed

significantly.

- If infrastructure must be planned with a safety margin, the geometric method remains the more

conservative (higher) estimate, but all three approaches suggest that rapid growth is no longer

expected unless new drivers of growth emerge.

B Table 5-2 Year-by-Year Population Estimates (2024-2040)

Year Arithmetic Geometric Least Squares Note
2024 619,959 619,959 619,959
2025 623,259 623,319 623,359
2026 626,359 626,436 626,359
2027 629,259 629,315 628,959
2028 631,959 631,967 631,159
2029 634,459 634,406 632,959
2030 636,759 636,647 634,359
2031 638,859 638,696 635,359
2032 640,759 640,566 635,959
2033 642,459 642,271 636,159
2034 643,959 643,823 635,959
2035 645,259 645,237 635,359
2036 646,359 646,524 634,359
2037 647,259 647,697 632,959
2038 647,959 648,767 631,159
2039 648,459 649,748 628,959
2040 648,759 650,648 626,359
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B Figure 5-6 Target Year Population Forecast

TREND FROIECTION

(3) Biogas Plant Capacity Estimation

(A) Estimation of Municipal Organic Waste Generation

To forecast the total generation of municipal organic waste in the Colombo Municipal Council (CMC)
area, with a focus on food waste, other organics (such as septage and sludge), and relevant collection
rates. The methodology is based on the latest population forecasts, waste generation factors, and
municipal collection statistics.

(B) Per Capita Waste Generation / Per Capita Food Waste Generation

From the waste characterization survey conducted for this pre-feasibility study, the average per capita
municipal solid waste (MSW) generation in Colombo is approximately 0.75 kg per person per day (see
Section 2.1.4.2: CMC’s Waste Management Status).

Of this amount, the organic fraction - mainly food waste - accounts for 60% of the total municipal solid

waste generated.

B Table 5-3 Estimated Daily Municipal Organic Waste Generation in CMC

per Cap!ta Collection Rate Target Year(2040) Waste Generation
Waste Type Generation (%) Pobulation Amount
(kg/person/day) ? P (tons/day)
Food Waste 0.383 80 650,648 200.0
Total - - - 200.0

5.2.2 Organic Waste Treatment Technology

(1) Overview of Organic Waste Treatment Methods

The treatment methods for food waste can be broadly classified into feed production, composting,

waste-to-energy (anaerobic digestion), and other methods. Feed production includes wet and dry feed
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processing techniques. Composting can be divided into aerobic composting and vermicomposting.

Waste-to-energy approaches involve processes such as co-digestion with sewage sludge and

anaerobic digestion. Other methods include mushroom cultivation and carbonization.

The process flows for each food waste treatment method are as follows.

B Figure 5-7 Organic Waste Treatment Method Overview
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(A) Feed Production Technologies

Feed production technologies for food waste include wet and dry feed processes, as described

below.

Wet Feed Production

After removing foreign materials from food waste, the waste is crushed in its moist state and then
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subjected to heating (100—140°C) and sterilization. Alternatively, alcohol or organic acids can be
added to eliminate spoilage microorganisms. The treated waste is then mixed with basic compound

feed and supplied directly as livestock feed, mainly to livestock farms.

B Figure 5-8 Wet Feed Process Flow
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Dry Feed Production
The dry feed process consists of pre-treatment, main treatment, and post-treatment steps. In pre-
treatment, foreign materials are initially removed, followed by crushing and sorting. The main
treatment involves drying and sterilization using hot air, vacuum drying, far-infrared drying, or steam
drying, reducing volume and weight by about 75%, with final moisture typically 10-20%. In post-

treatment, the dried product is further sorted and mixed with single or compound feeds for livestock

use.

B Figure 5-9 Wet Feed Process Flow
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(B) Composting Technologies

Composting is a long-established method for treating organic waste, using microorganisms to
decompose organic matter and produce stable compost. The main value of compost is as a soil
amendment rather than a direct fertilizer.

Composting methods include aerobic composting (using fermentation) and vermicomposting (using

earthworms to produce vermicast).

B Figure 5-10 Basic Principle of Composting
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Aerobic Composting

Aerobic composting mixes organic waste with additives like leaves, rice husks, or sawdust and
thoroughly agitates the mixture. Fermentation occurs in a composting vessel, where microbial heat
generation accelerates decomposition and water evaporation, followed by a stabilization phase. The
process consists of pre-treatment (sorting, mixing), main fermentation (fermentation, maturation),

and post-treatment (sorting, homogenization, packaging).

B Figure 5-11 Aerobic Composting Process Flow
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Vermicomposting
In vermicomposting, dewatered food waste is mixed with sawdust or rice husks and fermented before
being provided as feed to earthworms. The worms decompose the organic matter, producing stable

vermicast (worm compost).

B Figure 5-12 Vermicomposting Process Flow
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(C) Waste-to-Energy (Anaerobic Digestion) Technologies
Organic waste-to-energy technology involves converting biodegradable organic matter in food waste

to biogas through anaerobic fermentation, without oxygen. This biogas can then be used as an energy
source. Applicable methods include standalone anaerobic digestion and co-digestion in sewage
treatment plant digesters after appropriate pre-treatment and acid fermentation.

Anaerobic Digestion

Anaerobic digestion is highly recommended as the preferred method for treating food waste. This
process converts biodegradable organics in food waste into biogas (mainly methane), which can be
used as renewable energy. The digested and dewatered sludge can then be further treated, such as by

composting. Detailed descriptions is presented Chapter 6.3.3.
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(D) Other Methods

Other methods include mushroom cultivation and carbonization.

Mushroom Cultivation

Organic waste is crushed, mixed with sawdust and other bulking agents to adjust moisture and salinity,
then sterilized to create a mushroom substrate. Edible mushroom strains are inoculated and
cultivated. Mushrooms can be harvested as products, and the spent substrate can be further

processed into feed or compost.

B Figure 5-13 Mushroom Cultivation Process Flow
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Carbonization

In the carbonization process, organic waste is dried into granules and then carbonized in a multi-stage
vertical furnace using high-temperature air. The resulting carbonized product (biochar) is rich in
organic material and can be used as fertilizer, fuel, or deodorizer. Waste heat from the process can be

recycled in the dryer, and the product can be stored long-term.

B Figure 5-14 Carbonization Process Flow
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Among these, anaerobic digestion is strongly recommended as the most efficient and sustainable
technology for food waste treatment, due to its ability to generate renewable energy (biogas) and

support a circular economy.
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5.2.3 Anaerobic Digestion Process

(1) Principles of Anaerobic Digestion

Anaerobic digestion is a biological process that utilizes microorganisms to break down organic matter
in the absence of oxygen. The degradation of organic matter in an engineered anaerobic digester
occurs within a sealed reactor, and the optimization of gas production and waste decomposition rates
during anaerobic digestion requires the careful control of physical and chemical factors such as
moisture content, temperature, and pH. The process is also composed of several biological stages
necessary for the breakdown and stabilization of various organic materials, namely hydrolysis,
acidogenesis, and methanogenesis.

(A) Hydrolysis Stage

In this stage, complex organic compounds (carbohydrates, proteins, and lipids) are broken down by
hydrolytic and fermentative bacteria through their hydrolytic enzymes. Polysaccharides,
carbohydrates, proteins, fats, lignin, and cellulose are decomposed into soluble monomers or
oligomers, such as sugars, alcohols, fatty acids, amino acids, and polypeptides.

In waste streams with a high solid content, hydrolysis often becomes the rate-limiting step of the
overall process, so the efficiency is improved when the size of incoming solids is minimized.

(B) Acidogenesis Stage
During acidogenesis, acidogenic bacteria convert the hydrolysis products into propionic acid, butyric

acid, acetic acid, and other low-molecular-weight organic acids, as well as hydrogen and carbon
dioxide. The microorganisms that break down the dissolved, low-molecular-weight organics produced
in hydrolysis into acids such as propionic and butyric acid are called acidogenic bacteria. These organic
acids are further broken down by acetogenic bacteria into acetic acid.

Acidogenic bacteria have higher growth rates, substrate utilization rates, and greater tolerance to
environmental changes than methanogens. The acidogenesis stage can be further divided into the
breakdown of monosaccharides into acids like propionic or butyric acid, and the acetogenesis stage,
in which these acids and other substrates (lactic, propionic, butyric, and valeric acids, long-chain fatty
acids, ethanol) are decomposed into acetic acid, hydrogen gas, and carbon dioxide, which are
substrates for methanogenesis.

(C) Methanogenesis Stage

This final stage of anaerobic digestion is carried out by two main types of methanogenic archaea:
hydrogenotrophic methanogens, which use hydrogen as a substrate to produce methane, and
acetoclastic methanogens, which use acetic acid as a substrate. These two groups are strictly
anaerobic and have distinct characteristics in terms of substrate utilization and process kinetics.

Methanogens are much more sensitive to changes in pH, temperature, and toxic substances than

acidogenic bacteria, and they also exhibit lower growth rates and substrate utilization rates.
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Therefore, to maximize the efficiency of the anaerobic digester, it is important to properly manage

the various environmental conditions during operation. In particular, since the hydrolysis stage often

acts as the rate-limiting step in the entire process, introducing technologies that enhance hydrolysis

is crucial for improving the overall efficiency of anaerobic digestion and maximizing biogas production.

B Figure 5-15 Anaerobic Digestion Stage
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(2) Classification of Anaerobic Digestion Processes

As shown in Figure 6.2.3-2, anaerobic digestion processes can first be classified according to total

solids content into wet (6—15% TS) and dry (16—40% TS) processes.

They can also be categorized by reactor configuration as single-phase or two-phase systems, and

finally, by digestion temperature as mesophilic (33—-38°C) or thermophilic (52—58°C) processes (Mata-

Alvarez, 2003).
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B Figure 5-16 Classification of Anaerobic Digestion Processes
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(3) Key Operational Factors for Anaerobic Digestion Processes

For efficient anaerobic digestion of organic waste, it is essential to maintain the high activity of
anaerobic microorganisms within the process. Regardless of the specific process technology, there are
fundamental operational conditions that must be adhered to. While many factors and standards vary
according to the characteristics of the feedstock and facility capacity, the most commonly required

key factors are summarized in Table 6.2.3-1

B Table 5-4 Recommended Operational Conditions for Anaerobic Digesters

Item Operational Condition Remarks
Temperature Mesophilic: 30 - 40°C Additional heating costs arise at
P Thermophilic: 50 - 60°C higher temperatures
Hydraulic
Retention Time 15 - 30 days Based on CSTR process standard
(HRT)
pH Maintain near neutral (around pH 7.0) Optimum pH f.or methanogenic
bacteria growth
Oxidation- . . .
Reduction Maintain below -300 mV Condition required for methanogenic

Potential (ORP) reduction of organic carbon

COD Removal 40 - 95% Varies widely depending on
Efficiency ? characteristics of treated material
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(4) Review of Reactor Types

(A) Anaerobic Digestion Reactors

Anaerobic digestion technologies currently in widespread use can be classified as shown in Table 5-5.
The main differences among these technologies lie in the growth pattern of microorganisms and the
flow of substrates (organic waste) within the reactor. Due to these process characteristics and the
biodegradability of the feedstock, required retention times and process efficiencies vary. The most
representative reactor types are the Continuous Stirred Tank Reactor (CSTR).

The CSTR is the most basic reactor form, in which the microorganisms are fully mixed and suspended
with the substrate inside the digester, enabling homogeneous anaerobic digestion. In

Plug Flow Reactors (PFR) are designed so that the influent waste moves through the reactor in a
manner that concentrations decrease sequentially along the flow path. While PFRs generally require
shorter retention times than CSTRs, high concentrations at the inlet can impose significant loads on

the system.

B Table 5-5 Types of Anaerobic Digestion Reactors

Technology Features Retention Time (HRT)
CSTR (Continuous Stirred Tank) | Complete mixing of suspended biomass 10-40 days
PFR (Plug Flow Reactor) Plug flow operation 5-15 days

B Figure 5-17 Comparison of PFR and CSTR
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(B) Single-Stage and Two-Stage Anaerobic Digestion

The conventional single-stage digester handles the hydrolysis/acidification (carried out by acidogenic
bacteria) and the methanogenesis (carried out by methanogens) together in one reactor. In single-
stage systems, the hydrolysis and acidification reactions often proceed faster than methanogenesis,
resulting in the accumulation of volatile acids and a drop in pH, which can inhibit methanogen activity
and destabilize the process, especially when treating organic wastes with high moisture and high levels
of readily biodegradable organics.

To maximize organic loading rates and biogas production, while maintaining process stability, a two-
stage anaerobic digestion system can be applied. In this system, the first-stage reactor is designed to
promote hydrolysis and acidogenesis, while the second-stage reactor is optimized for methanogenesis.
This separation allows high concentrations of volatile acids produced in the first stage to be efficiently
converted to biogas in the second stage, ensuring both high degradation efficiency and process

stability at high organic loading conditions.

B Figure 5-18 Comparison of Single-Stage & Two-Stage Anaerobic Digestion
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(5) Review of Digestion Temperature

Mesophilic anaerobic digestion (30-40°C) is generally preferred for most applications due to its
greater operational stability, lower energy requirements, and proven reliability. While thermophilic
digestion (50-60°C) can achieve faster reaction rates and higher pathogen reduction, it requires
significantly more energy to maintain elevated temperatures and can be less economical in practice.
Therefore, mesophilic digestion is recommended as the optimal choice for this project, providing

efficient organic stabilization and biogas production under more stable and cost-effective conditions.
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(6) Utilization Options for Produced Methane

The main advantage of anaerobic digestion is the production of biogas, which is mainly composed of
methane and carbon dioxide.

The application of biogas largely depends on whether the CO, is removed. Table 5-6 summarizes the

pros and cons according to the removal of CO,.

B Table 5-6 Biogas Utilization Options According to CO, Removal

CO,
Advantages Disadvantages Applications
Removal 8 & PP
- Can be used directly for power o
eneration - Lower calorific value Power eneration (gas
Not & N (below 5,000 kcal) . & . ;
- Low initial investment- . engine, gas turbine, steam
Removed . o .| - Suitable for local use only . .
Economic feasibility via feed-in . turbine, fuel cell), boiler fuel
tariffs after power generation

- High calorific value

(up to 9,500 kcal)
Removed |- Can be supplied over long
distances in gas, liquid, or solid
form- Higher sale price

- Requires purification for
CO; removal

- High initial investment
for upgrading facilities

Transport fuel
(automobiles, rail, ships), city
gas (natural gas supply)

Currently, the most common use of biogas is power generation without CO, removal, using gas
engines (for small-scale plants up to 3 MW) and gas turbines (for plants above 3 MW).

Gas engines generate power by combusting biogas, requiring a methane content above 50%, and have
an efficiency of 30-50%, making them suitable for small-scale facilities.

Gas turbines generally require methane content above 45-50% and are economical when at least
2,500 Nm3/h (approximately 4 MW scale) of biogas is available. Although their power efficiency is
relatively low (20—28%) and they are less flexible to load changes, their mechanical simplicity and low
NOx emissions make them suitable for use in residential areas or where environmental regulations
are strict.

Steam turbines can operate at methane contents around 20%, with power efficiency varying (20-31%),
but become more economical as plant scale increases (above 10 MW). They are less sensitive to biogas
composition and quantity changes, minimize equipment corrosion, and emit less air pollutants, but
have higher installation and operating costs, and require a steady supply of biogas for steam
production.

If CO, is removed, biogas can be upgraded for use as vehicle fuel or for injection into city gas networks,
but this requires removal of moisture and contaminants, and methane concentration must be raised
to 97% or higher, resulting in higher initial investment.

Biogas utilization should be determined considering the quantity of gas produced, methane content,

facility location, and surrounding conditions.
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B Figure 5-19 Example of Biogas Utilization Methods
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(7) Treatment of Generated Effluent
Even after anaerobic digestion of organic waste, the effluent generally does not meet discharge
standards, especially with respect to refractory COD, T-N, and T-P. For this reason, the generated

effluent must be treated further.

(8) Review of Solid Residue Treatment Options

In anaerobic digestion processes utilizing organic waste, solid residues are generated from pre-
treatment and other process steps. These residues can be managed or reused through various
methods, including incineration, composting, drying/solidification, carbonization, lightweight
aggregate production, or use as landfill cover.

Since these residues can serve as valuable resources, it is necessary to review their management from
both environmental and economic perspectives. Table 5-7 compares the various treatment
technologies.

As a priority, the use of solid residues as soil conditioner should be considered.

In Sri Lanka, the management and recycling of solid residues generated from anaerobic digestion and
organic waste treatment is guided by both national regulations and established standards. The Central
Environmental Authority (CEA) and the Sri Lanka Standards Institution (SLSI) have issued technical
guidelines and compost quality standards to ensure that byproducts such as digestate, sludge, or

compost are processed and reused in an environmentally safe manner.
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B Table 5-7 Comparison of Sludge Treatment Technologies

Treatment Method

Advantages

Disadvantages

Utilization Options

- Can be combined

- High construction and
operational costs

with drying - Limitations on
Incineration processes incineration methods and Designated waste landfill
- Waste heat can be risk of hazardous gas g
used for drying emissions
- Effective odor control - Ash must be treated as
designated waste
. . . - High construction cost,
- Requires little additive . & . .
risk of fire/explosion .
. . - Reduces product volume ) Cement fuel, soil
Simple Drying - Odor generation o )
and transport costs o N conditioner, landfill cover
. - Insufficient stabilization
- Requires less land . .
- High energy requirement
- Difficult to secure stable
. - Low construction and market demand for large-
Composting . . . -
e operational costs scale products Soil conditioner, fertilizer
(Fertilizer)

- Simple process

- Odor generation
- Requires large land area

Drying/Solidification

- Can manage odors during
the process

- Wide range of
applications for solid
products

- Various technologies
available

- Risk of fire/explosion
- Relatively high
construction cost

Cement alternative fuel,
soil conditioner, landfill
cover, power plant fuel

Carbonization

- Waste gases can be used
as heat source

- Wide range of
applications for char
products

- Odor reduction during
process

- High operational cost

- Decrease in calorific
value of dried material

- Higher concentration of
heavy metals in char

Adsorbent, supplementary
heat source, deodorizer,
soil conditioner

Lightweight
Aggregate

- Stable sludge treatment

- No by-products

- Eco-friendly use as
aggregate

- High treatment cost, low
economic efficiency

- Difficult to find stable
demand for aggregate

- High-temperature
process may release
heavy metals

Landscaping aggregate,
drainage aggregate for
flowerpots

In particular, “SLS 1246:2003” and “SLS 1635:2019” provide the principal requirements for the quality

and safe application of compost derived from municipal, agricultural, and animal wastes.

These standards define key physical, chemical, and biological parameters, including color, moisture

content, pH (6.5-8.5), minimum organic carbon content (20%), and thresholds for major nutrients

such as nitrogen, phosphorus, and potassium. They also set maximum permissible concentrations for

heavy metals (e.g., cadmium, lead, mercury, chromium, copper, nickel, zinc) to ensure that compost

application does not lead to soil or crop contamination.
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Pathogen content and viable weed seeds must also be minimized, and compost should be free from
unpleasant odors.

Operators of composting or anaerobic digestion facilities must comply with these standards and
obtain the necessary permits, including environmental clearances and, where applicable,
environmental impact assessments. This regulatory framework is intended to protect public health,
agricultural productivity, and the environment while promoting the sustainable recycling of organic
waste.

Given these requirements, composting is recommended as the primary option for the recycling and
beneficial use of solid residues generated from the biogas plant. The resulting compost can be safely
used as a soil amendment for landscaping, forestry, and land reclamation, provided it meets SLS and
CEA standards. Alternative options such as incineration, drying/solidification, and carbonization may
be considered depending on local demand and facility infrastructure, but these methods are generally
less favored due to higher cost and limited resource recovery.

By prioritizing composting and strict compliance with national standards, the project will support Sri
Lanka’s policy goals for resource recovery, environmental protection, and the circular economy in the

waste sector.

B Figure 5-20 Example of Sewage Sludge Composting Facilities
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*Source: Janghang Sewage Sludge Composting Facility, Republic of Korea

72



5.2.4 Organic Waste Treatment Technology

(1) Overview of Organic Waste Treatment Methods

The potential treatment methods for municipal organic waste—including feed production,
composting, waste-to-energy processes (such as anaerobic digestion), and other alternatives—were
reviewed as outlined in Section 5.2. Based on the evaluation criteria of technical feasibility, resource
recovery potential, and alignment with Colombo’s long-term waste management strategy, anaerobic
digestion using mesophilic two-stage Continuous Stirred Tank Reactors (CSTRs) has been selected as
the preferred technology. This process ensures stable operation, effective biogas generation, and
compliance with national standards for digestate reuse. In this configuration, the biogas produced will
be primarily utilized for power generation through combined heat and power (CHP) systems, while
the solid and liquid digestate will be managed through composting and liquid fertilizer production,

respectively, thereby maximizing resource recovery and supporting a circular economy approach.

5.2.5 Basic Plan for Biogas Plant

(1) Estimation of Incoming Waste Concentrations

The quantities of incoming waste have been estimated in the previous chapter. Based on these
estimates, the influent concentrations for the biogas plant are determined for each major organic
waste stream: food waste, WWTP sludge, and septage.

For each waste type, the characteristic values of total solids (TS), volatile solids (VS), fixed solids (FS),
biological oxygen demand (BOD), chemical oxygen demand (COD), suspended solids (SS), total
nitrogen (T-N), and total phosphorus (T-P) are referenced from relevant waste characterization
studies and national/international data sources.

The influent concentrations for each parameter are calculated by combining the estimated waste
input amounts and the representative characteristic values for food waste. These concentrations

form the basis for the design and operation of the biogas plant.

(A) Food Waste

Food waste mainly consists of discarded edible materials from households, markets, and commercial
sources. It is characterized by high moisture and organic content, making it highly suitable for
anaerobic digestion. For this study, a Biochemical Methane Potential (BMP) test was conducted to
determine the actual biodegradability and gas production yield of the food waste collected in the
target area).

Based on BMP Test results, characteristics of food waste is as follows.
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B Table 5-8 Estimated Characteristics of Food Waste

Test Result
Parameter Unit Mean
High Income Middle Income Low Income
TS mg/L 157,529 146,008 158,706 154,081
'S mg/L 146,687 137,093 125,510 136,430
FS mg/L 10,842 8,916 33,196 17,651
BOD mg/L 92,000 83,000 77,000 84,000
coD mg/L 144,000 125,000 108,000 125,667
SS mg/L 150,000 146,000 158,000 151,333
T-N mg/L 3,400 2,900 2,600 2,967
T-P mg/L 770 660 310 580

(B) Calculation of Influent Load

The daily load of each parameter entering the biogas plant is calculated based on the estimated

quantity (Q, m3/day) of each waste stream and the measured or referenced concentration (C, mg/L)

of each parameter.

The total daily influent load is determined by summing the contributions from food waste.

B Table 5-9 Influent Load of Incoming Organic Waste Streams

Concentration Load
Parameter (mg/L) (kg/day)
Food Waste Food Waste
TS 154,081 30,816
VS 136,430 27,286
FS 17,651 3,530
BOD 84,000 16,800
COD 125,667 25,133
SS 151,333 30,266
T-N 2,967 593
T-P 580 116
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(2) Biogas Plant Design and Planning

(A) Design Basis and Objectives

The biogas plant is designed to process only food waste generated and directly managed by the
Colombo Municipal Council (CMC), as established in the previous sections.

The facility is sized according to the projected maximum daily input of 200 tons/day of food waste by
the year 2040, ensuring sufficient treatment capacity and the ability to accommodate seasonal and
daily fluctuations in waste quantities and characteristics.

The design prioritizes stable process performance, operational flexibility, efficient biogas recovery, and

compliance with Sri Lankan environmental regulations.

(B) Process Overview

The selected process is mesophilic anaerobic digestion (30-40°C), recommended for operational
stability, energy efficiency, and proven reliability under tropical urban conditions.

The facility will adopt a two-stage Continuous Stirred Tank Reactor (CSTR) system, optimized for food
waste digestion.

The process includes pre-treatment (screening, pulping, homogenization), anaerobic digestion, biogas

collection and utilization, and digestate management (dewatering and composting).

(C) Capacity and Material Balances
The facility is planned for a design capacity of approximately 200 tons/day of food waste, based on

2040 population forecasts and per capita waste generation rates.

Mass balances for key parameters (TS, VS, BOD, COD, T-N, T-P) are calculated using the estimated input
quantities and the representative food waste characteristics provided in Table 6.2.2-8 (Estimated
Characteristics of Food Waste).

Hydraulic and solids loading rates for the digesters are set to maintain optimum microbial activity,

maximize biogas yield, and ensure reliable long-term operation.

(D) Key Facility Units

Waste Receiving and Pre-Treatment:
Includes receiving hoppers, weighing stations, screening and pulping equipment to homogenize the

diverse feedstock and remove contaminants.
- Digester Units:

Multiple CSTRs in parallel provide redundancy and enable maintenance without service interruption.

Reactors are designed for 15-30 days HRT and heated to mesophilic range.
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- Biogas Handling and Utilization:
Biogas will be collected, desulfurized, and dried. The primary application will be for onsite combined

heat and power (CHP) generation using gas engines.

- Digestate Dewatering and Composting:
Solid digestate will be mechanically dewatered and either directly composted onsite or supplied for

offsite composting, in compliance with Sri Lankan standards (SLS 1246:2003, SLS 1635:2019).

- Effluent Management:

The liquid effluent from digestate dewatering will be concentrated and stabilized for use as liquid
fertilizer, ensuring nutrient recovery. The treated effluent will be applied to nearby farmland in full
compliance with Sri Lankan agricultural application standards and environmental regulations. This
approach reduces reliance on external WWTP infrastructure while promoting sustainable nutrient

recycling within local agricultural systems.

(E) Process Control and Monitoring

The plant design includes advanced process monitoring systems (for pH, temperature, gas
flow/composition, HRT, etc.) to optimize biological activity and energy yield.

Automated controls ensure operational safety and efficient resource recovery.

(F) Environmental and Social Considerations
All odor, noise, and visual impacts will be minimized by enclosing key operations and implementing

best-practice mitigation measures.
The plant will support local employment, provide renewable energy, and help Colombo meet national

sustainability and waste reduction targets.
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B Figure 5-21 Layout Plan of Biogas Plant
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B Table 5-10 Specification of Main Facilities for Biogas Plant

Category Equipment Type/Specification | Capacity/Size | Quantity Remarks
. Storage days: 3
(1) . Input Hopper Freesthaondlrég steel 200 m’ 2 Units days,
Municipal PP Bulk density: 0.8
Organic Waste
Pre-
Treatment . Rotary impact type il i
Crushing & ; < s . Daily processing
Screening Machine wnthkstgtlonary 15 m'/hr | 2 Units volume 200 m’/d
nives
Screening & Grit Automatic . . Septage  inflow
2) Handling System Operation Type 40 m'/hr 3 Units 156.63 m’/d
Sludge
& Septage Rectangular . .
Pre- Storage Tank (W6.0m x 16.0m x 360 m' | 2Tanks Retention  time
Treatment H6.1m) .7 days
Storage Tank Submersible R . Mixing  volume
Mixer Propeller Mixer 360 m/Unit | 1 Unit 360 m’
. D22.0m x H18 Effective V. Retention  time
Anaerobic Digester | '3 200 v/Tank | 12,831 m' | 2 12Nk Max 36 days
Anacrobi
naeronic Di ted Slud .
Digestion IRgeecsiriuIatlijor%e Sludge Pump, 48 mijpr | AUNIS ]
System Pump 0.80 m’/min (2 standby)
. Lo 4 Units :
Digester Anaerobic Digester Power per mixer
- . - 30.0 kW/tank | (2 per -
Submersible Mixer Mixer digester) 15 kW/unit
Storage time 3
(4) Biogas Gasholder Doublct_;aal\sllggnbrane 3,500 m’ 1 Unit hours, Safety
Biogas g factor 1.3
Utilization
System -
. Total daily power
Biogas Generator Power generation 200 kW.h PET 1 5 Units 40,576 kWh, 32%
system unit P
efficiency
g‘}luent Mechanical Effluent control &
Control Vapor Liquid fertilizer 180m’/day 1 Unit Power 100kW
System Recompression concentration
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B Figure 5-22 Biogas Plant Process Flow Diagram & Mass Balance
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5.2.6 Operation & Maintenance Plan

5.3.4.1 Overview
This chapter presents the operation and maintenance (O&M) strategy for the proposed 200 tons per

day biogas plant. The O&M plan is designed to ensure safe, stable, and efficient plant performance,
while maximizing biogas recovery, securing environmental compliance, and extending the life of critical
assets through systematic management. Special emphasis is placed on the handling of food waste
feedstock, anaerobic digestion processes, biogas production and utilization, and digestate

management, as well as odor and environmental control measures.

5.3.4.2 Duties and Staffing Plan

(1) Basic Duties of the Integrated O&M Team
The O&M team will be responsible for the operation of the entire facility, including waste reception

and pre-treatment, anaerobic digestion, gas storage and utilization, digestate treatment, and
supporting utilities. With all processes functioning as part of one unified system, the O&M team will
be structured to cover operations, maintenance, laboratory analysis, safety, and administrative

functions under a single management line.

(2) Key duties of the integrated O&M team include

Process Operation
Monitoring, controlling, and optimizing the processes. This includes all inflow, treatment, and effluent

management.

Routine Inspection & Monitoring
Regularly inspecting mechanical, electrical, and control equipment throughout the plant. Performing
sampling and laboratory analysis of digestate, and biogas to ensure compliance with regulatory and

quality standards.

Maintenance (Preventive & Corrective)
Carrying out scheduled preventive maintenance and necessary repairs for all critical equipment,
including those related to biogas production (digesters, gas engines, pumps, blowers, valves, safety

devices, etc.), as well as general plant assets.

Sludge, Digestate, and Residuals Handling

Overseeing the collection, dewatering, stabilization, and proper management of all sludge, digestate,
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and byproducts, including safe storage and appropriate end-use or disposal according to national and

local regulations.

Biogas Handling and Utilization
Operating and maintaining anaerobic digesters, biogas storage, and energy recovery systems (engines,
boilers, CHP units), ensuring safe biogas handling, quality control, and monitoring gas production and

usage.

Environmental and Odor Contro
Implementing odor control and environmental management strategies, including monitoring of air

and water emissions, and operating pollution control systems to minimize environmental impacts.

Health, Safety, and Emergency Management
Enforcing plant safety policies, providing regular staff training, and ensuring all team members are
equipped with appropriate personal protective equipment (PPE). Maintaining emergency protocols for

fire, gas leaks, or other incidents.

Administrative and Recordkeeping
Documenting all operational activities, laboratory results, maintenance records, supply usage, and

preparing reports for management, regulatory compliance, and audits.

Site Management and Security
Maintaining facility cleanliness, supporting general housekeeping, and ensuring physical security of

the site.

(3) Staffing Composition

(A) Staffing Basis
Staffing levels for the operation of the 200 t/day biogas facility have been determined with

reference to:

- The facility’s process scale and complexity require 24-hour operation with dedicated shifts for all
core functions.

- Typical O&M team sizes and job roles found in medium- and large-scale biogas facilities in Asia,
as well as relevant international guidelines such as ADB (2021) Solid Waste Management and
Resource Recovery in Asia and World Bank technical studies on waste-to-energy and biogas

operations.
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Case examples:

- Daejeon Bioenergy Center, Korea (400 t/day: 200 t/day food waste + 200 t/day leachate): ~45-50

staff, including operators, lab technicians, and maintenance teams.

B Figure 5-23 Daejeon Bioenergy Center

- Ulsan Yongyeon Food Waste Biogas Facility, Korea (180 t/day food waste): ~30 staff, covering
process operation, odor control, digestate handling, and energy generation.

B Figure 5-24 Ulsan Yongyeon Food Waste Biogas Facility

- Ulsan Onsan Biogas Energy Center, Korea (150 t/day: 100 t/day food waste + 50 t/day livestock

manure): ~25-30 staff, with O&M teams for digestion, gas upgrading, and power generation.

B Figure 5-25 Ulsan Onsan Biogas Energy Center
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(B) Staffing Plan

This staffing plan, grounded in actual regional experience and aligned with the plant’s technical
requirements, is designed to ensure stable, safe, and cost-effective operation of the food waste
biogas facility. By optimizing the mix of management, technical, and support roles, the facility can
achieve high environmental performance and sustainable resource recovery, while maintaining

compliance and controlling costs.

B Table 5-11 Staffing Plan (200t/day Biogas Plant O&M Team)

- . No. of . .
Position/Section Key Duties/Reporting
Staff
Plant Manager 1 Overall management, reporting, external liaison
Shift Supervisors 3 Supervise operations (one per shift), report to Plant Manager
Operators 12 Biogas plant operation (24/7, 3 shifts)
Laboratory Staff 3 Feedstock, digestate, and biogas sampling, analysis, process monitoring
Digestate Handlin . . . .
& Team & 3 Handling of dewatered digestate, biosolids, byproduct management
Maintenance Chief 1 Manages all maintenance technicians, reports to Plant Manager
Maintenance 6 Preventive and corrective maintenance (mechanical, electrical,
Technicians instrumentation)
Admin/Support Lead 1 Oversees admin, security, and support staff
Admin/Clerical Staff 2 Recordkeeping, procurement, payroll, documentation
Security 4 Site access control, shift-based security patrol
Cleaning/Support 3 Facility housekeeping, site utilities, general support
Total 39
B Figure 5-26 O&M Administrative Structure
Plant Manager
]
[ 1 |
Operation Departrment Technical Departmentl Admin Department
| I [
Shift Supervisar Mairmenance Chief Admin/Support Lead
| | | |
Sludge )
Laboratory — - Security Clerical Cleaning
Operatars Staffs / H.IQE'S-':.E‘IE . I.E"?"LE Staffs Staffs F Supports
andling Technicians
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6. Calculation of Project Cost

6.1 Summary

The total project cost has been prepared for Biogas 200 t/day.

Cost components include direct construction, consulting services, taxes (VAT and import duties),
contingency (physical + price), project management, land cost/lease, and miscellaneous items.
Construction costs are derived from Korean MOE Standard Project Cost (2023) unit rates, benchmark-
adjusted to Colombo market conditions, consistent with the PCP approach to using standardized cost
bases and adapting them to local implementation.

Where city-owned land is used (public fiscal option), land acquisition is minimized or exempted; under
PPP, a 20-year lease is assumed.

All figures are preliminary and will be refined during the feasibility/design stages and market surveys.

Final costs will be determined through stakeholder consultation and detailed engineering.

6.2 Basis of Cost Calculation

6.2.1 Direct Construction Costs

Calculated using the Korean Ministry of Environment (MOE) Standard Project Cost (2023), which
represents the unit costs for organic waste/biogas treatment facilities in Korea.

- Biogas Plant: KRW 294,000 per ton/day
To reflect the local Sri Lankan market (Colombo) and exclude land acquisition cost from unit rates,

the KMOE standards are adjusted.

- 70% adjustment considering based on recent bid analyses and international financial institution
(IF1) benchmarks (ADB, JICA, WB projects in Sri Lanka 2022-2024).
- 15% adjustment considering excluding land acquisition.

6.2.2 Consulting Services

Consulting services are estimated at 5% of direct construction cost, in line with IFl and Government of
Sri Lanka practice. The fee covers design, tender support, environmental and social assessments and
engagement, permitting, construction supervision, commissioning/performance tests, and O&M
manuals/training; routine reimbursables are included, while specialized surveys/lab tests are
budgeted under Miscellaneous. VAT and duties are. Under PPP the consultant serves as Owner’s

Engineer (Lenders’ TA excluded).

6.2.3 Taxes

VAT is assumed at 15% (2024 standard) and applied to direct construction + consulting only;
contingency, project management, land/lease, and miscellaneous are excluded in this estimate. Import
duties are estimated at 2% on 60% of the mechanical & electrical (M&E) portion, reflecting partial

import of major equipment. For simplicity, VAT is calculated on (direct + consulting) and not grossed-up
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for duty; in practice, import VAT may be levied on the customs value plus duty.

The same assumptions apply to public/PPP delivery.

6.2.4 Contingency

A combined 10% of direct construction cost (5% physical for design/quantity changes + 5% price for
inflation and FX risk) is included. The contingency applies to direct construction only (excludes
consulting, project management, land/lease, and miscellaneous); it will be refined at detailed design

and procurement.

6.2.5 Project Management

Project management is estimated at 3% of direct construction cost, aligned with IFl and Government
of Sri Lanka practice, covering client-side administration, progress reporting, stakeholder coordination
and liaison, safeguards oversight, and contract management support during procurement and

construction; routine reimbursables are included, while VAT/duties are excluded.

6.2.6 Land Compensation

Total land requirement for biogas plant is 1.0 ha.

Under the public fiscal option, city-owned land is provided at no acquisition cost.

Under PPP, this corresponds to a total of USD 240,000, based on an annual lease rate of USD 12,000
per hectare for 20 years. Land/lease costs are excluded from direct construction and from the VAT base

and are accounted for separately.

6.2.7 Miscellaneous

A fixed USD 200,000 applies to delivery modes, covering site preparation, permits, and preliminary

surveys; it is outside the bases for contingency and VAT and is presented separately in Section 7.3.6.

6.2.8 Exchange Rate
Calculations are based on 1 USD = 1,350 KRW (2024 average; Central Bank of Sri Lanka and Bank of

Korea official rates)
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6.3 Cost Estimation

6.3.1 Direct Construction Costs
B Table 6-1 Direct Construction Cost (Unit: thousand dollars)

Item Biogas Plant Calculation Basis
Civil Works 5,701.422 22% of direct cost
Architecture 1,554.933 6%
Mechanical 9,588.756 37%
Electrical & 1&C 5,183.111 20%
Landscaping 518.311 2%
Other 3,369.022 Balance (13%)
Subtotal 25,915.556 MOE unit rate x 0.595 + 1,350

6.3.2 Consulting Service Fees

B Table 6-2 Consulting Service Fees (Unit: thousand dollars)

Item Amount (USD '000)

Calculation Basis

Biogas

1,295.778

5% of direct construction cost

6.3.3 Taxes & Duties

B Table 6-3 Calculation of Taxes and Import Duties (Unit: thousand dollars)

Item VAT (15%) Import Total Calculation Basis
Duty
Biogas 4,081.700 177.262 4,258.962 Same basis

6.3.4 Contingency Reserve

B Table 6-4 Contingency Cost Estimation (Unit: thousand dollars)

Item Amount (USD '000)

Calculation Basis

Biogas

2,591.556

10% of direct construction cost

6.3.5 Project Management Cost

B Table 6-5 Land Compensation and Miscellaneous by Project Type

(Unit: thousand dollars)

Item Amount (USD '000)

Calculation Basis

Biogas

777.467

3% of direct construction cost
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6.3.6 Land Compensation and Miscellaneous

Public (Fiscal) Project: city-owned land; no acquisition cost.
Private/PPP: lease for 20 years @ USD 12,000/ha/year.
Miscellaneous: fixed USD 200,000 for all cases.

B Table 6-6 Land/Lease and Miscellaneous (Unit: thousand dollars)

Site Land Cost or Lease
Scenario Area Land/Lease | Misc. | Total Remark
Terms

(ha)

Public Fiscal Cost
1. City- t 2 2

Project 0 ity-owned, no cos 0 00 00 minimized/exempted

Private/PPP 20-year lease, USD Lease paid over project
1.0 240 200 | 440 .

Investment 12,000/ha/year period

6.3.7 Total Project Cost by Project Type
B Table 6-7 Total Estimated Cost (Unit: thousand dollars)

Item Public Fiscal Project Private/PPP Project CaI;:Isaizion
Direct Construction 25,915.556 25,915.556 See 7.3.2
Consulting Service 1,295.778 1,295.778 See 7.3.3
Taxes & Duties 4,258.962 4,258.962 See7.3.4
Contingency 2,591.556 2,591.556 See 7.3.5
Project Management 777.467 777.467 See 7.3.7
Land & Miscellaneous 200.000 440.000 See 7.3.8

Total 35,039.319 35,279.319

6.4 Project Financing Plan

Financing structure assumed at 85% by international loans/private capital (PPP) and 15% by the
Government of Sri Lanka or local equity.

For presentation, 60% of international financing is shown as foreign currency, with the remainder

and all domestic contributions shown as local currency.
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B Table 6-8 Financing Plan(Unit: thousand dollars)

Item Foreign Local Total %
Int’l Loan/Equity 17,870.053 11,913.368 29,783.421 85
Gov'’t of Sri Lanka/Local Equity - 5,255.898 5,255.898 15
Total (Public) 17,870.053 17,169.266 35,039.319 100
B Table 6-9 Financing Plan (PPP Lease Option) (Unit: thousand dollars)
Item Foreign Local Total %
Int’l Equity/Debt 17,992.453 11,994.968 29,987.421 85
Local Equity - 5,291.898 5,291.898 15
Total (PPP) 17,992.453 17,286.866 35,279.319 100

6.5 Yearly Investment Plan

The project execution period is 4 years, covering consultant selection, detailed design, procurement,

construction, and commissioning.

For the public (fiscal) option, investments are broken down by source;

For the PPP option, all investment is shown as total annual capital requirement without distinction by

financing source or currency.

B Table 6-10 Yearly Investment Plan (Unit: thousand dollars)

Year | Public: Intl Loan/Equity Public: Govt of Sri Lanka | Total (Public) | Total (PPP) | Percent (%)
1 628 111 739 741 2.1
2 5,596 989 6,585 6,597 18.7
3 14,818 2,617 17,435 17,463 49.5
4 8,742 1,544 10,286 10,478 29.7
Total 29,783 5,256 35,039 35,279 100.0
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7. Economic Feasibility Study

7.1 Assumptions

7.1.1 Summary

The economic appraisal adopts an economic life of 20 years for the project’s main facilities and
equipment; accordingly, the appraisal horizon is the 20-year post-completion operating period. The
overall analysis timeline comprises four years for planning, design, and construction, followed by
twenty years of operation, for a total of twenty-four years.

Costs are recorded as capital expenditure (CAPEX) and operating expenditure (OPEX), both treated as
costs. Major overhauls and replacements are allocated to CAPEX or OPEX as appropriate. In line with
economic appraisal principles, pure transfer payments—such as taxes and customs duties—are
excluded from both costs and benefits.

Benefits consist of the general social benefits attributable to operating the environmental
infrastructure (including avoided environmental damages and public-health costs), revenues—or the
value of self-consumption—from biogas-based electricity generation, and revenues from the creation
and sale of greenhouse-gas emission reduction credits. Because the economic life of the core plant
coincides with the appraisal horizon, no residual value is assumed for the core process assets; any
residual value associated with land and ancillary assets is recognized separately.

All results are derived from currently available data and prevailing Sri Lankan industry practice, with
monetary values expressed in a common base year on a real-terms basis. Key parameters—such as the
discount rate, electricity tariffs, exchange rate, and emission factors—will be finalized through ongoing

field surveys and stakeholder consultations.

7.1.2 Cost-Benefit Analysis Methodology

Economic feasibility is assessed using the cost-benefit analysis method commonly adopted for Sri
Lankan public infrastructure projects and by international financial institutions (e.g., ADB, World
Bank).

The analysis will utilize the following indicators:

- Net Present Value (NPV)

- Internal Rate of Return (IRR)

- Benefit-Cost Ratio (B/C Ratio)

- Break-even point (Payback period)

For the purposes of this interim report, only direct and quantifiable benefits and costs are

considered.
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7.1.3 Social Discount Rate

The social discount rate reflects the opportunity cost of capital and is used to convert future costs and
benefits to present values.

In Sri Lanka, recent guidelines (Ministry of Finance, 2023) recommend applying a social discount rate
of 8% for public infrastructure projects.

For PPP/private investment projects, a financial discount rate reflecting market rates (typically 10-12%)
may be used in parallel.

For this preliminary analysis, an 8% social discount rate is applied for economic evaluation, in line with

Sri Lankan practice.

7.1.4 Key Factors for Cost and Benefit Estimation
(1) With/Without Case

The analysis compares the scenario with project implementation to a counterfactual "without
project” case, in line with IFl and Sri Lankan guidelines.

(2) Inflation

Costs and benefits are evaluated at constant base-year prices (2024).
Inflation is not separately projected; all future values are expressed in real terms.

(3) Sunk Costs
Only incremental costs and benefits directly attributable to the new facilities are considered.

Pre-investment sunk costs are excluded.

(4) Benefit Calculation
Only direct, tangible, and monetizable benefits are included at this stage (e.g., user willingness to

pay, resource savings, environmental improvement with monetary proxy).

(5) Exchange Rate
Applied rate: 1 USD = 1,350 LKR (Central Bank of Sri Lanka, 2024 average).

7.2 Preliminary Cost Estimates

7.2.1 Total Project Cost (One-time Investment)
The total project cost includes direct construction, consulting and design, taxes (VAT and duties),
contingency, project management, land/lease or compensation, and miscellaneous. Figures will be

refined as market surveys and design progress.
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B Table 7-1 Preliminary Total Project Cost (Unit: thousand USD)

ltem Public'FiscaI PPP (L'ease) Note
Project Option
Direct ng:ttr“dio" 25,915.556 25,915.556 | See Ch.7 (unit rates adjusted)
Consulting Service 1,295.778 1,295.778 5% of direct construction
Taxes & Duties 4,258.962 4,258.962 VAT 15%, duty 2% (see 7.2.3)
Contingency 2,591.556 2,591.556 10% of direct construction
Project Management 777.467 777.467 3% of direct construction
et aoom | woom | B e 1050
Total 35,039.319 35,279.319

7.2.2 Annual Operation & Maintenance Costs (OPEX)

(1) Purpose and scope

This chapter develops preliminary annual O&M cost estimates for the proposed facilities using recent
South Asia (Sri Lanka / India) benchmarks and scale-appropriate engineering assumptions. Costs are
reported in USD, thousand USD basis and cover all routine operating expenditure required to keep the
facilities compliant, reliable, and safe.

Exclusions (all cases): debt service, taxes, land, major renewals replacing CAPEX, owner’s corporate
overheads not directly attributable to plant operations, any electricity export revenue / wheeling

credits, and any gate-fee revenue for waste acceptance.

(2) Region-grounded basic assumptions

The following inputs reflect typical performance and commercial conditions observed in Sri

Lanka/India for OFMSW/food-waste biogas facilities. Plant-specific modeling will supersede these

placeholders as operating data becomes available.

Operating tempo: 24/7, 365 days; preventive maintenance windows planned in-service.
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Energy
Biogas yield from mixed food/OFMSW: ~120 m3t; CHP net electricity: ~1.8 kWh/m? biogas after

parasitics; sensitivity £10%.

Chemicals & media

Biogas: H2 S removal media, activated carbon (siloxane/VOCs), micronutrients, defoamer; polymer

for digestate dewatering.

Labor & staffing
3-shift operations with relief coverage; in-house maintenance core team; lab/QA; EHS & compliance;

admin & security.

Maintenance
Preventive and corrective maintenance (including spare parts/consumables), gas engine

service/overhaul considerations, and other equipment are subject to major repair standards based

on replacement value ratios and maintenance cycles.

Sludge/digestate & by-products

Costs include in-plant handling, hauling, treatment/processing, and final disposal/beneficial use fees,

plus spent media regeneration or replacement.

Contingency

A 5% operating contingency is shown separately to cover price volatility (power, chemicals), minor

unplanned work, and exchange-rate movement.

(4) Facility-level reference (stand-alone) O&M figures

B Table 7-2 Preliminary Annual O&M Cost Estimate (Unit: thousand USD)

Facility Preliminary armual o&M Notes
(excl. contingency)
Biogas Plant o '
2 5-1. ,
(200 t/d) 820 Within typical $0.5-1.0 M/y range

(5) OPEX Estimation Results
Smaller AD/CHP with no WWTP integration. All utilities and services are dedicated to the biogas

facility; no energy-offset benefit to municipal treatment.
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B Table 7-3 Annual OPEX breakdown (Unit: thousand USD)

Cost item Basis (short) Amount
Labor 3-shift operations with lean staffing 160
Power & fuels Auxiliaries not met by CHP (parasitics, start-ups) 15
Chemicals & consumables H,S media, activated carbon, polymer, micronutrients 320
Digestate & by-products Dewatered solids/filtrate handling and transport 40
Maintenance & spares Incl. gas-engine service/overhauls 230
Monitoring, lab & compliance Routine analytical and permits 20
Utilities, safety, IT & site services | Water, instrument air, SCADA/IT, PPE, security 15
Insurance & permits Operational coverages and statutory fees 8
Administration & training Plant-level admin, records, training 12
Subtotal (items 1-9) 820
Operating contingency (5%) On subtotal 41
Total 861

7.3 Preliminary Benefit Estimation

Major direct benefits of the proposed Colombo Biogas Plant project are as follows:

7.3.1 Revenue from Electricity Generation (Biogas-to-Power)

Biogas produced from anaerobic digestion of organic waste and sewage sludge will be used for on-site
power generation.

Generated electricity will be used for plant self-consumption, with surplus sold to the national grid
(CEB, Sri Lanka), subject to regulatory and technical feasibility.

Economic benefits are quantified by avoided electricity purchase and/or sales revenue at the
applicable CEB tariff.

Under the 20-year CEB NCRE SPPA, the project adopts the flat energy tariff for Municipal Waste at LKR
53.30/kWh. A single flat price across the term reduces revenue volatility, improves bankability and
long-tenor debt sizing, and simplifies settlement since only kWh metering is required.

It also avoids tracking the O&M base charge of 7.00 LKR/kWh and its annual escalation and the
component-by-component reconciliations that can cause disputes. Because “Municipal Waste” has
no fuel base component and the tariff scheme chosen at SPPA execution cannot be changed, locking
in a simple, stable tariff from the outset is most advantageous for financial-model stability,

bid/negotiation efficiency, and operating-cost control.
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B Figure 7-1 Non Conventional Renewable Energy Tariff Announcement (CEB, 2024)

Non Conventional Renewable Energy

Tariff Announcement

Purchase of Electricity to the National Grid under Standardized Power Purchase Agreement (SPPA)

The Ceylon Electnicity Board is pleased 1o announce the new Larlf for purchasing electncity from Non-Conventional
Renewable Energy (NCRE) Sources according 1o the rates approved by the Cabinet on 01.07 2024 The SPPA wil
continue for NCRE projects with a capacity up to 10 MW. This tariff is effective from 01.07 2024

NCRE power plant developers are permitied 10 select ether the Foed Flat tanff or the 3-Teer Tanft at the time of
entenng into the SPPA. The NCRE power plants commessioned under this scheme are not alowed 10 migrate from
the tanf scheme once selected, for the complete period of the SPPA (20 years)

All prices are in Sri Lanka Rupees per kilowalt-hour (SLRs / kKWh)

Three-Tier Tariff Flat Tariff
Non-escalable

Technology | Escalable Escalable | Fixed Rate
Base O8M Rate Rate (RsJkWh) ReJkWh
{Rs.JKWh) fRawm)
(Year 1:20) (Rs./kWh) | Tier1: |Tier2: |Tier3: | (Year1-20)

(Yoar 1-20) | Years Years Years
1-8 9-18 16-20

Small Hydro ear1-5) | 279
(years - 15) | 3.79 Nona 3180 1263 492

Powet [tyear16-20) | 410 3053
(year 1 -8y 385

Wind Power (ear $-15) | 476 Nons 2919 11.60 451 20,86
year 16- 20) 15193
fyear 1 -1 242

Solar Power (year G- 15) | 4.92 Nons 2571 10.92 429 2548
{year 16-20) | 237

Biomass tysar 1-0) 220

(Dendro) fear@-15 | 247 105 1669 |688 258 5277
tyear 16-20) | 293
year 1 -8) 220

Agricultural &

g (year 9—15) | 247 2024 16,69 688 258 4034

Ind Waze tyear 16-20) | 283
(year 1 - ) 185

Cogeneration (earg-15; | 185 o 1253 517 194 2058
{year 16-20) | 320

Municipal Waste | tyear1-20) | 700 Nona 3N 2134 821 5330

Escatation Rate ko

the ysar 2024 6.04% 25% None |None |None |, o

In order to ensure the power plant operator continues to operate the plant after the loan recovery penod (year 11
onwards without decommissioning), unti the completion of 20 year contract penod, 2% of the maonthly payment to
the customer is requared to be deposited i a customer-owned bonded account.  Funds in that account shall only be
withdrawn by the customer with the written approval of CEB

% comn BgBac eeicn
Beorisns Hareny semu

CEYLON ELECTRICITY BOARD

7.3.2 Revenue from Tipping/Service Fees (Waste Treatment under PPP)

In line with a PPP/concession model, the private project company provides municipal solid waste
(MSW) reception, pre-treatment, digestion services. Service fees are paid by the designated public
counterparty (e.g., municipal/provincial authority for MSW), pursuant to the Concession/PPP
Agreement.

(1) MSW tipping fee (gate fee)
Payable per ton of compliant waste delivered and weighed at the certified weighbridge (LKR/ton).
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The contract may include a minimum contracted tonnage or take-or-pay to ensure baseline revenue
stability, with quality deductions for excessive moisture/contaminants outside specification.

(2) Indexation and pass-throughs

Base fees are indexed annually (e.g., Colombo CPI) with defined pass-through for extraordinary cost
items (e.g., grid electricity beyond baseline, chemicals, statutory wage changes), and symmetric
adjustments for scope changes mandated by the authority.

(3) Valuation basis

MSW fee revenue = (Delivered compliant tons/year) x (Base fee, LKR/ton) x (Indexation factors)
(Quality adjustments).

WWTP fee revenue = (Measured m3/year) x (Base fee, LKR/m3) x (Indexation factors) + (KPI
adjustments).

Fees should be calibrated so that service-fee revenue plus energy/compost revenue achieves the

target DSCR and equity IRR under the base case.

B Figure 7-2 Typical Model of a Public Private Partnership Project

Goverment:
Implementing

Agency

PPP
Agreement

Direct
Agreement

Equity Project

Investors Company Laan

Agreement

Shareholders
Agreement

O&M
Contract

EPC
Contract

EPC
Contractor

O&M

Contractor

7.3.3 Revenue from Greenhouse Gas Reduction (Carbon Credits)
(1) Basic Assumption

The project reduces methane emissions by treating organic waste and sewage, compared with open
dumping and uncontrolled landfilling.

Carbon credits (e.g., CERs or units under voluntary standards or Article 6 mechanisms) may be issued
and transacted in Sri Lanka’s voluntary or international carbon markets.

The benefit is calculated as the quantity of CO; -equivalent emissions avoided multiplied by the

applicable carbon price.

95



For NCRE projects selling electricity to the national grid under CEB PPAs/SPPAs, rights to GHG emission
reductions/carbon credits are, generally, vested in the Government of Sri Lanka (GoSL). Project
developers are not entitled to claim or monetize such credits unless expressly permitted under the
executed agreements and applicable regulations.

If the project is pursued as a Paris Agreement Article 6.2 cooperative approach, credits (ITMOs) may
be transferred to a partner country subject to (i) GoSL authorization, (ii) a bilateral Implementation
Agreement (or equivalent instrument), and (iii) application of corresponding adjustments in line with

UNFCCC guidance.

(2) Pricing alternatives for benefit estimation (Article 6.2 case)
Alternative A — Singapore carbon tax floor (conservative)

- We anchor the price to Singapore’s statutory carbon tax of $$25/tCOze for 2024-2025, as set out
by the National Climate Change Secretariat and the National Environment Agency. Using the
project’s reference conversion (5525 = USS$18.65/tCOze).

Alternative B — KOC (Korea Offset Credit) 21-23 peak (optimistic benchmark).

- For an upside sensitivity, we reference the KRX ETS KOC 21-23 peak closing price on 14 Jan 2022.

Applied closing price: 35,385 KRW/tCO:ze, which equals US$25.35/tCOze at 1,395.7 KRW/USD.

- This serves as an optimistic benchmark to bound upside under a prospective Sri Lanka—Korea
Article 6.2 bilateral cooperation (ITMO). The choice reflects a transparent market-quoted
reference to frame a negotiable upper range; actual prices will vary with market conditions and
remain subject to GoSL authorization, a bilateral Implementation Agreement, and corresponding

adjustments.

(3) Corresponding adjustment & host-country contribution (assumption)

Under Paris Agreement Article 6.2, any first transfer of ITMOs requires the host country (GoSL) to
apply a corresponding adjustment equal to the volume transferred to its NDC accounts. For
modeling purposes, we assume Sri Lanka will implement a host-country contribution/retention of
20% of verified mitigation outcomes—comprised of a 15% base plus an additional 5% contribution—
which will be kept domestically (not transferred). The remaining 80% of verified outcomes would be
authorized for export as ITMOs, with GoSL applying the corresponding adjustment to that exported
portion.

The 20% host contribution is a project assumption for this appraisal and will be finalized through
GoSL authorization and a Sri Lanka—partner country Implementation Agreement.

Any additional levies (e.g., registry, issuance/verification, |A fees, or share-of-proceeds agreed in the

IA) should be modeled as separate deductions.
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7.3.4 Revenue from Compost (Bio-sludge Byproduct Sales)
(1) Product and Use Cases

Digestate and stabilized sludge from the biogas process will be processed into compost or soil
conditioners.

These byproducts can be sold to local farmers, landscaping businesses, or for city greening, providing
an additional income stream.

The benefit is valued based on expected annual output and prevailing local compost prices.

(2) Market Context & Price Assumptions
Retail listings for small-pack compost (5—20 kg) in Sri Lanka typically imply consumer-level prices of

roughly LKR 40—-60 per kg, whereas bulk/municipal compost has historically cleared at much lower
levels (about LKR 5-15 per kg) given looser specifications and minimal packaging.

For assessment, we therefore treat ex-plant pricing as an intermediate, quality-dependent range and—
on a conservative basis—adopt a base-case gate price of LKR 25 per kg, reflecting screened, matured
product sold in bulk without retail packaging.

This corresponds to LKR 25,000 per ton (= US$82.8/t at US$1 = LKR 302) and is used for the base case;
higher-quality, branded, or bagged products can be tested in upside sensitivities (e.g., 35—45 LKR/kg),

while downside tests may reflect bulk-only channels approaching the lower end of the historical range

7.3.5 Other Benefits (as previously included)

Avoided environmental damage: Improved waste control should curb leachate/runoff to water
bodies and reduce odor and vector nuisances. Recorded qualitatively only.

Willingness-to-pay for improved services: Cleaner neighborhoods, better sanitation have
measurable WTP in surveys, but no local data exist; excluded from monetized results.

Reduced public health expenditures: Lower exposure to pathogens and smoke from open burning
can reduce illness and healthcare costs; recognized qualitatively, not valued.

These benefits are acknowledged for completeness but not reflected in the financial/economic cash

flows in this iteration.
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B Table 7-4 Major Direct Benefit Items

Benefit Item Description / Source Calculation Basis
1. Electricity Generation Biogas-to-Power (plant use & grid sales) MWh/year x electricity tariff
- . . . Treated waste amount
2. Tipping Fee Organic Waste treating service fee W untx

Unit tipping fee

3. Carbon Credits GHG reduction by biogas treatment tCO,e/year x carbon price

Sale of processed digestate/compost from | tons/year x compost market

4. Compost Sales biogas/WWTP sludge price

5. Willingness-to-pay Value of improved public health and sanitation | Population x WTP (survey)

Avoided cost of groundwater, land, odor, and

6. Environmental savings .
& health impacts

Proxy cost savings

7.4 Preliminary Benefit Estimation

7.4.1 Purpose and Overview

The economic feasibility analysis estimates the required capital and operating expenditures,
evaluates the expected revenue model, and assesses key financial indicators to judge the project’s
profitability, payback prospects, and financial sustainability. The results inform investor engagement
and the implementation roadmap.

This appraisal is tailored to the Colombo Biogas Plant in Sri Lanka. The project treats municipal
organic waste via anaerobic digestion, generates electricity for on-site use and export to the national
grid (CEB), produces compost/soil conditioners from digestate and stabilized sludge, and (under an
optional Article 6.2 pathway) may generate carbon revenues. We conduct a preliminary review by

qguantifying major costs and benefits to gauge the project’s viability.

7.4.2 Analytical Framework and General Assumptions

Economic feasibility can be approached from two complementary angles:

Financial (project-company) analysis focuses on cash inflows/outflows to the private project entity
and answers whether the project is attractive to investors (e.g., lenders, equity holders).

Economic (societal) analysis values broader social costs and benefits (e.g., environmental and health
externalities) to determine whether the project is justified from a public-welfare perspective.
Because their scopes differ, a project rejected on financial grounds can still be acceptable
economically (and vice versa). For this project, we present a financial feasibility review while

documenting qualitative socio-economic benefits for completeness (not monetized at this stage).
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(1) Method and metrics
Apply a nominal-terms discounted cash flow (DCF) approach; compute NPV, IRR, and payback period

(PP).
Use inflation/discount inputs sourced from credible publications or prospective financiers; a nominal
basis is adopted for this preliminary review. In a subsequent phase, we will add a real-terms view to

enhance transparency.

(2) Project activities and revenue model
Process scope: Reception/pre-treatment of organic waste; anaerobic digestion; biogas-to-power;

and digestate handling/composting.

Power revenue: On-site self-consumption valued at avoided purchase cost; surplus exports priced at
the CEB NCRE SPPA “Municipal Waste” flat tariff (LKR 53.30/kWh, Years 1-20), subject to
interconnection and contractual approvals.

Compost revenue: Base-case ex-plant LKR 25/kg (conservative).

Carbon revenue (under Paris Agreemnt Article 6.2): By default, carbon credit rights for grid-
connected NCRE vest with the Government of Sri Lanka (GoSL); therefore base case assumes zero
carbon revenue. If pursued as a Paris Agreement Article 6.2 cooperative approach, credits may be
transferred (ITMOs) subject to GoSL authorization, a bilateral Implementation Agreement, and
corresponding adjustments. For modeling, we assume a 20% host contribution/retention (15% base
+ 5% Sri Lanka contribution), so 80% of verified reductions constitute the net transferable volume.

Carbon price tests use the defined alternatives:
- Alt A (conservative floor): 18.65 USD/tCOze (Singapore carbon tax, 2024-2025).
- Alt B (optimistic benchmark): 25.35 USD/tCO:ze

(KRX ETS KOC 21-23 peak close of 35,385 KRW/tCO:ze, converted at 1,395.7 KRW/USD).
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B Table 7-5 Base Assumptions for Economic Feasibility Assessment

Category

Content

Notes

Analysis Reference
Date

2025-06-30

Last day of H1 2025

Assessment Horizon

2028-2047 (20 years of operation)

Commencement of operation 2028

FX (model snapshot)

USD/LKR =
1,395.7

302.0, USD/KRW

Snapshot aligned with Sec. 8.3; for

reference: 1 LKR = 4.62 KRW

Power Sales Tariff
(CEB NCRE SPPA)

Municipal Waste “Flat Tariff”
53.30 LKR/kWh (Years 1-20)

Chosen for cash-flow stability and simple
settlement; no O&M/fuel base components
for this category; subject to CEB approval
and SPPA execution

Ownership of GHG
Reductions (baseline)

For grid-connected NCRE under CEB
PPAs/SPPAs, carbon credit rights
vest with the Government of Sri
Lanka (GoSL)

Developer monetization only if explicitly
permitted in executed
agreements/regulations

Paris Agreement
Article 6.2 (optional
scenario)

With GoSL authorization and a

bilateral Implementation
Agreement, ITMOs may be
transferred with corresponding
adjustments

Modeled as an alternative case only

Corresponding
Adjustment / Host
Contribution
(assumption)

20% retained domestically (15%
base + 5% Sri Lanka contribution)

Net transferable
= Verified reductions x 80% x (project share
after any revenue-sharing/fees)

Total GHG Reductions
(tCOze)

Alt 1 (WWTP+BGP):
- 795,315 (20 years)
- 39,766 per year

Alt 2 (BGP):
- 333,615 (20 years)
- 16,681 per year

Carbon Price
(scenarios

Scenario 1 (conservative):
18.65 USD/t

Singapore carbon tax, 2024-25

Scenario 2 (upside benchmark):
25.35 USD/t

KOC 21-23 peak, 2022-01-14

Construction Period

2027-01-01 - 2027-12-31

Planned Operating
Period

2028-01-01 - 2047-12-31 (20
years)

Financing (Capital
Structure)

10% Equity

Terminal Value

Nil at end of modeled period

Compost By-product
Price (reference)

LKR 25/kg

From Sec. 8.3.4.2
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7.4.3 Calculation Method

Economic feasibility analysis estimates economic viability by converting costs and benefits into
monetary terms and comparing them on a uniform scale, thereby limiting evaluator subjectivity and
enabling consistent, like-for-like assessment through benefit—cost analysis. Common evaluation
indicators include the benefit—cost (B/C) ratio and net present value (NPV).

(1) Net Present Value (NPV)
T

. ~ (B @)
NPV =) "0
prev (.'l + )

NPV measures the sum of the project’s net benefits (benefits minus costs) in present value terms

over the analysis period. Each year’s net benefit is discounted to the base year using the chosen

discount rate. A positive NPV indicates that the project is expected to add value to the economy.

(2) Internal Rate of Return (IRR)

0§~ (B=C)

2o (1 ey
IRR is the discount rate at which the NPV of the project becomes zero. It shows the effective rate of
return generated by the project’s cash flows. If the IRR exceeds the benchmark discount rate (such
as the social discount rate), the project is considered economically feasible.
(3) Benefit-Cost Ratio (B/C Ratio)

1 B,
Lat—l) (Tor)

T A
51‘:0 ( 1{: .,- ¥

The B/C ratio represents the relationship between the present value of benefits and the present

B/C

value of costs. If the B/C ratio is greater than 1.0, the project is expected to deliver more benefits
than costs and is considered economically justifiable.

(4) Payback Period

Calculated by identifying the year when the cumulative net benefit equals or exceeds zero.

The payback period indicates how many years it will take for the project’s cumulative net benefits to
recover the initial investment. This period can be calculated using either undiscounted or discounted
cash flows. A shorter payback period generally reflects a quicker recovery of investment costs,
although it does not reflect total project benefits beyond that point.

(5) Comparison of Assessment Methods

A brief overview of the strengths and limitations of the benefit—cost ratio (B/C), net present value

(NPV), and internal rate of return (IRR) methods is as follows.

101



B Table 7-6 Comparison of Major Economic Feasibility Analysis Methods

Method Strengths Limitations

e Hard to cleanly separate “benefits” vs.
“costs” in practice

e Can mislead when choosing among
mutually exclusive alternatives

e Social discount rate is difficult to pin
down

e Easy to interpret
o Reflects project scale
® Accounts for timing of costs/benefits

Benefit—Cost
Ratio (B/C)

¢ Clear decision rule for alternative selection

o ¢ True discount rate is uncertain
e Expresses future benefits in present value

Net Present e Less intuitive for non-specialists

terms . . -
Value (NPV) s . » | ® Alternative ranking can be sensitive to
o Supports marginal/“with—without .
. ; assumptions
comparisons and feeds into other analyses
. . L o Ignores absolute scale of
¢ Direct measure of project profitabilit . .
Internal Rate of e Convenient for cor: aJriso:s across oytions investment/benefits
Return (IRR) P o P ¢ Multiple IRRs can arise for non-standard
e Process and results are intuitive cash flows

7.5 Economic Feasibility Results

This section summarizes the results of the discounted cash-flow (DCF) appraisal for the Colombo
Biogas Plant and explains the drivers behind PPP bankability. The current interim analysis uses a 21-
year timeline (1-year build + 20-year operations) and Sri Lanka’s standard 8% social discount rate for

the economic view; final PPP finance modeling will align on a consistent real/nominal framework.

7.5.1 Headline Results

This economic review is framed as a PPP bankability screen.

Carbon revenue is upside only given ownership/authorization constraints and low sensitivity in the
model.

Simpler delivery with acceptable ratios (B/C up to ~1.20) but limited absolute value (NPV = USD 0.5
M); appropriate only if simplicity is the overriding objective.

Overall PPP feasibility: Viable only with fiscal support (concessional lending and, if needed,
grants/viability-gap). Given today’s a purely commercial PPP is not bankable without MDB-backed

support.

B Table 7-7 Headline Results

NPV Payback
Case Assumptions Applied (Mil. IRR (%) v B/C Notes
USD) (yrs)

Carbon Revenue with
. ) o
Scenario 1 18.65 USD/tCO 0.5 6.6 12.1 1.20 | MDB fiscal support 60%

. Carbon Revenue with ' 0
Scenario 2 25.35 USD/tCO 0.5 5.9 12.8 1.17 MDB fiscal support 55%

102



7.5.2 What'’s driving the results

The economic viability of this project is determined by several key factors. From the cost perspective,
the annual operating expenditure (OPEX) is estimated at approximately USD 860,000, with chemical
costs, maintenance expenses, and labor accounting for a significant share of the total cost structure.
Accordingly, the extent to which OPEX can be effectively managed—through process optimization,
equipment standardization, and improved chemical-use efficiency—will be a critical determinant of
the project’s profitability and long-term sustainability.

Energy revenue is another core variable. Under the CEB’s Standardized Power Purchase Agreement
(SPPA) for Non-Conventional Renewable Energy (NCRE), the fixed tariff of 53.30 LKR/kWh for municipal
solid waste over a 20-year period provides a predictable long-term cash flow, contributing positively
to revenue certainty. However, given macroeconomic uncertainties such as inflation, energy price
fluctuations, and exchange rate volatility, further analysis is required to determine whether the fixed
tariff will remain appropriate and competitive throughout the entire project lifecycle.

The service fee structure also has a direct impact on PPP bankability. The per-ton service fee for
municipal solid waste treatment is one of the main cash inflows for the private operator. It is essential
to design an appropriate tariff level and indexation framework to meet the required Debt Service
Coverage Ratio (DSCR) and equity Internal Rate of Return (IRR). Key contractual elements—such as
minimum guaranteed intake, deductions based on quality standards, and adjustment mechanisms for
cost escalations—will significantly influence the project’s financial stability.

Regarding carbon credit revenues, rights to greenhouse gas reductions from grid-connected NCRE
projects are institutionally allocated to the Government of Sri Lanka (GoSL). Therefore, for a private
developer to monetize carbon credits, additional procedures and bilateral agreements—such as
arrangements under Article 6 of the Paris Agreement, corresponding adjustments, and government
approvals—are required. Given these institutional and contractual uncertainties, carbon revenue
should be treated conservatively in the economic assessment.

Overall, the Colombo Organic Waste Biogas Plant represents a highly necessary investment from
environmental and social perspectives, including pollution reduction, improved sanitation and public
health, expansion of renewable energy, and promotion of the circular economy. Results from the
economic analysis also indicate favorable benefit—cost ratios (B/C) and positive net present value (NPV).
With concessional financing, grants, or revenue-support mechanisms from the public sector or
international financial institutions, the project is assessed to be fully viable for implementation under

a Public—Private Partnership (PPP) structure.
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B Table 7-8 Economic feasibility analysis for Scenario 1
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B Table 7-9 Economic feasibility analysis for Scenario 2
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7.5.3 Sensitivities and risk flags

The financial and economic performance of this project is highly sensitive to several key variables. In
particular, the following factors exert direct influence within a PPP project structure and therefore
require priority management.

(1) Power Tariff (SPPA) Risk

Ensuring a fixed tariff of 53.30 LKR/kWh under the Ceylon Electricity Board (CEB)’s Standardized
Power Purchase Agreement (SPPA) for the Municipal Waste (MW) category is critical for enhancing
the predictability of project revenues and securing stability in financial structuring.

However, delays in contract execution, changes in SPPA classification, or internal policy revisions
within CEB may undermine revenue stability and could also affect the approval conditions set by
financial institutions.

(2) Cost Overruns and Exchange Rate Risk

There is potential for CAPEX and OPEX to exceed design-stage estimates, with the following factors
contributing significantly to overall risk:

- High exposure to exchange rate fluctuations for mechanical and electrical (M&E) equipment
imported from overseas
- Price volatility of operational chemicals (e.g., desulfurization agents, activated carbon, polymers)
- Medium- to long-term variability in labor and energy costs
To mitigate these risks, the following measures are essential:

- Securing low-interest foreign currency financing through concessional loans from MDBs (e.g.,
World Bank, ADB)

- Incorporating pass-through mechanisms within the PPP contract to automatically adjust for
changes in power, chemical, and labor costs

- Embedding exchange-rate indexation within the financial and tariff structure

7.5.4 PPP feasibility implications

This project falls into a category that can be implemented relatively quickly, given its modest scale
and the comparatively low level of technical and operational risk. However, due to the revenue
model being primarily based on power tariffs and waste-processing service fees, the absolute net
present value (NPV) is not substantial. As a result, the project may be less attractive to high-return—
oriented private developers. Instead, it is better suited for developers who prioritize speed,
simplicity, and environmental necessity, and is characterized by the following features:

- Under the PPP structure, the project site is assumed to utilize a 1.0-hectare public land parcel
under a 20-year lease. Land-related costs therefore represent only a minimal portion of the
overall financial structure.

- If adjustment mechanisms for the municipal solid waste (MSW) gate fee and the SPPA power
purchase tariff are clearly defined, there is sufficient potential for project financing (PF) through

lending institutions.
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- Since carbon credits are institutionally owned by the Government of Sri Lanka (GoSL), their value
to the private developer is limited to a supplementary upside factor rather than a core revenue

stream, which also contributes to maintaining stability within the PPP financing structure.

7.5.5 Next steps to lock bankability
To secure project financing under a PPP structure, it is essential to meet the key requirements of
lending institutions—such as DSCR thresholds, stable cash flow, and well-defined revenue
adjustment mechanisms. The following strategies are necessary:
¢ Confirmation of the fixed-tariff SPPA
- Conduct early discussions with CEB to confirm eligibility for the Municipal Waste (MW category)
fixed tariff.
- Pre-define the target timeline and approval process for SPPA execution and share this schedule
with lenders.
- Clear institutionalization of the MSW processing fee (LKR/ton)
- Specify the per-ton gate fee and CPl indexation formula explicitly in the PPP contract.
- Include escalation of chemical, electricity, and fuel costs through a pass-through mechanism.

¢ Clarification of carbon credit rights
- Under the NCRE regulatory framework, carbon rights belong to the Government of Sri Lanka

(GoSL); therefore, revenue attribution should only be assumed when approved under an Article
6 arrangement.

* Expanded use of MDB concessional financing and VGF support
- Optimize the scale of MDB loans and Viability Gap Funding (VGF) based on the required service

fee level and the target DSCR.

* Detailed validation of OPEX and commissioning-phase performance
- Refine economic assessments through maintenance planning and empirically derived OPEX

estimates.
- Improve the payback period and net present value (NPV) through more accurate operational cost
projections.

7.6 Way Forward

By this economic feasibility assement, we outlines the decisions, studies, and preparatory actions
required to advance the Colombo Biogas Plant from pre-feasibility to bankable PPP procurement and
implementation. In particular, further detailed estimation and assessment must be carried out
through a Full Feasibility Study (FFS) with detailed engineering design, alongside key Government

of Sri Lanka (GoSL) decisions to enable bankability.

7.6.1 GoSL Decision Gateways (Policy & Governance)

PPP modality & payment mechanism: Endorse the commercial model and risk allocation principles.
Service fees & indexation policy: Approve the approach to any MSW tipping fees (LKR/ton),
including CPI indexation and adjustment formulae.

Carbon rights & authorization: Decide on ownership/authorization for emission reductions
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(including any Article 6 arrangements) before including carbon revenue in the base case.

Site & land tenure: Confirm site boundary, tenure/lease terms, and utility corridors.

Institutional lead: Designate the lead implementing agency and PPP/transaction steering
arrangements, including authority to engage MDBs and advisors.

Concessional finance/VGF: Indicate GoSL’s intent to pursue MDB-backed concessional debt and, if

needed, a viability-gap mechanism.

7.6.2 Scope of Full Feasibility Study (FFS) & Detailed Design

Undertake an FFS to move from preliminary to investment-grade decisions, producing a Class-2/3
cost estimate and lender-ready technical package:

Field investigations & tests: Topographic, geotechnical, biogas yield tests; digestate
characterization.

Process & engineering design: Mass-energy balance, digester/CHP sizing; interconnection design
(electrical, gas, water); redundancy and resilience; detailed layouts (PFDs, P&IDs).

Capex/opex modeling: Lifecycle cost model with spares/chemicals, staffing, power balance,
maintenance strategy, and reliability/availability assumptions.

Grid & offtake confirmations: Grid impact/interconnection study; confirmation of SPPA category
and tariff terms; auxiliary fuel/back-up plans.

Environmental & social (ES) due diligence: Scoping, baseline, ESIA (or equivalent), ESMPs,
stakeholder engagement plan, land/resettlement screening (if any), gender/SEA-SH risk mitigation.
Permits & approvals roadmap: Environmental, construction, utilities, discharge/effluent, and
land/use permits—mapped to the schedule.

Commercial & legal review: Draft risk matrix, payment mechanism, indexation, change-in-law;
carbon rights language.

Financial model (nominal terms): Bank-standard model with sensitivity, scenarios, and DSCR/LLCR
tests aligned to the PPP structure.

O&M strategy & performance regime: KPIs, liquidated damages/bonuses, handback standards, and

major overhaul planning.

7.6.3 Transaction Preparation (PPP)

Advisory team: Procure a transaction advisor to run market sounding and structure the deal.
Market sounding: Test appetite, risk allocation, payment terms, and construction timelines.

Draft term sheet & PPP Agreement: Translate the risk matrix into bankable terms (indexation, pass-
throughs, force majeure, termination).

Procurement: Prepare RFQ/RFP, evaluation criteria, and data room; run competitive bidding to

preferred bidder selection and financial close.
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7.7 Contractor Landscape for Project Implementation

7.7.1 Purpose & Approach

The purpose of this section is to provide preliminary market intelligence—based on Expressions of
Interest (EOI) and Requests for Information (RFlI)—to support the implementation of the RFQ/RFP
process (Prequalification - Technical Proposal = Financial Proposal) for the Colombo Organic
Waste Biogas Facility, including combined heat and power (CHP) generation.

The selection approach is structured around the following three criteria:

- Compliance with Sri Lanka’s CIDA (Central Engineering Consultancy Bureau) grading and legal
registration requirements
- Proven experience and technical capability in anaerobic digestion (AD), biogas, and CHP systems
- In-house EPC execution capability or an established collaboration framework with a specialized
biogas technology provider
This approach is designed to align with both the Government of Sri Lanka’s PPP procurement

standards and the Open Competitive Bidding (OP) guidelines of multilateral development banks

(ADB, World Bank).

7.7.2 Eligibility & Screening Criteria

Eligibility assessment is conducted based on technical, institutional, and organizational capabilities,
with the detailed criteria outlined below.
(1) Experience Requirements in Anaerobic Digestion (AD), Biogas, and CHP Systems

- EPC experience with AD plants treating at least 200 t/d of food waste, sewage sludge, or other
organic waste

- Design, construction, and maintenance experience with CHP-based gas engine systems ranging
from 500 kW to 5 MW

- Proven capabilities in the design, fabrication, and installation of CSTR digesters

- Experience in biogas purification (H,S removal, dewatering, filtration, etc.) and deployment of gas
safety management systems

(2) Organizational Capacity and Process Execution Capability
* Assessment of internal technical resources and management systems for executing EPC or

EPCM contracts, including:
- Dedicated Project Director/Project Manager

(Experience in large-scale environmental infrastructure or energy projects is mandatory)
- Availability of process, mechanical, electrical, and instrumentation engineers
- Site management personnel positioned within Sri Lanka (including local hires)
- Experience in commissioning (C&0) and O&M handover training
- Prior coordination experience with Sri Lankan utilities (CEB, NWSDB)

(3) Legal and Regulatory Eligibility (CIDA Registration and JV Requirements)
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* Sri Lankan Companies
- CIDA Grade CS2—-CS5 registered firms

- Experience in environmental infrastructure and treatment facility construction
- EPC capability and financial capacity (ability to issue bank guarantees)

* Foreign Companies
- Participation as a standalone EPC contractor is theoretically possible, but most EPC contracts

require partnership with locally registered firms through a JV or consortium
- Registration under the Sri Lanka Companies Act is required
- Verification against MDB procurement sanctions lists (e.g., WB/ADB blacklisted firms) is
mandatory under OP 4.04 and ADB Procurement Policy
(4) Quality, Environment, and Safety (QHSE) Systems

Verification of the following certifications is required at the EOI/RFI stage:

- 1SO 9001 — Quality Management

- 1SO 14001 — Environmental Management

- 1SO 45001 (or OHSAS 18001) — Occupational Health and Safety

- Compliance with Process Safety Management (PSM) and explosion protection standards
(ATEX/IECEX)

(5) Financial Soundness and Execution Capacity

- Average revenue over the past three years (minimum recommended USD 20-30 million
depending on project scale)

- Liquidity ratio, debt ratio, and auditor’s opinion

- Ability to issue Performance Bonds and Advance Payment Guarantees

- Capacity to mobilize foreign currency for international project execution

- Under MDB procurement rules, financially unsound firms may be excluded at the prequalification
stage

(6) Teaming Structure and Collaboration with Technology Providers

In practice, most market participants form a consortium consisting of a local major civil works
contractor and an international biogas technology provider. A preferred structure includes:

- Technology Provider: Supplies CSTR digesters, biogas upgrading systems, and CHP packages

- Local Contractor: Responsible for civil works, building construction, mechanical & electrical
installation, and permitting

- Lead EPC Contractor: Oversees overall schedule, risk, quality, and procurement management

This model is the most common under Sri Lankan PPP procurement and MDB financing frameworks.
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7.7.3 Integration of RFQ/RFP Procedures (Contractor Selection Roadmap)

The selection of the EPC (or EPCM) contractor for the construction of the biogas plant follows a
phased process aligned with the procurement regulations of multilateral development banks (MDBs)
and Sri Lanka’s PPP procurement framework. The overall procedure provides a standardized
roadmap designed to ensure transparency, competitiveness, and technical soundness—from market
sounding to construction commencement after financial close.

(1) Publication of EOl and Market Sounding

- An Expression of Interest (EOI) is first issued to invite domestic and international firms with
experience in biogas, anaerobic digestion, CHP generation, and related fields.
- Based on submitted information, an initial longlist of potential candidates is developed.
(2) Publication of EOl and Market Sounding

- An Expression of Interest (EOI) is first issued to invite domestic and international firms with
experience in biogas, anaerobic digestion, CHP generation, and related fields.
- Based on submitted information, an initial longlist of potential candidates is developed.
(3) RFQ (Prequalification) and Finalization of the Shortlist
* At the RFQ stage, a more rigorous eligibility assessment is carried out, including verification of:
- Compliance with Sri Lanka CIDA registration requirements
- Proven experience in anaerobic digestion (AD) and combined heat and power (CHP) facilities
- ISO-based QHSE systems
- Financial soundness and the ability to issue bank guarantees (APG, Performance Bond)
* Ashortlist of qualified firms is finalized, and only these firms are invited to participate in the RFP
stage.
(4) RFP (Technical and Financial Proposals) and Competitive Bidding
- The RFP is disseminated to shortlisted firms, who are then required to submit detailed technical
proposals (process design, engineering, construction, commissioning, and O&M strategy) along
with financial proposals.
- Proposals are evaluated comprehensively based on process reliability, schedule feasibility, risk
mitigation strategies, and cost efficiency.

(5) Evaluation Committee Review and Selection of the Preferred Bidder

- In accordance with international procurement practice, technical criteria are typically weighted
at 60—70% and price at 30—40%.
- Technical evaluation criteria include AD process design capability, EPC execution strategy, staffing
plan, O&M approach, and environmental and safety (QHSE) frameworks.
- The highest-ranked bidder is designated as the preferred bidder, following which negotiations on
contract termes, risk allocation, and payment mechanisms are conducted.
(6) Financial Close and Effectiveness of the EPC Contract

- Once negotiations with the preferred bidder conclude and the PPP or EPC contract is finalized,
financial close for the project is pursued.
- At this stage, financing commitments—including MDB loans, private capital, and government

contributions—are confirmed.
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- Upon achieving financial close, the EPC contract becomes effective, and the project proceeds to

the Notice to Proceed (NTP) and subsequent construction phase.

7.7.4 CIDA Grading System
The Construction Industry Development Authority (CIDA) of Sri Lanka is the national body

responsible for registering and grading construction firms based on their technical capability,
financial soundness, equipment holdings, and staffing capacity. CIDA grades serve as a key criterion
for prequalification in both public and private sector procurements, and the maximum contract
value a firm is eligible to undertake is determined according to the grade, project complexity, and
associated risks.

Given that this project involves a complex EPC scope—including anaerobic digestion, waste
treatment, and power generation—a minimum of CIDA Grade C1 is required. In practical terms,
firms at the C1 Prime level, with prior experience in ADB or World Bank—financed projects, represent
the most suitable candidates. Such firms are typically capable of independently executing large-scale
contracts valued at approximately LKR 600—-1,500 million, and possess the financial and technical

capacity to participate in major infrastructure projects exceeding LKR 3,000 million.

B Table 7-10 CIDA Grade Structure

Grade Meaning Maximum Executable Contract Scale

Cs2/cs1 Highest Grade (Specialist) Mega-scale / National strategic projects

Upper Large-Scale
c1 Contractor (Prime Large-scale EPC / Civil & Building Works
Contractor Level)

C2 Medium-Large Contractor Medium-scale projects
C3 Medium Contractor Medium—small scale projects
c4 Medium-Small Contractor Limited-scale projects

Small-scale (local-level)

-7 Contractor

Small-scale / simple construction works
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(1) Key Evaluation Criteria by CIDA Grade
CIDA evaluates registered contractors based on the following five core elements:
* Financial Capacity
- Minimum net asset requirements
- Bank guarantees and credit limits
- Submission of externally audited financial statements

* Technical Capacity
- Relevant project experience over the past 5-10 years

- Availability of qualified technical personnel in key disciplines
- Ownership and operational capability of essential equipment

* Experience Record
- EPC/Design-Build project delivery experience

- Track record in sectors such as organic waste, wastewater, and energy processes (where
applicable)

* QHSE Management Systems
- 1SO 9001 (Quiality), ISO 14001 (Environmental), ISO 45001 (Occupational Health & Safety)

- History of HSE incidents and overall safety management performance

* Legal and Regulatory Compliance
- Compliance with CIDA regulations

- Records of disputes or contract non-performance

(2) Characteristics of C1 Grade (Prime Contractor)
Contractors classified under the CIDA C1 Prime grade represent Sri Lanka’s highest-level construction
firms, meeting the most stringent qualification standards required by the national construction
regulator. They possess full-scale EPC capabilities suitable for large infrastructure projects financed
by international development institutions (IFls). Their core characteristics are as follows:

@ Executable Project Scale and Scope

- C1 Prime contractors are assessed to have the financial and technical capacity to execute major
infrastructure projects exceeding LKR 3 billion.

- Their scope of work spans the full range of national infrastructure sectors, including power plants
(combined-cycle, biogas, solar), transmission and distribution networks, water supply and
sewerage systems, wastewater treatment plants (WWTP), solid waste facilities (MSW, WtE), and
ports, bridges, and roads.

- They maintain the organizational and managerial systems necessary to deliver complex
EPC/Design-Build projects, including internationally funded assignments.

@ Technical and Personnel Capacity

- Possess multidisciplinary EPC/DB execution capabilities integrating civil, structural, mechanical,
electrical, and instrumentation/control engineering.
- Employ key professionals required by CIDA, including Chartered Engineers, Project Managers,

Process Engineers, and Mechanical/Electrical Engineers.
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- Able to deliver complex M&E and process-intensive systems—such as biogas, anaerobic digestion
(AD), CHP, sludge treatment, and SCADA control—either independently or through JV
collaboration with technology partners.

@ Financial Strength and Bonding Capacity

- Maintain capital levels well above CIDA’s minimum requirements and demonstrate strong
liquidity and sound capital structure.
- Hold sufficient banking creditworthiness to issue Performance Bonds, Advance Payment
Guarantees, and Retention Bonds for large contracts.
- Operate robust financial and contract management systems capable of handling project-based
cash flows (progress payments, LC arrangements, back-to-back contracting, etc.).
@ International Development Partnerships and IFI Project Experience

- Most C1 Prime contractors have experience working with ADB, the World Bank, JICA, KOICA, EDCF,
China EXIM, AlIB, and other international development partners.

- Possess demonstrated experience in implementing projects under ADB SBD, World Bank
Procurement Framework, and FIDIC contract conditions, making them well-suited for PPP, ODA,
and concessional loan—based projects.

- Comply with Environmental & Social Safeguards (IFC Performance Standards), as well as
international QHSE requirements, thereby meeting high qualification standards in global

competitive bidding processes.
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B Figure 7-3 CIDA Grade Classification Table

Construction Industry Development Authority (CIDA)

NOTICE
Selection of CIDA grades in Tendering of Construction Contracts and
applying of Domestic Preference in bid evaluation in Construction Works
Gov/CIDA/Directive/101/2024

CIDA Grading System

Employers are hereby requested to adhere to the following currently applicable legisiative
circulars / supplements released by the Public Finance Department (PFD) in selection of
Construction Contractors registered with CIDA for the Construction Works in line with the
industry practices.

(1) Supplement - 39 to the PROCUREMENT MANUAL currently adapted by the national

procurement system ( PFD and the National Procurement Commission-NPC)
(2) Public Finance Circulars - PFD- 04 /2016 (i) / (il) and (iii)
(3) Public Finance Circular - 01/2024 ( released on 01.03.2024)

As such for works up to Rs. 50 Million, utilizing domestic funds, of which the "estimated value of
work to be performed under the procurement (excluding VAT and other taxes)™, the series
of circulars given in above (2) shall be used, as indicated below.

Estimated value Rs. Million® CIDA Grading Selection
Upto2 C9and C8B
2to5 C8and C7
S5to 10 C7 and C6
10 to 25 C6and C5
2510 50 CSand C4

(The validity period of circular 04/2016 (iv) released on 09.02.2023 was over by 31.12.2023)

Since the clustering of grades for works above Rs. 50 Million, depicted by circulars 0372020
series had been repealed by the release of the PFD Circular 01/2024 given in above (3)
employers shall use the following pattern practiced by the industry so far in tendering,

Estimated value Rs. Million® CIDA Grading Selection
50to 150 C4 and above

150 to 300 C3 and above

300 to 600 C2 and above

600 to 1500 C1 and above

1500 to 3000 CS1 and above

3000 and above CS2

Domestic Preference in domestic funded projects

Employers shall follow the domestic preference of 15% over the foreign bidders given in the
supplement 17 (PFD Circular 442 of 30.04.2010) in line with the provisions of PG reference 7.9.5
aligning with the above PFD circular 01/ 2024

Eng. R.H. Ruvinis
Chairman,
Construction Industry Development Authority (CIDA)

08.07.2024
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7.8 Financing Plan

7.8.1 Basic Approach and Design Principles

Considering Colombo’s fiscal constraints, this project requires substantial upfront capital investment
and will continue to impose long-term operation and maintenance (O&M) obligations after
commissioning. At the same time, it delivers significant environmental and climate co-benefits,
including improved public health through enhanced wastewater and organic waste treatment, odor
and water pollution reduction, and reduced methane emissions.

Accordingly, rather than relying on a single funding source, this plan adopts a blended finance
approach that combines public finance, international finance, and private capital to diversify risks
and reduce the overall cost of capital. In line with the key assumptions used in the financial plan in
this report, the baseline structure prioritizes international finance and private capital—while
supplementing gaps to reduce the burden on the government and local authorities. Depending on
the implementation modality, both a public-financed approach and a PPP approach are reviewed in
parallel.

The financing structure is designed based on the following principles:

- Minimizing municipal fiscal burden and ensuring payment affordability:

Minimize direct public outlays for initial CAPEX, and apply phased payment mechanisms linked to
service performance (e.g., treated volume, effluent quality, odor).

- Enhancing bankability:

Allocate key risks—tenor, interest rate, foreign exchange, and demand (feedstock inflow)—in a
reasonable manner, and strengthen predictability of contracts, permitting, tariffs, and fee systems.
- Risk-based capital layering:

Increase the share of public and ODA funds during high-risk development/permitting stages (e.g., full
feasibility, site confirmation, EIA), and expand private participation progressively toward
construction and operation stages.

- Reflecting the upside potential of climate finance and carbon revenue:

Establish a monitoring, reporting, and verification (MRV) framework during operation and secure
additional revenue pathways through Article 6 of the Paris Agreement or other carbon market
mechanisms. However, incorporate such revenues conservatively in the base financing structure to

avoid financing risks driven by overly optimistic revenue assumptions.
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7.8.2 Proposed Blended Finance Structures and Roles by Funding Source

Blended finance for environmental infrastructure such as biogas facilities generally consists of four
pillars:

(i) International finance: Concessional long-term loans and grants from multilateral development
banks (MDBs)

(ii) Official export finance: EDCF, KEXIM, KSURE, etc.

(iii) Private capital: Project finance debt and equity investment

(iv) Government and local complementary support: In-kind/cash contributions, tariff/fee structures,

guarantees, and risk-sharing mechanisms

B Figure 7-4 Conceptual Diagram of Blended Finance Structure

Sources of Funding
International Finance Sources Official Export Credit [ Privats tal ] Government-Local Gov.
| MDB:WB, ADB,etc. | | EDCF KEXIM, K-SURE l {Private investors, Commercia Ba’ul:;j J.‘Colombo City, Central Gov

Long-term Low-interest Equipment-Facility Loans Equity Investment Land In-kind Contribution
Loans / Grants Guarantees-insurance PF Loans Construction Grants

Project Implementation Body
SPC or Project Account

!

Fund Utilization
Design-Consuction, Operotion, Contingency

Two applicable tracks are derived for this project:

(1) Track A: Public-finance-led + Phased Private Participation (Hybrid)

In the early stage—from full feasibility through initial procurement—international finance and official
funds absorb development risks. After construction, the model transitions to performance-linked
O&M outsourcing or partial private operation to improve operational efficiency.

This approach can lower initial financing costs and simplify the contracting structure, while allowing
the public sector to proactively manage permitting, land, and social acceptance risks. However,
strengthening public project management capacity is required, and designing a robust O&M
performance indicator set and evaluation framework is essential for effective oversight.

(2) Track B: PPP-led + Official Finance (Subsidy/Guarantee) Combination

Under a PPP contract, a private special purpose company (SPC) undertakes design, procurement,
construction, and operation, while MDBs provide concessional loans and/or grants and risk-sharing
arrangements to reduce private financing costs.

This approach enables the use of private operational expertise and technological innovation, and

facilitates service quality assurance through performance guarantees. However, the core
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requirement for bankability is the design of public support instruments—such as feedstock inflow
assumptions, tariff/fee structures, minimum revenue guarantees, and subsidies.

B Figure 7-5 Comparison of Project Implementation Modalities
Track A: Public Finance Focused (Hybrid Model) Track B: Public-Private Partnership (PPP) Focused

Private Private-Led 74 405
x (Oper:g\';g Diagram : Oparation) @

Public-Led QO
(Devalopment
& Construction)

e @ »Eo=lH e 89 =25

Public Public Private Private PFiEquity + Private

Loan/Finance Procurement  Construction Public Guarantee Investment
Key (¥ Reduced Initial Procurement Costs Key j ‘kriax inizaﬁo;lc:‘mﬁ:m | Eficincy
Adventages () Strong Public Control Advantages choiogs

(¥ Performance Guarantee

7.8.3 MDB Engagement Strategy

MDB financing in urban environmental infrastructure typically provides:

(i) long-tenor, low-cost anchor funding,

(ii) support for policy reform and capacity building, and

(iii) risk management frameworks based on environmental and social safeguards.

For this project, the following MDB-linked structure is considered appropriate.

(1) Upstream Development and Preparation Support Package

As this is a high-risk development stage that private investors are generally unwilling to bear,
securing grants or technical assistance at this stage can reduce overall project costs and increase the
likelihood of financial close. Key activities include:

- Enhancing the full feasibility study, confirming demand/feedstock inflows, and comparing
technology options
- Conducting EIA/ESIA and stakeholder consultations
- Supporting PPP feasibility assessment and preparation of bidding documents
(2) Downstream Investment Financing Structure

- Combination of MDB long-term loans, government/local counterpart funding, and private capital

- Where FX-denominated borrowing is significant, review mechanisms to minimize FX risks,
including local-currency financing portions, hedging instruments, and limited indexation of
tariffs/payments

- Given an indicative project period of 4 years (planning/design/construction) and 20 years
(operation), loan repayment profiles should align with the operating period and secure

sufficiently long tenors
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(3) Application of Performance-Based or Hybrid Payment Structures

- Define measurable performance indicators (e.g., effluent quality, throughput, odor complaints,
energy recovery rate, GHG reductions) and structure payments (or improved contract conditions)
based on achievement

- Can be integrated with performance guarantee concepts under PPP and enhance efficiency by
linking public expenditure to verified outcomes.

7.8.4 Packaging and Linkage Strategy with Korean Official Finance
Korean official finance can increase implementability and project momentum when structured as a
finance + technology package combined with equipment procurement, construction participation,
technology transfer, and long-term O&M support.
(1) EDCF Linkage
- Applicable scope: Concessional long-term loans for detailed design, construction, key equipment,
and procurement
- Advantage: Ability to address large upfront investment needs with low interest and long tenors
- Considerations: Alignment with procurement/bidding procedures, E&S standards, and the

overall project delivery framework
(2) Korea Eximbank (KEXIM) Linkage

- Under a PPP pathway, KEXIM may participate as a senior or co-senior lender in the SPC’s debt
structure
- Can be structured in parallel with, or as a complement to, EDCF to enhance funding stability
(3) KSURE Risk-Sharing

- Guarantees/insurance covering political risks (e.g., expropriation, transfer restrictions), breach
of contract, delayed payments, and emergencies can lower private return expectations and
reduce the cost of capital

- Particularly where public payments or tariff revenues are uncertain, the presence of
guarantees/insurance may determine bankability and financial close

(4) Packaging Strategy

- Bundle EDCF—KEXIM—-KSURE—-MDB (technical assistance and co-financing) into a single linked

package, and present the core message as:
- "Reduced upfront cash outlays, performance-based service delivery, and establishment of MRV

systems for climate outcomes.”

7.8.5 Enhancement of Private Investment (PPP) Structure

PPP is not a mechanism in which the private sector bears all risks; rather, it allocates risks to the parties
best able to manage them to minimize the overall cost of capital. PPP structures suitable for this
project were reviewed and shortlisted as follows.

(1) Candidate PPP Contract Types

- Integrated model covering Design—Procurement—Construction—Finance—Operation
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- Availability and performance-based payment mechanisms where the public sector absorbs part
of demand risk
- Lease/affermage-type models where the public sector retains asset ownership and/or provides
base investments, while the private operator guarantees operational performance
(2) PPP Revenue Model Design

- Core revenues: Organic waste treatment fees (tipping fees), electricity sales, performance-based
payments

- Additional revenues: Byproduct sales, carbon credits

- To minimize disputes, clearly define revenue recipients, volatility allocation, and KPI-linked

mechanisms in advance

B Figure 7-6 PPP Revenue Model

Tipping Fee

Basic
Revenue

Private Sector:
Power Purchase Priority recovery of
Agreement (PPA) operating expenses &
Revenue reasonable profit

By-product Sales Public Sector; Excess
(liquid fertilizer profit sharing & tariff
compost, etc.) raduction fund

Additional
Revenue

Carbon Credits

(3) Procurement Strategy and Phasing

- Market sounding (identify risk appetite, must-have requirements)

- Prequalification (verify track record, financial strength, O&M capability)

- Request for Proposals (clarify performance requirements, payment mechanisms, KPls, incentives)

- Preferred bidder negotiation + contract and financial close (confirm interest rate/tenor/FX risk
management and public support instruments)

- Construction—completion—operation commencement (set successful performance testing as a
condition for commencement of operations)

B Figure 7-7 Procurement Flow
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Demand/ | Financlay ] Performance/ > Contract/  f-»f | enders’
Conditions Performance P'aygx‘egt F'}‘:f‘{‘:{:' A r‘eetinent
Assessment etho gning
Verification | | ¢ onfirmation | | Agreement

7.8.6 Long-Term Roadmap

This project is based on an indicative project period of 4 years for planning/design/construction and
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20 years for operation. Key tasks and deliverables by phase are as follows:
(1) Phase 1: Full Feasibility Study and Basic Design (~1 year)

- Validate feedstock inflow quantity/characteristics and analyze seasonal variation
- Compare technology options and review staged expansion approaches
- Update CAPEX/OPEX and conduct financial/economic sensitivity analysis
- Develop preliminary layout reflecting geotechnical conditions and monsoon flood risks
- Confirm enabling conditions (access roads, grid connection, water/sewer interfaces)
- Finalize implementation modality (public finance/PPP) and set key performance targets
- Key deliverables: Full feasibility report, basic design (~30%), site confirmation documents,
modality decision memo, risk register
(2) Phase 2: Contracting, Procurement, EIA/ESIA, Detailed Design (~1-2 years)

- Conduct EIA and ESIA
- Finalize contractual and financing structure (RFP — evaluation — negotiation)
- Finalize the international + official finance package and negotiate financing agreements
- Complete detailed design; issue early procurement for long-lead equipment to shorten schedule
- Key deliverables: EIA/ESIA approvals, RFP package, contract, financing agreements (including
drafts), detailed design documents
(3) Phase 3: Construction and Commissioning (~3 years)

- Manage schedule, quality, and safety; install major equipment
- Commissioning and performance verification (treatment performance, availability, odor, etc.)
- Key deliverables: As-built documents, commissioning report, performance test certificates,
handover documents, initial O&M plan
(4) Phase 4: Operation and Carbon MRV Establishment (~20 years)

- Stabilize operations and establish asset management (preventive maintenance, spare parts, long-
term overhaul)

- Establish MRV systems and pursue carbon revenue monetization

B Figure 7-8 Long-Term Roadmap
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7.8.7 Conclusion

The optimal financing solution for this project is a blended structure combining:
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(i) concessional MDB loans and grants,

(ii) Korean official finance,

(iii) private participation through PPP-based investment, and

(iv) municipal and national enabling measures, permitting frameworks, and support instruments.

In particular, if development-stage risks are absorbed by the public sector and official finance while
operational performance is ensured by the private sector, Colombo can minimize fiscal burden while
achieving service quality, environmental performance, and long-term sustainability. Furthermore,
establishing MRV systems and supplementing revenues with carbon monetization during operation

can strengthen financial buffers and improve access to international climate finance.
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8. Environmental Impact Screening

8.1 Purpose, Procedures, and Classification of Environmental Impact Assessment (EIA)

In order to determine whether this project falls under the category of projects subject to
Environmental Impact Assessment (EIA), the Environmental Impact Assessment system of Sri Lanka,

along with its implementation procedures and requirements, was reviewed.

8.1.1 Overview of Environmental Impact Assessment

The Environmental Impact Assessment (EIA) for the Colombo City Organic Waste Biogas Facility aims
to identify potential adverse environmental impacts of the project in advance and establish
measures to minimize them, ensuring environmentally sustainable development.

The Environmental Impact Assessment (EIA) is classified into two types, namely the Initial
Environmental Examination (IEE) and the Environmental Impact Assessment (EIA), which are
selected depending on the extent of the project’s potential impacts.

The EIA process is overseen by the Central Environmental Authority (CEA) of Sri Lanka and applies
only to projects specified under the Environmental Act.

Given the project scale and nature, the biogas facility fall under Category A, requiring thorough

impact assessment.

B Table 8-1 Environmental Impact Assessment Project Category Classification

Category Description
A Projects with serious hazards impacting wide areas.
B Projects with moderate hazards, mostly localized and manageable.
C Projects with negligible or no significant environmental hazards.

8.1.2 Prescribed Projects

According to the National Environmental Act of Sri Lanka, the projects subject to EIA are known as
Prescribed Projects, and the list of Prescribed Projects is structured into three parts:

- Part |: Projects or undertakings located wholly or partly outside the coastal zone as defined under
the Coast Conservation Act No. 57 of 1981.

- Part II: All projects listed under Part |, irrespective of their magnitude or coastal location, if they
are situated wholly or partly within environmentally sensitive areas specified in Part IIl.

- Part lll: This part defines such sensitive areas, including buffer zones around protected forests,
wildlife reserves, flood-prone zones, archaeological sites, and other designated conservation
areas.

In particular, the list of Prescribed Projects includes a category related to waste disposal in Part |,

specifing the construction of solid waste disposal facility and waste treatment plants.
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B Table 8-2 List of Prescribed Projects Related to Waste Disposal

Category Description

Waste * Construction of any solid waste disposal facility having a capacity exceeding 100 tons per day.
Disposal | * Construction of waste treatment plants treating toxic or hazardous waste

The first project candidate site, located in Madampitiya, falls under the waste disposal category;
however, it is not situated within the coastal zone required under Part | and does not fall under any
conditions defined in Part Ill of the Prescribed Projects. Therefore, it is expected that the project will
not require the initiation of the EIA process for this site.

The second project candidate site, Kerawalapitiya, is primarily considered for a stand-alone biogas
facility focused solely on organic waste treatment. However, the location has not yet been
confirmed, and whether the site falls under any category of the Prescribed Projects will need to be

reassessed once the location is finalized.

8.1.3 Procedure for EIA

Accordingly, the process consists of six stages: screening, scoping, detailed impact assessment,
public consultation, decision-making, and post-monitoring.

- (Step 1) Screening for EIA Requirement: The project proponent must submit a Basic Information
Questionnaire (BIQ) to the Central Environmental Authority (CEA).

- (Step 2) Determination of Scope: The Project Approving Agency (PAA) defines the categories of
project-related issues, identifies key concerns, and decides whether an EIA or IEE report is
required.

- (Step 3) Preparation of Report: The project proponent prepares the EIA/IEE report and, if
necessary, may engage a consultant registered with the CEA to ensure compliance with reporting
standards.

- (Step 4) Review of Report: The review may include public review and technical evaluation. Public
review applies only to EIAs and takes about 30 days. Technical evaluation takes about 21 days for
IEEs and 30 days for ElAs.

- (Step 5) Decision and Post-Approval Monitoring: Based on the review findings, the PAA decides
whether to approve the project, and monitors the implementation of approved projects.

8.1.4 Basic Information Questionnaire (BIQ)

Project proponents intending to implement projects in Sri Lanka are required to complete and
submit the Basic Information Questionnaire (BIQ) developed by the Central Environmental Authority
(CEA). The information provided through the BIQ is utilized during the EIA screening stage to
determine whether an Environmental Impact Assessment is required.

The BIQ includes the following information:

- Background Information: Project title and details of the project proponent and the contact person.
- Project Location Details: Detailed information about the project site (location, land ownership,

land use type, etc.)
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- Project Details: Specifics of the project, including inquiries about whether the project site is in
specific zones and environmental and social impacts of the project.
- Other: Additional information that may be linked to the above items or the project.

An example of the project's BIQ is included in the annex. Only the conceptual information of the first
candidate site is described, as the location of the second candidate site has not yet been confirmed
and the information provided of the second site is intended only as general background on a stand-

alone biogas facility.

8.2 Scope and Content of the EIA Report
The EIA report will include:

- Executive Summary: Key environmental factors and remedial recommendations.

- Legal and Institutional Framework: Overview of Sri Lanka’s environmental legislation and
administrative structure relevant to the project.

- Project Description: Location, design, construction and operational plans, and off-site facilities.

- Baseline Environmental Conditions: Physical, biological, social, and economic data of the project
area prior to development.

- Environmental Impact Assessment: Quantitative and qualitative evaluation of potential positive
and negative impacts.

- Analysis of Alternatives: Comparison of technological, design, and site alternatives focusing on
environmental impact reduction and feasibility.

- Environmental Management Plan: Mitigation measures during construction and operation,
monitoring, and contingency planning.

- Stakeholder Consultation: Records of consultations with local communities, NGOs, and
authorities.

8.3 Environmental Screening and Potential Impacts
A detailed and rigorous environmental screening will be conducted as part of the final EIA to identify
all potential impacts associated with the project.

Table 9.3-1 summarize the screening for the biogas facility respectively.

B Table 8-3 Environmental Screening for Colombo City’s Biogas Plant
Screening Aspect Yes | No | Remarks

Is the project area densely populated? (O | Colombo is densely populated
Adjacent to environmentally sensitive areas?

« Cultural heritage sites O gglta:adampitya Pump Station is nearby project
e Wetlands O
* Mangroves O
Potential environmental impacts
¢ Noise and vibration from construction O Temporary during construction
¢ Nuisance from odors, pests O Operational concerns
¢ Groundwater pollution risk O Risk mitigated with design
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8.4 Integration of International Best Practices in EIA Methodology

In addition to compliance with Sri Lankan regulations, the EIA screening and assessment
methodology will be enhanced by reviewing and incorporating standards and procedures from
leading international financial institutions, including:

- Korea Eximbank (KEXIM) Environmental Impact Assessment Directives
- World Bank Environmental and Social Framework
- Asian Development Bank (ADB) Safeguard Policies

Other relevant international development bank guidelines

This approach ensures the assessment meets rigorous global standards for environmental and social

risk management, enabling robust mitigation strategies and stakeholder engagement.

8.5 Environmental Management and Mitigation Measures

To minimize environmental risks, the following measures will be implemented:

Noise and vibration control during construction through scheduling and barriers.

Installation of gas capture and treatment systems in the biogas facility to control odors and toxic
emissions.

Design features to prevent sewage overflow and groundwater contamination.

Optimization of waste transport routes to reduce traffic and environmental disturbance.

Continuous environmental monitoring and public consultation throughout project life cycle.

8.6 Conclusion

Through detailed environmental screening, adherence to Sri Lankan and international EIA standards,
and proactive environmental management, the Colombo City Organic Waste Biogas Facility projects
will mitigate potential negative environmental impacts and contribute to sustainable urban

development in Colombo.
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9. Examination of Potential Participation in International Greenhouse Gas
Reduction Projects under Article 6 of the Paris Agreement

9.1 Overview

To assess the potential for implementing projects under Article 6 of the Paris Agreement in Sri Lanka,
information on relevant project sectors from the Nationally Determined Contribution (NDC) and the
Long-Term Low Emission Development Strategy (LT-LEDS) was reviewed to evaluate the alignment of
the projects with the national greenhouse gas emission reduction pathways.

Additionally, project participation requirements, governmental structures, and the legal and
institutional frameworks related to Article 6 were examined to assess the current level of

governance for Article 6 implementation in Sri Lanka.

9.2 Alignment of Project Sector with the NDC and LT-LEDS

9.2.1 Sri Lanka’s Nationally Determined Contribution (NDC)

Through its revised NDC submitted in 2021, Sri Lanka set a greenhouse gas (GHG) emission reduction
target of 4% unconditionally and 10.5% conditionally below the Business-as-Usual (BAU) projection
by 2030, and also established a goal of achieving carbon neutrality by 2050.

The highest unconditional reduction target was set in the waste sector (8.5%), indicating the
country’s strong commitment to actively implement GHG mitigation actions in the waste sector
within its national capacity.

The highest conditional reduction target was set in the power sector (20%), suggesting that, if
international support helps overcome the country’s early-stage technological limitations and local

market readiness constraints, the sector holds significant potential for GHG emission reductions.

B Table 9-1 Sri Lanka’s GHG Emission Reduction Target by Sectors

Sector Unconditional Unconditional | Conditional Conditional Total Percentage
(%) (MTCOzeq) (%) (MTCOzeq) % (MTCO:zeq)
Power 5% 9,819,000 20% 39,274,000 25% (49,093,000)
Transport 1% 1,337,000 3% 4,011,000 4% (5,348,000)
Industry 4% 2,088,000 3% 1,482,000 7% (3,570,000)
Waste 8.5% 1,969,000 2.5% 580,000 11% (2,549,000)
Forestry 2% 705,000 5% 1,652,000 7% (2,357,000)
Agriculture 4% 2,477,400 3% 1,858,000 7% (4,335,400)
Total 4% - 10.5% - 14.5% (67,252,400)

*Source : Updated Nationally Determined Contributions of Sri Lanka (Ministry of Environment, 2021)

(A) Power Sector
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In terms of climate change mitigation, the Power sector has set a reduction target of 49,093,000
MTCO,eq (25%) below BAU by 2030, comprising an unconditional reduction of 9,819,000 MTCO»eq
(5%) and a conditional reduction of 39,274,000 MTCO,eq (20%).

B Figure 9-1 GHG Emission Projection and Emission Reduction Targets (Power Sector)
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*Source : Updated Nationally Determined Contributions of Sri Lanka (Ministry of Environment, 2021)
In the Power sector, the main mitigation measures include: expanding renewable energy generation,
implementing demand-side management measures, converting existing power plants to natural gas
and establishing new natural gas power plants, reducing transmission and distribution losses, and
conducting research and development on non-conventional renewable energy projects.
In particular, Sri Lanka plans to expand power generation from solar, wind, and hydropower, as well
as sustainable biomass-based power, with the aim of increasing the contribution of renewable

energy to the national energy mix by 3,867 MW.

B Table 9-2 NDCs in Electricity (Power) Sector

NDC# NDCs and NDC Actions Timeline

Enhance renewable energy (RE) contribution to the national electricity generation
mix by increasing solar PV, wind, hydro and sustainable biomass-based electricity
generation

(Target: Develop an additional capacity of 3,867 MW renewable energy over the RE
capacity considered in Business-As-Usual scenario, out of which approximately 950
MW are on an unconditional basis and 2,917 MW on a conditional basis

NDC1 2021-2030

Implement Demand Side Management (DSM) measures by promoting energy-
NDC2 |efficient equipment, technologies, and system improvements in a national Energy 2021-2030
Efficiency Improvement and Conservation (EEI&C) programme

Conversion of existing fuel oil-based combined cycle power plants to Natural Gas
NDC 3 (NG) and establishment of new NG plants as conditional measures (once the 2021-2027
necessary infrastructure is available)

Transmission and distribution network efficiency improvements (Loss reduction of
NDC4 |0.5% compared with BAU by 2030) as an unconditional measure 2021-2030
(Target: Approximately 1,848 GWh energy savings)

Conduct R&D activities to implement pilot-scale projects for Non-Conventional
NDC 5 Renewable Energy (NCRE) sources that have not yet reached commercial maturity 2021-2030
and develop other grid supporting infrastructures as conditional measures

*Source : Updated Nationally Determined Contributions of Sri Lanka (Ministry of Environment, 2021)
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(B) Waste Sector
In terms of climate change mitigation, the Waste sector has set a reduction target of 2,549,000
MTCO,eq (11%) below BAU by 2030, comprising an unconditional reduction of 1,969,000 MTCO»eq
(8.5%) and a conditional reduction of 580,000 MTCO»eq (2.5%).

B Figure 9-2 GHG Emission Projection and Emission Reduction Targets (Waste Sector)
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*Source : Updated Nationally Determined Contributions of Sri Lanka (Ministry of Environment, 2021)
In the waste sector, key mitigation measures integrate the concept of a circular economy and cover
various types of waste and treatment methods, including improvements at the sources of municipal
solid waste (MSW) generation, management of organic waste, energy recovery from non-
compostable or non-recyclable waste, and expansion of sanitary landfill disposal.
In particular, the strategy specifies management of organic waste through biological treatment, with
detailed measures including the adoption of biogas technologies and a target of composting 30% of

compostable waste.

B Table 9-3 NDCs in Waste Sector

NDC# NDCs and NDC Actions Timeline
NDC1 |Improve “Circular economy” practices in all MSW generation sources 2021-2030
NDC2 |Manage biodegradable waste component through biological treatments 2021-2030
NDC 3 Introduce energy recovery using non-recyclables and waste which cannot be 2021-2028

managed by other means
The use of sanitary landfills for the disposal of residual waste will be increased from

NDC 4 . . 2021-2030

the current level of 5% to 100% on weight basis

NDC5 |Generic enabling activities 2021-2030

*Source : Updated Nationally Determined Contributions of Sri Lanka (Ministry of Environment, 2021)

9.2.2 Sri Lanka’s Long Term Low Emission Development Strategy (LT-LEDS)

Sri Lanka Climate Prosperity Plan (CPP) serves as the country’s Long-Term Low Emission
Development Strategy (LT-LEDS), aiming to establish national short- and long-term investment

strategies for climate change mitigation while maximizing socio-economic benefits.
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The plan defines nine specific targets under three main objectives focused on energy, finance, and
resilience, and proposes projects to achieve these targets, along with the associated financing and
investment requirements.

In particular, as part of financial support for renewable energy and power grid modernization, the
plan sets targets such as achieving a 70% share of renewable energy in power generation, financing
80—-100% of undeveloped renewable energy potential, and maximizing waste-to-energy conversion,

leveraging cutting-edge innovative technologies.

B Table 9-4 Goals and Objectives of Sri Lanka Climate Prosperity Plan (CPP)

Goals Objectives

1. Financing maximized renewable energy and grid modernization potential and
connectivity
* Sustainably exploit the full potential of national renewable energy

Goal 1. resources, optimizing energy efficiency, as well as increase grid connectivity
Unlock domestic energy by upgrading the grid and connecting Sri Lanka to neighboring countries.
abundance through 2. Sustainable transportation
renewables, * Support the transition towards a RE-based, resilient mobility network,
modernization and promoting sustainable lifestyles and sustainable mobility.

sustainable transport | 3 Accelerated Transition and Modernization Through Re-skilling and Training

* Promote sustainable economic transformation by incentivizing & leveraging
local opportunities for climate resilient & green jobs, and training of the
population to increase jobs and decrease poverty.

4. Shifting sustainable debt through conversion and attrition of capital to climate
projects
* Repurpose and reduce the debt of Sri Lanka through debt-for-climate
swaps, shifting the debt towards climate-smart investments and improving
debt sustainability.

Goal 2. 5. Carbon Financing Hub to value blue carbon, soil carbon, forest carbon, etc.
Financially engineer a * Maximize access to carbon financing to support investment efforts while
climate secure supporting conservation & ecosystem services for multi-industries
transformation (agriculture, industry, tourism etc.)

6. Financially protect the economy and livelihoods
* Promote risk informed investment and enable progressive coverage of
financial/social protection including insurance for all core climate and
disaster risk (flooding, erosion damage, agricultural losses etc.) and protect
and increase livelihood options.

7. Climate-Smart Agriculture
* Accelerate the adaptation of the agricultural sector to strengthen and
climate-proof national food systems, enhancing food security and reducing
dependence on food imports, safeguarding jobs and livelihoods.

Goal 3. 8. Strengthening fisheries value chains to safeguard food security and nutrition
Galvanize climate * Investment in reefs restoration to preserve marine biodiversity, sustain
protection against key fisheries and ocean-centered livelihoods to increase food production and
risks food security by relying on domestic production.

9. Building resilience to heat and climate-sensitive diseases
* Implement preventative measures to minimize the negative impacts of heat
stress and dengue on the public and workers’ well-being and productivity,
harnessing nature-based solutions.

*Source : Sri Lanka Climate Prosperity Plan (Sri Lanka, 2022)
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9.3 Review of Governance Related to Paris Agreement Article 6

9.3.1 Article 6.4 Host Party Participation Requirement

As an official UNFCCC document outlining the participation requirements under Article 6, paragraph
4, Sri Lanka included a list of Positive Project Areas aimed at enhancing the implementation of the
Paris Agreement. This list identifies a range of projects, presented by selected sectors, that leverage
market mechanisms to promote effective greenhouse gas emission reductions. This list may also be
applied to projects considering participation under Article 6, paragraph 2 of the Paris Agreement.
The list of Positive Project Areas for the implementation of Article 6 of the Paris Agreement has been
identified across six mitigation sectors under Sri Lanka’s NDC: Electricity, Transport, Industry,
Forestry, Waste and Agriculture and livestock.

In the waste sector, five positive project areas were identified under the conditional NDCs, notably
the deployment of methane abatement technologies in MSW treatment and the implementation of
waste-to-energy projects.

B Table 9-5 List of positive project areas for implementation of Article 6 of the Paris
Agreement in Sri Lanka — Waste Sector

Sector Positive List (Conditional)

* Deployment of Methane Abatement Technologies in Municipal Solid Waste Treatment
Projects

* Implementation of Waste-to-Energy projects
(Incineration, Gasification, Pyrolysis and Plasma)

Waste Sector * Waste dumpsites rehabilitation projects (Avoidance of Greenhouse Gas Emissions in
Waste Dumps / Landfills)

* Deployment of Efficient Waste Collection and Transportation Systems and Processes

* Emission Reductions through the Promotion of Recycling Technologies and Process
Optimization

*Source : A6.4.-Form-AC-001 Host Party Participation Requirements for Article 6.4 Mechanism (UNFCCC, 2024)

9.3.2 Governance for the Implementation of Article 6

Sri Lanka’s government structure for the implementation of Article 6 of the Paris Agreement is still
under development, and a finalized structure has not yet been established. Accordingly, this
subsection outlines the country’s general climate change response governance system as indicated
in Sri Lanka’s NDC, and provides insights into the institutions potentially involved in the
implementation of Article 6.

The Ministry of Environment (MoE) acts as the national focal point to the UNFCCC. The overall
structure consists of the National Steering Committee (NSC), the Climate Change Secretariat (CCS)
within the MoE, and a set of sectoral Planning and Monitoring Committees (PMCs). This
arrangement enables coordination at both the strategic and operational levels, ensuring that climate

actions are consistent with national priorities and international obligations.
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B Figure 9-3 Institutional Architecture for Climate Change Response in Sri Lanka

Ny Agenda
“ 2030

-

Min of Finance National Steering Ministry of | & SD
National Planning Commiittee - NDCs Environment [ Council
Department
Climate Change z NECCC
Secretariat K 2 Mitigation &
Adaptation
£ Y

Technical Support
+ MRV

Sectorial Planning and Monitoring Committees; Mitigation, Adaptation, L&D Sectors

*Source : Updated Nationally Determined Contributions of Sri Lanka (Ministry of Environment, 2021)

(A) National Steering Committee for NDC Implementation (NSC)
The National Steering Committee serves as the apex decision-making and coordination body.
Chaired by the Secretary of the Ministry of Environment, it brings together secretaries from all
ministries responsible for NDC sectors, along with representatives from the Ministry of Finance, the
Department of National Planning, the Department of Fiscal Policy, and the National Sustainable
Development Council.
The NSC is responsible for providing strategic guidance, reviewing progress in the implementation of
climate commitments, and promoting coherence across policies and programs. It also works to
minimize duplication, address barriers to implementation, and monitor overall progress against
agreed timelines.

(B) Ministry of Environment (MoE) & Climate Change Secretariat (CCS)
As Sri Lanka’s UNFCCC focal point, the Ministry of Environment oversees the institutional system for
climate governance. The Climate Change Secretariat, established under the Ministry, functions as
the technical and administrative hub. It facilitates inter-agency coordination through dedicated
committees and expert groups, and it supports the preparation of national greenhouse gas
inventories, the development of climate policies, and access to international climate finance.
In addition, the CCS is mandated to compile and submit Sri Lanka’s official reports to the UNFCCC
and under the Paris Agreement. It also acts as the key channel of communication between the NSC
and the sectoral PMCs, ensuring that technical, budgetary, and capacity needs identified at the
sector level are conveyed to national decision-makers.
Additionally, the relevant organizations under MoE involved in Article 6 mechanisms are as follows,

based on information obtained through stakeholder interviews.
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- The department of Environment Planning and Economics is responsible for approving projects
deploying market mechanisms under Article 6, paragraph 4 (A6.4 mechanism)
- The CCS is responsible for approving projects deploying market mechanisms under Article 6,
paragraph 2(Article 6.2) and paragraph 8(Article 6.8).
(C) Sectoral Planning and Monitoring Committees (PMCs)
At the sectoral level, Planning and Monitoring Committees are established for each NDC
sector. Chaired by the secretary of the relevant line ministry, these committees include the
heads of departments and agencies with responsibilities in the sector. Their role is to ensure
that sectoral development strategies are fully aligned with NDC implementation and
monitoring requirements.
The sectoral PMCs assess technical, financial, and institutional needs for implementation
and report sectoral progress and challenges to the NSC via the CCS. They also monitor
delays or risks that may hinder climate projects, helping to ensure that safeguards are in

place to protect long-term sustainable development goals.

9.3.3 Legal and Institutional Framework Analysis for Article 6

In Sri Lanka, although there are no legal provisions directly addressing the implementation of Article
6, national-level climate change policies and plans aim to contribute to the objectives of the Paris
Agreement.
Accordingly, the National Climate Policy 2023, the National Adaptation Plan for Climate Impacts
2016-2025, and the Carbon Net Zero 2050 Roadmap and Strategic Plan were reviewed to analyze
the legal and institutional framework relevant to Article 6.

(A) National Climate Change Policy 2023
Through its National Policy on Climate Change (NPCC), Sri Lanka aims to protect national
development priorities in the event of climate risks and to serve as a key policy tool for achieving

GHG mitigation, climate adaptation, climate finance and investment, and climate access objectives.
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The policy presents a total of 19 policy statements and 135 sub-strategies across seven areas:

governance and regulatory, climate vulnerability, GHG emission reduction, climate adaptation,

climate investment and financing, technology development and transfer, and climate information

management, covering multiple sectors.

Among the policy statements, the GHG emission reduction strategy emphasizes integrating the

waste management system and applying the circular economy concept to minimize waste

generation and losses. The climate vulnerability strategy highlights the importance of establishing

partnerships with public, private, non-governmental organizations (NGOs), and civil society

organizations (CSOs) to implement effective climate awareness campaigns.

B Table 9-6 Policy Statements by Areas

Areas

Policy Statements

Governance and
Regulatory

. Climate actions are integrated to the development agenda.
. Legal and regulatory frameworks to tackle climate change and environment

sustainability are constituted.

. Climate sensitivity of the nation is enhanced through developing resilience and

adaptive capacity.

Climate Vulnerability

. Climate-induced risks are reduced
. National-level collaboration, Co-operation, coordination, and partnerships in

climate action is assured.

Reducing Greenhouse Gas
Emissions

. Greenhouse gas emissions reduced and Net Zero Economy ensured
. Market and non- market- based instruments for climate actions are adopted

Climate Adaptation

9.
10

. Sustainable management of natural resources, biological diversity and

ecosystem services is ensured
Food security and poverty alleviation are addressed
.Human and environmental health are improved

Climate Investment and
Financing

11.
12.
13.

Investments in research and development in climate actions are secured
Financing and resource mobilization for climate action are assured
Develop mechanisms to access international climate finance

Technology Development
and Transfer, and Climate
Information Management

14.

15.

Development of effective climate technology, transfer, and adoption are
ensured

Effective management, sharing, and use of climate data and information are
ensured

Cross-Cutting

16

17
18
19

. Sustainable Development achieved through climate change adaptation and
mitigation

. International collaboration and cooperation for climate action are assured

. Just transition is adopted as an approach to reach a carbon-neutral economy

. Loss and damage impacts due to climate change are addressed

*Source : National Policy on Climate Change 2023 (Ministry of Environment, 2023)

(B) National Adapation Plan for Climate Impacts of Sri Lanka 2016-2025

Through its National Adaptation Plan (NAP), Sri Lanka identifies the adaptation needs of nine

climate-vulnerable sectors as well as cross-cutting sectors, and specifies adaptation measures and

actions to meet these needs.

For the nine sectors—food security, water resources, coastal and marine areas, health, human
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settlements and infrastructure, ecosystems and biodiversity, tourism and recreation, export

agriculture, and industry, energy, and transport—as well as cross-cutting elements, the NAP

presents sector-specific priority areas and corresponding adaptation actions.

B Table 9-7 Priority Areas/Areas of Interest by Sectors

Sector

Areas

Food security: agricultural, livestock
and fisheries

Rice/Other food crops (OFC)/Horticultural crops/Sugarcane
/Livestock /Fisheries/Agriculture and land degradation

Water resources

Water for agriculture/Water for human consumption
/Water for industry and energy/Degradation of watersheds

Coastal and marine areas

Coastal zone management/Beach stability
/Coastal bio-diversity/Ocean acidification

Health

Climate altering pollutants/Diseases: Spread and outbreaks
/Hazardous events: Health impacts/Heat&thermal stress

Human settlements and infrastructure

Urban settlements and infrastructure/Rural settlements and
infrastructure/Estate settlements and infrastructure
/Coastal settlements and infrastructure

Ecosystems and biodiversity

Forests/Wild life/Wetlands/Agro ecosystems: home gardens
/Loss of ecosystem services

Tourism and recreation

Coastal tourism/Tourism and bio-diversity/Cultural assets

Export agriculture sector

Tea/Rubber/Coconut/Export agricultural crops

Industry, energy, and transport

Industry/Energy/Transportation

Policy, legal, economic and
governance issues

Policies and programs/Laws and regulations
/Governance procedures

Institutional development and
coordination

Institutions/Coordination

International cooperation and
partnerships

International cooperation: global & regional
/Areas for cooperation /Regional partnerships

Resource mobilization

Resource mobilization : national sources/Resource
mobilization : international sources/Resource mobilization:
local (private & community)/Market based instruments

Research and development

Research & development/Critical research needs
/Research facilities/Skills and training needs

Cross-

cutting Technology transfer and

standards

Technology transfer: International dimension/Technology
transfer: National and local/Channels of transfer/Standards

Building of adaptive capacity of
communities

Assessing adaptive capacity and vulnerability/Enhancing
community participation/Utilization of local knowledge
/Involvement of CSO/Change in attitudes, lifestyles and
behaviour

Education, training and
awareness

Education (formal & informal)/Training needs and skills
/Increasing awareness

Climate-induced disaster risk
management

Climate-induced disaster risks/Risk management instruments
/Establish Connectivity to existing disaster management plans

Climate information
management

Climate forecasting: short-term & seasonal/
Long-term projections/Communication of climate information

*Source : National Adaptation Plan for Climate Change Impacts in Sri Lanka 2016-2025 (Ministry of Mahaweli

Development and Environment, 2016)
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(C) Carbon Net Zero 2050 Roadmap and Strategic Plan
Sri Lanka has established an implementation strategy from 2025 to 2050 to reduce greenhouse gas
(GHG) emissions and promote sustainable green economic growth in order to achieve carbon
neutrality by 2050.
Sector-specific targets have been set for six key sectors: energy, transport, industry, waste,
agriculture, and forestry. Based on the NDC (2021) and the NDC Implementation Plan (2023),
technically and administratively feasible strategies for each sector were identified, and additional
measures were included where necessary.
In the waste sector, daily cover for open dumps, syngas recovery from open dumps, MSW growth
reduction to 50% and mandating 3R practice, converting the collection and transporting vehicle fleet
to electrical vehicles, waste to energy plants, and introduction of sanitary landfills to replace waste
dumps were suggested as mitigation strategies for reduction of GHG emission.
Targets for GHG emission reduction from the nine strategies were set as 2.33 million tCOzeq by
2050, which includes 1.72 million tCO,eq emission reduction from modified actions proposed in the

NDCs.

B Table 9-8 Targets for reduction in GHG Emissions in Waste Sector

Baseline COze Target for Emission | Percentage
Strategy Emissions 2050 Reduction by 2050 Emission
(1,000 tCO2eq) (1,000 tCO2eq) Reduction
Daily cover for open dumps 164.11 164.11 100%
Syngas recovery from open dumps 1.48 0.74 50%
Vertical subsurfac?\jlsc;vlllccvc\)/r;structed wetlands 90.78 90.78 100%
MSW Growth reduction to 50%
Mandating 3R practice 22.04 22.04 100%
Circular economy for redesign, reuse & rethink
Electric vehicles for waste collection 0.06 0.06 100%
Waste to energy plants 271.49 271.49 100%
Sanitary landfill 62.89 62.89 100%
Total in Waste Sector 2,332.66 2,330.94 99.9%

*Source : Carbon Net Zero 2050 Roadmap and Strategic Plan (Ministry of Environment, 2023)

9.4 Conclusion

Sri Lanka has established greenhouse gas (GHG) emission reduction targets and strategies through
its NDC and LT-LEDS for the implementation of Article 6 of the Paris Agreement, and has developed

related governance arrangements, potentially possessing the capacity to implement these measures.
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In addition, Sri Lanka has demonstrated efforts to promote international GHG reduction projects by
specifying sectoral positive lists for Article 6 implementation.

The project falls under the waste sector, one of the major mitigation sectors identified in the NDC,
and includes activities such as electricity generation from waste bio-gasification, which can be aligned
with the low-emission strategies outlined in the LT-LEDS.

In particular, as this project may be eligible for the waste sector Positive List, it is expected that its
promotion as an Article 6 project will be relatively encouraged, provided that the relevant Article 6

governance framework supports it.
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10. Greenhouse Gas Emission Reduction Review

10.1 Background

Colombo primarily relies on unsanitary landfills for waste disposal, and in the absence of a city-level
master plan for sewage sludge management, collected sewage is discharged directly into the sea
without treatment. The greenhouse gas (GHG) emissions from landfill gas and the discharge of
untreated sewage sludge have significant environmental impacts.

To address these issues, as part of the pre-feasibility study, the project aims to estimate the GHG
reductions associated with each alternative project type and analyze the potential impacts of project

implementation.

10.2 Methodology
10.2.1 Applied Methodology

To estimate the potential GHG emission reductions from the proposed facility, the Clean
Development Mechanism (CDM) methodology ACM0022: Alternative waste treatment process

(Version 03.0) will be applied.

B Table 10-1 ACM0022: Alternative waste treatment processes (Version 3.0) Overview

Item Contents

Project activities involve the installation and operation of new plants for the treatment of|
fresh waste through any combination of the following processes: a) Composting
process under aerobic conditions; b) Gasification process to produce syngas and its use;

. . c) Anaerobic digestion with biogas recovery and flaring and/or its use; d)

Typical Project(s) . . [

Mechanical/thermal treatment to produce refuse-derived fuel (RDF)/stabilized

biomass (SB) and its use; e) Incineration of fresh waste to produce thermal/electric

energy; f) Co-composting/anaerobic digestion of wastewater in combination with solid

waste.(if necessary)

GHG emissions avoidance.
Type of GHG - CH4 emissions due to anaerobic decay of organic waste are avoided by alternative
waste
treatment processes;
Renewable energy.
- Organic waste is used as renewable source of energy
The project activity does not reduce the amount of waste that would be recycled in the

emissions
mitigation action

Important .
. absence of the project;
conditions under . . .
. | When applicable regulations mandate any waste treatment tprocess implmented under|
the methodology is . . . . . .
the project activity, the rate of compliance with such regulations is below 50 percent;

applicable Hazardous wastes/wastewater are not eligible.

Monitored:
Improtant - Weight fraction of the different waste types in a sample (where applicable);
parameters - Practitioner course: Efficient management of organic waste treatment facilities;

- Electricity and fossil fuel consumption in the project site.

138



Item

Contents

Baseline Scenario

Disposal of the waste in a landfill site without capturing landfill gas or with partly capturing
and subsequently flaring it.

A gt ! pl !

Project Scenario

Alternative waste treatment process, such as composting, gasification, anaerobic
digestion with biogas collection and flaring and/or its use, mechanical/thermal
treatment process to produce RDF or SB and its use, or incineration of fresh waste for
energy generation.

o oo
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10.2.2 Scope of Application

The methodology can be applied to a range of eligible project types and corresponding baseline

scenarios as outlined below. This project corresponds to baseline scenario (a) and project type (d).

- Under the baseline scenario, the wastewater from northern Colombo is discharged directly into

the sea without treatment, and organic waste is disposed without landfill gas (LFG) capture or

methane recovery. These conditions are consistent with ‘baseline scenario (a): disposal of the

fresh waste in a SWDS without methane recovery’.

- If necessary, the proposed project involves the co-treatment of discharged wastewater and

organic waste using anaerobic digestion with biogas recovery and utilization. This treatment

configuration corresponds to ‘project activity (d): anaerobic co-treatment of wastewater in

combination with solid waste’.

B Table 10-2 Applicability of ACM0022

Item Contents
(a) The disposal of the fresh waste in a SWDS with or without a partial LFG capture system
(b) In the case of co-composting or co-treatment of wastewater in an anaerobic digester, the
treatment of organic wastewater in either an existing or new anaerobic lagoon or sludge pit|
Baseline without methane recovery(if necessary)
Scenario (c) In the case of electricity generation, the electricity is generated in an existing/new captive
fossil fuel fired power-only plant, captive cogeneration plant and/or the grid
(d) In the case of heat generation, the heat is generated in an Existing/new fossil fuel fired
cogeneration plant, boiler or air heater
Project (a) Composting process under anaerobic conditions
Activities | (b) Anaerobic digestion with biogas recovery and flaring and/or its use
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Item Contents

(c) Co-composting of wastewater in combination with solid waste(if necessary)

(d) Anaerobic co-treatment of wastewater in combination with solid waste(if necessary)

(e) Mechanical/thermal treatment process to produce refise-derived fuel (RDF) or stabilized
biomass (SB) that is produced within the project boundary and its use

(f) Gasification process to produce syngas and its use

(g) Incineration of fresh waste for the generation of thermal/electric energy

10.2.3 Applicability Conditions

* The methodology defines general applicability conditions for all project activities, as well as
specific conditions depending on the waste treatment technology employed.
- If necessary, since the project may involve the construction of a new anaerobic digestion facility

to co-treat wastewater sludge and organic waste, only the applicability conditions specific to
anaerobic digestion are considered in addition to the general project-wide requirements.

- There is no applicable compliance rate for fresh waste treatment through anaerobic digestion;
therefore, this regulatory treatment percentage was not taken into account.

- In the project, the biogas collected from the anaerobic digester will be used to generate both
electricity and heat, with the electricity intended for distribution to the national grid.

B Table 10-3 Applicability Conditions for Project Activities

Item Contents

The project plant only treats fresh waste/wastewater for which emission reductions are
claimed, except for cases involving composting, co-composting and anaerobic digestion(if
necessary)

Neither the fresh waste nor the products from the project plant are stored on-site under
anaerobic conditions

Any wastewater discharge resulting from the project must be treated in accordance with

. applicable environmental regulations

General Conditions ) o .

The project activity does not reduce the amount of waste recycled in the absence of the
project activity. This shall be justified and documented in the CDM project desing
document (CDM-PDD)

When the applicable regulations mandate any waste treatment process implemented
under the project activity, the rate of compliance with such regulations for the
treatment process is below 50 percent

Hazardous wastes/wastewater are not eligible under this methodology

Applicable types of | Wastewater(if necessary)
wastes that may be | Fresh waste
treated Waste discharge

Applicable products| Biogas (may be flared, used to generate electricity or heat, and/or upgraded and
and their use distributed in a natural gas distribution grid)

. Non-biodegradable materials that may have market value (e.g., glass, metals, plastics)
Applicable waste

Wastewater discharge
by-products

Digestate
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10.3 Calculation of Emission Reductions

10.3.1 Baseline Emissions

Baseline emissions are calculated as the sum of the following components: ®baseline emissions

from SWDS, @baseline emissions from anaerobic treatment in open lagoons or sludge pits, @

baseline emissions from energy generation, ®baseline emissions associated with natural gas use.

BEy = Z(BECH‘LL)' + BEWw,t,y + BEEN,t,y + BENG,t,y) X(1- RATEcompliance, t)

y
ltem Parameter Name Unit
BE, Baseline emissions in year y tCO2e

BEch4y,y Basline emissions of methane from SWDS in year y tCO2e

BE 1y Baseline methane emissions from anaerobic treatment of the tCO2e

wastewater in open anaerobic lagoons or of sludge in sludge pits
in the absence of the project activity in year y
BEgy;, Baseline emissions associated with energy generation in yeary tCO2
BE G,y Baseline emissions associated with natural gas use in yeary tCO2

RATEcompliance, t

Discount factor to account for the rate of compliance of a regulatory
requirement that mandates the use of alternative waste treatment
process t

Type of alternative waste treatment process

* In this project, baseline emissions are estimated based only on methane emissions from SWDS,
without landfill gas capture.

y
BEcusswosy = @y X (1= f,) X GWPcyy X Z Default, x W,
x=1
Iltem Parameter Name Unit Value
BE cyaswps,y Baseline emissions occuring in year y generated from tCO2e/yr 16,244.271Y
waste disposal at a SWDS during a time period ending in
yeary
Py Model correction factor to account for model uncertainties for - 0.85
yeary
fy Fraction of methane captured at the SWDS and flared, - 0
combusted or used in another manner that prevents the
emissions of methane to the atmosphere in year y
GWPcy, Global Warming Potential of methane - 28
Default, Default value (depends on the climate zone and on the - 0.005800"
year x since the disposal of the waste)
W, Total amount of solid waste prevented from disposal in t Alt. 1: 117,678
the SWDS in year x? Alt. 2: 66,000

*Note: Y The calculated value varies annually; therefore, the value for the first year of the project period has
been provided as an example. 2 The total amount of solid waste has been estimated based on the average annual
guantity of organic waste delivered to the biogas facility over a 20-year period.

10.3.2 Project Emissions
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Project emissions are calculated as the sum of the following components: @project emissions from
composting and co-composting(if necessary), @project emissions from anaerobic digestion and

biogas combustion, ®project emissions from gasification, ®project emissions related to RDF/SB, ©

project emissions from incineration.
In this project, project emissions are calculated based on emissions only from composting and
anaerobic digestion and biogas combustion.

PE, = PEcompy + PEspy + PEGasy + PEggr spy + PEincy

Item Parameter Name Unit
PE, Project emissions in yeary tCOze
PEcompy Project emissions from composting or co-composting in year y tCOze

Project emissions from anaerobic digestion and biogas combustion

PE,p, . tCO2e
inyeary

PE s,y Project emissions from gasification in yeary tCO2e

PEggr spy Project emissions associated with RDF/SB in year y tCOze

PEncy Project emissions from incineration in year y tCO2e

The project emissions from composting were calculated by considering the GHG emission arising
from composting of solid digestate generated after the anaerobic digestion process.

- The amount of solid digestate composted, used in the emission calculation, was estimated based
on the facility’s daily waste treatment capacity, as weighing was not possible during the pre-
feasibility stage.

- Project emissions from fossil fuel use were not considered, as fossil fuel consumption was not

taken into account in the facility design.
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- Similarly, as the facility treats liquid effluent, including wastewater from anaerobic digestion,
separately from the solid digestate, methane emissions from run-off wastewater associated with
co-composting were not included.

PEcompy = PEgcy + PEpcy + PEcyay + PEnzoy + PERoy

Item Parameter Name Unit Value
Project emissions from composting or co-composting in Alt. 1: 1,324.00
PECOMPy tCOZe
’ yeary Alt. 2: 1,850.31
Project emissions from electricity consumption associated Alt. 1: 165.77
PEgc, ) o tCOze
" with composting in yeary Alt. 2: 231.66

Project emissions from fossil fuel consumption associated

PE tCO2e -
Fey with composting in yeary :

Project emissions of methane from the composting Alt. 1: 595.06

PECH4,y . tCO2e
process in yeary Alt. 2: 831.60
Project emissions of nitrous oxide from the composting Alt. 1: 563.18

PENZOy . tCO2e
’ process in yeary Alt. 2: 787.05

Project emissions of methane from run-off wastewater
PEgg, i ) o tCOze -
’ associated with co-composting in year y

The project emissions from anaerobic digestion and biogas combustion, in accordance with the
applicable treatment process.

- Project emissions from fossil fuel use were not considered, as fossil fuel consumption was not
considered in the facility design.

- Similarly, since the facility primarily uses collected biogas for electricity generation and flaring
occurs only in emergency situations, emissions from flaring of biogas were not considered.

PEAD,y = PEEC,y + PEFC,J/ + PECI-M-,y + PEflare,y

Item Parameter Name Unit Value
Project emissions associated with the anaerobic digester in Alt. 1: 10,082.70
PE,p, tCOze
" yeary Alt. 2:9,061.39
Project emissions from electricity consumption associated Alt. 1: 5,933.44
PEgc, . o , tCOze
" with the anaerobic digester in year y Alt. 2:5,332.42

Project emissions from fossil fuel consumption associated
PEgc, ) o ) tCO2e -
’ with the anaerobic digester in year y

Project emissions of methane from the anaerobic digester Alt. 1: 4,149.26
PECH4-y . tCOze
’ inyeary Alt. 2: 3,728.97
PEfiarey Project emissions from flaring of biogas in yeary tCO2e -

10.3.3 Leakage
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Leakage emissions from the project activity are calculated as the sum of the following components:

®leakage emissions from composting, ®leakage emissions from anaerobic digestion, ®leakage

emissions from the use of RDF/SB.

- Leakage emissions associated with RDF/SB were not considered, as RDF/SB process was not taken
into account in the facility design.

- Leakage emissions from composting are considered if the compost is subjected to anaerobic
storage or disposed of in a solid waste disposal site. In this project, however, the solid digestate
is dewatered and either directly composted onsite or supplied for offsite composting; therefore,
the calculation of the leakage emissions from compositing does not apply.

LE, = LEcompy + LEapy + LEggr sp,y

Item Parameter Name Unit
LE, Leakage emissions in the yeary tCO2e
LEcomp, Leakage emissions from composting or co-composting in year y tCO2e
LE,), Leakage emissions from anaerobic digester in year y tCO2e
LEggr sy Leakage emissions associated with RDF/SB in year y tCO2e

The leakage emissions associated with the anaerobic digester depend on how the digestate is
managed. They include emissions associated with storage and composting of the digestate and are

determined as follows.

- Leakage emissions associated with storage of digestate are applicable only when the digestate is

stored in an un-aerated lagoon (depth > 1m) or in a solid waste disposal site.
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- In this project, however, the solid digestate will be dewatered and either composted onsite or
supplied for offsite composting, while the liquid digestate will be dewatered and either be treated
at the adjacent WWTP (alternative 1) or concentrated for use as liquid fertilizer (alternative 2).

Therefore, such emissions are not applicable to this project.

LEAD,y = LEstorage,y + LEcomp,y

Item Parameter Name Unit Value

Alt. 1: 1,324.00

LE Leakage emissions from anaerobic digester in year tCO2e

ADy & & veary | Alt. 2:1,850.31
Leakage emissions associated with storage of digestate
LEorage g . & & tCO2e -
gey in year yY

Leakage emissions associated with composting of Alt. 1: 1,324.00

LEcompy . . tCO2e
’ digestate in year y? Alt. 2:1,850.31

*Note: ! At the pre-feasibility stage, the storage conditions of solid digestate composted offsite have not been
defined and were therefore not considered in the calculation of leakage emissions. The need to account for this
should be assessed during subsequent project implementation. ? The leakage emissions were calculated as
PEcomp,y+LEcomp,y, according to CDM Methodological TOOL 13, following the instructions for calculating leakage
emissions from anaerobic digestion in CDM Methodological TOOL 14.

10.3.4 Emission Reductions

ER,= BE,- PE,—LE

y y

Item
Parameter Name Unit

ER,
Emissions reductions in year y tCO.e

BE,
Baseline emissions in year y tCO.e

PE,
Project emissions in the year y tCOze

LE,
Leakage emissions in yeary tCO.e
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10.4 Estimated GHG Emission Reductions

The expected GHG emission reductions are calculated based on data measured at the project site.
Detailed estimations will be conducted during subsequent project implementation phase using site-
specific input values and applicable methodology parameters.

- Considering the operational period of the facilities in the project, baseline emissions, project
emissions, and leakage emissions have been calculated for a time period of 20 years.
The annual average GHG emission reductions are estimated at 16,680.75 tCO.eq over a 20-year

period.
B Table 10-4 Estimated GHG Emission Reduction

Year Baseline Emissions | Project Emissions | Leakage Emissions | GHG Emission Reductions

(tCO2eq) (tCO2eq) (tCO2eq) (tCO2eq)

y 9,110.64 10,911.70 1,850.31 -3,651.37

y+1 15,726.85 10,911.70 1,850.31 2,964.84

y+2 20,585.33 10,911.70 1,850.31 7,823.33

y+3 24,158.90 10,911.70 1,850.31 11,396.90

y+4 26,761.72 10,911.70 1,850.31 13,999.71

y+5 28,643.54 10,911.70 1,850.31 15,881.53

y+6 30,005.42 10,911.70 1,850.31 17,243.41

y+7 31,002.88 10,911.70 1,850.31 18,240.87

y+8 31,747.44 10,911.70 1,850.31 18,985.43

y+9 32,316.07 10,911.70 1,850.31 19,554.06

y+10 32,762.18 10,911.70 1,850.31 20,000.17

y+11 33,120.32 10,911.70 1,850.31 20,358.31

y+12 33,417.2 10,911.70 1,850.31 20,655.19

y+13 33,668.53 10,911.70 1,850.31 20,906.52

y+14 33,885.3 10,911.70 1,850.31 21,123.29

y+15 34,076.94 10,911.70 1,850.31 21,314.93

y+16 34,248.15 10,911.70 1,850.31 21,486.14

y+17 34,402.09 10,911.70 1,850.31 21,640.08

y+18 34,543.46 10,911.70 1,850.31 21,781.45

y+19 34,672.27 10,911.70 1,850.31 21.910.26

Total project
time period 20 years
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Baseline Emissions

Project Emissions

Leakage Emissions

GHG Emission Reductions

Y
ear (tCO2eq) (tCO2eq) (tCO2eq) (tCO2eq)
Average
Value 29,442.76 10,911.70 1,850.31 16,680.75

11. Capacity Building Workshop

11.1 Invitational Training Program in Korea

11.1.1 Overview

From August 6 to August 9, 2025, a training program was conducted in Seoul for ten officials from
Colombo City, Sri Lanka. The program aimed to share Seoul’s ongoing waste management policies
and best practices, while enhancing the project implementation capacity and technical expertise of
Colombo City officials and related institutions.

The training program was conducted over four days and three nights, including arrival and

departure.

- On Day 1, participants attended the opening ceremony and orientation, followed by a lecture on
Seoul’s waste management policies. Day 2 featured site visits to the Sudokwon Landfill Site
Management Corporation, the Mapo Resource Recovery center, and the Senam Water Recycling

Center. On Day 3, the program included a visit to the Seoul Upcycling Plaza, a lecture on Korea’s
waste management technologies, and the closing ceremony.

- Day 4 was organized as a cultural experience program, providing opportunities to visit major
tourist attractions in Seoul and experience diverse aspects of Korean culture.

B Table 11-1 Invitational Training Program

Categor 5th Aug 6th Aug 7th Aug 8th Aug 9th Aug 10th Aug
8O | (Tue) (Wed) (Thu) (Fri) (sat) (Sun)
Arrival Seoul Upcycling
Sudokwon
(CMB->ICN) Landfill Site Plaza
Opening/OT Management Farewell Cultural
Corp. Luncheon Experience
Departure Arrival in
Key from Session 1 High-Level Colombo
Contents | Colombo Meeting (UL3815,
Mapo Resource
(uL47o) uUL307)
; Recovery Center
CityNet Session 2
Meeting Departure
(ICN—->CMB)
Welcome Seonam Water Closin
Banquet Recycling Center g

11.1.2 Detailed Program
(A) Opening and Orientation

- The opening ceremony of the training program for Colombo City officials was attended by ten
delegates from Sri Lanka, two officials from the Seoul Metropolitan Government’s Office of

International Cooperation, and five consultants
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B Figure 11-1 Opening and Orientation

(B) Lecture

@ Seoul’s Resource Circulation Policies and Challenges

- A lecture was delivered on Seoul’s resource circulation policies, focusing on waste reduction and

recycling expansion, as well as future challenges. The session introduced the current status of

waste generation in Seoul, the city’s waste treatment infrastructure, and strategies to comply

with the landfill ban. It also provided an opportunity to share perspectives on promoting

sustainable resource circulation through citizen and private sector participation.

B Table 11-2 Main Contents of the Lecture

Item Contents
A total of 37,648 tons of waste generated per day, with approximately 76% of
Status of Wast.e municipal solid waste incinerated and the remaining residues landfilled
Management in . . - . . )
seoul Need to expand stable incineration capacity in preparation for the direct landfill

ban in the Seoul metropolitan area starting in 2026

Waste Treatment
Infrastructure and

Operation of five regional/wide-area resource recovery facilities

(supplying thermal energy to 250,000 households)

Management of municipal solid waste under the volume-based waste fee system
(“polluter-pays” principle)

Policies Implementation of food waste reduction measures including RFID Weight-based
system, dissemination of food waste reducers, and crackdown on illegal disposers
Operation of 15 public recycling sorting facilities, with plans to expand sorting
capacity

Resource

Circulation and
Recycling Policies

Citizen participation-based recovery systems such as PET bottle-only collection
machines and point-reward programs

Transition of lifestyle culture through regulations on single-use products and
expansion of “Zero-Plastic Hubs”
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B Figure 11-2 Seoul’s Resources Circulation Policies and Challenges

Seoul's Resource Circulation
Policies and Challenges
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(@ Green ODA Support Cases and Cooperation Plans with Seoul Metropolitan Government

- A lecture was delivered on the theme of Green ODA support cases and future cooperation
through partnership with the Seoul Metropolitan Government. The session introduced Korea’s
ODA framework and ongoing initiatives in the environmental sector, highlighting representative
cases. It also presented sustainable international cooperation approaches through master plans,
feasibility studies, capacity building, and collaboration with MDBs and the GCF.

B Table 11-3 Main Contents of the Lecture

Item

Contents

ODA Overview

Korea’s ODA budget is divided into grant aid and concessional loans.
Sri Lanka has been designated as a priority cooperation country of the Republic of
Korea since 2011 and has been receiving support.

Green ODA

Environment-focused ODA supports projects for sustainable development such as
climate change response, resource circulation, water management, and
ecosystem conservation.

Implementation methods include policy and knowledge-sharing projects,
capacity-building projects, cooperation with MDBs, and linkage with GCF support.

Green ODA Cases

Uzbekistan: Installation of landfill gas (LFG) collection and power generation
facilities (grant aid).

Egypt: Installation of waste-to-energy facilities, master plan and feasibility study
(grant aid), and nationwide expansion project (concessional loan) in parallel.
Oman: Development of green hydrogen and ammonia production plants,
feasibility study (grant aid), and linkage with private investment.
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B Figure 11-3 Green ODA Support cases and Cooperation Plans with Seoul Metropolitan
government

Green ODA
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(® Waste Management and Treatment Technologies

- Alecture was delivered on domestic waste management and treatment technologies, as well as
potential areas for cooperation. The session introduced Korea’s waste management policies and
current waste generation status, along with key waste treatment technologies applied in the
country.

B Table 11-4 Main Contents of the Lecture

Item Contents

* Domestic waste policy has expanded its concept from safe disposal to a circular
economy.
* The focus has shifted from landfilling in the past to a significant increase in

Waste Management| . . . .
incineration and recycling.

and Status . . . . .
* Municipal solid waste is mainly incinerated with energy recovery; over 99% of

construction waste is recycled; and the share of hazardous waste disposed through
secure landfilling is increasing.

* Pre-treatment: Aims to reduce volume, separate resources, mitigate hazards, and
improve energy recovery efficiency.

* Incineration: Reduces waste volume by more than 80% and allows thermal energy
recovery.

Key Treatment * Organic waste treatment: Produces biogas through anaerobic digestion, utilized for

Technologies fuel and electricity.

¢ Composting / Combined treatment: Mixes organic matter such as livestock manure
and food waste for recycling into fertilizer and other uses.

* Landfilling: Final treatment for non-recyclable and non-incinerable waste, classified
into controlled and containment landfills.
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B Figure 11-4 Waste Management and Treatment Technologies
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(C) Site Visit
® Sudokwon Landfill Site Management Corp.

- The participants reviewed Korea’s large-scale sanitary landfill operations and observed systematic
landfill management and energy recovery technologies, including landfill gas-to-energy
generation and leachate treatment

- The Sudokwon Landfill is the world’s largest waste disposal site, where waste reduction, energy
generation, and environmental conservation are simultaneously pursued through landfill
operations, leachate treatment, landfill gas-to-energy facilities, and resource recovery systems.

- Closed landfill sites are being repurposed as golf courses and parks, operating a circular economy
management model that promotes coexistence with local communities through employment

opportunities and reinvestment of revenues.

B Figure 11-5 Sudokwon Landfill Site Management Corp.
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(® Mapo Resource Recovery Facility

- Participants directly observed the entire waste treatment process, from waste reception and
incineration to energy recovery, gaining an understanding of operational efficiency

- The Mapo Resource Recovery Facility is a major municipal waste incineration plant in central
Seoul, processing approximately 750 tons of household waste per day and supplying district
heating through energy recovery.

- The facility promotes sustainability and community engagement by operating amenities such as
a gymnasium, book café, and park for residents.

B Figure 11-6 Mapo Resource Recovery Facility
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@ Seoul Upcycling Plaza

- Participants explored various upcycling products and production processes, examining
sustainable industrial models that promote recycling of waste materials and value-added creation.

- The Seoul Upcycling Plaza, the world’s largest upcycling cultural complex, allows visitors to
observe and experience the entire upcycling process—including design, production, education,
and exhibition—making it a flagship eco-friendly space in Seoul.

B Figure 11-7 Seoul Upcycling Plaza

(D) High-Level Meeting

A meeting was held between senior officials from the Seoul Metropolitan Government and the
Colombo Municipal Council, including Mr. Kim Tae-kyun, Deputy Mayor for Administrative Affairs of
Seoul, and Mr. Hemansa Kumara, Deputy Mayor of Colombo. The participants exchanged words of
appreciation regarding the support provided for the Seoul ODA Challenge Program and discussed
future cooperation between Seoul and Colombo, as well as invitations to international events hosted

by the Seoul Metropolitan Government.
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B Figure 11-8 High-Level Meeting between Colombo and Seoul City Officials
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(E) Closing

- The closing ceremony of the training program for Colombo City officials was attended by ten
delegates from Sri Lanka, one official from the Seoul Metropolitan Government’s Office of

International Cooperation, two representatives from SUSA, and five consultants.

B Figure 11-9 Closing
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(F) Cultural Experience

- Participants visited major tourist attractions in Seoul, including Gyeongbokgung Palace, the
National Folk Museum, the traditional street of Insadong, and Namsan Seoul Tower, experiencing

various aspects of Korean culture.

B Figure 11-10 Cultural Experience
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