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1  Preface 

1-1  Background 

(1) Host Country’s View on JCM 

The Japanese government has been promoting the introduction of Joint Crediting Mechanism (JCM) 

as a new market-based mechanism that can appropriately evaluate the effort of GHG emission 

reduction overseas through the provision of Japanese low carbon technology, infrastructure and 

products. In the UNFCCC-centred international negotiations on climate change, discussions have been 

made for a new market-based mechanism and it has been decided to conduct a work programme for 

various approaches including JCM proposed by the Japanese government. The work programme is 

expected to review its framework, function, roles and method to prevent double counting in the 

international credit transfer.  

In this background of discussion of an international system, there is an urgent need to demonstrate 

a methodology and procedure that can overcome challenges of existing market-based mechanism, 

support developing countries to reduce GHG emission and realise a low carbon society while 

concurrently achieving the mid-term goal of GHG emission reduction of the Japanese government. 

The Paris Agreement adopted in COP21 of UNFCCC in 2015 has also positioned the application of a 

new market-based mechanism as an important issue. The Japanese government has signed bilateral 

documents for JCM with 15 countries so far.  

India’s GHG emission was 1.9 billion and 54 million t-CO2 in 2012 and this ranked third after China 

and the United States (fourth if EU is also counted). This accounts for 6.2% of the global GHG 

emissions. The government of India has issued National Action Plan for Climate Change in 2008 

which identifies eight core national missions running through 2017 and directs ministries to submit 

detailed implementation plans. Further, India is dependent on the import of oil from overseas and 

hence has put a high priority on the development of renewable energy sources and has set incentives 

for renewable energy generation projects. 

The Intended Nationally Determined Contribution (INDC) of India submitted to UNFCCC also 

mentioned the introduction of Waste to Energy (WTE) technology. Although Japan and India have not 

signed bilateral documents yet at this moment, it is hoped that actions for the agreement will be 

accelerated by a tangible project development through this study.  

 

(2) Background of the study (City to City Cooperation) 

 This study is based on a city to city cooperation between City of Yokohama, Japan and Bengaluru 

City, India. City of Yokohama promotes international technical cooperation projects where both public 

and private sectors can actively participate in and work together for solving urban issues in the 

emerging countries through Y-PORT,(Yokohama Partnership of Resources and Technologies). Y-

PORT is an initiative where Yokohama City government, research institute (IGES), government 
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affiliated organizations, CITYNET Yokohama Project Office and various private enterprises are 

actively working together for harnessing Yokohama’s technology and know-how to contribute to 

emerging countries. 

IGES, Mansei Recycling Systems and JFE Engineering are all members of Y-PORT and this study 

project was formulated as a part of this Y-PORT, a platform that promotes public-private partnership 

for the resolution of urban problems. 

 

 

Figure 1-1: Functions of Y-PORT 

Source: http://www.city.yokohama.lg.jp/kokusai/yport/en/ 

 

City of Yokohama and Bengaluru City have promoted technical cooperation in the field of solid 

waste management, water supply and sewage treatment and implement training sessions in this arena. 

In 2013, Bengaluru City requested Yokohama City for their cooperation in the field of solid waste 

segregation and discussions have been held on this matter since then.  

It is essential to have a good partnership between the local government and citizens/private entities 

for the reduction of solid waste generation. City of Yokohama has many achievements in the area of 

reduction of solid waste generation obtained through awareness raising activities and close 

communication with its citizens and private enterprises. City of Yokohama intends to utilize its 

experience to conduct a study to explore business potential in solid waste management in Bengaluru 

and if feasible intends to promote JCM project with private companies to realize the solution. 

Yokohama city has faced various urban problems such as natural disasters, war damages, population 

growth and environmental degradation and this fact has led to Yokohama developing technologies and 

know-how to resolve these problems. Yokohama city believes that these technologies and know-how 

can contribute to solve urban problems associated with rapid urbanization in the growing economies 

such as the Asian countries. Under this recognition, Yokohama city supports private companies to 

develop their business in the field of urban infrastructure overseas through Y-PORT by harnessing 

Yokohama’s resources and technologies with the ultimate aim of revitalizing Yokohama’s local 

economy. 
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1-2  Study Objective and Methodology 

(1) Objective 

This study aims to achieve the following by formulating a WTE (Waste-to-Energy) project and RDF 

(Refuse Derived Fuel) project based on a city-to-city cooperation between Ciy of Yokohama and 

Bengaluru city. 

① Reduce GHG emission by preventing the emission of methane associated with municipal solid 

waste landfill  

② Reduce GHG emission by introducing WTE technology that can utilize municipal solid waste 

and sewage sludge as fossil fuel substitute to generate energy 

③ Achieve reduction, deodorization and detoxification of municipal solid waste and utilize landfill 

sites more effectively 

④ Contribute to build a low carbon city system for Bengaluru and sustainable development in India 

ultimately 

 

(2) Methodology 

This study comprehensively covers the following items related to Waste to Energy (WTE) and 

Refuse Derived Fuel (RDF) facility introduction in Bengaluru. 

 

1) WTE 

1. Basic Information Collection 

・ Current status on and existing plans of MSW generation, flow, waste characterization, MSW 

treatment and disposal strategies, MSW management facilities and treatment fees 

・ Current status on treatment and disposal of sewage sludge 

・ Current status of MSW segregation and segregation method that fits in the future scenario where 

a WTE plant exists 

 

2. WTE Facility Design 

・ Based on the results of (a), develop a conceptual design of a WTE facility taking into account the 

treatment capacity, waste quality to be accepted, incineration facility, waste heat recovery system 

(boiler, turbine, and adjunct facilities), approximate estimate of initial cost and operation and 

maintenance cost. 

・ Based on the results of (a) consider the possibility of co-combustion of sewage sludge. 

 

3. Financial Analysis 

・ The project cost varies largely depending on the location and specification of the electric power 

substation that the WTE plant connects to. Hence, conduct interview survey of relevant 
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organizations in Bengaluru and Karnataka State. 

・ Review project feasibility based on the economic evaluation. 

 

4. Survey for JCM Registration 

・ Set the default value that can assure Measurement Reporting and Verification (MRV) methodology, 

eligibility criterion and conservativeness. Particularly in determination of eligibility criterion, 

identify the facilities that are conventionally introduced, compare the local conventional 

technology and Japanese technology and confirm the superiority of Japanese technology. 

・ Study organizational structure for MRV implementation. 

 

5. Business Plan 

・ Based on the above, a business plan will be developed. Specific contents include financial plan, 

project implementing body, business planning procedures. 

 

2) RDF (RPF) 

1. Basic Information Collection 

・ Waste characteristics (e.g. physical composition and lower calorific value) 

・ Locations of cement factories in and around Bengaluru 

 

2. Business Development and Marketing 

・ Functions and roles of DWCC 

・ Estimation of annual plastic waste residue generation  

・ Needs survey of the potential customers (e.g. current fuel cost, possibility to use RDF, affordable 

cost) 

・ RDF preparation cost including collection, segregation, preparation, and transportation 

・ Marketing and identification of potential customers 

・ Interviews of potential partner companies 

・ Calculation of profitability 

・ Basic business plan development 

 

3. Facility Design 

・ Confirmation of product quality required from customers 

・ Calculation of initial cost of pre-treatment facility based on the determined scale, manpower, and 

capacity 

・ Determination of scale, capacity, location and the number of plants 

・ Basic RDF facility design  



10 

 

・ Survey of transportation plan 

 

4. Other necessary survey 

・ Survey related to Special Purpose Company (SPC) establishment such as local potential partner 

companies 

・ Necessary permits and approvals 

・ Environmental integrity securement 

 

5. Survey for JCM Registration 

・ JCM methodology development 

・ Organizational structure for MRV implementation 

 

6. Business Plan Development 

 

1-3  Implementing Structure 

The roles and responsibilities of different organizations that participated in this study are shown in 

the table below.  

 

Table 1-1: Roles and Responsibilities of the Organizations conducting the study 

Roles Organizations 

General overview 

and Advisory 

Yokohama City Government 

WTE EX Research Institute together with JFE Engineering 

RDF Mansei Recycle Systems 

Policy Research Institute for Global Environmental Strategies 

 

 

Figure 1-2: Implementation structure 
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1-4  Schedule 

The study components shown above and other related activities were conducted according to the 

schedule shown below. 

 

 

Figure 1-3: Study Schedule 
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2  Overview of India and Bengaluru 

2-1  Environmental laws and regulations of India 

(1) Laws and Regulations Related to Waste 

1) Classification of Waste 

Waste is classified in India as shown in the table below. Waste is broadly classified as Municipal 

Solid Waste (MSW), Hazardous Waste and Bio-Medical Waste and is governed by different 

regulations as shown below 

 

Table 2-1: Classification of Waste in India 

Classification Relevant Regulations 

Municipal Solid Waste 

The MSW (Management and Handling) Rules, 2000 

Commercial Waste (similar to 

Municipal Solid Waste) 

Horticulture / farm waste / 

Municipal Solid Waste） 

Horticulture Waste 

Hazardous Waste The Hazardous Wastes (Management and Handling) 

Rules, 1989 

Bio-medical Waste The Bio-medical Waste (Management and Handling) 

Rules, 1998 

E-Waste E-Waste Management and Handling Rules, 2010 

 

Municipal waste, the subject of this project is governed by the MSW (Management and Handling) 

Rules and its outline is summarized below. 

 

2) MSW (Management and Handling) Rules 

Municipal Solid Waste (Management and Handling) Rules, 2000: (MSW Rules 2000） is the 

governing regulation regarding municipal solid waste in India. This rule provides for the central 

pollution control board (CPCB) to monitor the implementation of the MSW rules 2000 and assigns 

the responsibility of the implementation of the rules to the various municipalities. The major points of 

the rule is listed below. 

 

 Focus on segregation of waste 

 Carry out activities regarding awareness raising for adequate management of waste 

 Involve the public and the NGO in the waste management process 

 Give priority to composting and methane fermentation for the treatment of organic 

component and minimize to the fullest extent the amount to be landfilled 

 

 In 2015, a proposal for the revision of the MSW rules 2000 has been proposed and its contents are 
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as follows 

 

 Classification of waste : Waste is categorized into 4 categories ; Dry or non- biodegradable, 

Wet or biodegradable, Domestic Hazardous waste, Construction and Demolition waste 

 Identification of the entities responsible for municipal solid waste : Clarification of the roles 

of the MoEFCC, MoUD(Ministry of Urban Development, Ministry of chemicals and 

fertilizers, Central pollution control board (CPCB), State pollution control boards(SPCB), 

municipalities, state government 

 Recognition of the informal sector :Material Recovery Facility (MRF) specified as the 

temporary storage place for non-biodegradable waste and segregation and collection of 

valuables by the informal sector is recognized 

 Introduction of User fee: Introduction of User-Fee for generators. Municipalities to 

determine the amount of user fee 

 Promotion of decentralized waste treatment facilities 

 Determination of waste management policy. Detail as follows: 

 

Table 2-2: Policy on waste management as proposed in the 2015 MSW rules (draft amendment)  

(Summary only) 

Parameter Content 

Storage of 

segregated solid 

waste at source 

Prohibition of littering and open burning of solid waste, Urban local 

bodies to promote public awareness and promote segregation 

Collection of solid 

wastes 

 Door to door collection of waste by vehicles 

 Bio-degradable wastes from fruits and vegetable markets, meat 

and fish markets, horticulture waste from parks and gardens, to be 

collected separately to make optimum use of such wastes and 

minimise the cost of collection and transportation of such waste 

 Large institutional premises, residential complexes to be 

motivated and incentivized to process bio-degradable waste 

within their campus to the extent it is feasible to do so 

 Construction and demolition wastes or debris to be separately 

collected and processed without mixing with other waste 

 Appropriate user fees or charges shall be levied from the waste 

generator 

Sweeping of street and 

cleaning of surface 

drains 

 Urban local body shall arrange for cleaning of roads, streets, 

lanes,bye lanes, surface drains and public places at regular 

intervals 

Secondary storage  Segregated solid waste collected from the door step to be 

transported directly to respective waste processing facility having 

facility of sorting and recovery of recyclable waste and in absence 

of such arrangement, the waste collected from the doorstep to be 

taken to waste storage depots for secondary storage of waste; 

 Not to bring in hazardous waste and E-waste 
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Parameter Content 

Material Recovery 

Facility（MRF） 

 The urban local body shall designate temporary storage spaces 

and setup material recovery facility where non bio-degradable or 

recyclable solid waste collected from the doorstep shall be 

temporarily stored by the urban local body or operator of the 

facility before solid waste processing or disposal is taken up in 

order to facilitate segregation, sorting and recovery of various 

components of recyclable waste by informal sector of waste 

pickers or any other staff or agency engaged by the urban local 

body for the purpose and such sorting facilities shall be so 

designed that the solid waste stored is not exposed to open 

atmosphere and shall be user-friendly. 

Processing of solid 

wastes 

Urban local bodies shall adopt suitable technology or combination of 

appropriate technologies, with emphasis on decentralised processing to 

make use of all components of wastes that can be processed so as to 

minimise burden on landfill. Following criteria shall be adopted, 

namely.- 

 (a) bio-degradable wastes shall be processed by bio-methanation, 

composting, vermi composting, anaerobic digestion or any other 

appropriate biological processing for stabilisation of wastes.  

 (b) it shall be ensured that composting or any other end product 

shall comply with standards as specified in Schedule–II and also 

ensure that no damage is caused to the environment during this 

process;  

 (c) to the extent feasible market waste may be processed or 

treated within the market area and horticulture waste within parks 

and gardens to make optimum use of such wastes and minimise 

the cost of collection and transportation of such waste;  

 (d) dairy waste shall be used for bio-methanation or vermi-

composting or aerobic composting, either separately or with other 

bio-degradable solid waste; 

 (e) arrangement shall be made to provide segregated recyclable 

material to the recycling industry through waste pickers or any 

other agency engaged or authorised by the urban local body for 

the purpose;  

 (f) residual combustible wastes shall be utilized for supplying as a 

feedstock for preparing refuse derived fuel (RDF) or for 

generating energy or power from the waste by adopting proven 

waste to energy technologies for which emission standards as 

well as standards for 18 dioxins and furans have been prescribed 

by the Central Pollution Control Board;  

 (g) non-recyclable plastics and other high calorific content waste 

may be utilized for co-processing in cement kilns or for polymer 

or fuel production or manufacturing of products such as door 

panels and the like nature; 

 (h) construction and demolition and other inert wastes shall be 

utilized for making bricks, pavement blocks, construction 

materials such as aggregates; and  

 (i) urban local body or the operator of a facility planning to use 

other state-of-the- art technologies shall approach the Central 
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Parameter Content 

Pollution Control Board to get the standards laid down before 

applying for grant of authorisation. 

Disposal of waste  land filling or dumping of mixed waste shall be stopped soon 

after the timeline as specified in Rule 10 for setting up and 

operationalisation of sanitary landfill is over;  

 landfill shall only be permitted for non-usable, non-recyclable, 

nonbiodegradable, non-combustible and non-reactive inert waste 

and other wastes such as residues of waste processing facilities as 

well as preprocessing rejects from waste processing facilities and 

the landfill sites shall meet the specifications as given in 

Schedule–I, however every effort shall be made to recycle or 

reuse the rejects to achieve the desired objective of zero waste 

going to landfill; 

 landfill site shall provide an appropriate facility for sorting, 

storing and transportation of recyclable material to the processing 

facility and ensure that such wastes do not get land filled;  

 all old open dumpsites and existing operational dumpsites shall be 

carefully investigated and analyzed about their potential of bio-

mining and bio-remediation and actions shall be taken 

accordingly in cases where such course of action is found 

feasible; and  

 In absence of potential of bio-mining and bio-remediation of 

dumpsite, it shall be scientifically capped as per landfill capping 

norms to prevent further damage to the environment. 

 

(2) Climate Change and Renewable Energy Policies 

1) Climate Change Policy 

As of 2012, India is the third largest emitter of CO2 in the world behind China and the US. On 30th of 

June, 2008, then prime minister of India, Mr. Manmohan Singh presented the National Plan for 

Climate Change (NAPCC). The plan identifies 8 missions until 2017 and requires the relevant 

ministries to present implementation plans to the Prime Minister’s Council. The major points of the 

missions is summarized below1.  

 

1. National Solar Mission: The NAPCC aims to promote the development and use of solar energy 

for power generation and other uses with the ultimate objective of making solar competitive with 

fossil-based energy options. The plan includes: 

・ Specific goals for increasing use of solar thermal technologies in urban areas, industry, and 

commercial establishments; 

・ A goal of increasing production of photovoltaics to 1000 MW/year; and 

・ A goal of deploying at least 1000 MW of solar thermal power generation. 

                                                        
1 Website of center for climate and energy solutions (http://www.c2es.org/international/key-country-

policies/india/climate-plan-summary) 
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Other objectives include the establishment of a solar research center, increased international 

collaboration on technology development, strengthening of domestic manufacturing capacity, 

and increased government funding and international support. 

2. National Mission for Enhanced Energy Efficiency: Current initiatives are expected to yield 

savings of 10,000 MW by 2012.  Building on the Energy Conservation Act 2001, the plan 

recommends: 

・ Mandating specific energy consumption decreases in large energy-consuming industries, 

with a system for companies to trade energy-savings certificates; 

・ Energy incentives, including reduced taxes on energy-efficient appliances; and 

・ Financing for public-private partnerships to reduce energy consumption through demand-

side management programs in the municipal, buildings and agricultural sectors. 

3. National Mission on Sustainable Habitat: To promote energy efficiency as a core component of 

urban planning, the plan calls for: 

・ Extending the existing Energy Conservation Building Code; 

・ A greater emphasis on urban waste management and recycling, including power production 

from waste; 

・ Strengthening the enforcement of automotive fuel economy standards and using pricing 

measures to encourage the purchase of efficient vehicles; and 

・ Incentives for the use of public transportation. 

4. National Water Mission: With water scarcity projected to worsen as a result of climate change, 

the plan sets a goal of a 20% improvement in water use efficiency through pricing and other 

measures. 

5. National Mission for Sustaining the Himalayan Ecosystem: The plan aims to conserve 

biodiversity, forest cover, and other ecological values in the Himalayan region, where glaciers 

that are a major source of India’s water supply are projected to recede as a result of global 

warming.  

6. National Mission for a “Green India”: Goals include the afforestation of 6 million hectares of 

degraded forest lands and expanding forest cover from 23% to 33% of India’s territory. 

7. National Mission for Sustainable Agriculture: The plan aims to support climate adaptation in 

agriculture through the development of climate-resilient crops, expansion of weather insurance 

mechanisms, and agricultural practices. 

8. National Mission on Strategic Knowledge for Climate Change: To gain a better understanding of 

climate science, impacts and challenges, the plan envisions a new Climate Science Research Fund, 

improved climate modeling, and increased international collaboration.  It also encourage private 

sector initiatives to develop adaptation and mitigation technologies through venture capital funds.  
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On October 1, 2015, India has presented the INDC2（intended nationally determined contribution）

to the UNFCCC. This specifies that India will have an objective to reduce the emission intensity of 

global warming gas by 33-35% by 2030 compared to 2005. However, emission intensity is the 

emission amount per GDP and hence even with a decrease in emission intensity, the total emission 

amount will increase.  

Further, the INDC has an objective of generating 40% of total energy generation through renewable 

energy by 2030. 

 

2) Renewable Energy 

Ministry of New and Renewable Energy (MNRE) of the central government is the responsible 

ministry for renewable energy policies in India. In the 12th 5-year plan, it is planned to increase the 

share of renewable energy in the energy supply from 2.53% in 2011-12 to 3.66 in 2016-17.  

In order to promote renewable energy, activities that are being undertaken include (1) Obligating 

the power companies to purchase renewable energy; (2) financial support (low interest loan, tax breaks, 

etc.) to renewable energy generators; (3)Support for Research and Development.  

In the state of Karnataka, energy regulations fall under the jurisdiction of Karnataka Energy 

Regulatory Commission (KERC) and the purchase-price of renewable energy (e.g. Feed-in-tariff) is 

also decided by KERC. Karnataka Renewable Energy Development Agency (KREDL) has been setup 

to act as the front for renewable energy in Karnataka. In regards to renewable energy policy, Draft 

Karnataka Renewable Energy Policy 2014-2020 has been prepared which predicts the power 

generation through Biomass, Cogeneration and MSW to be 400MW. The purchase price for renewable 

energy obtained from waste to energy has not been specified and is expected to be decided on a case 

by case basis. 

  

(3) Environmental Impact Assessment System 

In India, Environmental Impact Assessment (EIA) is a process that is a part of the Environmental 

Clearance (EC) process which is required for projects that have possibility to have adverse impacts to 

the environment. The EC process is stipulated by the Environmental Impact Assessment Notification 

– 2006 (EIA notification, hereinafter) of September 20063。 

The EIA notification requires 39 types of projects to obtain EC4。However, according to project 

type, a detailed EIA is not required and the necessity of carrying out EIA is determined during the EC 

process.  

                                                        
2 
http://www4.unfccc.int/submissions/INDC/Published%20Documents/India/1/INDIA%20INDC%20TO%20UNFCC

C.pdf 
3 EIA notification 2006  (http://envfor.nic.in/legis/eia/eia-2006.htm ) 
4 When the project lies in a forest area, it is necessary to get forest clearance according to the Forest (Conservation) 

Act before carrying out EIA.   

http://envfor.nic.in/legis/eia/eia-2006.htm


18 

 

Projects subject to EC clearance process are classified into 「A」or「B」according to the degree of 

health and resource impact and the process differs for the respective classification. 

The EIA notification requires the following projects to obtain Environmental Clearance.  

a）New projects specified in the Schedule of the EIA notification (39 types) 

b）Expansion work for existing projects classified under a) above. However, this only applies if the 

scale of the project after expansion exceeds the threshold limit specified in the Schedule.  

c）Changes to content of the project that fall under a) above resulting in exceeding of limitations 

specified by the notification 

 

All the Common Municipal Solid Waste Management Facilities are classified as「B」. 

 

Projects classified as [A], under the recommendation of the Environmental Appraisal Committee 

(EAC)5 setup by the central government, need to get the Environmental clearance from the central 

government (MoEFCC). However, projects classified as [B] need to get the Environmental Clearance 

from the State Environment Impact Assessment Authority (SEIAA) setup by the central government 

on the state level. The SEIAA provides Environmental Clearance based on the recommendation of the 

State level Expert Appraisal Committee (SEAC6). In states where SEIAA and SEAC do not exist, type 

[B] projects also have to undergo the same process as type [A] projects to obtain environmental 

clearance. 

According to the amendment (2009) of the EIA notification, power plants using biomass (up to 

15MW), Power plants using municipal waste without any hazardous components and power plants 

with heat recovery boilers (not using any auxiliary fuel) are exempted from the EC process7.  

 

 

(4) Water and Air 

1) Water (Prevention and Control of Pollution) Act 

The Water (prevention and control of pollution) Act, 1974 is an act aimed to prevent and manage 

water pollution and to improve water quality. It establishes the Central Pollution Control Board 

(CPCB) and the State Pollution Control Boards (SPCB) and defines their function and powers. Further, 

it also prohibits the discharge of effluent into public water bodies without the permission of the 

respective authority and establishes a system of punitive measures for those violating the act. Based 

on the Water Act, the Water (Prevention and control of pollution) Rules was formed which further 

clarifies the function of the CPCB along with determining the cost of carrying out water quality 

                                                        
5 A body established by the central government to provide technical advice to the MoEFCC during the evaluation of 

projects classified as type A. 
6 A committee established to give technical advice to the SEIAA  
7 EIA notification 2009 amendment（http://www.moef.nic.in/downloads/rules-and-regulations/3067.pdf） 

http://www.moef.nic.in/downloads/rules-and-regulations/3067.pdf
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analysis at CPCB owned laboratories. The relation between various environmental bodies is shown 

below. 

 

 

Figure 2-1: Outline of major environmental authorities in India  

 

2) The Air (Prevention and Control of Pollution) Act 

The Air (Prevention and control of pollution) Act, 1981 is an Act aimed to prevent, manage and 

mitigate the impact of air pollution. It gives power to the Central Pollution Control Board (CPCB) and 

State Pollution Control Boards (SPCB) to carry out necessary actions to achieve the objectives of the 

act. It also gives SPCB the power to designate Air Pollution Control Area and to regulate industrial 

activities in the area. SPCB has the power to designate stricter emission standards in the Air Pollution 

Control Areas after consultation with CPCB. Emission standards for solid waste thermal treatment 

facilities is shown below. 

 

Table 2-3: Flue gas emission standard for municipal waste thermal treatment facility (draft) 

Parameter Emission standard (O2 =11%, dry) 

PM 50 mg/Nm3 

HCl 50 mg/Nm3 

SO2 200 mg/Nm3 

CO 
100 mg/Nm3 (30 min average) 

200 mg/Nm3 (1day average) 

TOC 20 mg/Nm3 

HF 4 mg/Nm3 

NOx (NO and NO2 expressed as NO2) 400 mg/Nm3 

Total dioxins and furans 0.1 ng-TEQ/Nm3 

Cd+ Th + their compounds 0.05 mg/Nm3 

Mercury and its compounds 0.05 mg/Nm3 

Sb + As + Pb + Cr + Co + Cu + Mn + Ni + V 

and their compounds  

0.5 mg/Nm3 
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3) The Environment Protection Act (1986) and Environment Protection Rules 

The Environment Protection Act is the basic law on environment in India. The law stipulates the 

responsibility of the central government in terms of prevention of environmental pollution, its 

management and reduction. The central government is given the power to formulate the necessary 

rules and regulations to achieve the objectives of the act. In the Environmental arena, Water Act and 

the Air Act both were formulated before the Environment Protection Act. The act defines environment 

to include “water, air and land and the inter-relationship which exists among and between water, air 

and land, and human beings, other living creatures, plants, micro-organism and property”. The Act 

gives the central government the necessary power to formulate necessary laws and regulations to 

regulate the environment. Article 15 of the act stipulates provisions for penalty for contravention of 

the Act, rules etc.  

Environment Protection Rules, 1986 (latest amendment 2014) has been formulated under the 

Environment protection act. Article 3 of the rules stipulates the emission standard of effluents from 

factory etc. Schedule II of the rule stipulates the emission standard for effluent, flue gas, sound, 

chimney height etc. for 90 different industrial processes. The target substances differ among the 

industries and there are cases when special conditions are required for specific industries. An example 

is shown in the table below. 

 

Table 2-4: Example of Emission Standard 

Industry type Parameter Standard 

Oil refinery industry Oil and grease 10 mg/L 

Phenol 1 mg/L 

Sulphide 0.5 mg/L 

BOD(3 days at 27C) 15 mg/L 

Suspended Solids 20 mg/L 

pH to 8.5 

 

Article 5 of the Environment Protection rules stipulates the condition for setting up factories in 

specific areas. It gives the central government the authority to prohibit the setting up of factories in a 

specific area when the relevant conditions are not met.  

Further, Schedule VI stipulates effluent standard, standard for effluent generation amount, air 

emission standard, noise limit for automobiles etc. for industries/processes designated in Schedule II. 

It also makes it mandatory for certain businesses to present annual Environmental statement to the 

State Pollution Control Board. Schedule III also sets the noise standard as follows: 
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Table 2-5: Noise standard(Daytime：6 AM －9 PM, Night time：9 PM – 6 AM） 

Area code Area category Standard 

dB (A)（Daytime） 

Standard 

dB (A)（Night time） 

（A） Industrial Area 75 70 

（B） Commercial Area 65 55 

（C） Residential Area 55 45 

（D） Silence Zone 50 40 

 

 Schedule VII sets the air quality standard (National Ambient Air Quality Standards - NAAQS) as 

follows. 

 

Table 2-6: National Ambient Air Quality Standards (NAAQS) 

 Parameter time Industrial, Rural, 

Residential and 

others 

Sensitive Area 

1 Sulphur Dioxide 

(SO2) (μg/m3) 

Annual average 

24 hour average 

50 

80 

20 

80 

2 NO2  

(μg/m3) 

Annual average 

24 hour average 

40 

80 

30 

80 

3 PM10  

(μg/m3) 

Annual average 

24 hour average 

60 

100 

60 

100 

4 PM2.5 

(μg/m3) 

Annual average 

24 hour average 

40 

60 

40 

60 

5 Ozone 

(μg/m3) 

8 hour average  

24 hour average 

100 

180 

100 

180 

6 Pb  

(μg/m3) 

Annual average 

24 hour average 

0.50 

1.0 

0.50 

1.0 

7 CO  

(mg/m3) 

8 hour average 

24 hour average 

02 

04 

02 

04 
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2-2  Overview of Bengaluru City 

(1) Basic Information 

 Bengaluru City is the capital city of Karnataka State located in southern India. It is the third largest 

city in India with a total area of 741km2 and at population of 8.42 million. Located on the Deccan 

plateau, at a height of over 900 m above sea level, Bengaluru is known for its pleasant climate 

throughout the year. Bengaluru is known for IT industry, research establishments, aerospace industry 

and as a commercial hub for southern India. It is commonly referred to as the “Indian Silicon Valley”. 

 

  

Figure 2-2: Location of Bengaluru 

Source: d-maps.com http://www.d-maps.com/carte.php?num_car=4185&lang=en 

 

Bengaluru 
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(2) Climate 

Bengaluru is located at an average altitude of 920m over the sea level and enjoys a relatively 

moderate climate throughout the year. It has a tropical savanna climate (Köppen climate classification 

Aw) with distinct wet and dry seasons. The wet season is from May to October and the dry season is 

from November to April. The coolest month is December with an average temperature of 15 degree 

Celsius and the hottest month is April with an average temperature of 36 degree Celsius. 

2015 observed the warmest winter globally and this affected Bengaluru climate with continued 

unseasonal rain in December.  

 

 

Figure 2-3: Average High and Low Temperature and Rainfall in Bengaluru  

Source: Indian Meteorological Department, 

https://web.archive.org/web/20131203023115/http://www.imd.gov.in/section/climate/bangaluru2.htm 

 

(3) Population 

The population of Bengaluru in 2014 was 10,178,146 making it the third largest city in India in 

terms of population. Population has been rapidly increasing due to the development of IT industry and 

is expected to increase in the future.  
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Figure 2-4: Estimation of Population Increase in Bengaluru by 2021 

Source: Directorate of Economics and Statistics Bangalore, 2013. Projected Population of Karnataka, 2012-2021 

 

 The most populated area in Bengaluru is the city center which includes the East, the West, and the 

South zones. Dasarahalli Zone also has a relatively higher population density 

 

 
Figure 2-5: Ward-wise Population Density in Bengaluru 

Source: BBMP Restructuring HP: http://www.bbmprestructuring.org/wp/ward-population-density/ 
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(4) Administrative Boundary 

In January 2007, former Bengaluru City Government BMP (Bengaluru Mahanagara Palike) was 

consolidated with CMCs (City Municipal Council), TMC (Town Municipal Council), and 111 villages 

in the vicinity and become BBMP (Brihat Bengaluru Mahanagara Palike). Due to this consolidation, 

the area governed was expanded from 226km2 to 741km2.  

 

 
Figure 2-6: Consolidation of BMP and Other Municipalities 

Sources: Social Venture Partners, Bengaluru, 2014. Extracting Value from Bengaluru’s Dry Waste Chain 

 

 Bengaluru City is currently divided into 8 zones; central East, West, and South Zones and 

Byatarayanapura、Mahadevapura、Bommanahalli、RR Nagara、Dasarahalli Zones in the outskirts. 

In the outskirts a rapid urban sprawl has been occurring in recent years due to the rapid population 

growth. 
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Figure 2-7: Administrative Boundaries of and within Bengaluru City 
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3 Current Status of MSW Management in Bengaluru 

3-1  SWM Events in the Past 

 BBMP has been promoting PPP and contracting out of MSW treatment and disposal facilities 

development to the private sector since 2007 when BBMP was created. Although BBMP has 

developed a Municipal Solid Waste Management Masterplan in 2008, it does not match with the 

current situation due to the rapid population growth. Therefore, BBMP is managing the daily MSW 

generation in the city as per the policies below without adhering to the masterplan. 

 

 Actively promote segregation of MSW into wet and dry waste at source 

 Undertake transport of waste, processing and disposal only for segregated waste 

 Have decentralized MSW treatment and disposal facilities 

 Have centralized common facilities for landfill.   

 Have a combination of city owned facilities and private facilities for waste processing 

 Remediate and bio-mine the old waste dumps to recover resources and land. 

 

 Bengaluru has experienced “waste crisis” situation many times in recent years due to the lack of 

MSW management masterplan, inappropriate management of landfill site and open dumping and 

rapid population growth. Further, many local protests are commonplace whenever any type of MSW 

treatment facilities such as composting facilities or landfill sites are constructed. These circumstances 

have forced BBMP to forfeit its plans to owning a landfill site and therefore excess waste is not 

collected and can be found scattered around the city. On 17th of December 2015, the high court of 

Karnataka has passed orders seeking all waste generators to undertake three-part segregation. Waste 

is to be segregated into wet waste, recyclable waste and others. The table below summarizes the 

major events relating to MSW management in Bengaluru in recent years. 

 

Table 3-1: Chronological List of Events Related to SWM in Bengaluru  

Year Implementing Body Events 

2007 BBMP Mavellipura landfill site started its operation 

2008 

BBMP Municipal Solid Waste Masterplan for Bengaluru was 

developed 

Private company Composting facility started its operation 

BBMP ,  Private company Mandur landfill sites started its operation 

Private company started building composting facility and 

WTE facility in the southern area of the site.  

2012 

BBMP KSPCB closed Mavellipura landfill site in July due to the 

groundwater pollution and environmental regulation 

violation. 

BBMP Solid waste that had been transported to Mavellipura landfill 

site started to be transported to Mandur landfill site. The 

amount of solid waste accepted by Mandur landfill site 



28 

 

increased to 1,500t/day.  

BBMP Bingipura landfill site and Lakshmipura landfill site started 

its operations. 

2013 

BBMP , Mandur villagers Route to Mandur landfill site was blocked by the local 

villagers and this stopped solid waste collection services for 

10 days. This event was referred to as “waste crisis of 

Bengaluru”. 

 Private company Given a concession right for 600t/d facility at 

Subbarayanapalya  

 Private company Given a 600t/d concession at Mandur South 

 Private company Shortlisted for a 600t/d biogas plant project at Kannahalli 

 Private company Given a 1000t/d of WTE facility contract at Gorur 

2014 

 Private company Started operation of composting facility 

BBMP Closed Mandur operations. Shifted focus to Lakshmipura 

and Bingipura 

Private company Stopped construction of WTE and composting facility 

 Private company No progress so concession closed. 

BBMP Brought out a plan for segregation of waste into 6 

categories. 

BBMP, KUIDFC  Started construction of 6 compost plants across Bengaluru 

and upgradation of KCDC with funds available at KUIDFC. 

2015 

BBMP Lakshmipura and Bingipura were closed due to public 

protests and environmental regulation violation 

BBMP Started the 6 composting plants. A major segregation drive 

has been initiated and about 600 tons of organic segregated 

waste is being sent to the BBMP facilities. 

Dutch Consortium  Signed a consortium with the government of Karnataka to 

set up a 600t/d biogas facility. 

Polish company Signed a consortium with the government of Karnataka to 

set up a 400t/d biogas facility. 

Private company , BBMP 

plant at Kannhalli & 

Sigehalli and KCDC 

Facing significant local protests 

High court decision MSW segregation at source into three categories 

 

 

3-2  MSW Generation and Waste Characteristics 

(1) MSW Generation 

Data on the generation of MSW (excluding hazardous waste) in Bengaluru differs depending on the 

source of data; although it is estimated to be approximately 4,500t/d. Based on this number, MSW 

generation per capita in Bengaluru is calculated to be about 0.45kg/d. This is a relatively small number 

compared to other cities of India such as Delhi, Chennai, and Mumbai. This indicates the possibility 

that substantial amount of MSW is taken by the informal sector or uncollected. Considering this, it is 

more reasonable to think that the daily generation of MSW in Bengaluru is approximately 5,000 t/d.  

According to interviews with BBMP engineers in charge of SWM, approximate estimation of solid 
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waste generation in each zone and waste processing facilities where solid waste is transported are as 

shown in the table below. However, it should be noted that as the amount of waste received by a 

particular facility differs greatly day by and and the fact that BBMP is currently building new 

composting facilities and DWCC (Dry Waste Collection Centers), the numbers in the following table 

shows a large fluctuation on a day by day basis.  

 

Table 3-2: MSW Generation in Each Zone and Waste Processing Facilities 

Zones MSW 

Generation 

(t/d) 

Waste Processing facilities 

DWCCs Composting Facilities Capacity 

South 

916 168 

 Private company 250 

 Private company 300 

Kannhalli / Sigehalli 200 

East 894 140  Private company 600 

West 638 120  Private company 400 

Bommanahalli 
485 80 

KCDC  100 

Chikkanagamangala 100 

R R nagar 561 80 Subbaranapalya (BBMP) 100 

Dasarahalli 239 90 Dodda bidarakallu 100 

Yelahanka 
290 140 

Private company 70 

Doddabidarakallu 100 

Mahadevpura 468 80  Private company 200 

Total 4491 898  2420 

Source: Created based on the information provided by BBMP 

 

 As shown in the table above, difference between the total capacity of DWCCs and composting 

facilities and MSW generation is more than 1,000 t/d. Currently, there are no landfill sites available 

for MSW generated in Bengaluru and there are no plans to build a new landfill sites. As a result, a 

large amount of uncollected solid waste is found lying around in the city.  

 

  

Figure 3-1: Uncollected Solid Waste in the City 
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(2) Waste Characterization Survey 

 To understand the physical composition and low calorific value of MSW generated in Bengaluru, 

waste characterization survey was conducted. Solid waste samples were collected from the private 

composting facility operated by Company Awhere unsegregated waste is transported. 

 The composting facility operated by Company A mainly receives MSW generated from South, East, 

and Yelahanka zones. As solid waste generated from both the central and outskirts area of Bengaluru 

are transported to this facility, the study team judged that this site would be suitable for collecting a 

representative sample. During sampling, MSW from three vehicles for each zone was collected, mixed, 

and sampled. South zone is an upper middle class residential area, East zone is downtown area where 

lower to middle class residences are found and Yelahanka zone is a middle class residential area. 

Further, due to budgetary and time constaints, sampling was done within a period of two days. 

Therefore it should be noted that this survey does not accommodate the daily and seasonal fluctuation. 

 

1) Sampling and Physical Composition 

 Solid waste sampling and physical composition survey was conducted from November 30 to 

December 1, 2015. Sampling procedure is as follows. One sample is collected from each zone and 

three samples in total were collected from South, East and Yelahnaka zones. 

 

① Collected 66kg of representative solid waste from one vehicle and repeated this for three times 

to make 200kg sample from 3 vehicles per zone. 

② Cut large matters in the waste sample to make it less than 15cm so that all can be mixed well 

③ Mixed the solid waste sample by shovels and reduced the amount to 50kg by quartering method. 

④ Categorized 50kg samples of three zones into the following categories. 

・ Food 

・ Paper 

・ Textiles 

・ Woods and grasses 

・ Plastics 

・ Rubber and leather 

・ Metals 

・ Glasses 

・ Soil and sand 

⑤ Measured the weight of all the categories above and calculated the proportional rate.  

⑥ Reduced the volume of MSW samples to 5kg according to the proportional rate of the 9 

categorized types and put them in plastic bags.  
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Figure 3-2: Sampling and Cutting Large Matters of the Sampled Waste 

 

Figure 3-3: Quartering and Categorization of waste Sample 

 

Figure 3-4: Categorization of “Woods and Grasses” and “Soil and Sand” (right) and packaged 

samples for the further analysis (left)  

(”Woods and Grasses” and “Soil and Sand” were sometimes difficult to distinguish and hence were 

categorized by the method shown in the picture. Small matters were categorized as “Soil and Sand”) 

 

 The result of physical composition and water contents are shown in the table below. Yelahanka zone 

and South zone have higher ratio of plastic waste compared to East zone whereas East zone has a 
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higher ratio of “woods and grasses” and “soil and sand”. Sampling of Yelahanka zone and East zone 

was conducted on November 30, 2015 and South zone on December 1, 2015. The evening of 

November 30 observed heavy rain and hence this precipitation event is considered to be the reason 

why South zone’s water content is higher despite the fact that plastic waste ratio is higher than other 

zones.  

 It is desirable to conduct waste characterization survey in each season with 3 to 4 days of sampling 

in order to fully comprehend the daily and seasonal differences of solid waste. 

 

Table 3-3: Results of Physical Composition and Water Content Analysis of MSW in Bengaluru 

Items 

Yelahanka Zone South Zone East Zone 

Compositi

on by 

weight(W

et)  

Moisture 

Content 

Compositi

on by 

weight(W

et) 

MoistureC

ontent 

Compositi

on by 

weight(W

et)  

Moisture 

Content 

1. Food 9.7% 48.7% 5.2% 78.0% 1.6% 60.2% 

2. Paper 17.6% 48.1% 14.4% 57.0% 6.7% 52.1% 

3. Textile 5.4% 22.6% 8.6% 37.5% 4.7% 29.1% 

4. Woods and grasses 25.4% 51.4% 22.1% 68.6% 33.6% 57.9% 

5. Plastic 18.3% 6.8% 21.7% 41.6% 11.7% 26.9% 

6. Rubber and leather 0.6% 1.6% 0.9% 15.9% 1.4% 4.9% 

7. Metals 0.3% 0.1% 0.5% 3.2% 0.0% 0.0% 

8. Glasses 2.8% 26.3% 2.4% 10.7% 4.0% 11.3% 

9. Soil and sand 19.9% 46.8% 24.3% 63.8% 36.2% 58.7% 

Total 100.0% 38.8% 100.0% 55.6% 100.0% 50.2% 

 

2) Three Components and Lower Calorific Value 

 Moisture, combustible, and ash contents were analyzed for three samples in a MOEFCC certified 

laboratory. The results are shown in the table below. The reason for the relatively high ash content is 

because it contains glasses. The reason for the calorific value of South zone to be lower than the other 

zones despite the fact that it contains the largest portion of plastic is because its moisture content is 

higher due to the rain on the day before the sampling day. The lower calorific values of the sample 

taken are in the range of 1,700 to 2,000kcal/kg which justies their treatment through incineration. 

 

Three components Yelahanka Zone South Zone East Zone 

Water content (%) 38.8% 55.6% 50.2% 

Combustible content (%) 9.1% 12.0% 15.3% 

Ash content (%) 52.1% 32.4% 34.5% 

Total (%) 100% 100% 100% 

Specific gravity (kg/L) 0.41 0.45 0.72 

Low calorific value (kcal/kg) 2,082 1,769 1,913 

Average low calorific value (kcal/kg) 1,921 
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 The values in the table above have been plotted in the figure below. The three contents that can be 

incinerated without auxiliary fuel based on the World Bank Technical Guidance Report8 is shown in 

the colored area (moisture content below 50%, combustibles more than 25%, and ash less than 60%). 

This is a standard that was created by the World Bank based on various cases and not based on the 

Indian conditions. The area in red-dotted line is the area where the three components of the waste 

can be incinerated without supplementary fuel by the use of Japanese technology.  

 As shown in the figure below, the average value is in the zone of incinerable without auxiliary fuel 

zone according to the World Bank Technical Guidance Report. The lower value of South zone is out 

of the zone of being incinerable. The calorific value of South zone is not considered to be 

representative value due to the rain observed during the sampling. Although it lies outside of zone 

for waste that is incinerable without auxiliary fuel, superior Japanese technology can be used for its 

incineration.  

 

 

Figure 3-5: Three Components Value in Different Zones Plotted in Triangular Coordinates 

 

 The results of lower calorific value analysis and analysis on the triangular coordinates show that the 

wastes in Bengaluru can be fully incinerated without auxiliary fuel particularly by Japanese technology.  

  

                                                        
8 WORLD BANK TECHNICAL GUIDANCE REPORT Municipal Solid Waste Incineration 

WaterAsh

Combustible

100%0%

100%

0%

0%

100%

W=50%
Yelahanka
South
East
Average

Without auxiliary fuel zone of 
Japanese incineration technology

C>30% 、W<58%、A<12%

Without auxiliary fuel zone by 
World Bank Technical 
Guidance Report
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3-3  Solid Waste Management Facilities 

(1) Solid Waste Processing/Treatment Facilities in and around Bengaluru 

 The map below plots the major MSW processing/treatment/disposal facilities in and around 

Bengaluru including operational, closed/stopped and planned ones. All the facilities are located in the 

outskirts or villages far from the city center. The most-distant facilities such asCompany A and 

Company B composting sites are approximately 70km further from the city center and hence the 

transportation cost is considered to be quite high.  

 All the operational facilities among them are composting facilities or biogas facilities. With regards 

to the composting facilities,3 are operated by private companies, 6 are planned and now partially 

started being operated by BBMP and 1 has been operated since 1979 by Karnataka Composting 

Development Center (KCDC). As for the biogas facilities, 2 were planned but stopped and 2 are 

currently operational. As of January 2016, all the landfill sites were closed due to inappropriate 

management and associated environmental problems and there is no available final disposal site. 

Regarding the WTE combustion facilities, there were 2 proposals by two private companies. The 

construction of one of them is stopped due to the financial reasons whereas the other is currently facing 

a strong local protest. The map below shows the locations, types and current status of the MSW 

facilities existing in and around Bengaluru. 

 

 

Figure 3-6: Locations of MSW Management Facilities in and around Bengaluru  

MSGP
Terrafirma

Satarem Enterprise

Maltose Agri

Ramky Infrastructures

Noble Exchange

BBMP (Dodda Bidarakallu)

BBMP (Seegehalli)

Essel Infrastructure
BBMP (Kannahalli)

BBMP 
(Subbarayanapalya)

BBMP (Lingadeeranahalli)

Lakshmipura landfill Bingipura landfill

BBMP 
(Chikkanagamangala)

KCDC

Mandur Landfill

Srinivas Gayathri 
Resource Recovery 

Organic Waste 
Company

Mavellipura Landfill

Compost Facility

Biomethanation
Facility

Landfill Sites

Incineration 
Facility

Operational

Closed/Stopped

Planned

Color Legend

Symbol Legend

1 5 10km



35 

 

1) Landfill Sites 

Mavellipura landfill site started its operation in 2007 and was closed in 2012 due to the water 

pollution by the leachate in the nearby villages and environmental regulation violation. As a result of 

this, the city was covered with uncollected wastes and BBMP came under severe criticism.  

Mandur landfill site started its operation in 2010 and was closed in 2014 due to the strong local 

protest and environmental hazards such as leachate pollution. Bingipura landfill site and Lakshmipura 

landfill site started being operational in 2012 but were also closed in 2015 for the same reasons.  

Currently there is no available final disposal site and it is considered to be very difficult to secure a 

new landfill site because of the expected local protest.Therefore it can be said that the MSW 

management of BBMP is on the verge of crisis. Construction of sanitary landfill that can prevent odor 

and leachate leak and enhancement of sanitary landfill operational capacity as well as appropriate 

human resources is urgently needed. The table shows the overview of the existing landfill sites and 

their current status. 

 

Table 3-4: Status of Major Landfill Sites that Existed in Bengaluru 

Implementing Body 
Start 

year 

Planned 

capacity 

Accepted 

amount 
Status 

BBMP Mavellipura 

landfill site 
2007 ND 600 

Received 600 t/d of MSW and faced 

local protest due to leachate pollution. 

Closed in 2012 by KSPCB for the 

environmental regulation violation. 

BBMP Mandur landfill 

site 
2010 ND 2500 

Received 2,500t/d of MSW and faced 

local protest. Closed in November 2014.  

BBMP Bingipura 

landfill site 
2012 ND 1200 

Started being operational in 2012 and 

fully operational from 2014. Received 

800-1,200t/d of MSW and faced local 

protest. Closed in December 2015. 

BBMP Lakshmipura 

landfill site 
2012 ND 1000 

Received 600-1,000 t/d of MSW and 

faced local protest. Closed in the 

beginning of 2015.  

 

  

Figure 3-7: Closed Mandur Landfill Site (Left) and Leachate Found Outside of the Site (Right)  

2) Composting Facilities, Dry Waste Collection Centers（DWCC） , Other Recycling 
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Facilities 

 In this situation, BBMP is actively promoting waste segregation at source into wet waste and dry 

waste as well as construction of Dry Waste Collection Centers (DWCCs) in all the 198 wards. As of 

January 2016, 6 composting facilities were constructed by KUIDFC and operated by BBMP and 

approximately 150 DWCCs are operational. Besides these, Karnataka Compost Development Center 

is also operational.  

 As for the composting facilities, some are operated by the private sector. The table below is the list 

of composting facilities. 

 

Table 3-5: List of Composting Facilities in Bengaluru  

Implementing Body 
Start 

year 

Planned 

capacity 

Received 

amount 
Operational Status 

Karnataka Compost 

Development 

Corporation (KCDC) 

1975 800 300 

Currently operational. The planned 

capacity was 300t/d but expanded to 

500t/d. Residential area is getting closer 

due to the urban sprawl and started 

facing the local protest. 

 Private company 1994 1000 600 

Started operation in 1994 and changed 

the location several times and has been 

located 18km from Doddaballapura 

since 2008. A small biogas plant was 

installed but is not functional. It has a 

landfill site where dump excess of MSW 

is dumped openly and facing a strong 

local protest. The Chief Minister has 

mentioned the facility will be closed by 

March 2016. 

 Private company 2006 600 300 

Started its operation in 2006 but there 

were many local protests leading to its 

closure in 2012. The plant was restarted 

and is operating at about 100 tons per 

day. Trying for permission to set up 

waste to energy facility but looks 

difficult. 

 Private company 2014 600 800 

The concession was given in 2013 and 

being operational in 2014. The plant 

capacity is 600t/d but excessive amount 

is being received. Dumping excessive 

MSW in the site and no leachate 

treatment system. Facing local protest. 

BBMP（Kannahalli） 

2014 

500 

600 

6 composting facilities were constructed 

by KUIDFC and operated by BBMP 

contractors. Receives only segregated 

wet wastes of 500t/d. Started its 

operation except Lingadeerahalli. Have 

BBMP（Seegehalli） 100 

BBMP（Dodda 

Bidarakallu） 
300 

BBMP 200 
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（Subbarayanapalya） pilers for RDF production.  

 BBMP

（Chiknagamanagala） 
500 

BBMP

（Lingadeerahalli） 
200 

 

Table 3-6: DWCCs and Other Recycling Companies 

Implementing Body 
Start 

year 

Planned 

capacity 

Received 

amount 
Operational Status 

150 Dry Waste 

Collection Centers 

N/A 400 100 BBMP is planning to set up DWCCs for 

198 wards in the Bengaluru City. 

Currently 150 DWCCs are operational. 

The Operational bodies are mainly non-

profit organizations. 

More than 100 

Recycling Companies 

for Bulk Waste 

N/A N/A 1000-

1500 

There are more than 100 service 

providers signed by the BBMP for bulk 

waste management.  

 

In the current situation where there is no available landfill site, one composting facility is receiving 

more MSW than their planned capacities. The excess transported waste is just openly dumped in the 

unused land in their sites. In some cases, the leachate generated in the composting facility is not 

properly treated and discharged directly into the environment. It is likely that this is polluting the 

ground water and leading to strong local protests. 

 

  

Figure 3-8: Observed Open Dumping in a Composting Facility (Left) and Untreated Leachate 

Discahrged to the Environment (Right)  

 

 The representative composting process are: 1) segregate fresh MSW by trommel to over/ under 

100mm; 2) Compost the segregated MSW under 100mm; and 3) Sieve compost by trommel of 35mm, 

16mm, and 4mm then final compost is produced. Some composting facilities are producing the final 

compost of reasonably good quality but in other cases the quality leaves a lot to be desired. In a 
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composting facility operated by a private company, the temperature of the compost heap is being 

monitored and it ranges from 45 to 55 degree Celsius which does not reach the 60-80 degree Celsius 

range that is considered to be appropriate temperature for proper composting process. In another 

composting facility operated by a BBMP contractor, the temperature of the compost heap was around 

30 degree Celsius. This could be a concern for existence of pathogen problems in the final compost 

product in this case.  

 

  

Figure 3-9: Compost Heap (Left ) and Final Compost Product (Right) 

(Taken in a private composting facility) 

 

  

Figure 3-10: Compost Heaps at a BBMP Composting Facility 
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Figure 3-11: Compost Heap Temperature (Left ) and Final Compost Product (Right)  

(Taken at a BBMP Facility. The temperature is not high enough and final compost is immature)  

 

 In the BBMP operated composting facilities, plastic wastes are being sold directly or mixed with 

coconut shell and pile to produce RDF. RDF is being sold to cement plants near Bengaluru 

 

  

Figure 3-12: Segregated Plastic Residue (Left) and RDF Made of Plastic and Coconut Shell (Right)  

 

3) Biogas Plants 

Two private companies are operating small scale biogas plants by utilizing organic waste from 

hotels and agricultural wastes (Company A and B in the table below). Company C planned to set up a 

biogas facility in the south side of Mandur landfill site but the site was closed. So they are currently 

looking for a new site. Company D planned to construct biogas plant with 600t/d capacity in 

Kannahalli where other BBMP composting facilities are built, but the negotiation on tipping fee was 

stalled with BBMP so the plan was not realized. Besides these, 2 separate agreements on the 

cooperation for building 600t/d and 400t/d WTE plants were signed by the Dutch Government and a 

Polish company respectively in 2015 (described here as the technology is not shown).  
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Table 3-7: Status of Biogas Plants in Bengaluru  

Implementing Body 
Start 

year 

Planned 

capacity 

Received 

amount 
Operational Status 

Private company A 2014 250 20 

Collects organic wastes from hotels and 

operate the biogas plant. BBMP 

provided the land and now operational at 

20t/d 

Private company B ND 50 20 

Started as a biogas plant only for cow 

dung. Recently has started receiving 

organic waste of MSW.  

Dutch Consortium N/A 600 N/A 

Agreement to build WTE plant was 

signed between Dutch Ambassador and 

Karnataka State Government in the late 

2015. 

Polish Company  N/A 400 N/A 

Karnataka State Government and a 

Polish company signed an agreement to 

set up 400t/d WTE plant. 

Private company C N/A 600 N/A 

Was planning to build a biogas plant in 

the site of Mandur that was closed in 

2014. Currently asking BBMP for 

providing the alternative site. Given a 

concession for the project by BBMP in 

2011. 

Private company D N/A 600 N/A 

Was planning to build a biogas plant in 

Kannahalli but talk on tipping fee was 

stalled and project was cancelled.  

 

4) WTE Incineration Facilities  

 There have been two proposals on WTE Incineration facilities as shown in the table below. The 

facility proposed by company A was stopped during its construction due to the financial reasons and 

left out in the open in the Mandur site. The other proposal by company B is currently facing the local 

protest. The detail is described in the table below.  

 

Table 3-8: Proposals on WTE Facilities and Current Status in Bengaluru  

Implementing Body 
Start 

year 

Planned 

capacity 

Received 

amount 
Operational Status 

 Private company A N/A 1000 N/A 

Given a concession in 2008. Planned to 

build WTE incineration facility similar 

to the one in Hyderabad. After the initial 

investment of 600 million INR, no 

further investment was made and the 

construction was stopped. After that, the 

facility was left out in the open. BBMP 

cancelled the concession.  

Private company B N/A 1000 N/A Given a concession by BBMP in 2012. 
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(14MW) BBMP provided sites at Gorur village of 

Solur on the Neelamangal -Kunigal 

Road. There have been many protests at 

the site. Recently the high court has 

directed the government to enable set up 

of the project at location.  

 

 

Figure 3-13: SGRRL’s WTE Facility Left out in the Open after cancellation of Construction  

 

3-4  Segregation and Waste Flow 

(1) Background 

 BMP carried out a waste related pilot project called “Swaccha Bangalore” in 2000 with cooperation 

of Bangalore Agenda Task Force (BATF). This program aimed to implement effective waste 

management through an analysis of waste management chain such as collection, transportation, 

intermediate treatment, final treatment etc. and identification of issues. The pilot project, which only 

covered 25% of the city area at the initial stage, was highly evaluated and expanded to 50 % of city. 

The project covered 100% of the city in 2003, after the three year from the start and ended in 2005. 

One of these activities was promotion of the aggregation at source. 

After the merging of Bangaluru with the neighboring towns in 2007, BBMP conducted activities 

based on Public Private Partnership (PPP). However, waste segregation was not implemented enough 

and the mixed waste was treated at the Mandur and Mavalipura landfill. As a result, in 2012, Karnataka 

State Pollution Control Commission has instructed the closure of Mavalipura landfill and the residents 

opposed usage of the Mandur landfill. Bengaluru city fell into “Waste Crisis” with scattered 10,000 

ton of waste in the city. Decision in the trial from these issues requeseted the waste separation. In 

response to this result, BBMP has promoted segregation at source and the decentralized waste 

treatment facilities toward sustainable waste management from the simple waste management based 

on collection, transportation and landfill.  

In September 2012, BBMP issued a a guideline to promote segregation at source. This guideline 

has classified garbage into 6 categories of wet waste, dry waste, garden waste, rubbish, sanitary waste 
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and household hazardous wastes. 

 

 

Figure 3-14: The Six categories of waste in Bengaluru  

Source: http://www.deccanherald.com/content/279046/bbmp-issues-guidelines-garbage-segregation.html 

 

 Despite these efforts, segregation at source did not work properly and in December 2015, Karnataka 

state court gave an instruction to all the waste generators to promote segregation at source. In this 

instruction, three categories separation of wet waste, dry waste and other wastes is implemented with 

the primary purpose of processing in the compost or methane digestion gasification facility. However, 

the segregation rate is still low (less than 5%). Therefore, waste collectors need to separate the waste 

on the street. 

 

(2) Segregation and Waste Flow of Dry Waste 

 For dry waste, BBMP has set up Dry Waste Collection Centers in the city and promoted segregation 

(below table). 

 

Table 3-9：Common Types of Wet Waste and Dry Waste 

BIO-DEGRADABLE / WET 

WASTE 

NON BIO-DEGRADABLE / DRY WASTE 

 Vegetables and fruits 

 Food waste 

 Flowers and leaves from 

gardens 

 Paper: Newspapers, print-outs, diaries, text and note-books, 

tissue paper, carton boxes etc. 

 Plastics: PET and other bottles, utensils, plastic covers and 

packaging, milk covers etc. 

 Glass and ceramics: ketchup,  beer, whisky bottles etc. 

 Metals: soft-drink cans, aerosol cans, aluminium foils, etc. 

 Old clothes 
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 Tetra paks: juice, milk and whisky tetrapaks 

 Laminates: Crackers (kurkure) and biscuit packets, flour 

packets. 

Source: Bruhat Bengaluru Mahanagara Palike (BBMP) 

 

 There are currently 150 Dry Waste Collection Centers run by BBMP, NGO and private companies 

(table 3-10). BBMP aims to establish Dry Waste Collection Centers at all 198 wards in the city. 

 

Table 3-10: Examples of Dry Waste Collection Centers 

 
Source: Bruhat Bengaluru Mahanagara Palike (BBMP) 

 

Waste discharged from households or bulk generators (generating more than 10kg/day) is collected 

Door to Door (D2D) by Pourakarmikas or waste pickers and transferred to Dry Waste Collection 

Center. The Dry Waste Collection Centers purchase the waste. D2D collection is a key for segregating 

dry and wet waste at the source. The aggregated waste at Waste Collection Center is sold to buyers 

(Jolly Mohalla) according to the type of waste and subsequently recycled (Figure 3-15). 

There are efforts to segregate recyclable waste at Dry Waste Collection Centers, but the residue and 

non-usable fraction will have to be ultimately landfilled. Some plastics are not suitable for material 

recycling and therefore some improvements (such as RDF utilization) are required. Figure 3-16 shows 

an example of separation of plastics and coconut shells at a Dry Waste Collection Center. 
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Figure 3-15: Flow of Dry Waste in Bengaluru 

Source: Bruhat Bengaluru Mahanagara Palike (BBMP) 
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Figure 3-16: Separated and stored coconut shell (left) and plastic (right) at a DWCC 

 

(3) Separation and Waste Flow of Wet Waste 

A part of wet waste such as food, vegetable, fruits, flower, garden tree etc. discharged from 

households or bulk generators (generate more than 10kg/day) is collected and transported to the 

compost facilities for recycling.  

Since Major landfill sites such as Mandur, Lakshmipura, Bigupura have been closed, BBMP is 

making efforts to reduce waste amount to landfill by establishing composting and biomethanation 

facilities in the suburbian areas. RDF facilities are also installed at some of the existing composting 

plants and are producing RDF by compressing plastics mixed in organic waste. Apart from compost, 

biomethanation facilities producing electricity from organic waste are under operation at Maltose, 

Nobel Exchange but the treatment capacity of these facility is 20 ton/day and relatively small. The 

figure below shows the flow of wet waste in the city.  

 

 

Figure 3-17: Flow of Wet Waste in Bengaluru 
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Due to D2D collection and collection from the bulk generator, the dry waste is extracted from wet 

waste for composing. However, low quality plastics such as plastic shopping bags are still mixed 

(Table3 18). Further efforts on segregation at source and mechanical treatment at composting facilities 

as intermediate treatment are needed. 

 

 

Figure 3-18: Composting Organic Waste (left), bailing reside of plastic (right) 

 

3-5 BBMP’s Solid Waste Management Governance Structure 

 BBMP is managed by Urban Development Department of Government of Karnataka. BBMP has 

two wings; one is the political wing consisting of elected members and the other is the administrative 

wing. The political wing is led by Mayor elected every year and the administrative wing is led by 

Commissioner who is appointed by the Government of Karnataka. The political wing has a council 

consisting of elected members in the 198 wards, Karnataka State Government and Central Government 

and there is also a Health Committee in it. The Health Committee discusses and directs on SWM issues 

and advises the administrative wing on the policy directions. 

 Actual SWM services are provided by organization and personnel in the administrative wing led by 

the Commissioner. A person in charge of solid waste management is Special Commissioner of Solid 

Waste Management. Special Commissioner is supported by Joint Commissioner for the organizational 

operation. Technical support for Special Commissioner is provided by Chief Engineers but this 

position is currently vacant and this is conducted by Assistant Engineers to the Joint Commissioner. 

These personnel are the people handling the daily basis operation. 

 The roles and responsibilities on SWM service of BBMP is clearly divided between central office 

and zonal offices. The central office is mainly responsible for comprehensive planning of SWM, 

project planning and implementation such as compost facility operation, signing of concession 

agreements for new projects, etc.. On the other hand, the zonal offices of the BBMP are responsible 

for managing the collection, transport and the waste management facilities to which they send the 
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waste to. A Joint commissioner heads the zonal offices of the BBMP. An Engineering team 

(Superintending and Executive Engineers) for managing the solid waste activity supports the Joint 

Commissioner.The figure below summarizes the organizational structure of BBMP related to SWM.  

 

 

 

Figure 3-19: Organizational Structure of BBMP for SWM 

 

 

3-6  Current Status of Sewer Sludge and Treatment Plan 

(1) Current Status 

 In Bengaluru, the jurisdiction of water and sewer lies with BWSSB (Bangalore Water Supply and 

Sewerage Board). Water in Bengaluru is being supplied through the Cauvery River Water Supply 

Scheme at a rate of 1450 MLD from Cauvery River which is about 100km away. Development of 

water and sewer infrastructure to cater for the increase in population is becoming one of the challenges 

for Bengaluru.  

The generation of sewer in Bengaluru has been estimated to be about 1125 MLD for 2011 and it is 

predicted that the amount9 will increase to 1464MLD in 2021 and 1949 MLD in 2036. Currently, 

                                                        
9 Presentation on Status of Water and Sanitation in Bangalore, V.C. Kumar, BWSSM 

( http://icrier.org/pdf/bangalore_status.pdf ) 
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there are 14 sewer treatment plants under the jurisdiction of BWSSB as shown below. 

 

Table 3-11: Outline of sewer treatment plants in Bengaluru 

No. Name of the Plant Treatment 

capacity (MLD) 

Treatment process 

1) Vrishabhavathi Valley 180 Secondary – Trickling filters 

2) K & C Valley 248 Secondary:Activated sludge process 

3) Hebbal Valley 60 Secondary: Activated sludge process 

4) Madivala 4 Secondary+oxidation ponds + constructed 

wetlands 

5) Kempambudhi 1 Secondary: extended Aeration 

6) Yelahanka 10 Activated sludge process + filtration + 

chlorination (Tertiary) 

7) Mylasandra 75 Secondary – Extended aeration 

8) Nagasandra 20 Secondary -Extended aeration 

9) Jakkur 10 Secondary – UASB + Extended aeration 

10) K. R. Puram 20 Secondary – UASB+Extended aeration 

11) Kadabeesanahalli 50 Secondary - Extended aeration 

12) Rajacanal 40 Secondary - Extended aeration 

13) Cubbon Park 1.5 Membrane Bio Reactor 

14) Lalbagh 1.5 Extended Aeration + Plate Settlers + UV 

disinfection 

合計 721  

※MLD：Million Liters per Day 

Source: Presentation on Status of Water and Sanitation in Bangalore, V.C. Kumar, BWSSM 

(http://icrier.org/pdf/bangalore_status.pdf ) 

 

BWSSB does not measure volume of sludge produced aat the sewage treatment plant. Almost all of 

the sewage sludge from the 14 existing treatment plants are purchased by the farmers of the 

surrounding areas and used as fertilizers. The purchase price has been reported to be about Rs 450 for 

a truck (9 tons). In the K&C Valley plant, a part of the sewage sludge is used for electricity generation 

and a total of 1MW of electricity is generated from a 60MLD plant, which caters for about 50% of the 

electricity required by the plant. 

 

(2) Characteristics of the Sewage Sludge 

Sewage sludge from the K&C Valley plant was analyzed to determine its characteristics. The result 

is summarized below. 

 

Table 3-12: Characteristics of Sewage Sludge from Sewer Treatment Plant* 

 Method Sample 1 Sample 2 Sample 3 

Calorific value (Kcal/kg) ASTM E711-87 2,549 2,688 2,544 

Cl2  (mg/kg) ASTM E778-87 176 199 81 

S (%) ASTM E775-87 0.26 0.42 0.35 

http://icrier.org/pdf/bangalore_status.pdf
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N (%) ASTM E778-87 3.85 3.8 1.75 

C (%) ASTM E778-87 50.54 49.41 48.52 

H (%) ASTM E778-87 6.21 5.98 7.41 

水分(%) Gravimetri method 87 87.5 87.7 

灰分(%) Gravimetric method 5.6 5.2 5.3 

*Sewage sludge were collected from 3 sludge drying pits located at K&C Valley plant on Dec 2, 2015 and analyzed 

at a MoEF accredited lab in India. 

 

(3) Plans for Sewer Treatment Plants 

 A Master Plan (for up to year 2050) for the treatment of sewage sludge is being prepared by a 

consulting firm and it expected to be disclosed in 2016. According to information obtained from 

interview with a BWSSB personnel (Nov, 2015), approval for the construction of 6 STPSs equivalent 

to 520MLD in total has been granted by the government and it is expected that their construction will 

be completed by 2019. An outline of the proposed facility is shown below. 

 

Table 3-13: Proposed STPs in Bengaluru 

 Proposed construction site Capacity(MLD) 

1. Vrishabhavathi Valley. 150 

2. Hebbal Valley 100 

3. K&C Valley 150 

4. Bangalore University Valley 60 

5. K.R. Puram 20 

6. Doddabele 40 

Total 520 
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4  Future SWM in Bengaluru 

4-1  SWM Scenario 

(1) MSW Generation in the Future 

 The municipal solid waste generation is estimated for the target year 2025to examine a scenario in 

the future. Population forecast for Bengaluru until 2021 is made based on the census in 2011. 

Population is predicted to reach 14.17 million in 2021 from 9.59 million in 2011. Population is 

predicted to be 16.59 million in 2025 using the population growth rate of 2020-2021. 

 Further, solid waste generation per capita was 0.445 kg/day/person in Bengaluru in 2012. It is the 

smallest among the mega cities in India. Solid waste generation per capita is 0.708 kg/day/person in 

Chennai, which is highest in the same year. High growth of solid waste generation is expected 

reflecting India’s high economic growth. Solid waste generation is estimated based on the fact that 

solid waste generation per capita will be the same as Chennai in 2025. 

 Solid waste generation in Bengaluru is estimated to be about 11,700 t/d in 2025. 

 

 

Figure 4-1: Estimated solid waste generation for 2015-2025 

 

(2) Improvement of Waste Flow 

1) Treatment Facilities 

 Following issues and challenges in regards to present and future waste flow exist. Reduction of 

waste to be landfilled and establishment of new landfill site is urgently needed. 

 

 Quality of compost is low (such as including plastic). Some of the compost produced will 
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not be accepted by farmers as the volume of compost is too large and transportation cost 

will become higher for farmers.  

 There is already a lot of objection from residents against running compost facilities and 

some facilities have stopped operation because of the objection from time to time. That 

means it will be difficult to operate all the compost facilities in a stable manner.  

 A large volume of waste will be rejected and needs to be dumped at the compost facilities 

(some with RDF facilities). 

 RDF users such as cement companies complain on the quality of RDF as RDF has high 

water content and its calorific value is low.  

 Much volume of plastics is rejected at DWCCs.  

 No new landfill site is planned now. Vacant space in the compost facilities is used currently 

in place of a landfill site. There will be no landfill space when vacant space in the compost 

facilities becomes full. 

 BBMP does not well understand the situation on solid waste management by bulk waste 

generators. 

 

The most important issue is the significant reduction of amount of waste that needs to be landfilled 

and pollution load from landfill site. Hence, introduction and expansion of waste treatment facilities 

is an urgent matter in order to reduce the amount of waste landfilled. Furtherutilization of waste for 

energy generation is an important option to respond to growing energy demand and diversification of 

energy source. 

The study team proposes following approach to improve SWM in Bengaluru. 

The proposed approach is to reduce the amount of waste landfilled significantly by a combination of 

measures such as waste segregation & recycling ,RDF(RDF) utilization and WTE as can be seen in 

City of Yokohama, Japan. Such appropriate management of solid waste contributes to forming a better 

living environment and the reduction of GHG emission 

 

2) Target of introduction of treatment facilities10  

 Treatment facilities already planned and approved include a total of 4,550 t/d compost plants but 

many of the facilities accept much less waste than planned capacity. . Also many treatment facility 

plans were withdrawn. Further, if dry waste is well segregated and brought to DWCCs, DWCCs can 

work as expected. As a result, it is fragile to plan treatment facilities in a quantitative way for future 

waste generation. 

 However, treatment facilities to treat the increased amount of waste in the future, treat the rejected 

waste at composting and RDF facilities and DWCCs is required. In order for that, 

                                                        
10 refer to 4) for GHG reduction 
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construction/improvement of the following is necessary. 

 

(a) Improvement of Existing RDF facility: 

At the existing RDF facilities, produced RDF is of low quality witha high moisture content and low 

calorific value. To respond to this issue, upgrading the process can decrease the moisture content. The 

method of upgrading is adding separation, dewatering and drying process as shown in chapter 6-3. 

Further, utilizing plastics left in the DWCCs can improve the quality of RDF and can lead to increased 

supply of RDF, reduction of waste to be landfilled and reduction of GHG through utilization of RDF 

as alternative fuel in cement plants. 

(b) Installation of WTE facility: 

Incineration, can reduc the amount to be landfilled significantly (about 95%). Heat generation from 

incineration can be utilized for electric power generation. By supplying electric power to electric grid, 

GHG emission in the grid side can be reduced. Residue generated from WTE facility is ash which 

does not cause sanitary issues at landfill sites. 

 

3) Locations 

In the megacity of Bengaluru,it is not realistic to introduce a very large scale waste treatment plant 

taking into account the transportation cost in the mega city area and changing waste volume and 

characteristics. Instead, a decentralized location would be suitable. In Tokyo, Tokyo metropolitan 

government has taken a similar stance to location. Considering these issues, the study team proposes 

the following: 

(a) RDF facility will be situated at location/s where the collection of good quality of waste plastic is 

possible and access to user/s of RDF is good.  

(b) WTE facility will be located at place/s where the discharge of relatively large and stable amount 

of waste is expected and stringent pollution control measures are required  

(c) Existing operating small facilities are kept. Such small facilities are biogas plant in the Freedom 

Park and markets. 

 

4) GHG Emission Reduction 

(a) Improvement of RDF facility: Replacing fossil fuel with RDF and increase of power generation 

at the RDF user facilities 

(b) Installation of WTE facility: Reduction of fossil fuel use in the power grid which power is 

supplied to from WTE facility. Also, organic waste will be reduced mentioned in (c). 

(c) Methane generation will be decreased at landfill sites because of reduction of organic waste intake. 
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5) Model Facilities as the first step 

 As a short term response, improvement/installation of model plants treatment facilities with 

appropriate technologies should be commenced. 

(a) Model RDF Plant: Upgrade of an existing RDF facility line with a minimum amount of cost as 

the Model RDF plant.  

(b) Model waste to energy (WTE) plant: Due to the following reasons, it is better to start a WTE plant 

construction with a model plant scale. 

・ It is important to get better understanding on WTE including effect of WTE.  It is important to 

understand individual effects such as reduction of waste amount, pollution control measures and 

power generation capacity. A model scale plant can form as a basis for expansion to a full scale 

WTE plant. Further, during the design stage, the plant can be customized to better reflect 

Bengaluru`s requirements.  

・ As there are no existing WTE facilities in Bengaluru, accumulation of know-how on the operation 

and training of operation staff is required. 

・ A WTE facility constructed in Delhi was not successful due to protests from the public and a low 

feed-in-tariff. A model plant is necessary to address these issues.  

 

6) Improved waste flow 

 Above mentioned proposals can improve the MSW flow in Bengaluru as shown below.  

 

 

Figure 4-2: Improved MSW Flow 
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(3) Improvement Steps 

 As time and funding is required for improvement, the study team proposes a step by step 

improvement. 

Step 1: Installation of model RDF plant 

Step 2: Installation of model WTE plant 

Step 3: a) Expansion of RDF plant and WTE plant, b) capacity building of BBMP and related 

institutions, c) strengthening segregation of waste 

 

 

Figure 4-3: Improvement Steps 

 

4-2  Improvement of Institution and System 

In order to introduce RDF and Waste to Energy facilities in a step-by-step manner as described in 

4-1 improvement of waste management system in Bengaluru is necessary. This section will explain 

the points to strengthen institutions and systems. 

 

(1) Improvement of Separation and Collection at Source 

 In Bengaluru city, segregation at source for the dry and wet waste has been initiated. For the dry 

waste, Dry Waste Collection Centers have been established and purchase of recyclable wastes is being 

promoted. Door to Door collection has been introduced in 2001 and coverage area has been expanded. 

Current coverage is 40 % of the city and the city has some room to grow. In addition, it is necessary 

to encourage bulk generators to work with Dry Waste Collection Centers and promote segregation and 

appropriate treatment. 

 

(2) Awareness Raising of Limitation of Composting and Potential of WTE Technology 

 BBMP expects to utilize wet waste as organic waste for composting or energy production through 

biomethanation. However, current waste production in Bengaluru is 4,500-5,000 ton/day of which 

2,500-3,000 ton is considered to be organic waste. In order to response to the increasing demand in 
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the future, BBMP plans to construct more compositing facilities in the suburbs of the city. The capacity 

of the composting facility is expected to be between 100 to 500 tons/day. Currently, composting 

facilities under operation face opposition from the neighboring residents due to the bad smell from the 

process. It requires more spaces to make composting mature in order to correspond to the increasing 

treatment amount. Therefore, it is necessary for the residents to understand that there is a limitation of 

composting facility for waste management. At the same time, in order to conduct proper disposal in a 

sanitary manner, conserve spaces and extend the life of landfill sites, it is important to understand that 

introduction of WTE technology through a step-by-step process. Incineration is still not viewed 

positively by the residents. However, national government of India has considered WTE to be one of 

the solutions to reduce GHG emission at INDC submitted at COP21 and the awareness raising is 

needed. 

  

(3) Shared Responsibility among Stakeholders 

 Since 2013, it has been decided that bulk waste generators with more than 10kg per day are required 

to have a contract with a waste treatment company for the collection and treatment. However, in some 

cases, wastes are treated by open burning or through illegal dumping. To prevent this and ensure the 

traceability and accountability for bulk waste generators, it is necessary to introduce a manifest system 

and data management. Waste amount reduction can be achieved by sharing the burden appropriate to 

the amount of waste by generators, and illegal or inappropriate waste companies can be eliminated by 

introducing manifest system and data management. 

 

(4) Indroduction of Extended Producer Responsibility (EPR) 

BBMP wants to introduce the Extended Producer Responsibility (EPR) concept thereby requiring 

product producers to take care of the responsibility from waste collection to disposal. BBMP wishes 

to develop recycling parks through fund from money collected from taxation to plastic and metal 

bottles.  

 While the EPR concept is considered as a new funding scheme for recycling and waste disposal, the 

introduction of EPR in Bengaluru will be challenging at the moment. Taking container packaging as 

an example, it is necessary to identify the manufacturers and users of packaging and and to establish 

a packaging association. It is also important to consider how to share the responsibility among 

producers, consumers, municipalities. Further, monitoring system to understand and track the data on 

amount of treated waste is necessary. 
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5  Waste to Energy Facility 

5-1  Preliminary Design 

 This chapter demonstrates the preliminary design of the model waste to energy facility which is 

described as the second stage improvement in Chapter 4. In this design, site of the facility is not 

specified. The treatment flow of the model WTE facility is shown below. 

 

 

Figure 5-1: Treatment Flow of the Model WTE Facility 

 

(1) Plant Capacity 

 In the megacity such as Bengaluru, it is not realistic to introduce a very large scale waste treatment 

plant considering transportation cost in a large area and changing waste volume and characteristics. 

Considering present waste collection route, treatment facility location and compost plant capacities, 

the plant capacity is set as 300 t/d. 

 

(2) Design Summary 

Stoker furnace is selected for incineration method. Design summary is shown in the table below. 

 

 It can accommodate various types of wastes 

 It can flexibly adapt to change in waste characteristics 

 Large scale plants can be constructed 

 Technology is mature and many plants have been constructed and are already operating 

 

Table 5-1: Design Summary 
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Items Basic Specifications 

Treated Waste Collected waste 

Treatment Process Incineration in stoker furnace with power generation 

Plant Capacity 300 t/d (300 t/d×1 line) 

Annual Working Days 310 days 

Average lower calorific value of waste 8,037kJ/kg (1,921 kcal/kg) 

Power Generation Capacity 6.2MW 

Annual Power Sales 33,034MWh/year 

 

(3) Outline of the Process 

The plant mainly consists of the following facilities: waste receiving and charging system, 

incineration furnace system, flue gas cooling and heat recovery system (boiler), flue has cleaning 

system, heat utilization system (electric power generation) and ash (bottom & fly) discharging system. 

Incineration process flow is shown by the figure below and outline of each major system is described 

in the following sections. 

 

 

Figure 5-2: Process Flow of Incineration System 

 

1) Waste Receiving and Charging System 

Waste charging hopper has a wide opening to prevent occurance of bridges. With the combination 

of a waste chute having enough sealing height to prevent fire blow-off from furnace inside, it is able 

to bring waste into furnace smoothly. 
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2) Incineration Furnace System 

① Waste Charging Hopper and Chute 

Waste charging hopper has a wide opening to prevent occurance of bridges. With the combination 

of a waste chute having enough sealing height to prevent fire blow-off from furnace inside, it is able 

to bring waste into furnace smoothly. 

 

② Waste Feeder 

Charged waste is efficiently and smoothly fed to the furnace by a hydraulic driven pusher-type waste 

feeder. Waste amount fed by this feeder is controlled and/or set by automatic combustion controller or 

remote operation. 

 

③ Combustion system (Combustion stoker) 

Combustion system consists of movable grates and fixed grates. The type of grate is JFE-Hyper 

Grate, it has cooling fins inside grate piece, and therefore each grate piece can be cooled down 

efficiently through combustion air (primary air) blowing in. 

Speed of movable grates driven by hydraulic devices are controlled and/or set by automatic 

combustion controller or remote operation. 

In addition, there are separated blocks to supply air for drying and combustion under the grates, and 

the supply air flow is controlled and/or set by automatic combustion controller or remote operation. 

 

④ Furnace 

In this plant, JFE Two-Way Flue Gas Stoker Furnace which has intermediate ceiling is proposed. 

Since Two-Way Flue Gas Stoker Furnace can accommodate stable waste combustion against wider 

calorific value of waste, it is optimum for India; 

Main combustion chamber consists of water cooling wall of boiler in order to maximize waste heat 

recovery. Inside furnace is lined with high heat resistant refractory. For those parts where clinker 

relatively easily adheres, a structure of air cooling wall or water cooling wall is designed. 

The intermediate ceiling divides flue gas into 2 streams which flow through flue gas main path and 

sub-path and then turbulently mixes up in the secondary combustion chamber. Therefore, it is able to 

promote complete combustion by this raged confluence, while able to reduce generation of dioxins 

and NOx during combustion. Further, because this ceiling brings combusting waste effective thermal 

radiation, bottom ash quality is kept in a good condition and it is possible to greatly reduce 

environmental impact to final landfill. 
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Figure 5-3: Structure of JFE Two Way Flute Gas Stoker Furnace  

 

3) Automatic combustion control (ACC) System 

Conventional automatic combustion control system has been used for maintaining stability of 

combustion condition by feedback control which adjusts each operation values based on control value 

from the waste incineration process.  

Although feedback control is responsive to long-term change, it cannot respond to momentary 

change.  

Hence, JFE has developed a Hybrid ACC system that is able to respond to momentary change by 

combining fuzzy control with conventional ACC system. 

 



60 

 

 

Figure 5-4: JFE Hybrid ACC Concept  

 

4) Flue Gas Cooling and Waste Heat Recovery System 

Boiler is installed for cooling flue gas and for recovering waste heat to produce steam efficiently. A 

natural circulation boiler with single drum is applied for this planning. 

Boiler drum is fed high temperature water which is pre heated from heat generated from the de-

aerated economizer. Boiler water flows down through distribution pipes by natural circulation and 

after being heated by heating pipe the heated water rises due to difference in specific gravity. Finally 

it returns to the boiler drum where the team and water are separated.  

 High pressure saturated steam from boiler outlet is heated in super heater and the superheated 

steam is transported to steam turbine for power generation. 

This boiler is operated under three component control: feed water flow, water level in boiler drum 

and produced steam flow and hence is highly controllable. Due to this, this operation is especially 

optimum for a boiler adopted for a furnace which is selected for incinerating waste with variable 

calorific range. These controls run automatically by setting steam flow.  

Dust adhering to the surface of heat transfer pipes is cleaned by steam blow (soot-blower). 

Surrounding equipment and ancillary equipment are also included in the heat recovery system, such 

as de-aerator, demineralizer, boiler chemical dosing unit, continuous blow-down unit, boiler water 

monitoring unit, etc. 

 

5) Flue Gas Cleaning System 

① Acid Gas (HCl: Hydrogen chloride, SOx: Sulfur oxide, HF: Hydrogen fluoride) Removal 

Equipment: 

Dry type system, slaked lime powder is injected into an inlet duct of a bag filter by high pressure 

air from an injection blower. This system consists of slaked lime silo, slaked lime feeding device, 
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injection blower, etc. Calcium chloride [CaCl2] and calcium sulfide [CaSO4] which are produced 

from HCl, SOx removal systems are powdery and captured in bag filter. 

 

② Dioxins Removal Equipment 

Dry type system, activated carbon powder is injected into the flue gas duct with slaked lime 

powder. Activated carbon powder absorbs gaseous dioxins contained in flue gas. These powders 

and dioxins particles are captured by bag filter. AsJFE Two-Way Flue Gas Stoker Furnace makes 

it possible to restrain dioxins generation by adequate combustion control which greatly 

contributes to reducing activated carbon consumption. 

 

③ Dust Removal Equipment 

Bag filter is applied for this planning and it removes dust including all solid products present in 

the harmful gas removal process. Pulse jet method is adopted for removing the dust sticking on 

the surface of filter cloth, which is achieved by injecting compressed air through blow tubes on 

a fixed interval. Removed dust is discharged from bottom hoppers by bag filter conveyors and 

transferred to a fly ash silo by fly ash conveyors. 

 

④ Nitrogen Oxides (NOx) Removal Equipment 

Since the JFE Stoker Furnace for this planning is effective in promoting the reduction reaction of 

NOx by two-way flue gas flow, it makes it possible to comply with the present environmental 

regulation through appropriate operation of the furnace. Hence, there is no need to install a NOx 

removal equiplent.  

 

6) Waste Heat Recovery System 

① Steam Turbine 

Heat generated by waste incineration is recovered as steam which in turn is used for power 

generation through steam turbine. Condensing extraction steam turbine is applied for this 

planning and extraction steam is used for process equipment such as de-aerator. 

 

② Low Pressure Steam Condenser 

This is the equipment to cool and condense all exhaust steam from the steam turbine. Air cooled 

type condenser, which does not require the use of a large amount of cooling water, is applied for 

this planning. 
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7) Ash Discharging System 

① Bottom Ash 

Completely combusted ash falls into the bottom ash conveyor (water bath type) from bottom ash 

chute. Extinguished and humidified ash is temporarily stored at the ash pit and is transported for 

final landfill by trucks at stated periods. 

 

② Fly Ash 

Fly ash discharged from bag filter is temporarily stored in fly ash silo. In this planning, fly ash is 

transported outside (other stabilization facility or hazardous waste treatment facility) by bulk 

transporter without solidification and/or stabilization. 

 

8) Major Specifications of the Plant 

Items Units Specifications 

Incinerator   

Type - JFE Two Way Flow Gas Stoker Furnace 

Quantity Line 1 

Capacity/line t/d 300 

Flue Gas Cooler   

Type - Single drum natural circulating boiler 

Quantity Set 1 

Designated steam pressure (at superheater 

outlet) 
MPa(G) 4.0 

Designated steam temperature (at 

superheater outlet) 
deg.C 400 

Steam generation (at rated thermal load) t/h 46 

Flue Gas Treatment   

Acid gas removal - Dry method (Powdery slaked lime injection) 

Dioxins removal - 
Dry method (Powdery activated carbon 

injection) 

Dust removal - Bag filter 

Nitrogen oxide removal - Combustion control 

Heat utilization   

Type  
Condensing steam turbine + Synchronous 

generator 

Quantity Line 1 

Designated steam pressure (at inlet) MPa(G) 3.8 

Designated steam temperature (at inlet) deg.C 395 

Exhaust pressure kPa(A) 25 

Steam flow rate (at rated thermal load) t/h 37 

Generated power (at rated thermal load) MW 6.2 

 

9) Environmental and Social Considerations 

 The plant design needs to follow procedures of environmental impact assessment/clearance in India 
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and procedures of environmental and social considerations of the financing institutions (For example, 

JICA environmental and social considerations guidelines needs to be adhered to when JICA funding 

is utilized). 

 

5-2  Financial Analysis 

(1) Project Cost and Revenue 

 Project cost and revenue of the proposed WTE project is as follows. 

 

Item Settings 

Total project cost 

Initial investment  Approximately 6.3 billion JPY 

Operation and maintenance cost for 20 

years 

5.9 billion JPY (approximately 0.3 billion JPY/year) 

Expected revenue 

Solid waste tippingfee 

Electric power sales revenue 

Worked out in cash flow analysis 

 

(2) Cash Flow Analysis 

Cash flow analysis is conducted in the case of PPP. Refer to 5-4 for details of PPP. Table 5-2 shows 

the conditions and the result of the cash flow analysis. 

 

Table 5-2: Conditions and Results of Cash Flow Analysis 

Items Conditions and Results 

Implementing 

body 

Special Purpose Company (SPC) established by the consortium between 

Japanese private consortium and Indian partner 

Service to be 

provided 

Treatment of solid waste and electric power generation 

Project period 20 years（2019～2038）excluding construction and preparation period 

Capital 1.5 billion JPY (25% of initial investment) 

Financing method JICA Private Sector Investment Finance: 3 billion JPY 

Joint Crediting Mechanism (JCM) Subsidy from Ministry of the Environment, 

Japan: 2.5 billion JPY 

Financing 

condition 

JICA Private Sector Investment Finance:  

Redemption period: 15 years（with 5 years deferment） 

Level payment 

Interest rate : 1.33% (JPY base) 

JCM subsidy from Ministry of the Environment, Japan: Grant 

（JCM Agreement between Japan and India hasnot been concluded yet. 

Intention to utilize the JCM scheme for project funding has already been 

communicated to BBMP by the study team.  

Operation and 

maintenance for 20 

years 

5.9 billion JPY (approximately 0.3 billion JPY/year)) 

Depreciation of Facilities will depreciate completely in 20 years under the straight-line method. 
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Items Conditions and Results 

facilities 

Corporate tax The project will be completely exempt from corporate taxes for 10 years as it is 

a renewable energy project. Procurement from overseas would be exempt from 

customs duties.  

Expected revenue 

source 

①Electric power sales revenue 

 (Unit price: 7.04 INR/kwh, Power amount: 33,034MWh/year) 

③ Revenue from waste treatment (Tipping fee) 

Amount required to realize a project EIRR of 18% is 1,100 INR/t 

Project IRR and 

Equity IRR 

Project IRR: 17.7% 

Equity IRR: 18.2% 

Financing method JICA Private Sector Investment Finance: 3 billion JPY 

Joint Crediting Mechanism (JCM) Subsidy from Ministry of the Environment, 

Japan: 2.5 billion JPY 

 

 

5-3  Survey for JCM Registration 

(1) GHG Inventory of the Host Country and Karnataka State 

The Ministry of Environment and Forest (MOEF) of India has published its latest national GHG 

inventory Report titled “India: Greenhouse Gas Inventory 2007” on May, 2010. The MOEF published 

it in order to update India`s GHG inventory after their last survey conducted in 1994, as various parties 

that need it for decision making requested MOEF to do so. The inventory report stated above confirms 

that India is the 5th largest GHG emitting country globally after USA, China, EU and Russia and also 

states that India has achieved a 30 percent of reduction of GHG emission per GDP during 1994 – 2007 

period. Excerpt from the inventory report is shown below. It can be seen that India emitted 1,722.71 

million t-CO2 of GHG and the sector wise breakdown is as shown in the table. 

 

Table 5-3: GHG Emission by Sector  

Sector GHG emission (106 t-CO2) Ratio 

Energy Sub Total 1,100.06 57.8% 

Power 719.31 

Transportation 142.02 

Others 238.71 

Industry Sub Total 412.55 21.7% 

Cement 129.92 

Steel & Metal 117.32 

Others 165.31 

Agriculture 334.41 17.6% 

Waste 57.73 3.0% 

LULUCF -177.03 - 

Total (tCO2 eq) 1,727.71 100% 

Source: India Greenhouse Gas Inventory 2007 
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 GHG emission by the type of Greenhouse Gases is as per the table below. 

 

Table 5-4: GHG Emission by Greenhouse Gas Type  

GHG Type Emission 1 (106 tons) Emission 2 (106 tCO2eq) % 

CO2 1,221.76 1,221.76 70.7 

CH4 20.56 431.76 25.0 

N2O 0.24 74.40 4.3 

 

Amount of GHG emission reported in the 1st National Communication is 1,251.95 x 106 tCO2 which 

implies that 652.78 x 106 tCO2 or 3.3% per annum in average of GHG emission increase was observed 

every year in the 13 year period (1994-2007). The table below shows the comparison of sector wise 

GHG emission between 1994 and 2007. 

 

Table 5-5: GHG Emission by Sector in 1994 & 2007 

Sector GHG Emission (106 tCO2) (%) Increase 

Ratio 1994 2007 

Energy Power 355.03(28.4%) 719.31(37.8%) 5.6% 

Transport 80.28(6.4%) 142.02(7.5%) 4.5% 

Domestic 78.89(6.3%) 137.84(7.2%) 4.4% 

Others 78.93(6.3%) 100.87(5.3%) 1.9% 

Industry Cement 60.87(4.9%) 129.92(6.8%) 6.0% 

Steel 90.53(7.2%) 117.32(6.2%) 2.0% 

Others 125.41(10.0%) 165.31(8.7%) 2.2% 

Agriculture 344.48(27.6%) 334.41(17.6%) -0.2% 

Waste 23.23 (1.9%) 57.73 (3.0%) 7.3% 

Total 1,251.91(100%) 1,904.73(100%) 3.3% 

Source; India: Greenhouse Gas Inventory 2007 

 

Karnataka state, where Bengaluru is located, has published its first action plan on climate change 

titled ”KARANATAKA ACTION PLAN FOR CLIMATE CHANGE(KAPCC)” on December, 2013. 

According to the action plan, 80 x 106 tCO2eq of Carbon Dioxide equivalent Greenhouse gas, which 

represents for 4.6 percent of total GHG emission in India, was emitted from the state. The following 

tables show the detail of GHG emission by GHG type and sector-wise emission amount in Karnataka.  

 

Table 5-6 GHGInventory of Karnataka State  

GHG Type GHG Emission (106 tons) Amount of GHG Type (106 

tCO2eq) 

% 

CO2 56.0 56.0 73.0 

CH4 0.876 18.4 23.0 

N2O 0.009 2.6 3.3 
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Table 5-7: GHG Emission in Karnataka State by Sector 

Sector GHG Emission (106 tCO2) Ratio (%) 

Energy Power 28.72 35.9 

 Transport 8.32 10.4 

 Others 5.84 7.3 

Industry 18.08 22.6 

Agriculture 16.16 20.2 

Waste 2.88 3.6 

Total 80.00 100.0 

Source: Karnataka Action Plan for Climate Change (KAPCC) 

 

The tables above clearly show that the power sector (energy sector) is the largest emission source 

with the highest share in percentage in GHG emission in not only India as a whole but also in the state 

of Karnataka. where the project development is being considered. Table 5-5shows that the amount of 

GHG emission in both the power and waste sectors are increasing with rates of above average during 

1994 – 2007. This can be attributed to an increase in the waste generation amount due to the economic 

development and population increase in India. Hence, effort such as further promotion of utilization 

of renewable energy and avoidance of methane gas emission by proper management of municipal solid 

waste needs to be promoted.. 

According to the Annual Report issued by the Electricity Regulatory Committee, there is a potential 

capacity of 135MW of power generation from municipal waste in Karnataka of which 25.50 MW of 

allotment11 has already been done. . No electricity generation from waste has been connected to the 

National grid at the moment.  

 

(2) Consideration of JCM Registration 

1) Technologies to be employed 

The Project Participants consider to employ a complete set of technologies for Waste to Energy, 

consisting of waste heat recovery boiler, turbine, alternator, condenser and steam & water circulation 

pipes as boiler & power generation islands, control unit, incinerator, flue gas treatment facilities, water 

treatment facilities, ash handling unit and pre-treatment unit for MSW. Among the complete set of 

facilities, the incinerator is regarded as the core facility. Taking into account the expected seasonal 

variation of waste quality, use of the Two-way Flue Gas Stoker Furnace of JFE has been proposed. 

The stated furnace is effective in minimizing dioxin and NOx emissions through a superior combustion, 

minimizes clinker adherence inside furnace and achieves a complete combustion. 

 In addition to relatively lower environmental load operation stated above, the Two-way Flue Gas 

Stoker Furnace of JFE attains a more stable combustion by utilizing the hybrid Automatic Combustion 

                                                        
11 State Administrative Office approves allotment for WtE based on application 

submitted by the responsible authority for MSW in the area  
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Control System. 

 

 

2) Formation of International Consortium 

Although discussion on business outline is on-going among potential project participants for the 

project, the parties have not yet reached an agreement on formation, including formation of 

international consortium for JCM registration. The project consists of two components; waste 

treatment and power generation. In regards to power generation, India allows for electric utility 

deregulation and if KERC specifies the purchase price, a contract with the power purchaser will be 

required. On the other hand, for waste management, as it lies in the jurisdication of BBMP, a 

partnership with BBMP or a party entrusted by BBMP will be required. Further discussion with the 

respective stakeholders to achieve a consensus is necessary.  

 

3) Possible JCM Methodology Applicable to the Project 

 The project plans to generate power through the utilization of waste heat derived from the 

combustion of municipal solid waste which will be collected and transported by BBMP. According to 

the master plan for MSW management that was prepared and published by BBMP in 2008, they have 

considered the excavation of existing old waste from landfill and utilizing it as an alternative fuel. 

However, waste flow of the city shows that at least 4,000 tons per day of municipal solid waste is 

generated daily while capacity of intermediate facilities in total is only 2,600 tons per day indicating 

that rocessing capacity available for municipal solid waste is significantly insufficient in Bengaluru. 

Consequently, the project under planning will utilize only fresh MSW with a very low possibility to 

utilize existing old waste at landfills as fuel for power generation. Although the possibility of the 

project of utilizing existing & old waste at landfill as alternative fuel is very low, eligibility criteria for 

doing so has been summarized as shown below.  

 

Table 5-8: Summary of the Eligibility Criteria 

 Eligibility Criterion Reasons 

1 Project shall generate power by utilization of waste heat 

derived from incinerator that is designed, constructed and 

operated for combustion of MSW 

Thermal energy derived from 

MSW incineration includes that 

from plastic waste. As emission 

factor for incineration of plastic 

waste is high, project might 

emit more GHG than reference 

scenario if incineration is 

included in the project  

2 For the scenario where the project utilizes existing old waste 

buried at landfills as alternative fuel (including RDF & RPF), 

then 

1) The project participants shall establish  

RDF deprived from old waste is 

considered to be used as 

alternative fuel for power 

generation and this is not 
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organization and system to conduct appropriate monitoring 

operation for RDF derived from old waste.  

2) The Project participants shall not utilize RDF in  

excess of the upper limit set up by the PDD 

3) The project shall adopt default values for GHG  

emission from combustion of plastic waste as follow (as per 

default value set up by IPCC2006)  

CF=0.85 

FCF=1.00 

categorized as waste heat (from 

MSW combustion)  

3 The capacity of the incinerator shall be not less than 

300tons/day and not less than 25% of total energy conversion 

efficiency in electricity form.   

Efficiency of project 

management, adequacy of 

operation, stability of 

combustion are the core factors 

in the methodology.   

4 For the scenario where MSW incinerator will be constructed 

under the project, power generation shall be added to the 

MSW incineration project. 

 OR. 

 It shall be verifiable that MSW to be combusted at the 

incinerator, in the absence of this project activity, would have 

been incinerated in a manner that does not involve waste heat 

usage or power generation.  

Project is to achieve GHG 

emission reduction by 

utilization of waste heat. Thus 

the project shall prove that there 

is or will be waste heat available 

to use for power generation 

 

Grid emission factor published by the Central Electricity Authority of India is 0.84tCO2/MWh for 

the Southern states12, where Bengaluru is located and 0.90tCO2/MWh for the whole country13. In this 

project, a conservative approach is taken and the value of the southern state is adopted as the default 

value.  

 

 

4) Quantification of GHG Emission Reduction 

Methodology for Quantification 

 The sources and types of GHG for the project are as follows. 

 

Table 5-9: Sources and Types of GHG for the Project 

Category Activity GHG Remarks 

Reference 

Emission 
Power Generation CO2 

GHG that will be emitted from the Grid 

connected power stations in the absence of this 

project.  

Project 

Emission 

Fossil Fuel to be 

consumed on site 
CO2 

GHG that will be emitted from the consumption 

of fossil fuel as auxiliary fuel on site  

                                                        
12 National Grid in India can be devided into 5 zones, i.e. North, East, West & 

Northeast (NEWBE grid) and South (South Grid). South Grid covers six states 

including Karnataka. 
13 CO2Baseline Database Ver7.0 2012 / Central Electricity Authority 
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Electricity to be 

consumed on site CO2 

GHG that will be emitted from the consumption 

of electricity imported from the grid and 

consumed on site 

 
Fossil Fuel to be 

consumed on site 
CO2 

GHG that will be emitted from the consumption 

of fossil fuel for pre-treatment 

 

Electricity to be 

consumed on site CO2 

GHG that will be emitted from the consumption 

of electricity from the grid and consumed for pre-

treatment 

 
RDF derived from 

old waste 
CO2 

GHG that will be emitted from the combustion of 

RDF deprived from old waste 

 

 The following formula are used for the calculation of reference and project emissions.  

 

RE = 𝐸𝐺𝑝 ×  𝐸𝐹𝑔𝑟𝑖𝑑…………………………………………………………………………1 

where 

𝑅𝐸𝑝 = Reference emission for period “p”(t CO2) 

𝐸𝐺𝑝 = Amount of electricity generated and exported to the national grid for 

period “p”(MWh) 

𝐸𝐹𝑔𝑟𝑖𝑑 = Grid Emission Factor (t CO2/MWh) 

 

𝑃𝐸𝑝 = 𝑃𝐸𝑒𝑙𝑒𝑐,𝑝𝑙𝑎𝑛𝑡,𝑝 + 𝑃𝐸𝐹𝐹,𝑝𝑙𝑎𝑛𝑡,𝑝 + 𝑃𝐸𝑒𝑙𝑒𝑐,𝑝𝑟𝑒−𝑡,𝑝 + 𝑃𝐸𝐹𝐹,𝑝𝑟𝑒−𝑡,𝑝 + 𝑃𝐹𝑎𝑙𝑡,………………2 

where 

𝑃𝐸𝑝 = Project Emission for the period “p”(t CO2) 

𝑃𝐸𝑒𝑙𝑒𝑐,𝑝𝑙𝑎𝑛𝑡,𝑝 = GHG emission from electricity consumption on site for period”p” (t CO2) 

𝑃𝐸𝐹𝐹,𝑝𝑙𝑎𝑛𝑡,𝑝 = GHG emission from consumption of fossil fuel on site for period “p” 

(t CO2) 

𝑃𝐸𝑒𝑙𝑒𝑐,𝑝𝑟𝑒−𝑡,𝑝 = GHG emission from electricity consumption for pre-treatment for 

period ”p” (t CO2) 

𝑃𝐸𝐹𝐹,𝑝𝑟𝑒−𝑡,𝑝 = GHG emission from electricity consumption for pre-treatment for period 

“p” (t CO2) 

PEFalt,p = GHG emission from fossil fuel consumption for pre-treatment for period 

“p” (tCO2) 

 

𝑃𝐸𝑒𝑙𝑒𝑐,,𝑝𝑙𝑎𝑛𝑡,𝑝 =  𝐸𝐿𝑝𝑙𝑎𝑛𝑡,𝑝 × 𝐸𝐹𝑔𝑟𝑖𝑑 

where 

𝐸𝐿𝑝𝑙𝑎𝑛𝑡,𝑝 = Amount of electricity imported from the national grid and consumed by the 

project for  period “p” (MWh) 

𝐸𝐹𝑔𝑟𝑖𝑑 = Grid Emission Factor(tCO2/MWh) 

 

𝑃𝐸𝐹𝐹,𝑝𝑙𝑎𝑛𝑡,𝑝 =  𝐹𝐹𝑝𝑙𝑎𝑛𝑡,𝑝 × 𝑁𝐶𝑉𝐹𝐹𝑖 × 𝐸𝐹𝐹𝐹,𝑖 
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where 

 

𝐹𝐹𝑝𝑙𝑎𝑛𝑡,𝑝 = Amount of Fossil Fuel consumed as auxiliary on site for period “p”(ton) 

𝑁𝐶𝑉𝐹𝐹,𝑖 = Net Calorific Value for Fossil Fuel type”i”(Gj/ton) 

𝐸𝐹𝐹𝐹,𝑖 = Emission Factor for Fossil Fuel type ”i”(tCO2/ton) 

 

𝑃𝐸𝑒𝑙𝑒𝑐,,𝑝𝑟𝑒−𝑡,𝑝 =  𝐸𝐿𝑝𝑟𝑒−𝑡,𝑝 × 𝐸𝐹𝑔𝑟𝑖𝑑 

where 

𝐸𝐿𝑝𝑟𝑒−𝑡,𝑝 = Amount of electricity imported from national grid and consumed for pre-

treatment for period”p” (MWh) 

𝐸𝐹𝑔𝑟𝑖𝑑 = Grid Emission Factor (tCO2/MWh) 

 

𝑃𝐸𝐹𝐹,𝑝𝑟𝑒−𝑡,𝑝 =  𝐹𝐹𝑝𝑟𝑒−𝑡,𝑝 × 𝑁𝐶𝑉𝐹𝐹𝑖 × 𝐸𝐹𝐹𝐹,𝑖 

where 

𝐹𝐹𝑝𝑟𝑒−𝑡,𝑝 = Amount of Fossil Fuel consumed for pre-treatment for period “p”(ton) 

𝑁𝐶𝑉𝐹𝐹,𝑖 = Net Calorific Value for Fossil Fuel type ”i” (Gj/ton) 

𝐸𝐹𝐹𝐹,𝑖 = Emission Factor for Fossil Fuel type “i”(tCO2/ton) 

 

𝑃𝐸𝐹𝑎𝑙𝑡,𝑝 =  𝐹𝑎𝑙𝑡,𝑑𝑟𝑦,𝑝 × 𝑇𝐶𝑝𝑙𝑎 × 𝐹𝐶𝐹𝑝𝑙𝑎 × 𝑂𝐹𝑝𝑙𝑎 

where 

𝐹𝑎𝑙𝑡,𝑑𝑟𝑦,𝑝, = Amount of Electricity imported from the national grid and consumed on 

site for period “p”(MWh) 

𝑇𝐶𝑝𝑙𝑎 = Fraction of carbon for plastic in dry matter (%) 

𝐹𝐶𝐹𝑝𝑙𝑎 = Fraction of fossil carbon in total (%) 

𝑂𝐹𝑝𝑙𝑎 =  

 

 Amount of GHG emission reduction is quantified by the following equation, i.e. Reference 

Emission minus Project Emission. 

 

𝐸𝑅𝑝 = 𝑅𝐸𝑝 − 𝑃𝐸𝑝 …………………………………………………………………………3 

where 

𝐸𝑅𝑝 = Emission Reduction for Period “p”(t CO2) 

 

The project under consideration will generate power by utilizing waste heat derived from MSW 

incineration and export power to the national grid as alternative to grid electricity, thus contributing to 
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GHG emission reduction. The actual amount of GHG emission reduction can be calculated with values 

for all parameters given and/or obtained through monitoring activities. For carrying out estimation, 

the following conditions are utilized based on various sources of data available.  

 

 Capacity of Furnace：300t/day 

Net Calorific Value for MSW (after segregation): 10,000kj/kg 

 Operational days: 310days /year 

 Power Generation Efficiency of the Facility: 25% 

 Amount of Electricity Consumed on Site: 2.0MWh 

 

Reference Emission 

Reference emission, i.e., the amount of GHG emission from power generation by power stations, 

which connected to grid, generate and export power to the grid, is quantified by equation (1) above 

and values to be applied are set up as per the table below.  

 

Parameter Unit Value Remarks 

𝐸𝐺ｐ MWh By Monitoring  

𝐸𝐹𝑔𝑟𝑖𝑑 tCO2/MWh Default Value Default Value published by India (=0.84 

(tCO2/MWh for Southern Grid) 

 

Amount of electricity to be generated by the project is estimated to be 65,619MWh/year and the 

amount of electricity to be consumed on site is estimated to be 14,880MWh/year from the precondition 

stated above. As a result, the amount of electricity to be generated and exported to the grid will be 

50,739MWh/year. Consequently, amount of GHG emission reduction is calculated as 42,620tCO2/year. 

 

Project Emission 

As the project under consideration will establish power generation unit attached to a MSW 

incinerator, GHG emission from the MSW incineration is not regarded as project emission for the 

project. Therefore, project emission for the project is attributed to consumption of fossil fuel as 

auxiliary fuel on site, consumption of electricity on site, consumption of fossil fuel for pre-treatment 

and consumption of electricity for pre-treatment. Project emission is calculated by equation (2) shown 

above with values for each parameter shown in the table below.  

 

Parameters Units Values Remarks 

𝐸𝐶𝑝𝑙𝑎𝑛𝑡,𝑝 MWh Monitoring  

𝐸𝐶𝑝𝑟𝑒−𝑡,𝑝 MWh Monitoring  

𝐸𝐹𝑔𝑟𝑖𝑑 tCO2/MWh Default Default Value published for India (=0.84 for 

southern grid)  

𝐹𝐹𝑎𝑢𝑥,𝑖,𝑝 L Monitoring  
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𝐹𝐹𝑝𝑟𝑒−𝑡,,𝑖,𝑝 L Monitoring  

𝑁𝐶𝑉𝐹𝐹𝑖  GJ/t Default i=diesel (43.3) 

IPPC Default Value 

𝐸𝐹𝐹𝐹𝑖  tCO2/GJ Default i=diesel (0.0748) 

IPPC default value (max) 

𝑇𝐶𝑝𝑙𝑎 % Default IPCC Default Value (85) 

𝐹𝐶𝐹𝑝𝑙𝑎 % Default IPCC Default Value (100) 

 

In this project, electricity generated by the project is planned to be utilized for operation of the plant 

for waste treatment except for periods when the power plant isoff-operation.(During this time, grid 

electricity will be consumed ). Fossil fuel might be consumed by the emergency generator during 

power outage in off-operation period, if any. Actual amount of both electricity and fossil fuel to be 

consumed will be monitored through the project operation, while it is estimated approximately to be 

100MWh/year covering amount of electricity to be consumed for maintenance and at office buildings 

during off-operation period. 

 

(3) Emission Reduction 

GHG emission reduction by the project is estimated to be 42,536tCO2/year from the reference 

emission and project emission estimated above. 

 

(4) MRV 

Monitoring is expected to be done by the project operator as a part of routine work of business 

operation and monitoring report prepared by the business operator is expected to undergo internal 

audit and subsequently submitted to a Third Party Entity for verification after final approval given by 

the board of directors. 

 

1) Organizational Structure for MRV Implementation 

 Organizational structure planned to be formed in the project is as follows: 
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2) Monitoring Methodology 

Assumed flow from monitoring activities to verification to be conducted by the third party entity is 

as follows.  

 

 Appointed person in charge from The Engineering Section, which is responsible for operation of 

the plant, will monitor and record values of 1) amount of electricity exported to the grid, 2) 

amount of RDF, which is processed from old waste, consumed, 3)fossil fuel consumed as 

auxiliary and electricity imported from the grid & consumed both on site and for pre-treatment. 

 The format shall be checked by the chief of the section and filed in pre-fixed files on daily basis, 

then sent to Administrative Section periodically.  

 Administration Section shall cross check values in the report submitted by accounting section, 

purchasing section and engineering section, then convert into electric format for filing. 

 Values for each parameter monitored and filed, will be transcribed to monitoring report including 

spread sheets of Project Design Document and submitted to the Board of Directors for approval 

 Board of Director will submit monitoring report to Third Party Entity for verification, then 

submitted verified monitoring report to JCM joint committee for credit issuance. 

A summary of roles of each section in terms of monitoring, filing and QA/QC in operation flow is 

as per description in the table below. 

 

Table 5-10: Assumed QA/QC for each parameter to be monitored 

Parameter Measurement and Record QA/QC 

Amount of electricity to be 

exported to the national 

Engineering Section will monitor 

the parameters and record actual 

cross check with invoices issued 

to electricity buyer(s) 

Board Accounting 

Engineering Purchasing 

Responsible Party QA / QC (Evidence) 

Administration 
Cross Check 

TPE 

Report 

Data 

Section in charge II 

+ Data on RDF procurement 

Verification Section in Charge I 

+ Data on Export 

+ Data on consumption of electricity and 

fossil fuel 
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grid values in the pre-fixed format 

 

Administration Section will 

convert data into electric form and 

file 

 

Administration Section will 

prepare monitoring report to be sent 

to board for approval, then send to 

TPE for verification 

Amount of RDF consumed cross check with both with 

delivery notes and invoice to be 

issued by RDF supplier(s)   

Amount of electricity 

imported from the national 

grid and consumed on site 

& pre-treatment 

Cross check values in the report 

submitted by the engineering 

division with invoice issued by 

electricity buyer(s) 

Amount of fossil fuel 

consumed on site & for 

pre-treatment 

Cross check with values in the 

report submitted by the 

purchasing division and 

engineering division with invoice 

issued by supplier(s)   

 

3) Measurement Instrument for Monitoring Activities 

 The project participants will install measurement instrument with error of less than 5% as prescribed 

by the JCM and the instrument will be calibrated periodically to reduce errors in the monitored values. 

 

5-4  Business Plan 

(1) Implementing Scheme and Organization 

 As BBMP does not have a budget for initial investment for the model WTE project (opinion of 

Karnataka State needs to be confirmed), there are 2 options for base business plan from financial point 

of view. Merit and demerit of the 2 options are shown as follows. JCM subsidy procedure is not 

discussed here as there is no bilateral agreement presently between Indian and Japanese Government. 

 

 Option 1 (Public Project with State/Central Government Fund + JCM Subsidy by the Japanese 

Government:  

As the investment cost is high, state government will send proposal to the Central government 

to seek funds with detailed project report. Recent compost plants constructed by KUIDFC 

was funded by the State government. 

 Option 2 (PPP Project with Fund from Japanese and Indian Consortium + JCM Subsidy by 

Japanese Government): 

For fund from Japanese and Indian consortium, the study team tentatively assumes that JICA 

Private Sector Investment Finance can be used because parties of the consortium is not 

clarified at this moment.. 

 

 Option 1 Option 2 

Merits ・Finance is made by Central 

government 

・If the study team member/s are part of the 

consortium, the study result can be reflected 

to the plant design. 

Demerits ・The possibility of Central ・The cost for financial arrangements is 



75 

 

government finance approval is not 

clear. 

・As there will be an open tender 

process, it is not guaranteed that the 

consortium in this study will win the 

tender. 

higher. 

・It is not easy to select the entity to form 

the consortium. 

・It is not clear how long the appraisal time 

for JICA Private Sector Investment Finance 

will take. 

 

(2) Points to be Considered in the Case of Option 2 

1) Joint venture agreement on establishment of SPC 

When establishing the SPC that will be the implementing body for this project, the Japanese and 

Indian partners must sign a memorandum of understanding that should include information relevant 

to the issues below. 

 Mission of the SPC and the roles and responsibilities of participating organizations  

 Organization structure of the SPC  

 Capital, financing, and distribution of revenue  

 Standing rules of the company 

 Operation of business (including rules regarding EPC by SPC, operation and maintenance 

contract) 

 Arbitration 

 Any other issues that need agreement among the participating entities 

 

2) Contract between BBMP and SPC Regarding “Municipal Solid Waste Treatment 

Service” 

The most important contract in relation to project revenue is the contract regarding municipal solid 

waste treatment service between BBMP and SPC. This contract should clarify the following issues so 

that project revenue can be secured. 

 Basic information (e.g. contracting party, period of contract) 

 Amount and quality of the waste to be received by SPC (e.g. guarantee of minimum waste 

amount, quality standards, method of evaluation, measures to be taken when standards are not 

met) 

 Tipping fee (method of tipping fee calculation, agreement on tipping fee) 

 Tipping fee payment method (currency of payment, mode of payment, time of payment)  

 Standard of service to be provided by SPC (treatment method, treatment capacity, treatment 

standards, handling of treatment residues) 

 Role and responsibilities of BBMP and SPC 

 Measures to be taken when contract is breached or not fulfilled  

 Accounting method (during or after the contract period) 

 Conflict resolution 
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3) Contract between BESCOM and SPC on “Power Purchase Agreement (PPA)” 

Another important contract for securing project revenue is the power purchase agreement (PPA) 

between SPC and BESCOM (Bangalore Electricity Supply Company). This contract must clarify the 

following issues so that the project revenue would be guaranteed. 

 Basic information (e.g. contracting party, period of contract) 

 Conditions regarding networking the power generating facility of SPC and the grid electricity 

(e.g. conditions on power supply, role, responsibilities and cost-sharing regarding constructing 

and operating grid electricity facilities) 

 Selling price of electric power (Unit price and calculation method of payment amount)  

 Payment method of electric power sales (currency of payment, payment method, time of 

payment) 

 Role and responsibilities of BESCOM and SPC 

 Measures to be taken when contract is breached or not fulfilled 

 Accounting method (during or after the contract period) 

 Conflict resolution 

 

4) Contract with Ministry of the Environment, Japan Regarding JCM Subsidy 

In order to be granted with the JCM subsidy, the SPC should sign a contract with the MOE Japan 

as required by the said Ministry. In order to be granted with this subsidy, the SPC must measure, report, 

and register with the approval of a third-party the amount of GHG reduction that would be realized by 

this project and handover the reduced GHG to the Japanese Government through MOE Japan. If the 

contents of this contract become clear and concrete, the profitability and sustainability of this project 

would be guaranteed and SPC would be able to start the official procedures to realize this project 

through JICA Private Sector Investment Finance scheme. 
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6  RDF Study 

6-1 Basic Information Collection 

(1) Waste Characterization Survey 

1) Summary  

RDF currently being shipped to the cement companies are not suitable for use as alternative to coals 

because of their high moisture content, high chlorine content and low calorific value. It was confirmed 

through site visits that the source of RDF at present are the compost sites and DWCCs. High moisture 

content of waste at the composting sites was confirmed by visual inspection. However, variation in 

moisture content according to the site was also observed indicating that detailed data is necessary to 

choose the site whose waste is most suitable for RDF. Although there is a potential for waste from 

DWCC to be used as RDF, factors such as high chlorine content need to be analyzed. Hence, waste 

analysis needs to be done to determine the best RDF waste source including analysis of mixture of 

waste from composting sites and DWCCs. 

 

2) Methodology 

① Sampling points 

As per BBMP planning, 7 large scale composting sites are supposed to be constructed in Bengaluru. 

At present (December 2015), 5 sites are operating and samples were chosen from these plants.  

 

Table 6-1: Composting sites in and around Bengaluru where sampling was carried out 

Sites Operators Amount Notes 

MSGP Terra Firma 1000t→600t 

Mixed wastes 

Located in the northern part of the city. 

Due to the local protests, processing 

quantities hasnot reached the planned 

amount. Segregation done manually. 

Doddabidarakallu UPL 200t→123t 

Segregated 

wastes 

Located in the western part of the city. 

Only test operation being carried out and 

planned treatment amount has not been 

achieved yet.  

Kannahalli IL&FS 500t 

Segregated 

wastes 

Located in the western part of the city. 

Operating again after closure due to 

portests relating to smell. 

Seegehalli IL&FS 200t～150t 

Segregated 

wastes 

Located in the western part of the city. 

Shipping small quantities of RDF (30 

tons/week) to a cement company 

Kudlu KCDC 800t→400t 

Mixed wastes 

Located in the southern part of the city. 

Segregation being carried out by trommels 

* Mixed waste = Waste that has not been segregated into waste/dry waste 

 

10 DWCCs were also chosen as sampling points for survey because a lot of plastic that can 

potentially be used as RDF was found to be present in large amounts in these locations. These sampling 
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points and the features of the sampling points and areas are shown in the map below.  

 

 

Figure 6-1:Location and features of DWCCs where sampling was carried out 

 

② Sampling Method 

 A. Items sampled 

At the composting sites, two categories of wastes sample were chosen: Fresh plastic waste and Final 

plastic wastes. 

-Fresh Plastic Wastes: 

Plastic waste separated from organic wastes by segregation using trommels or manual segragation 

-Final Plastic Waste: 

Waste that is removed from the composting process 

 

South Area 4 points（①～④）＝ middle and upper class residential area 

West Area 2 points(⑤ & ⑥）＝ commercial area 

North Area 1 point（⑦）＝ upper class residential area（IT engineers） 

North East Area 1 point (⑧）＝ downtown area 

East Area 2 points（⑨ & ⑩）＝ Industrial park and middle class residential area 
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In order to understand the effect of composting process to the RDF quality, 2 sampling points before 

and after the composting processes were chosen so that solutions to the improvement of the 

composting process can be provided. In regards to DWCC, plastics that is rejected from the material 

recycling process can be used as a raw material to improve the RDF quality.Hence, rejected plastics 

from DWCCs were also sampled and analyzed. 

 

 

Figure 6-2: Sampling Points of Fresh Plastic Waste and Final Plastic Waste in the Composting 

Process 

 

 B. Sampling Method  

The study team, with the help of a local laboratory, carried out sampling during November 30, 2015 

to December 2, 2015 as follows: 

I. Picked up as many types of waste components as possible from the waste heap (weight 

about10kg). The sampling was done from various points of the heap.  

II. The waste was segregated into each type of waste, mainly the following 4 types: 

・Plastics (including PVC etc.) 

・Papers (including Carton, Aluminum foil etc.) 

・Cloth (string, thread etc.) 

・Others (reject from the treatment process) 

III. The waste was cut with scissors to a size of less than 5 square centimeters and mixed well 

IV. Picked up about 150 gram of the samples in random 10 times and put them into a plastic 

bag.  

V. Repeated steps Ⅰto Ⅳ 3 times to obtain a sample of about 5kg 
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Figure 6-3  (left) Waste from which samples were taken from the composting process (right) 

Rejected material from DWCC  

 

The samples were analyzed for the following parameters: 

 

 

Table 6-2 Analysis items and method  

Items of analysis Analyzing method unit 

Calorific Value  ASTM E711-87(2004) Kcal/kg 

Chlorin as CL2  ASTM E778-87 mg/kg 

Total Sulfur as S ASTM E778-87 % 

Nitrogen as N  ASTM E778-87 % 

Carbon as C  ASTM E778-87 % 

Hydrogen as H ASTM E778-87 % 

Moisture  Gravimetric method % 

Ash Content Gravimetric method % 

 

③ Results 

The Final plastic waste was found to have a high moisture content and although the calorific value 

was small and organic matter was mixed, a certain level of calory that could be used was confirmed.  

The sample of Final plastic waste from Doddabidarakallu composting site shows a high moisture 

content since a liquid type microbial material and non-dried coconut shells are added to the process. 

 It was also confirmed that the sample from Kannahalli compost site is the most suitable for RDF. 

Further, the result shows a varying degree of moisture content from samples taken from Kudlu and 

MSGP. The reason for this difference could be the fact that segregating is carried out by trommles in 

Kudlu but manually in MSGP. 
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Figure 6-4: Moisture Content and Calorific Values of Samples Taken from Composting Sites  

 

 On the other hands, waste plastics from DWCCs shows a higher calorific value than that of the 

composting sites and the southern area shows the most significant performance in terms of calorific 

value trends 

Samples from Hebbal have a high moisture content but also a higher calorific value. The reason for 

this could be that it was raining when the sampling was done. At DWCCs, quality of the reject plastics 

must be improved by putting them under a roof. 

Waste plastics sampled from both the composting sites and DWCCs are usable looking at their level 

of moisture content, calorific value and calorific volume. If the moisture content can be minimized, 

the RDF can be improved to better quality. 
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Figure 6-5 Moisture Contents and Calorific Values of Samples Taken at DWCCs  

 

 

Result of chemical analysis are shown below.  

 

Table 6-3 Result of chemical analysis of samples taken from the composting facility  

 
Cl2 

(mg/kg) 
S (%) N (%) C (%) H (%) 

Ash Content 

(%) 

Private composting 

facility (fresh) 
233 BDL(DL:0.01) 0.29 74.69 12.56 11.3 

Private composting 

facility (final) 
311 BDL(DL:0.01) 0.18 70.11 12.12 16.9 

Doddabidarakallu 

fresh 
156 BDL(DL:0.01) 0.02 76.94 10.29 11.5 

Doddabidarakallu 

final 
348 BDL(DL:0.01) 0.11 78.71 13.62 6.3 

Kannahalli fresh 118 BDL(DL:0.01) 0.14 81.65 11.41 5 

Kannahalli final 159 BDL(DL:0.01) 0.13 71.21 10.25 16.6 

Seegehalli fresh 241 BDL(DL:0.01) 0.23 76.82 12.44 9.9 

Seegehalli final 233 BDL(DL:0.01) 0.22 66.96 10.81 21.2 

Kudlu fresh 163 BDL(DL:0.01) 0.2 77.56 14.26 7.2 

Kudlu final 1478 BDL(DL:0.01) 0.2 70.45 6.9 21.1 
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Table 6-4 Result of chemical analysis of samples taken from DWCCs  

  
Cl2 

(mg/kg) 
S (%) N (%) C (%) H (%) 

Ash Content 

(%) 

JP Nagar 508 BDL(DL:0.01) 0.16 79.81 13.62 5.8 

Jaya Nagar 1361 BDL(DL:0.01) 0.1 80.42 13.71 5.2 

Yedyiur 288 BDL(DL:0.01) 0.18 41.92 11.8 39 

Jayadeve BDL(DL:5.0) BDL(DL:0.01) 0.18 75.96 9.85 13.7 

Malleshwarm 321 BDL(DL:0.01) 0.14 81.14 11.32 6.9 

Mahalakshmi 129 BDL(DL:0.01) 0.17 83.24 14.61 1.6 

Hebbal 283 BDL(DL:0.01) 0.18 80.24 16.51 2.3 

Ramuruty Nagar 204 BDL(DL:0.01) 0.18 80.21 12.6 6.3 

Domlur 288 BDL(DL:0.01) 0.21 61.71 9.48 28.2 

HAL 588 BDL(DL:0.01) 0.16 77.81 11.92 9.7 

 

From this result, it can be concluded that the best way for producing high quality RDF is to collect 

plastic residue from the DWCC of the southern area and mix them with those from the Kannahalli 

composting site to produce RDF. However, the high chlorine value of samples from DWCC Jaya 

Nagar needs to be taken into consideration and hence PVC materials etc. need to be removed. In all 

the facilities (DWCC, Composting), measures to protect from the rain to reduce moisture content is 

necessary.  

 

(2) Locations of Cement Plants near Bengaluru 

Cement plants that use RDF are not located in Karnataka state but in other neighboring states. The 

ones actually using RDF include Wadi plant of ACC (Holcim group) and Yarraguntra plant of Zuari 

Cement (Heidelberg Cement Group). Locations of both the plants are shown in the map below. Wadi 

plant is located about 580 Kms and Yarraguntra plant is located about 270Kms from Bengaluru. 

Transportation cost can be said to be the most important factor when considering the feasibility of 

RDF usage in the cement plants.  
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Figure 6-6: Location of the Cement Plants  

 

6-2 Business Development and Marketing 

(1) Functions and Roles of DWCCs 

DWCCs (Dry Waste Collection Centers) are facilities that segregate valuable materials from dry 

wastes generated from households and offices for the purpose of recycling. BBMP has plans of 

constructing 1 DWCC per each ward (Bengaluru has 198 wards) and till now has completed building 

150 DWCCs (see appendix sheet) almost all of which are operational. 

The DWCC operators purchase metals, paper (cardboard, newspapers, etc.), plastics (PET bottles, 

soft/hard plastics, etc.), clothes, coconuts etc. from the residents and resell those to brokers. Operator`s 

business profit is derived from the gap between selling and buying price of each material. 

Land for the DWCCs and construction of the buildings has been done by BBMP whereas the 

operation is entrusted to private companies. All the transactions of materials are recorded in a record 

book and can be inspected by BBMP officers when required.  

BBMP operation flow for DWCCs is shown below.  
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Figure 6-7: Function of DWCCs  

 

  

Figure 6-8: Current situation of a DWCC  

 

(2) Estimation of annual plastic residue generation 

Waste plastic comprises about 17.2% of the total solid waste as per the result of waste analysis. The 
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current total waste generation amount in Bengalure is reported as 4,500tons/day which indicates that 

waste plastics generation amount is around 675 tons/day. With an increase in population, total wastes 

and waste plastics generation is also expeted to increase. The estimated waste plastics generation 

amount by 2025 is shown below.  

 

 

Figure 6-9: Prediction of future plastic generation in Bangaluru  

 

(3) Interview with Potential RDF Users 

Interviewes were conducted with representatives of ACC and Zuari Cement as prospective 

customers of RDF at their Bengaluru offices.  

Both companies have studied the possibility of using RDF as an alternative fuel source to coal in 

their plants. The result of their study is positive in terms of RDF usage provided that a good quality 

RDF is available. Both ACC and Zuari opined that quality of RDF at present is not desirable due to 

their high moisture content. Hence, their calorific values are lower than coal and hence RDF cannot 

easily be used at their plants.  

Efficiency of transportation can also be improved by decreasing the moisture content in the RDF. 

Hence, control of moisture content is the key factor for marketing of RDF to the cement companies. 

 Summary of the interview conducted is shown below. 

 

1) ACC 

 As per interview with ACC, the following needs for RDF are identified.  

 580Km distance to Wadi, key issue is transportation cost 

 ACC is already using RDF by installing a co-processing facility. Positive in utilizing good 

quality RDF. 

 Wadi plant uses 2000 tons/day of coal. Total usage of RDF, sludge, paper etc is 300 tons/day. 
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Plan to increase RDF use. 

 Studying the possibility of procurement of RDF from Seegehalli because of reliability of 

IL&FS who are the operators of Seegehalli 

 Currently using RDF from Hyderabad but not satisfied with the quality because its calorific 

value is only 3000Kcal/Kg and the moisture content is 40%  

 Procurement price from Hyderabad: transportation cost Rs. 1,300/ton, RDF price Rs. 

150/ton 

 Expected transportation cost from Bengaluru to Wadi to be about Rs. 2,500-3,000/ton. It is 

expensive but workable if the quality is good 

 Chlorine content is a serious issue 

 

2) Zuari Cement 

 

 As per interview with Zuari Cement, the following needs for RDF are identified.  

 Distance from Bengaluru to Yarraguntra plant is about 280Kms. 

 Procurement from DWCC in Bengaluru of 30 tons/week, calorific value 5200 – 5700kcal/kg 

 Considering procurement of RDF from Seegehalli of 30 tons/week. However the quality of 

RDF is similar to that of Hyderabad (low quality)  

 However, positive to procure RDF and already a contract between Zuari, IL&LF and BBMP 

has been signed 

 Requirements of Zuari ; >3,800 kcal/Kg, <15% of moisture content, density2.0 

 Transportation cost : Rs. 780/ton (when density is 0.8) 

 Requesting lower transportation cost through measures such as compressing and baling 

(desired density 1.2-1.3) 

 If supply amount can be increased by improving the quality of RDF, open to a joint venture 

project with Mansei 

 Positive to purchase more RDF provided that the quality is improved 

 

(4) Marketing and Identification of Customers 

Through interviews and meeting conducted with the cement companies, it can be said that they are 

positive towards using RDF as alternative fuel source. However, they require an improvement in the 

quality, especially regarding moisture content and calorific value. Details of the best quality for the 

RDF should be determined after discussing with the cement companies (customer), BBMP (collection 

operator) and IL& FS (RDF producer). 

Considering distance from Bengaluru and their positive attitude towards using RDF, ACC and Zuari 

cement are the most suitable customers for RDF. If transportation cost can be lowerd, than other 
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potential clients can also be considered. However, at present, improvement of RDF quality and 

ensuring a constant supply are priority issues. Generation of waste plastic is expected to increase to 

about 1,100ton/day after 2020 and in future, scaling up and finding additional customers can be 

considered.  

 

(5) Profitability 

 Based on interviews with the cement companies mentioned above, a simulation of profitability of 

RDF business in Bengaluru under conditions specified below is carried out. The precoditions for 

simulation is summarized in the table below. 

 

Table 6-5 Conditions for cost simulation  

Items Unit (per one site) Unit Price 

Input Quantity 500t/day － 

RDF Production 100t/day (Moisture Contents ; 10%, Calorific Value ; 

4,000Kcal/Kg) 

Rs1,700/t 

Working Days 310 days/yesr － 

Labor Cost 21 persons/shift x 2 shifts Rs158/head/day 

Power Consumption 5,250kw/h/day  Rs6/km/h 

Transportation Cost 10t track Rs780/track 

Initial Investment JPY 500, 000,000 － 

Land Use 5,000m2 － 

 

 Business performances and profit calculated based on the conditions metioned above is shown 

below.  

Table 6-6 Result of simulation of business profit  

Items Per ton(Rs) Annual 

(Thousand Rs) 

Note 

Income RDF sales 1,700 52,700 By using formula of the Cement 

company 

Expense Production 

cost 

844 26,156 According to condition set above 

Overhead 510 15,810 Sales amount x 30% 

Sales Profit 346 10,734  

Profit rate 20% 20%  

 

 As explained in the following section “(6) Formulation of a Business Plan (Draft)”, the study team 

was informed by BBMP that the RDF producing operators are not paid any “tipping fee” for 

processing.However, the operator does not need to pay any investment cost, depreciation, land and 

machines rental fee to BBMP. Hence, these factors are not considered in the calculation mentioned 

above. As a result, it can be seen that if a constant sale of RDF can be ensured, there is a high likelihood 

of having a profitable business.  
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(6) Formulation of a Business Plan (draft) 

 In order to formulate a RDF business in Bengaluru, the following operation policy of BBMP should 

be considered.  

 

 Buildings of facility to be constructed by Karnataka State or BBMP 

 All machineries and equipment in these facilities to be procured by Karnataka State or 

BBMP 

 Operator to be chosen based on an international bid 

 Operator to use the Equipment and machineries provided by BBMP by free of charge with 

no rent, machine rental fees or building usage fee  

 BBMP not to pay a tipping fee to the operator 

 Running cost of facility to be labor cost, electricity and water cost. Proceed from the sale of 

RDF to become the income of the operator 

 

According to the condition specified above, the following business scheme is considered. 

 

① Mansei Recycle Systems (MRS) to conduct business on its own 

② Joint venture between existing composting facility operator and MRS 

③ A 3 party company (tri-lateral) between companies involved in ② above and an additional 

cement company  

④ A special purpose company comprising of entities specified in ③ above with addition of 

BBMP 

 

Details of each of the options mentioned above is summarized below. 

 

1) MRS on its own 

 For MRS to conduct business in India on its own is expected to be extremely difficult 

 Firstly, in order to sign a contract with BBMP, MRS will need to win the international bid as an 

operator in Bengaluru. This is expected to extremely difficult due to factors like country risk, 

geopoliticals risks and challenges to building a cooperative relationship with current operators and 

local companies.Even if business establishment is possible, MRS may have to face challenges like 

public opposition, labor disputes etc. after the operation starts.Hence, it is more favorable to establish 

a joint venture between MRS and an existing operator.  
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2) Joint venture between an existing operating company and MRS  

 IL&FS is the contracted operator for Seegehalli and Kannahalli compost sites. IL&FS is one of the 

larger conglomerates of India. They run business in industries relating to construction, agriculture and 

trading and are one of the trusted companies in India. They have been operating composting sites in 

Bengaluru while also producing RDF in Seegehalli and Kannahalli. Therefore, it can be logically 

assumed that they will be open to improvements of machinaries and improving operating efficiency 

for quality improvement. Further, improvement can be done without a drastic change in the business 

model which will make it possible to get result in a short time. A further merit would also be that 

existing sales contracts (Cement Company, IL&FS and BBMP) currently present can be used. 

 

3) A 3 party joint venture between existing operator, Cement Company and MRS 

 This option includes the companies mentioned in 2) along with an additional cement company as 

RDF user. In this scheme, produced RDF can be sold to the cement company. However, it would be 

difficult to realize a high business performance by negotiable unit price for RDF supplier since the 

operator has to disclose all the production costs and profits. 

 

4) A special purpose company comprising of an existing operator, Cement Company, 

BBMP and MRS 

 This option is the same as 3) above with BBMP added as a party to form a SPC. This will allow all 

the stakeholders from waste generation to RDF user to be involved making a stable operation of 

securing waste and sales possible. On the other hand, the disadvantage would be that in various 

situations, interest of the stakeholders may collide making the operation of the SPC difficult.  

 

Judging from the situation explained above, the best possible options are 2) and 3).Option 2) provides 

a degree of freedom in terms of sailes and pricing but requires marketing to secure the purchaser. 

Option 3) ensures that purchaser and hence sales are secured, but the expected profit can be low and 

freedom on price setting can be restricted.  

 

Based on the discussion mentioned above, the business plan for the project can be summarized as 

shown in the figure below.  
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Figure 6-10: RDF business plan  

 

In Bengaluru, the following companies are expected to be JV partners of the business. Through the 

pilot study, details will be discussed with these companies. 

 

 

Table 6-7: Prospective partners 

Specialty Companies 

Operator IL & FS、UPL、KCDC、etc. 

Cement Comapny ACC, Zuari Cement,Bharathi Cement,India Cement,etc. 

 

RDF Material: 

Raw material for RDF will be waste generated from compost facilities containing plastic and 

rejects generated from DWCCs. From the waste survey, it can be concluded that it will be possible 

to effectively utilize the rejects from DWCCs. Further consideration of measures to improve the 

quality through means such as moisture content reduction is required.  

 

Business Site:  

RDF processing site should be located within an existing composting site by improving functions 

of machines and processes. Discussion with current operators to establish a joint venture is 

necessary.  

In near the future, these sites could be located near to a waste to energy facility.  
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6-3 Facilities Design 

(1) Customer Requirement 

The requirement of the cement companies has been quite clear through interviews conducted with 

them. The key factors in terms of quality are moisture content and calorific value. These factors have 

a large impact on RDF pricing and hence need to be well controlled during manufacture to ensure 

quality. 

Table 6-8 : Quality of RDF required by cement companies 

Company Name Requirements 

ACC >4,000Kcal/Kg, Moisture Content<40% 

Zuari Cement >3,800Kcal/Kg, Moisture Content <15%, Density 2.0 

 

(2) RDF (RPF) Facility Basic Planning  

To reduce the moisture content, it is proposed that a dewatering or drying process is added to the 

current RDF process. The processing flow is shown below. 

 

 

Figure 6-11: RDF(RPF）process flow  

 

Process flow for the improvement of RDF quality is shown below. Here, additional equipment is 

installed to an existing composting facility. Improvement of RDF quality is expected to help improve 

the performance of the composting production line also. Although only slightly, the improvement is 

also expected to contribute to the reduction of CO2 and GHG gas like methane. By lowering the 
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moisture content, anaerobic fermentation can be changed to an aerobic process hence helping to reduce 

smell to an acceptable level. 

 

 

Figure 6-12: Flow for improvement of RDF quality 

 

 Futher, process flow that includes dewatering and drying processes are shown below.  

 

 

Figure 6-13: Image of the Process Flow with Dewatering and Drying Processes Added 
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RDF production line process is shown below. With this process, it will be possible to satisfy Zuari 

Cement’s requirements and moisture content can be reduced to under 15 %. 

 

 

Figure 6-14 : Assumed RDF Production Process 

 

(3) Planning for Facility Concept Design 

 Facility Design for quality improvement of RDF is shown below. 

 



 



96 

 

 

(4) Plan for Equipment Concept Design 

For improving the quality of RDF, dewatering equipment will be introduced. Process flow of the dewatering equipment is shown below.  

 



 

(5) Transportation Plan 

Reduction of transportation cost from Bengaluru to the plant is the most important issue for RDF 

users. RDF price will largely depend on the transportation cost. At present, the distance is 580km for 

Wadi of ACC and 270km for Yarraguntra of Zuari. Distance factor is a serious disadvantage for RDF 

pricing. 

Reduction of transportation cost will be a key factor for increasing RDF sales. One of the measures 

could be to take measures to maximize loading efficiency of RDF freight. Maximizing loading 

efficiency will help to reduce GHG gas emission by reducing the number of trucks required. 

 

1) Transportation by Truck 

 At present, transportation of RDF is carried out by trucks. Due to the high moisture content, RDF 

transportation is being carried out by garbage trucks instead of regular trucks.  

However, by reducing moisture content to under 15%, the cement companies can transport RDF by 

regular trucks. Currently the cement companies use normal trucks for shipping their cement products 

from their plant to Bengaluru and these trucks are going back to their respective plants empty. If RDF 

becomes a dry cargo, these empty trucks could be used to transport RDF on their way back. This could 

be the most efficient and economical transportation method for the cement companies. 

If the RDF density can be increased to near 1.0 from the current value of 0.3, the efficiency of RDF 

transportation could be three times that of the current value. Therefore, transportation cost could be 

reduced by one third. 

 

2) Railway transportation 

Transporting a distance of 600km by trucks is very expensive and hence usage of the existing railway 

infrastructure has been proposed. The image of transportation by railway is summarized in the 

following figure.  
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Figure 6-15 Image of railway usage 

 

 

6-4 Other Survey on Possibility of Business 

(1) Business Partner and Establishing Joint Venture 

1) Overview 

During business implementation stage of RDF in Bengalore, it will be necessary to establish a joint 

venture with a local company. In this study, it is envisaged that ① composting facility operator and 

② Cement Company will be the business partners.  

①will be one of the current operators of an existing composting facility whereas② will be the user 

and customer of RDF.  

 In regards to the composting sites, it is considered that there is not much difference between the sites 

beacause all the facilities have been installed by Karnataka state government. Therefore, they are not 

studied in detail. 

 

Expected Partner Content of Study 

① Existing Facility 

Operator 

Business outline, Business situation, Wastes acceptance conditions, 

Composting production, RDF production, Existence of technical issues, 

Marketing of RDF 

②Cement Company RDF usage volume, RDF use situation, Requirements for RDF, Transportation 

cost, Technical issues for RDF 

By trucks 
5 x 40ft containers 

from each plant 

Trucks 

Trucks 
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2) Prospective Business Partners 

①Existing Facility Operators 

a. IL&FS (Operators of BBMP composting facilities in Seegehalli, Kannahalli) 

・ The business area of IL＆FS covers many businesses related to agriculture and they have a good 

reputation in India..  

・ They are supplying RDF produced in Seegehalli to Yerraguntla plant of Zuari Cement. The 

volume is 30 tons per week only. This comprises the only sale of RDF to cement companies from 

Bengaluru. 

・ RDF production capacity in both the Seegehalli and Kannahalli amount to 150 tons per day (6 

tons per hour x 3 lines x 8 hours) .  

・ The most serious issue of current RDF is the high moisture content (50% currently). Therefore, 

reduction of moisture content for quality improvement and efficiency of transportation is 

necessary. 

 

b. UPL (Doddabidarakallu) 

・ Composting manufacturer based in Hyderabad 

・ Their composting technology utilizes microorganism (“EM”) in the composting process. Due to 

that, the produced compost and RDF have a higher moisture content.  

・ They don’t have a lot of experience of producing RDF and don’t yet have any specific customer. 

However, they are constructing an analysis laboratory adjacent to the composting site and are 

preparing for commencement of RDF business.  

・ They have an interest in material recycling through the usage of the rejects from the composting 

process. 

・ Require an improvement of the composting and RDF processes focusing on reuction of moisture 

contents. 

 

c. KCDC (Kudlu) 

A public company funded by Karnataka State for the purpose of composting. 

・ Although the planned volume is 800 tons per day, they currently at 400 tons per day 

due to public opposition  

・ The amount of compost produced compared to waste accepted is small 

・ The process of composting is fully windrow methods.  

・ They don’t have any baling machines for RDF production. Hence, rejects from the 

composting process that could potentially be used for RDF production is piling up 

within the site.  
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Figure 6-16 View of the composting site (left-down), Production Lines (right-up), Microorganism 

“EM” (right-up), Piling Composts (right-down) 

 

 

②Cement Company 

a. ACC Cement（Wadi plant） 

Interview date：Februaly 17th, 2016  

・ A part of the largest cement company in the world (Holcim-Lafarge) 

・ Cement production ; 13,000 tons per day (2nd in the world) 

・ Although they had accepted RDF from Hyderabad for 6 months in 2015, they have stopped 

accepting them because of the high moisture content (over 50%) and low calorific value (less 

than 3,000 kcal/kg). 

・ Intend to accept accept RDF from Bengaluru if their requirement is met. Their requirement is 

moisture content (20 to 25 %) and calorific value (over 3,000kcal/kg) 

・ Intended volume for purchase ; 200 ton per day 

・ If the quality of RDF is sufficiently high, they are not worried about the transportation cost 
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b. Zuari Cement（Yerraguntla plant） 

・ A part of the 3rd largest cement company globally (Heidelberg Cement) 

・ Cement production capacity : 16,000 tons per day 

・ They are accepting 40 tons of RDF per day from Chennai and 30 tons per week from Bengaluru 

(Seegehalli site). They have stopped accepting RDF from Hyderabad due to low quality.  

・ Required target of quality is moisture content less than 10 % and 6,000kcal/kg of calorific value 

in the case of mixed use of coal and RDF.  

・ The final target of accepting RDF in terms of amount is 1000 ton per day. 

・ They are in the process of constructing a new RDF feeding system. The capacity of processing is 

300 tons per day and operation will start next September. 

・ Transportation cost should be compared by comparison with coal price. 

  

Figure 6-17 :View of Cement Company(left), stone quarry of Slaked lime and private line of railway 

(right) 

 

(2) Study of Business Authorization 

According to BBMP and KUIDFC, waste processing business in Bengaluru should be chosen by an 

international bid. The conditions of participating in the bid are as follows; 

 Initial cost for land and equipment to be provided by state of Karnataka 

 Operator selected by international bidding (contract terms : 5 years) 

 Tipping fee not paid to the contractor 

 Running cost to be the operator’s responsibility. Sale of all the compost and RDF to be the 

operator’s income 
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(3) Ensuring environmental preservation 

Environmental preservation needs to be discussed in three separate phases: 1) production, 2) 

transportation, & 3) RDF use. For toxic matters and pollutants generated from each process, the focus 

should be on the reduction of waste, resue and recycling.  

 

1) Manufacture 

RDF production line will involve rearranging and improving equipment of the existing compost sites. 

For this phase, as describe previously in (2), Karnataka state will ensure environmental protection. 

During operation, foul smell and drainage will need to be addressed and they will be dealt with as 

follows: 

Table 6-9 Pollution measures in the production line  

 Cause Countermeasures 

Foul 

smell 

Composting involves a higher moisture 

content due to wet organic waste and 

microorganism and waste is fermented 

anaerobically leading to methane 

generation and foul smell.  

Moisture contents should be controlled. The 

moisture content to be controlled under 

30% in addition to having a dewatering 

process. 

Foul 

Water 

Generated from kitchen waste and 

hyderation process.  

Foul water should be used for power 

generation through methane fermentation. 

The foul water should be purified before 

using for power generation and drained. 

 

2) Transportation 

 In RDF transportation, foul smell from RDF and Green House Gas (GHG) from trucks are the major 

environmental concerns. 

Table 6-10 Pollition measures during transportation 

 Cause Countermeasures 

Foul 

smell 

RDF has a high moisture content and the 

kitchen waste that has adhered to the 

plastics causes foul smell. 

Lowering the moisture content by  adding 

slaked lime in the process of production 

and compression should result in 

alleviation of foul smell 

 

State 

Gov. 
KUIDFC BBMP 

Investment 

for facility 

and equipme 

Dicision 

to invest 

Privat

e 

sector 

Select by 

tender 
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GHG As the transportation efficiency is not good 

due to low density of RDF,it results in 

higher GHG emission 

Increase the RDF density through 

compression. Reduce GHG emission by 

increasing transportation efficiency. 

 

3) RDF Use 

Cement companies that have developed technology to utilize RDF in the optimum way possible are 

present in India. For example, Holcim-Lafage group including ACC has a “co-processing technology” 

installed in its plants in India. This allows for an efficient and environmentally sound RDF usage. 

Specifically, process that uses RDF is incorporated into the cement production process and the 

emission of gas, ash and other residue produced due to RDF usage is virtually zero. These technologies 

have already been standardized for cement campanies (CEMEX, the second largest global company, 

is also studying and developing a similar technology) and RDF can be used with due consideration to 

environmental protection.  

 

6-5  Study for implementation under JCM Scheme 

(1) Study for Development of JCM Methodology 

1) Amount of GHG Emission in Bengaluru 

Main sources of GHG related to RDF business whose emission can be reducted include 

Transportation of RDF and alternative fuel source to coal. The current emission amount is summarized 

as follows: 

Table 6-11 GHG emission 

 Prediction of GHG emission based on 

current situation 

Remarks 

Transportation 104.8t/day Transport volume：200tpd 

RDF density：0.3 

Number of 15t trucks with 200ℓ fuel 

tank：45 

Coefficient of CO2 emission for diesel：

2.62kgCO2/ℓ 

Use 4704.6t/day Amount of coal usage: 2000tpd 

Calorific Value of boiler usage: 

46,724.210MJ 

Total 4809.4t/day  

 

2) Applied technology 

In the project, additional equipment as describe in 6-3 will be added to attain dewatering and drying, 

hence reducing the moisture content to 10-20% from the present value of 50%. Further, a new 

compressing process for dehydrating will improve density from 0.3 to approximate 1.0. This will result 

in the following benefits.  
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 Reduction of GHG emission by improvement of transportation efficiency 

 Reduction of GHG emission by usage of high quality RDF instead of coal 

 

3) Study for forming a consensus among stakeholders for JCM project implementation 

In order to implement a RDF business under JCM scheme, the 3 preconditions need to be met. 

① Stable supply of municipal wastes mainly comprising of plastics（BBMP） 

② Stable manufacturing and sale of RDF with supplied waste from BBMP（Compost/RDF site 

operators） 

③ Stable utilizing of RDF instead of coal（Cement companies） 

 

Hence, similar to the contract between BBMP and facility operators, a trilateral contract between 

BBMP, Cement Company and facility operator (RDF manufacturer) will be necessary to ensure a 

stable supply and usage.  

In this pre-feasible study, there is no contract between the 3 entities yet. However, the study team 

already has confirmed the following; ①Need for the proper treatment of waste, ②Need for 

improvement of RDF quality, ③Need for a stable supply of RDF. Hence, in order to proceed to the 

JCM scheme, these 3 needs should be interconnected and a proper treatment flow of waste needs to 

be formulated. Hence a pilot plant for manufacturing high quality RDF should be installed and the 

possibility of feasibility should be studied.  

 

4) Study for Quantification of GHG emission reduction 

① Basic concept of calculation of GHG emission reduction 

The basic concept for calculation of GHG emission reduction related to RDF is as follows: 

 

a. CO2 emission reduction by improvement of transportation efficiency related to density 

improvement of RDF 

New RDF manufacturing line with compression process would improve the density from 0.3 to 

0.9~1.0 which would make the transportation operation efficient and ultimately reduce the number 

of trucks. The amount of GHG reduction is based on the calculation method for fuel provided from 

MOEJ. 

 

<Formula> 

CO2 reduction amount (Kg-CO2) 

= (number of trucks when density is 0.3－number of trucks with improved RDF line) 

×amount of fuel usage×coefficient of CO2 emission 

＜Precondition＞ 
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Capacity of fuel tank for 15t truck: 200 litter 

Coefficient of CO2 emission for diesel: 2.62KgCO2/ℓ 

 

b. CO2 emission reduction by use of RDF instead of coal 

Comparing the amount of CO2 emission between coal and RDF, there is a 20% difference because 

the efficiency of calorie generation is different. Therefore, assuming that the heat generation amount 

(MJ) of the boilers is the same, the amount needed for generation of same amount of heat would be 

different for coal and RDF. Hence, when RDF is used instead of coal, reduction of CO2 emission can 

be achieved. 

<Formula> 

Amount of CO2 reduction (Kg-CO2)  

= Amount of CO2 emission with coal － Amount of CO2 emission with RDF 

＝ Amount of coal usage (t) × Amount of CO2 emission with coal － Amount of RDF usage (t) × 

Amount of CO2 emission with RDF 

 

<Detailed formula> 

ER = (ERc – ERf) ×365 

CVf = 500 × D1 

ERc = CVf ÷ D2  × D3 

ERf = 500 × D4 

 

<Precondition>＞ 

Calorific Value generated by boiler: 35,141 MJ (same value between coal and RDF) 

Amount of coal usage for generating 35,141MJ: 1.547t 

Amount of RDF usage for generating 35,141MJ: 0.989t 

 

 

 

Numeric
value

unit explanation

ER variable t-CO2/year Total amount of CO2 emission reduction
ERc variable t-CO2 Amount of CO2 emission with coal
ERf variable t-CO2 Amount of CO2 emission with RDF

CVf
500

(1000)
MJ Calorific Value when all of RDF was utilized 

D1 36,542 MJ/t Calorific Value of RDF
D2 23,361 MJ/t Calorific Value of coal
D3 3.05 t-CO2/t Coefficient of CO2 emission for coal
D4 2.35 t-CO2/t Coefficient of CO2 emission for RDF
- 310 days Annual operation days
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② Calculation of reduction effect 

The result of estimation based on the method describe in the previous section ① is as below 

 

Table 6-12 Estimation result 

Amount of 

RDF 

(tpd) 

Reduction by 

transportation 

improvement 

(tpd) 

Reduction by 

RDF usage 

instead of coal 

(tpd) 

Total amount of 

reduction 

(tpd) 

Annual reduction 

(t/year) 

100t 7.86 62.32 70.18 21,755.8 

200t 15.72 124.6 140.32 43,499.2 

500t 39.3 311.58 350.88 108,772.8 

1,000t 78.08 623.16 701.24 217,384.4 

2,000t 155.1 1246.3 1401.4 434,434.0 

＊Annual operation days of RDF line is 310 days 

＊Currently cement companies are targeting 200tpd – 1000tpd for utilizing RDF. In the future it is assumed that these 

companies will increase the total amount of RDF usage replacing coal. Hence the estimation assumes that 2000tpd of 

coal is replaced by RDF. 

 

(2) Survey and Investigation for Formation of MRV Implementation Structure  

 In regards to RDF business, MRV should be carried out by the cement companies through their daily 

operation which involves monitoring and reporting. The monitoring report should be audited by an 

auditor selected by BBMP and the result should be submitted to a 3rd party certifier. 

 

1) Implementation Structure 

MRV implementation structure for RDF should be as follows. 

 

 

Figure 6-18 MRV implementation structure  

 

2) Monitoring Method 

The monitoring for MRV should follow the procedure shown below to ensure accuracy.; 

① Procurement department of cement company monitors the number of trucks that transport RDF 

Cement Company Auditor selected by 
BBMP

3rd party certifier

Management 
dept.

Accounting 
dept.

Procurement 
dept.

Manufacturing 
dept.

Report

Reporting

Monitoring for 
transportation of RDF 

Monitoring for 
RDF usage

Internal check

Auditing report

C
e
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ic
at
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and the amount of RDF 

② Manufacturing department of the cement company monitors the amount of RDF that is utilized 

instead of coal. 

③ Management department of the cement company collects the data of ① and ② to prepare a 

monitoring report. 

④ Accounting department and Management department conduct internal check of the monitoring 

report. 

⑤ The Cement company submits the monitoring report to the auditor selected by BBMP 

⑥ BBMP Auditor checks the report. 

⑦ The 3rd party certifier gives certification to the monitoring report. 

 

6-6 Business Planning 

Before the commencement of the RDF business, following items should be checked. 

 

 

Figure 6-19 Steps to be taken before business commencement 

 

In the preparation stage, a joint venture should be established and authorized by officials. In order 

to do that, the joint venture company needs to prepare a sales plan based on demand forecast and 

procure the operation capital based on a financing plan. 

After that, buildings and facilities need to be installed based on the facility plan of this study. At the 

same time, the actual demands need to be confirmed through marketing to customers to prepare a sales 

and production plan. 

After installation of the machinaries and equipment, it will be necessary to conduct operator training 

and safety education of the workers. After completion of these training, mass production can be started. 
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 The schedule is shown below. 

 

Figure 6-20 : Proposed business commencement schedule 

 

If preparations can proceed as anticipated and mass production can commence from 2017, the 

expected sales quantity and sales amount is expected to be as shown in the figure below. The figures 

are based on the assumption that sale expands to other cement companies and the facility is also 

expanded to accommodate to customers demands. 

 

Figure 6-21 : Plan for sale amount and quantity   
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7  Way Forward 

 This study yields promising results towards the future MSW management improvement in 

Bengaluru, GHG reduction in the MSW sector and JCM project development. A bilateral agreement 

between Japan and India for JCM projects has not been signed yet and therefore it is hoped that this 

will be realized soon. This JCM project will be realized with the signing of the bilateral agreement 

and disclosure of the project development procedure based on the agreement.  

 Before the signing of the agreement, it is hoped that a model project will be prepared and 

implemented with funding from Indian side if possible. 

  Following is the recommendation for stakeholders. 

- Karnataka State Government 

  Provide funding for solie waste treatment facilities and support arrangement among stakeholders 

- BBMP 

  Operate and manage properly waste treatment and disposal facilities, Supervise contractors 

supportingly and strengthen its organization in charge of solid waste management 

- Private sector 

  Provide their expertise 

- Residents and NGO 

  Cooperate segregation and watch solid waste management service 
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