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1. EXECUTIVE SUMMARY

L1 Project Background

The Louis Berger Group {1.BG) conducted this Training Needs Assessment (TNA)
with the support of Global Energy Pariners (Global). This methane recovery and re-
use assessmen! was conducted as part of LBG's CLIN 8 activines under the
Greenhouse Gas Pollution Prevention Project (GEP-CCS) for USAID. This
assessment identified the current characteristics of municipal solid waste management
in India by way of extensive data review and site visits 10 representative cibies in
India. Cities were selected using a set of data charactenistics that best represented the
current ani future conditions that would make methane recovery and re-use a
practical option for Indian citics to consider in combating the greenhouse gas and
global warming problems brought about by methane emissions. Other considerations
i cily selection related to the level of mterest cities have expressed to USAID n
connechon with its various urban infrastructure and greenhouse gas emission
reduction initiatives. Based on these factors, the following five cities were included

in the assessment:'

Pune
Chennai
Bangalore
Guntur
Jaipur

Ongce the cities were selected, a delegation from the GEP-CCS project (USAID, LBG
and a methane expert from Global) traveled to each of the five cities to conduct a
training needs assessment that included data collection, nterviews and assessments of
methane recovery and re-use potential. The information gathered as pan of this effort
contributed toward the development of a detailed training plan that provides the
framework for appropriate next steps and the tools and techniques necessary for the
respective municipalities to move forward on potential implementation.

12 Solid Waste Management in India

According to a report prepared by the Indian Central Pollution Control Board in Delh:
{2000}, “Management of Municipal Solid Waste,” annually over 48 million tons of
mumicipal solid waste is generated in India. It is also estimated that the current urban
municipal solid waste generation is about 0.49 kilogram per capita per day. This 15
two to three times more than the waste generation rate in the rurai areas. In year 2025
the urban municipal solid waste gencration will reach 0.70 kilogram per capita per

day.

In 1997 the urban population of India was estmated to be 247 million. The country’s
annual overall population increases by about 2 percemt. The estimated urban
population increase is more than 3.5 percent per year. This has resulied in vearly
mncrease of solid waste of 5 percent.

' Note that seven cities were aniginally scheduled for site visits duning the TNA mussion however due
to the catastrophic eanthquake in the Gujaral state and logsstical problems during the muission, 1 was not
possible to conduct visits at Baroda and Nowda

L3
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Executive Summary

There are about 20,200 hectares of land used as disposal areas for municipal solid
waste. Annually methane emission from these disposal sites is estimated to be around
7 x 10° tons CH,. India is among some of the lowest paper consuming countries, but
as the urban population increases, paper consumption and packing waste will also
increase and the estimated emissions from these disposal sites will increase. Waste
management practices must be modernized to address these changes in handling and
control of future increase in landfill pas emissions.

1.3 Key Issues Concerning Solid Waste Management in India

Several critical issues related to solid waste management in India are noted:

»  Insufficient Funding Mechanisms: Fees for local solid waste collection,
transportation, treatment, and disposal range from Rs. 500 to Rs. 1,500 per ton.
About 60 to 70 percent of this is speat on collection labor and 20 to 30 percent on
transportation. Only 5 percent of the funds are spent on disposal of waste. With
this funding scheme, monies for improvements to the waste disposal processes are
not nearly sufficient.

*  Funds are Difficult to Access: Revenues derived from fees are typically deposited
in the general revenue accounts which make it difticult to determine the income
and expenditure that is directly related to solid waste management activities.

s  Potential Agency Overlap: There is no single agency responsible for solid waste
management in India. There are multiple ministries for different aspects of sohd
waste management in India which is a chalienge in coordinating and aligning the
efforts of the various ministries and research institutes.

"  Waste Composition: Due to the nature of the waste that disposed into Indian
landfills, the composition of organic waste does not lend well to high yield/high
quality methane gas necessary for cost-effective recovery and re-use.

*  Poor Disposal Methods: Waste appears to be dumped anywhere that is available,
without consideration to potential land use conflicts, groundwater contamination,
and health hazards. Due to rapid urbanization, fill sites are often located in close
proximity to residential and business districts. Transportation of the waste is
accomplished using trucks that are outdated and unreliable.

s Insufficient Landfill Planning: Landfills in India are not designed in 2 manner that
is conducive for ultimate recovery of methane gas. Little if any emphasis is given
to long-range planning that might ultimately bring about cost-effective recovery
and re-use.

1.4 Summary of TNA Mission Findings

A summary of the key findings from the February 2001 TNA.mission are provided
below for each of the five cities visited. More detailed findings will be found in
Appendices A-E of this report.

PUNE (Appendix A):

= Total tons disposed per day of 800 (150 aerobic composting by CICON, 650
composting)

= Population of 2.2 million

= NGO collecting waste in some areas

CLIN 8: Methane Emissions and Re-Use Potential in Cities 3
Task 8.A: Training Plan Developed and Submitted




Executive Summon

Transfer stations

Site adjacent to residential areas

Anaerobic composting for methane and aerobic composting contracted
Methane recovery planned

CHENNAI (Appendix B):

Total tons disposed per day of 3,000 (600 pasification by EDL, 400 aerobic
composting, 2000 dumping)

Population 4.75 million

Some waste transported by private sector

Disposal site in marshy areas

Site adjacent to residential areas

Tonnage measured by weight bridge on site

Gasification project awarded and sanitary landfill construction project in bidding
process

BANGALORE (Appendix C):

Total tons disposed per day of 2,200 (900 acrobic composting by KCDC, 240
aerobic composting by Sunrays, 1,000 dumped)

Population 4.13 million

Informal support by municipal corp. to rag pickers

Existing compost plant near one dump site

Private sector transport about 52% of wasle generated

Tonnage measured at the composting site (KCDC)

GUNTUR (Appendix D):

Total tons disposed per day of 350 (280 peiletization by SESL, 70 dumped)
Population 0.75 million

Waste transportation partially privatized

Waste disposal site is adjacent to residential area

Bulk density (0.4-0.6 MT/Cu. M.) reported _
Pelletization and gasification contracts award under active consideration by

municipal corporation of Guntur and neighboring Vijayawada

JAIPUR (Appendix E):

1.5

Total tons disposed per day of |,000 (600 gasification by EDL, 400 dumped)
Planned awareness campaign

Sandy silt on-site soil

Waste disposal site at storm watershed

Medical waste is disposed with municipat solid waste

Gasification project under review by municipal corporation and state government

Recommended Training Action Plaa

Based on the review of each site and analysis of the available information, a seven-
topic training program is recommended, and it shall be admmistered over a two-day
penod. The seven topics include:

Solid waste management overview and awareness
Physical and chemical characteristics of municipal solid waste (MSW)

CLIN 8: Methane Emissions and Re-Use Potennal in Cities 4
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Executive Summary

*  MSW transformation technologies

* Significance of methane from MSW

= Technology options for methane recovery and re-use
*  QOperational issues

= Landfill methane project development and structuring

The training program will combine classroom lectures, video clips of various projects
and technical topics, and class exercises. The aim of the program will be to train
participants on the most important aspects of methane recovery and re-use projects,
both from a  technical and  implementation point of  view.

CLIN 8: Methane Emissions and Re-Use Potential in Cities 5
Task §8.A: Training Plan Developed and Submitted
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Introduciion

2. INTRODUCTION

21 Study Objectives

Methane is currently the second most important greenhouse gas in the atmosphere,
with emissions expected to reach those from carbon dioxide by 2025. After remaining
constant in the atmosphere during the past 10,000 years, the concentration of methane
has doubled duning the last century. This has accelerated dunng the last two decades
when atmospheric concentrations have been increasing at the annual rate of 0.9% per
year. Although methane gas has a shorter lifespan in the environment, it has a greater
heat-trapping characteristic than carben. The current estimate of methane emissions i
the atmosphere is 575 million tons, of which 75% is anthropogenic. The primary
natural sources of methane are wetlands, oceans and freshwater; anthropogenic
sources include coal mining, biomass buming, landfill of organic wastes, incomplete
combustion of fossil fuels, entenc fermentation in domestic animals, and nce

cultivation.

The increasing urban dumpsites in India have been a growing source of uncontrolled
methane emissions. However, there is no current procedure 1o evaluate the impact of
methane emissions from urban locations, or the more important aspect of capturing
and utlizing this valuable energy resource. The control of methane emissions and re-
use potential is essentally urban solid waste management. Solid waste management 15
2 major probiem for the heavily urbanized Indian cities wherein growth rate of solid
waste is much greater than the availability of landfills and the associated management

of landfills.

The purpose of this study is to provide a framework by which Indian cities can begin
the process of implementing solid waste management practices that ultimately control
and minimize the alarming volume of methane emissions. At the same time, based on
practices in other countries, this study identifies ways in which that methane gas can
be recovered and re-used for energy production, thus potentially helping o solve
another major infrastructure issue in India—chronic power shortages.

The objectives of the project are two fold:
To develop a comprehensive Screening/Selection cnteria to identify 5 viable Indian
municipalities as sites for the development of an outrcach strategy and training
pmgram targeting methane recovery and re-use.
To assess, design and develop a comprehensive traiming plan to train municipal
authorities on the proper tools and techniques 1o assess their methane emissions

and technology opticns for re-use potential during the entire cycle of waste
management.

22 Overview of Landfill Gas Recovery and Re-Use

To provide the overali context for this assessment, it is necessary to first review the
basic principles behind landfill gas recovery and re-use. The sections below provide a
very general overview of the recovery and re-use process—the bemefits, the gas
extraction and collection, technologies emploved, economic issues, and the typical
critena employed when evaluating projects.

CLIN 8: Methane Emissions and Re-Use Potential 1n Cities 6
Task 8.A: Training Plan Developed and Submitted
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2.2.1 Benefits of Landfill Gas Recovery and Re-use

Recovery and energy use of landfill gas has many important global and local
environmental benefits as well as energy and economic benefits. Landfill gas-to-
energy reduces methane emissions, and VOC emissions, as well as displacing other
pollutants associated with fossil fuel use. Landfill gas when vented or flared is a
wasted low-cost energy supply that can reduce dependence on fossil fuels. Some of
the benefits are discussed below:

s Energy Benefits- Landfill gas is a renewable energy source that can be used as a
constant source of energy. Since organic waste is continuously being produced
and decomposing waste produces landfill gas, then landfill gas-to-energy recovery
projects are a constant source of energy. With the population increase in India
and the high organic content of waste this would be a great renewable resource for
production of electricity.

»  Economic Benefits-This low cost source of renewable energy will create jobs
related to the design, construction, and operation and maintenance of theses
facilities

*  Environmental Benefits- one ton of methane emitted into the atmosphere is 24.5
times more damaging 1n its “greenhouse potency™ to the atmosphere than a ton of
carbon dioxide. Methane’s potency and its rapid cycling through the atmosphere
contribute greatly to the global warming problem, and, also now, to stratosphere
ozone depletion. Another benefit is the reduction in VOC emissions and odor of
the landfills. Generating electricity from fossil fuels such as coal and oil also
increase the sulfur dioxide emission, which is a major contributor to acid rain. in
contrast, using landfill gas will displace the use of fossil fuel and reduce these
sources of air pollution and adverse climate effects.

= Political and Social Image Benefits- One of the benefits of using landfill gas-to-
energy is the improvement of any municipality’s image by tuming a current
liability into an asset. This could not only provide a low-cost source of renewable
power for the community but also mitigate global warming, Landfill gas, even in
low concentrations is explosive and can result in fires and explosions damaging to
humans and property. The beneficial use of this landfill gas will be protective and
reduce the risk of landfill gas explosions. Landfill gas-to-energy when operated
properly virtually eliminate the risk of injury and property damage by collecting
and combusting landfill gas before it can accumulate to dangerous concentration
levels in spaces within or adjacent to the landfill.

* Attraction of New Industries- municipalities can attract new industry to the area by
providing a low cost source of fuel Industries that can use large quantities of
medium Btu gas may want to locate a plan near the landfill since this could be a
cheap source of energy.

Landfill Owner and Operators- Landfill owners and operators are being mandated
to control and destroy landfili gas. Revenues from a landfill gas project can offset
the cost of landfiil gas coliection and control system that are mandated by law. In
many cases the projects could even generate profit as world energy costs continue
1o nse.

CLIN 8: Methane Emissions and Re-Use Potential in Cities 7
Task 8.A: Training Plan Developed and Submitted
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Introduction

2.2.2  Landfill Gas Generation

When organic waste decomposes through a natural process, it is transformed by the
action of microorganisms into simpier organic gases. This landfill gas is produced
through an anaerobic (without oxygen) decomposition process. Typically, byproduct
gases are made of about 45 percent carbon dioxide, 50 percent methane, and 5 percent
of other gases including mainly nitrogen (from entrained air), and small amounts of
hydrogen sulfide and volatile organic compounds. Methane is the primary constituent
of natural gas and therefore can be used as a fuel. The amount of gas generated and
(to a slight extent) the quality of methane produced are dependent upon the quality
and type of waste-in-place, climate, and other site-specific factors. The production of
landfill gas normally begins from six months to a year after waste is placed i a
landfill. Depending on the site conditions and climatic factors, landfill gas generation
may continue at a significant rate for many years afier landfill closure. This holds for
most landfills as now operated. However technology (o improve the situation by
accelerating, controlling and more rapidly completing gencration is being successfully
demonstrated with very promising resulis.

Methane is combustible in concentrations between 5 to 15 percent by volume wn aw.
Methane is flammable at atmospheric pressure and ambient temperature. Methane can
migrate through the soil 1o significant distances. Landfill gas can mugrate through
sand, silt or clay soil as long as there are continuous voids. The rate of gas movement
is dependent upon density and permeability of the soil as well as dniving pressure.

223 Landfill Gas Collection

Landfili gas collection systems are necessary because landfill gas has the potental to
cause property damage, death and injury as a result of explosions and iandfill gas
fires. Landfill gas can be collected using either horizontal trenches, permeable layers
bencath an impermeable liner or vertical wells drilled into the landfill at sebected
points. Well spacing depends on site-specific variables, but it typically lies between
100 to 300 feet spacing between wells. The horizontal trenches and vertical wells are
connected by piping to a central point where a motor/blower is used to provide
vacuum for removal of the landfill gas. In an effectively designed and constructed
system, methane recovery efficiency could be as high as 85 percent without
impermeable final cap and as high as 95 percent when a impermeable liners are used.

224 Technologies for Landfill Gas Utilization

Landfill gas can be collected and used as an enesgy source for various applications.
These mclude: direct use of medium-Btu gas for industrial boilers-bumers, co-
generation (heat and electricity), on-site space heating and or hot water heating,
hghting, industrial processes. Process landfill gas can also be used 10 fuel vehicles.
Methane 15 either consumed or converted to a non-greenhouse gas that reduces
emissions to the atmosphere. In addition, using landfill gas to produce clecincity will
reduce use of fossil fuel, which aiso reduced carbon dioxide emissions.

If raw landfill gas is used for space heating or hot water heating, only condensate
water and particulate matter removal, and sometimes keeping the gas refative
humidity somewhat below 100% is necessary. Such uses do not require highly
elaborate and expensive processing and are well suited to many smaller landfills
across India. Pipeline quabty gas can also be used for any application where nawral
gas is normally used. In this option, moisture and particulate removal is necessary in

CLIN 8: Methane Emissions and Re-Use Potential in Cities 8
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addition to removal of carbon dioxide. Off-the-shelf technologies are available for
such applications but these requires large capital expenditure.

Electrical power generation projects in United States has been extensively
demonstrated to be reliable and economically viable method of landfil gas utilization.
Over 70 percent of the US landfill gas utilization projects generate electricity. Over 60
percent of the landfill gas to electricity facilities use reciprocating engines. About 24
percent of landfill gas utilization projects sell medium-Btu gas to direct user, while 4
percent upgrade their gas pipeline quality (close to 1,000 Biu}.

Electricity Generation- Landfills that can generate landfill gas at more than | million
cubic feet per day can utilize the gas to generate electricity in a cost-effective manner
(presuming recent enormous wholesale electricity price escalations in the US
electrical grid). There are several proven technologies that are available for generating
electricity from landfill gas namely:

= Reciprocating Internal Combustion Engines (IC)- fypically ranging from 250 kW
to 1 MW in size. More than one engine could be installed. These have the
advantages that their manufacturers, sales and maintenance is available
worldwide, and they are very efficient relative to other (present) options.

» Gas Turbines- higher capital cost than IC engines per kilowatt of installed
capacity, but at Iarger landfills they have lower cost of electricity. Landfill gas
volumes of more than 2 million cubic feet per day are required for this to be
economically feasible. They also have lower NO, emissions than IC engines since
large quantity of air is used. They are less efficient, giving about two-thirds the
power per unit of landfill gas burned but better adjustment to fluctuations in heat
values of the landfill gas.

* Rankine Cycle (Steam) Turbines- used where gas flow rates are very high
Reasnablly high thermal to electrical efficiencies can be achieved with lowest
pollutant emissions of any present technology. These need sufficient Jandfill gas
for 10 to 20 MW of power.

Gas Delivery System- Landfill gas can be processed and sold as gaseous fuel through
dedicated pipes or to connect to natural gas pipelines. There are two types of fuels:

* Sale as a Medium-Btu Fuel-When a utility power or an industrial user is located
within an economic distance, situation-specific but of the order of a few miles of a
landfill, a variety of commercial applications, such as firing boilers and space
heating can be fueled via dedicated pipelines. A guide is that the user should
usually be within 5 miles of the landfill and has constant demand for gas. Projects
can be feasible at small landfills. Economies of scale increase with size.

* Sale as a High-Btu Fuel-Landfill gas must be upgraded to pipeline quality, which
is generally very high in cost. The process involves remaval of water, carbon
dioxide, hydrogen suifide, hydrocarbons, and on some cases nitrogen. A natural
gas pipeling must be located fairly close {one to a few miles) to the site. Other
options such as fuel cells, compressed natural gas (CNG), hquid natural gas
{LNG) are promising emerging technologies that have recently been in successful
demonstration phase,

CLIN 8: Methane Emissions and Re-Use Potential in Cities 9
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2.2.5 Economics of Landfill Gas 1o Eleciricity Project

Table | shows representative cost data for a range of landfill project sizes. The cost
data were derived from statistical analyses of existing projects (U.S.EPA 1993) in
United States (U.S.). Gas generation potential for each ton of waste in India is
different than in the Umited States since India’s waste characteristics are much
different than those in the United Stares. India’s waste has less than 5 percent paper
compared to U.S. waste, which is about 25 percent paper. Therefore, waste in the U S.
produces more methane than waste in India. Other factors should also be considered
such as collection efficiency and moisture content of the wasic and the average annual
rainfall.  Detail analysis and site specific investigation should be performed at each
site to determine the maximum gas flow since the composition of waste and chmate in
India is much different than in U.S. This exhibit is provided only as a 100l 10
demonstrate the relative costs for each possible case. Project analysic should use
engineering cost estimates based on the individual site charactenstics and project
configuration and consider possible factors that are discussed next.

Care must be taken when reviewing projections such as those m Table 1. 1o
realistically take into account several issues. Landfill gas yield and recovery
predictions have been refined recently, with onginal EPA gas availability projechons
for US waste somewhat lowered. A recent 19-landfill study (Vogt, W.G. and D.
Augenstein, 1997, Comparison of Models for Predicting Landfill Gas Recoverv
SWANA. Sibver Spring. MD) has shown a best US it with maximum recovery rates as
much as 30% lower than recoveries assumed in Exhibit A. Also, there is landfili-10-
landfill recovery vanation, moderate irregulanty and unpredictability m recovery. and
long-term trailing off of recovery. These result in problems of part-load operation of
energy equipment as they are encountered. (Nonctheless, there are promising
tmprovements under investigation to address all these issues.) Also, rather Immted
studies in third world countries suggest that because of lower paper content,
ragpicking and the like, that developing countries’ waste methane yield may be on the
order of half that of the US. The present situation, nonetheless, stll leaves very
considerable opportunity for successful projects and a sigmficant landfill gas
contribution (e.g., of the order of 1% of US and world ¢lectnical supplies. See for
example Eam-o-Pas, K., Wetherill, T., Panpradist, B. 2000 Landfill Gas Generation
and Recovery in Thailand. Proceedings, Second International Methane Mitiganon
Conference, Akademgorodok, Novosibirsk, Siberia, Russia, co-sponsored by Russian
Academy of Sciences [bosting], US EPA, US DOE, Canada Natural Resources,
Intemational Energy Agency, Chinese [PRC] Academy of Sciences with several other

agencies).

CLIN 8: Methane Emissions and Re-Use Potential in Cities 10
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TABLE 1:
Representative Landfill Energy Recovery System
Landfiil Max. Engine | Collection System Fiare System Generator Total
Size Gas Cap.® (‘000 USS) (‘000 USS) System (‘000 USS)
Flow" (*000 USS)

(10" (mY Annual Annual Annual Annual
metrie min) (W) Capital O&M Capital O&M Capital O&M Capital O&M
1ons}

0.25 1.6 0.3 155 55 68 4 360 34 583 93
0.5 3.2 0.6 269 60 72 4 720 67 1,061 131

1 6.3 1.1 468 68 79 4 1,320 123 1,867 {195

5 29.4 5.2 1,698 1 117 130 7 6,240 581 8,068 | 705
10 51.8 9.1 2,956 | 167 180 10 10,920 | 1,016 | 14,656 | 1,193
20 96.6 17.1 5,146 | 255 280 15 20,52¢ | 1,910 | 25,946 | 2,180

*estimated using a statistical model based on existing landfills that recover methane, assuming a

collection efficiency of 85 percent.

®Engine capacity must be sufficient to utilize the estimated peak sustainable gas flow.
‘Assuming engine generator cost US$1,200,000 per MW of installed capacity.
*Assuming engine generator O & M rate of US$0.015 per kWh.

United States”, Report to Congress, October 1993,

Source: Reproduced from “Opportunities to Reduce Anthropogenic Methane Emissions in the

The cost of a landfill gas recovery system includes the capital cost of gas collection
system which includes the vertical or horizontal gas collection system, the well header
system, the gas blower or gas compressor, and the condensate handling system. In
addition to the annual operation and maintenance {O & M) costs, a stand-by flarc may
be required. The capital cost for the utilization system will depend on the particular
option. For a typical electrical generation system, it would include the installed cost of
an on-site engine generator, engine controls, gas-processing equipment, and electrical
grid interconnection equipment. For the option of direct use of gas the major capital
cost will be the canstruction of a gas pipeline from the landfill to the user, additional
compressors, and any required gas processing equipment or end-user equipment
modification. The annual O & M costs include direct cost, labor costs, and indirect
costs including insurance, overhead, and administration.

2.2.6 Typical S&ccning Criteria for Evaluating Projects
The following criteria have been developed for evaluation and selection of a site with
future landfill gas recovery and re-use potential:

a) Site with at least 1,000,000 tons of waste-in-place, to make landfill gas recovery
project economical.

b) The site receives more than 100,000 tons of waste annually, all waste must be
available for anaerobic composting and landfill gas recovery.

¢) The waste has high organic content (more than 50 percent) by weight and
moisture content of 25-50 percent by weight.

d) There is a water source available on site.

e) There is sufficient land available to continue landfilling for the next 10 to 20 years
within the existing site

fy Site is located at least one to two kilometers away from a residential area and the
site is fenced to protect the facility from trespassers.

CLIN 8: Methane Emissions and Re-Use Potential in Cities 11
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g)

)

There is either sufficient low permeability clay cover soil on the existing waste or
if not covered, there is enough low permeability clay soil available on site to cover
waste to allow landfill gas recovery and prevent oxygen intrusion in waste.

Recovery tests confirm adequate gas availability and methane content both when

the tandfill is modeled, and a gas recovery system is installed.
There is at least 3-5 meters separation from the bottom of the landfill and the

highest groundwater.

Landfill is located at a suitable site for construction of a sanitary landfill.

There are personnel available to be trained in the maintenance, monitoring. and
adjustment of landfill gas wells in the field.

The site is aear a facility that could use landfill gas or is close to a high vollage

grid for electric line interconnection.

m) There is sufficient funding or the ability of the municipality to manage large

23

capital infrastructure projects.

Project Steps

The following activities have been undertaken to support this assignment:

Phase !—Development of a Municipality Screening/Selection Criteria. In
November 2000 when Global was assigned the task by LBG, a list of selection
criteria was drafted and then subsequently discussed with USAID and LBG stafT
and partners. The list was based on a review of current USAID Regronal Urban
Development Office (RUDQO) documents, combined with the project team’s
experience in municipal solid waste issues and Global’s intemational experience
in this area.

Phase II--Presemt Case Study at USAID/RUDQ Conference: One (1) Global
technical expert traveled to India during December 5-10, 2000 to present at the
USAID/RUDO conference “Cities and Climate Change,” m Hydersbad, India.
The presentation was entitled “International Experience-Case Study of Landfill
Methane Utilization.” A copy of the presentation is included in Appendix F. At
that time, the Global expert networked with authorities from various Indian cities
to gauge their interest level in participating in future training sessions related 10
municipal solid waste management and methane recovery techniques. Finally, a
grouping of five cities was recommended based on the information received and
the feedback obtained during the mission.

Phase llI-Conduct a Training Needs Assessment: A methane expent from Globa)
traveled to India in carly February (February 12-21, 2001) to participate m a
training needs assessment. Under the organization of USAID/RUDO, the LBG
team traveled to five Indian municipalities to meet with officials and gain a better
understanding of their current solid waste management programs.

Phase IV—Develop a Detailed Training Plan: This plan, contained in Chapter 3
of this report, provides the framework of appropriate next steps and the tools and
techniques necessary for the respective municipalities 10 move forward.

CLIN &: Methane Emissions and Re-Use Potential in Cities 12
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Current Knowledge of Methane Recovery and Re-use

3. CURRENT KNOWLEDGE OF METHANE RECOVERY
AND RE-USE

3.1 Overview of Carrent Solid Waste Practices in India

In India, the urban and local government authorities (similar to county and urban
government authorities in U.5.) are generally responsible for solid waste management
systems. In some urban and local districts, similar to the US, private organizations
are involved in collection, recycling, processing and disposal of solid waste. Unlike
the US, in India, as reported by the Central Public Health and Environmental
Engineering Organization Manual (2000), about 30 to 50 percent of the total
municipal staff are involved in solid waste management. Funds spent for local solid
waste collection, transportation, treatment, and disposal range from Rs. 500 to Rs.
1,500 per ton. About 60 to 70 percent of this amount is spent on collection labor and
20 to 30 percent on transportation. Only 5 percent of the funds are spent on disposal
of waste.

The funds generated from the solid waste management activities are normaily
deposited in the general revenue accounts. This makes it difficult to determine the
income and expenditure that is directly related to solid waste management activities.
This also makes it difficult for the decision-makers to know the actual operating,
capital costs, project revenues, and establish appropriate collection and disposal fees.
A system with full cost accounting is essential for enabling gainful operation of the
landfill methane or other revenue generating projects. This setup could incorporate a
separate fund, such as an enterprise fund, separately tracking waste-related income
and costs.

In the US, typically, the solid waste received at the landfill site is already segregated
or will be segregated into hazardous, non-hazardous and butk waste. The non
hazardous waste is further segregated into paper, plastic, metal, etc. In India, most of
the valuable materials for recycling, such as paper, plastic, rags, etc. is already
handpicked. Only the remaining material, primarily food waste mixed with dirt
reaches the disposal site. The method of disposal is simply dumping of waste on land
without any type of lining system to protect the groundwater from leachate or any
landfiil gas control system to control air pollution. Almost all sites are left uncovered
and at some sites waste is burned by the local rag pickers for reclamation of metals
from the disposal site. Minimal attention is given to the health and safety of the staff
working at the landfill site or the residents living in slum communities adjacent to the
landfill. Rapid urbanization has also made jt difficult for many of the local bodies to
secure proper disposal sites for waste disposal. Therefore, waste is often disposed
within close proximity of the collection points within the urban area.

Inadequate planning and inefficient equipment for waste collection and transport have
limited house-to-house waste collection in India. Collection of waste from slums,
narrow lanes and high traffic areas is also a problem. Much of the collection and
loading of the waste is done manually. In many low-income areas waste is not even
collected. A study by National Institute of Urban Affairs reports that most cities face
issues of labor health impact and labor union agitation. It is estimated that the
collection efficiency could range anywhere between 25 to 99 percent of the solid
waste generated depending on the location. The balance of this waste is unatiended
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and dumped in many different locations. Indian municipal authorities with the
assistance of USAID/RUDO are developing new systems and methods to improve the
coilection and disposal of solid waste. With this assistance in place, 1t s expected that
the solid waste management practices will improve substantially over ime.

The transportation of waste to the disposal site is done using outdated trucks. tractors,
tippers ad refuse collectors. Poor maintenance, continuous breakdown of vehicles and
madequate fleet size prevent proper and timely collection of waste. Transportation
modes used in the smaller cities include bullock carts, three wheelers and tractors. In
some cities front-end loaders are also used for waste collection.

Proper collection and disposal of sanitary waste is the mosl critical aspect of sohd
waste management among all cities. The Central Pellution Contro! Board in Dethi
reports that 94 percent of cities dump domestic, commercial, industnial and medical
waste in low-lying areas, which leads to ground and surface water contamination by
leachate and uncontrolled landfill gas. Air pollution due to bumiag of open dumps
also common among cities. Presence of actinomycetes/fungi and other microbes in air
samples from the tandfill sites have also been documented. The Central Pollution
Control Board in Delthi has identified 14 towns and cities where closure of the
existing open disposal sites is a priority in India. These sites are a1 Hyderabad,
Ahmedabad, Surat, Bangalore, Mumbai, Pune, Bhopal, Jaipur, Chennai. Kanpur,
Luknow, Agra, Calcutta and Delhi. Currently there is a USAID study under way to
determine the degree of water and air pollution at each site.

In January 1998, under the direction of the Supreme Court of India a committee was
formed to review the solid waste management condition in cities in India. In
September 1999, the Ministry of Environment and Forests issued draft rules for
municipal wastes management and handling. In September 2000, the final rule was
adopted that lays out procedures for waste collection, transportation, segregation,
storage, processing and disposal. Under this rule all cities are mandated 10 set up
suitable waste treatment and disposal facilities by December 31, 2001 or earlier. The
rules also specify standards for compost quality, leachate control. and management
and closure of landfill sites.

In accordance with Supreme Court directions, the Ministry of Urban Development
(Government of India) is to set up a Technology Advisory Group for improving solid
waste management in the country. This advisory group is expected to assist the
improvement of solid waste rnanagement practices over a period of next five vears.

In the US, the Environmental Protection Agency (EPA) is responsible for regulatng
solid waste management practices. There is no single agency responsible for sohd
waste management in India. There are multiple ministries that are responsible for
different aspects of solid waste management. This fragmentatica of authority
partially hinders implementation and poses a challenge to local authontes in
coordinating and aligning the effosts of the various ministries and research institutes.

Some cities have begun to explore a variety of resource recovery techniques such as
composting, vermi-composting, waste-to-energy projects that include incineration,
pelietization, bio-methanation, and recycling. Some examples include a methane
generation facility in Pune and an incineration plant at Timarpur {Detht), which was
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set up in 1987 using Danish technology. !t did not and could not operate because the
waste used had too low a calorific value for the technologies and quantities of waste
supply were inadequate. The facility at Timarpur is currently owned by MNES and is
managed by DESU. Some governmental agencies have opposed revival of this
incineration of waste to energy because of environmental hazards. In May 2000
tenders were invited but no bids were submitied. Since no bids were received and the
facility is almost 14 years old the ministry is now considering the option of
dismantling and sclling the facility.

Recently work is underway for setting up a plant for generation of approximately 5.4
MW of power through landfill gas-to electricity in Nagpur (Maharashira). Project
developers are CICON and ENBEE Infrastructure Ltd. They have entered into a
separate Power Purchase Agreement with Madhya Pradesh Paper Ltd. and Nav Bharat
Papers Ltd. The city of Nagpur will provide 10 acres of land on a lease basis and
guarantee supply of 520 TPD of raw materal to the plant. This would be the first such
facility in the couniry. The project is being executed on Build, Operate and Own
(BOO) basis. The initial agreement will be for a period of 30 years and can be
extended for an additional 30 years.

Very few cities in India are famihar with landfilf gas to energy projects and their cost-
effectiveness compared to other available technologies. The urban authorities do not
have the technical knowledge and resources available to evaluate the feasibility of
these technologies for their waste stream and for heir site conditions. Clean waste-to-
energy projects are proposed by the private sector without adequate justification of the
cost effectiveness or demonstration of their success given the characteristics of Indian
waste. The Ministry of Non-Conventional Energy Sources has recognized the
importance of energy recovery from waste as a renewable energy resource.

Considering these factors, we nevertheless estimate the potential benefit from
methane recovery projects to be about 1000 MW of power from urban and municipal
waste and about 700 MW from industrial wastes in India. The time required to realize
this potential is highly uncertain. However, with reasonable assumptions, we estimate
that this potential could be reached in 10-20 years given the large issues that face
municipal authorities in terms of waste management infrastructure development.

32 Institutional Mechanisms in India to Facilitate Future Potential

The primary ministries and organizations capable of assisting the development of the
energy and environmental projects discussed above are:

) Ministry of Environment and Forests (MOEF)

U Ministry of Non-Conventional Energy

. Ministry of Urban Affairs

. Ministry of Finance

. World Bank and its affiliates (such as Global Environment Facility)
. US Agency for International Development (USAID)

These organizations will be key in the development of regulations, fax ncentives,
infrastructure development and initial technical and financial support for the
development of these projects. With respect to potential methane recovery and re-use
operations, each organization has a particular role to play in the development process.
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MOEF is instrumental in setting and enforcing environmental regulations refated to
waste handling and landfiil disposal practices. The Ministry of Non-Conventional
Energy oversees the disposition of the non-conventional methane gas energy resource.
The Ministry of Urban Affairs oversces the practices related to waste collechon,
management, recycling initiatives, and land-use planning. The Ministry of Finance
would oversee any projeci-related development activities that involved public finance.
The World Bank and its affiliates play a role as catalyst to spur the resource
development. Finally, USAID plays a key role in technical transfer and assistance to
enable more favorable development of the resource and the minmimizaton of

greenhouse gases,

Local authorities from urban areas have clearly expressed their interest and need.
Without proper political and financial support from the above organizations,
enthusiasm and eagemess of local authorities to incorporate new technologies will

fade.

33 Curreat Barriers/Gaps

Several barriers/gaps to implement methane recovery projects at solid waste landfill
sites have been discussed in carlier sections. The major barier is the lack of a single
coordinating and implementation agency in India, similar to the US-EPA. Cumrent
orgamzations under MOEF, CPCB and MOU are developing an ambitious set of
regulations. However, the implementation and coordination of these regulations have
become a major problem. To overcome this problem, in addition to technical,
financial and infrastructure support, political will and support from federal and state
ministries are needed.

The first and foremost action needed is in the area of collection, segregation and
transportation of solid waste. USAID, CPCB and MOU are working in this area.
Next is an integrated planning of storage, processing and disposal at selected landfill
sites. With USAID, CPCB, MNES and MOU’s assistance an economical and
environmentally beneficial demonsiration project has to be developed. The major
barrier at the current stage is to develop funds and organization for a responsible
agency or task force to implement a technology demonstration project.

Technical and economical gaps are associated with the quality of the waste and the
site selected. Although, these may pose significant barriers to the development of this
technology, they can be overcome or minimized in most of the cases with further

development.
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4. TNA SELECTION PROCESS
4.1  Selection and Data Collection Criteria

When considering a methane recovery and re-use operation there are several factors
that must be taken into account as outlined below, While it is not expected that all of
these questions can be answered a priori, these are the important characteristics that
must go into siting a methane recovery and re-use operation. Prior to the TNA
mission, a detailed questionnaire was developed highlighting many of these points.
The questionnaire was sent to several of the municipalities that attended the
Hyderabad conference (December 2000},

1. Geographic Characteristics: Perhaps the most important attnibute considered for
the landfill is the physical geography at the site. A vanety of factors influence
cost-effective methane recovery and re-use operations. Several of these factors
are noted below.

a. Topography: Flat areas require excavation to properly construct structure
while a canyon is ideal with minimal excavation.

b. Soil type: The ideal is clay at the top and silt lower down with clay at the
bottom; other soil types require more site preparation such as plastic liners,
etc.

¢. Depth of groundwater: 1deally a mimimum depth of 10 meters between the
lowest level of the landfill and the groundwater is needed to minimize
problems refated to fluid leakage and gas loss.

d. Potability of groundwater: If nearby well water is used for residential and
agricultural consumption and if location of landfill is nearby then lining of
landfill is very critical.

e. Amount of rainfall: Arid locations require a water source to add to landfill
while wet areas require more control systems for hguid containment and
Tecovery.

* Maximum and average summer daily rainfall
» Maximum and average winter daily rainfall

f. Average annual temperature: Extreme temperatures will influence the
productivity of the methane gas.
®  Maximum and average summer daily temperature
*  Maximum and average winter daily temperature

2. Landfill Characteristics: It is our understanding that in India landfills are largely
open dumps overflowing with waste, with no proper methods for waste
segregation and final disposal. This fact influences the feasibility and timing of a
methane recovery and re-use operation. Data needed mclude: '

a. Volume of waste: The higher the volume the better due to scale economies.

* Daily waste flow (Tons/day)
s Annual waste generated (Tons)

b. Cemposition of waste flow: The percentage of organic material that is flowing
in will have a significant bearing on the cost feasibility and cost-effectiveness
of the project.

c. Fill charactenstics: Is the waste filled into separate and independent modules
and if so what are the sizes.
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d. Landfill practices: How is the waste currently managed once it armrives al the
site
= Is it buried or capped?
* |5 the waste compacted and il s0 what type of compacting equipment is
used?
e. Physical dimensions of the existing landhill;
* Total area (footprint) of waste now landfilled
= Height of landfill
= Depth of waste
» Topography of landfiil
Ape of waste {date of opening, fill hislory and other pertinent documentation)
Stability of waste (stream flow and conlamination)
Moisture content of the waste
Type of waste and percentage by weight
Patential methane gas volume and efficiency
Chemical characteristics of leachate (pH. alkalinity, nutrients, efc.}, if present
Other competing methods of waste management and methane recovery
*  Anaerobic digestion and fertilizer re-use
= Presence of rag pickers

el il o

. Location Characteristics: The location of the landfill will be very critical to the
success of the recovery and re-use operation. Several factors play a role:

a. Actwvities around the landfill. If the landfills are located i & haghly dense
neighborhoods, there may be negatives due to increased odor, noise and health
hazards associated with the activities necessary in siting a methane recovery
and re-use operation, particularly if the municipality goes to more advanced
recovery and re-use techniques such as “bioreactor™ landfills. Landfills that
are located close to industrial facilies might be positive in the sense that
waste is readily generated and can easily be moved over to the faality.
However, it is critical to consider the types of industries as certain industries
such as food processing and textiles are more conducive to generating the
necessary organic waste that would make for more promismg methane
recovery operations.

b. Location of the electric grid: Since the main purpose of the recovery and re-
use operation is to generate electricity, it is critical 1o understand whether there
is an electrical infrastructure in place close to the proposed site. This is duc to
the fact that the methane gas generated docs not contain the pressure needed o
be transported over long distances. Because of this, the electrical generating
equipment is typically located within 1-2 km of the landfill Usually, the
equipment is hooked up to a medium or high voltage elecinical transmission
line or the power serves industrial facilities or neighborhoods located nearby.

¢. Land for future expansion: Since methane recovery and re-use operations
require a significant capital investment (our review of US projects has shown
the capital cost ranges from $1.8 million to over $6 million), it is important
that the productive capability of the landfill be maximized. In order 10
facilitate this, there must be enough land allocated at the disposal sie o
accommodate future landfilling, that will lead to additional recovery and re-

use operations.
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d. Traffic handling capacity: With a full recovery operation in place, it is
essential that a proper transport infrastructure be in place, to handle the dump
trucks and other vehicles that would be accessing the landfill on a daily basts.

e. Availability of water: Wastewater or some other source of water will be
necessary for the operation of the methane recovery system. It is important to
know the distance between the source and the landfill site and whether there is
any infrastructure (e.g., pipelines or canals) to transport the water.

4. Social and Economic Conditions: An influential factor in a methane recovery and

re-use operation relates to the social and economic conditions for the municipality.
These factors have a bearing on the volume and composition of the current and
future solid waste streams. Factors include:

a. Current city population and projected growth: Obviously, a larger city wili
generate higher aggregate volumes of waste that is beneficial for the project
economics.

b. Industrial mix:

* Higher concentrations of food processing and textile waste yield useful
organic waste to improve the methane gas quality and quantity '

¢ TLarge financial sector {offices) yields higher volume of paper which 1s
useful organic waste

Politics of the Region: The ultimate success of a methane recovery and re-use
project depends on the will of the local political leaders. Understanding the
following factors will shed light on whether there is strong support for such a

project.

Support of new ideas and initiatives

Ability of municipality to implement pubhc projects

Capabilities to relocate displaced workers

Ability to deal with public relations and perceptions resulting from project and
potential reallocation of workers and residences

c¢. Climate for public/private partnerships

o o

. Existing Regulatory Mandates or Incentives: 1 will be critical to understand the

regulatory structures that are in place at the local, state and federal levels. It is
expected that the municipal officials will know the answers to the local and
regional regulatory schemes however it will be necessary during the TNA mission
to obtain insights and perspectives from regulators at the federal level including
the Central Pollution Control Board (CPCB), the Ministry of Non-Conventional
Power, and the Ministry of Environment. The types of questions asked would
include:

a. What are the existing regulations that would influence the success of a
project?

b. Support for project at the state and federal levels.

c. Are there currently mechanisms in place to encourage better waste
management practices and methane emission reduction through recovery and
re-use operations?
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7. Personnel Capabilities: A key factor in the potential for methane recovery and re-
use projects is the ability of the staff to carry out such projects. Our TNA mission
attempted to answer these questions so as to make a qualitative judgement as 1o
whether the municipality has the capability to develop a project and if not, will
identify the requirements for successfully implementing such a project. The types
of questions asked would include:

a. Skill of on-site staff (operations)

b. Availability of qualified technical management and staff

c. Availability of local universities to form partnerships and alhance for tapping
into skilled labor pool

4.2 Recommended Cities

As a result of the application of the above screening criteria, combined with our
December 2000 discussions with USAID, seven cities were selected to be pan of the
February 2001 TNA mission. Based on the findings of the TNA mission and the
recommendations from this report, these cities may be part of the GEP project CLIN 8
for future outreach strategy for development and training related to methane recovery
and re-use operations.

As indicated previously, a brief questionnaire was sent to several cities covering the
crnitena hsted above. Unfortunately, none of the cities provided their responses pnor
to the TNA mission. Given the limited data available from the cities, it was not
possible to answer many of Questions 1-7 above in time to be uscful as a ‘ool for
screening candidate cities for the TNA mission.

USAID/RUDO had already studied the quality and quantity of indian municipal solid
waste. Hence, LBG, Global and other project partners asscmbled a matrix of
selection criteria using data atiributes that were largely available, either through their
own research or through information assembled by USAID/RUDO. The matrix
profiled each of 17 cities (included as part of RUDOQ’s “FIRE" project) from the
perspective of connectivity, waste volume, waste composition, waste handling, waste
management, initiative and municipal administration. Based on these data points and
selection critenia decided by the project participants, scores of 0 to 10 were attributed
with eack factor receiving an equal weight (except initative and municipal
administration which were scored on a scale of 3-8). Based on this assessment, the
following eight cities were selected:

Pune
Vijayawada
Ahmedabad
Baroda
Hyderabad
Bangalore
Mumba:
Chenna:

R

While the present analysis was thorough and well reasoned, it gave lmited nsight to
some of the cities that expressed an interest in participating in the TNA visits based
on the short survey that was distnbuted at the Hyderabad conference. Fortunately,

Y
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there is a significant amount of cross-over between the list of eight given above and
the cities who expressed an interest at the Hyderabad conference. Out of the original
list of 17, there is only one city that expressed interest in participating but is missing
from the above list, Tiruppur. Two other cities expressed interest (Guntur and
Cochin) but were not on the original list of 17.

No representatives from Mumbai completed the survey. In studying the conditions of
Mumbai (data provided by USAID/RUDOQO), this city is not attractive from an
implementation point of viéw, however, it may be an attractive candidate simply from
the perspective of its significant volume of waste. Due to the city’s enormous
heterogeneous population, its relatively poor waste composition and the uncertainty of
its administration to cooperate in this type of project, we recommend that Mumbai no!
be included in the complete list of possible TNA visits.

Representatives from Tirupur completed the survey during the Hyderabad conference.
However, they were not able to provide data regarding the city’s waste composition or
Its waste management practices. Nevertheless, this city was considered in place of
Mumbai based on the following information:

= This city’s economy revolves around the manufacturing of hosiery and cotton
products; with such an industry mix it is reasonable to assume that the organic
waste is conducive 1o methane recovery and re-use operations.

= The financial health of the city would indicate that they can implement projects
effectively.

= We understand that USAID/RUDO is working closely with the city to implement
projects related to water treatment and sewerage.

Based on our assessment of the above analysis and the review of data and insights
gleaned from the Hyderabad conference, we recommend the following eight cities for
top consideration for the TNA visits:

Pune
Vijayawada
Ahmedabad
Baroda
Hyderabad
Bangalore
Chennai
Tirupur

PND NS LN~

After presentation of this list to USAID, several additional factors were considered by
USAID and LBG and the final selections are shown on Table 2.
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TABLE 2;
Final List of Cities for TNA Mission

. Pune

2. Baroda

3. Chennai
4. Bangalore
5. Guntur

6. Jaipur

7. Noida

Note that for two cities included in the final hist (Baroda and Nouda) site visits were
canceled due to the catastrophic carthquake in the Gujarat state (Baroda) and
logistical problems encountered during the mission {Noida).
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5. INTEGRATED TRAINING RECOMMENDATIONS
5.1 Proposed Training Outline/Cuorricula

At the conclusion of the TNA mission, a training outline was prepared in
collaboration with USAID/India, for alf cities, based on the interviews conducted with
the individual city commissioners, the staff, and field observation of the existing
practices and institutional knowledge. In addition, input from the Ministry of
Environment and Forest Notification §.0. 908 (E) was included to ensure that the
training needs were assessed with consideration of the requirements and standards
that are currently mandated by the Government of India.

Our proposed two-day tratning program recognizes that while many of the practices
and techniques that are in place in developed countries can and should be transferred
to the Indian context, it may not be possible to rapidly accelerate a process that will
take several years to develop. Steps to be taken must be methodical and careful, with
a vision toward a sustaining long-term solution. Solutions should be geared toward
addressing many urban solid waste issues at one time—methane emission and
greenhousc gas reductions, improved health and safety, aesthetic qualities, and
chronic power shortages.

Our training program highlights seven key technical topics that are outlined in the
training curricula presented in Figure 1. These topics are based on our assessment of
the current needs and capabilities from the TNA visits. Each area is designed to
address the important iechnical, managerial and planning topics necessary for
developing an Integrated Waste Management approach to solid waste management.
The program will include an appropriate mix of classroom lectures, video clips of best
practices, and class exercises. To maximize efficiency, the video clips would be
pulled from the team’s existing library and might include the following:

Low-permeable clay or silt base--clay placement operation
Base geo membrane lining

Operations layer placement

Waste placement at typical working face

*  Waste compachtion nsing compactor

*  Well drilling operations

* Television reports of US waste to energy projects

In addition, each participant will receive a reference manual that will contain
background materials related to methane recovery and re-use. This would include any
relevant technical reports, articles/journals, website listings, and US/international case
studies. These materials will be drawn from several sources available to the trainers
ncluding:

s Electric Power Research Institute

* QGas Technology Institute

* USEPA (Landfill Mcthane Qutreach Program and others)

= Solid Waste Association of North America (SWANA) Conference Proceedings
= University of Central Florida, College of Engineering

*  University of Wisconsin, Madison, Department of Engineering
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FIGURE I:
Annolated Training Curricula

A} Policy review and solid wastc managerment overview & awareness

Overview of methane comrelation 1o preenhouse gas problem

Current practices im india and comparison to wortd standards

Collection, transfes, transportation, recyching, hypene

Optimnal landfiil strycture

B) Physical and chemical characteristics of municipal solid waste (MSW) Wasie composstion

Methane gas production process

Lifecycle and decompositioa

C) MSW transformation technologies

Biological processes-Anacrobic, aerobic, and vermi-composting

*  Thermo-chemical processes-Pyrolysis, gasification, and incineration

*  Presem status; Incineration, acrobic and vermicomposting working for wasie disposal  Pyrolyas
and gasificalion, severe obstacles up to now, worldwide

*  Advanced biorcactor technology developments

* Incineration and tandfill gas maximize energy recovery

D) Significance of methane from MSW

Emission from dumpsile, sanitary fandfifls duning active life and posi-clasure
Migration of landfill gas and hazards

Control of landfill gas

Economic benefits of landfill gas methane recovery and use

Chimate change impacts

E) Technology for landfill gas methane recovery and re-use
Engineered landfill gas collection system {active and passive)
*  Uses of landfill gas methane-Power generation, thermal uses, LNG and methane and carbon
dioxide uses, fuel cells
Analysis of the production potential
*  Economics and project selection
F) Operational issues
Overview of main features of operating landfill with properly filled wasie
Gas coliection and transport system
Electrical infrastructure and aceess to power grid
Methods to cakeulate production potential

G) Landiill methane project development

Site selection and stakeholder involvement
Waste charactenization, gas potential estimation
Gas collection systern and use identification
Plant and machinery selection

Approvals, license, sgreements, studies, eic.
Proyect structhure sclection process

Bid documentation and bid process management
Risk analysis

Carbon offsets (World Bank and UN Concern; basis for ioan support)
Organization resources and networking

Project financing and potential funding sources
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5.2 Potential Training Partners

The LBG team for the training will likely consist of three individuals/organizations
with experience in landfill gas, bio-energy, solid waste management energy recovery,
and project development. The first member of the team is Mr. Greg Wikler. Mr.
Wikler is a project director from Global Energy Partners and would oversee this
project under the direction of LBG. He has over 16 years experience in the energy
field and has been instrumental in project development addressing many of the
mechantisms needed 1o ensure successful implementation. He also has conducted
several training courses for intemnational participants. Managed by LBG-GEP and
LBG/Washington DC, Mr. Wikler will lead the LBG technical team and would be
assigned the overall responsibility for developing the training program, including
presentation materials, reference materials, and onsite facilitation during the training.

The second team member will be Mr. Don Augenstein. Mr. Augenstein is currently an
advisor for this project, having provided assistance during all phases. He is the
technical director of TEM (Institute for Environmental Management, Inc.) in Palo
Alto, California. He is a chemical and biochemical engineer with 28 years of
experience. His has been invoived in: development of improved models for projecting
landfill gas recovery; providing engineering and technical services for renewable
energy projects with landfill methane enhancement project; conducted
environmentally studies to address potential climate change implications of U, S.
landfill methane emissions and developed preliminary assessments of cost
effectiveness of landfill methane abatement and greenhouse gas mitigation. Mr.
Augenstein has published and presented nuinerous technical papers over the past 28
years. .He will be the lead trainer and will have responsibilities to present the
technical materials as well as spur discussion among the participants.

The third team member will be Mr. Ramin Yazdani. Mr. Yazdani is an integral
member of this project, having been the lead LBG team technical representative
during the February TNA mission. He is a professional Civil Engineer licensed in the
Staie” of California with a master’s degree in civil engineering over ten years of
experience in the field of solid waste management. As an Assistant Director of Public
Works Department is responsible for planning, permitting, design and operation of a
large municipal landfill in California. He has been involved in all aspects of integrated
waste management projects, methane to electricity facility and has conducted research
mn finding better ways to manage and reduce solid waste in Yolo County, California.
His work has been recognized in the US as well as abroad. He has worked with the
local, state, federal officials and well as the local citizens of Yolo County to achieve
obtain regulatory approval of a full-scale demonstration project to enhance methane
production and reduce greenhouse gas emissions. His work has brought the
cooperation and financial support of state and federal agencies as well as the interest
of many private and public sectors worldwide. Mr. Yazdani has been teaching part-
time for the past seven year. He will be an assistant trainer and will provide technical
review of case studies and the data presented by the participants related to the
homework assignments.
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FIGURE 2:
CLIN 8 Methane Emissions and Re-use Poteutial
Training Program Partaers

Global Energy Partners
Greg Wikler
Course Director

| |
Don Augenstein, P.E. Ramin Yazdani, P.E.
Biochemical Engineer Landfill Specialist
{Lead Trainer) (Trainer/Technical Review)
5.3 Training Action Plan

The training program will be designed to provide 2 framework of appropriate next
steps and tools and techniques necessary to enable municipalities to modemnize their
wasle managemenl practices to streamline the cvaluation process for potential
utilization of landfill gas. The training will be provided to municipal authoritics and
other organizations working in partnership with administrators at selected areas 10
asses methane emissions at various stages of municipal waste managemesnt senvices
and evaluate technology options for re-use potential during the entire cycle of waste
management.

Our main philosophy for the training program is to ensure that the participants come
away with real-life knowledge of best practices for landfill management as well as
methane recovery and re-use operations. To that end, our goal is fo include as many
concrete, hands-on examples of the very best practices as well as the practices that
were deemed failures. Oftentimes, highlighting failed projects can be more beneficial
from a lessons leamed perspective. In addibon, our training experience has shown
that once several examples are used, the participants feel more compelled 1o talk
about therr own experiences. As a resuit, we expect that participanis will share thexr
mformation with the other participants and this may be one of the most valuable
outcomes of the training program.

3.3.1 Targeted Audience

There will be two types of audiences that the training program will be targeted to.
The first audience will be sepdor management and decision-makers 1.e. the mavors,
municipal commissioners and deputy commissioners. Based on our assessment from
the TNA wisits, we found that senior management would greatly benefit from
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receiving basic information about solid waste management practices, investments, and
the like. In addition, basic information about the technical aspects of landfills, the
physical/chemical attributes of methane gas, and the process of recovery and re-use
would be beneficial for this group as well. The first half-day of the training program
will be targeted primarily to this audience.

The second audience will be technical managers and people involved with day-to-day
landfill operations. This would also include the financial decision makers in the
municipal corporations who would essentially need exposure on project development
and structuring module. Based on our assessment from the TNA visits, we found that
this group is in need of the same information as the first audience. In addition, they
require technical specifications that will enable them to think about effective methods
for implementing a landfill management and methane recovery and re-use operation
in their jurisdiction. The next two days of the training program will be targeted
primarily to this audience.

5.3.2 Course Organization

The training module plan will be in two parts. The first part will focus on the. basic
waste management practices. This is {o establish a basic understanding of the best
practices and the Integrated Waste Management approach to solid waste management.
It will cover some the key issues that are important for managers and administrators to

understand.

The second part of the training will focus on the science of sanitary landfill and the
energy use options and in particular the re-use of methane from landfill as a
renewable source of power. The importance of methane emission reduction and ways
to economically use this renewable resource to reduce cost and generate revenue will
be emphasized. Various technology options will be discussed so that each of the
attendees can make informed decisions about methane re-use project potential.
Evalvuation and economic viability of various landfill gas-to-energy will be the focus
of this part of training. The goal is that the individuals will walk away with the
capability to use their knowledge to evaluate options and technelogies to use landfill
gas at their landfill site. Examples of various projects will be made available. Real
life examples of landfill projects will be used for classroom discussion. This is to
ensure interaction between the participants and to facilitate a2 hands-on ]eammg
expenence for all attendees.

After the first day, a homework assignment will be given to the participants so they
may apply their own knowledge of the waste management practices from their cities
to prospective methane recovery and re-use projects. This assignment will focus on
completion of the selection and data coflection criteria presented in Section 3 of this
report. During a group discussion on the following day, the trainers will assist in
estimating the gas production potential and power production potential. The purpose
of the homework assignment and group discussion is to enable the participants to
develop a systematic “blueprint” in evaluating the polential options in methane re-use
technologies and strategies.
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533 Training Program and Mock Agenda

There are two options for providing the two-day training course. In the first option,
training would be provided to each city individually at cach city. The second optien s
to conduct two-training sessions in two cities and invite other cities to attend.

The first option would allow more staff to attend since there would be no travel
required for the municipalities. This would also reduce the financial burden for the
municipality and ensure higher enrollment for the raining. The second option will
require additional travel time and cost for some of the municipalities but lower
traming cost for USAID. LBG/GEP shall coordinate closely with the Regional
Housing & Urban Development Office (RUDQ) of USAIDNew Delhi and City
Managers’ Associations (CMAs) established under programs of RUDO. One of the
active CMA is in Ahmedabad, Gujarat. It is proposed 1o imtiate the training programs
with CMAG. The location of the traming could be selected such that site visits could
be made to gather facts and data for possible sites for a methane recover and re-use
demonstration project.

The overall course agenda may be structured into the foilowing meck agenda:

* Dayl: - Solid Waste Management Overview
- Basic Waste Management Practices
- Physical and chemical characteristics of municipal solid waste
- MSW mansformation technologies
- Methane and Energy Production
- Significance of Methane from MSW
- Technology Options for Methane Recovery and Re-Use
- Operational Issues
- Homework Assignment:
- Complete bascline characteristics profile
- Assess key parameters for methane project opportunities

* PDay2: - Evaluaton of Participant’s Sites
- Group discussion {comparison/contrast)
- Project Development
- Technical assessment
- Economic analysis
- Project financing
-  Timing
- Specific Demonstration Project Discussions

5.3.4 Training Schedule

The training package will be designed and developed by July 200] for discussion with
USAID E’ and RUDO. The training could be delivered to the municipalities as soon
as August 2001. Immediately after the training sessions, meetings will be held with
USAID and vanious municipalities that have initiated the process of consideration for
possible demonstration projects.
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TNA SITE ASSESSMENT - PUNE

Date: February 12, 2003

[ w ol

1. TNA SITE ASSESSMENT—Pune, India

a. Curreat Selid Waste Management
Pune is the second largest city of Maharashtra This city is an important
cultural center of Indis and is knmown for it’s educational institution and
research centers. The area of jurisdiction of the Pune Mumicipal Corporation is
139 90 sq. kms. The population of the city is about 2.2 million people.

On February 12, 2001 interviews were conducted with two representatives
from the Pune Municipal Corporation, Mr. AV. Deshpande, Mumscipal
Commissioner and Dr. R R. Pardeshi, Deputy Medical Offices of Health of the
Pune Municipal Corporation. Below is the summary of the interview.

Thehealthotﬁce:s:upaniblefouohdmmnmm
The sofid waste management system of Punc has been decentralized such that
the city is divided into 10 municipal wards and 124 electoral wards. Each
mumicipal ward has 40 staff that are responsible for sweeping beats of about
35,000 to 50,000 sq. . The sweepers use wheelarrows to move the dirt and
trash from each area to a location where 3.5 cubic meter open top contaipers
called tippers are is stored. There are 1,400 such tippers throughout the caty.
There are 90 collection truck vehicles that are used to hmyl and empty
containers. The city also owas 8 compactors. House 10 house waste collection
is also provided to the residences weekly. There are about 6,000 to 7,000 rag
pickers. The rag pickers often sort through these 3.5 cubic meter contamers for
paper, and other recyclable material. Kitchen waste is collected from the
hotels and restaurants regularly. Hospital waste is collected and incinerated at
and one for the public hospital. Starting in December of 2000 these
incineration sites began operation. All waste except the hospital waste is
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dumped at a site that is about 3.5 km_ from the city. The disposal site currently
in use is called Devachi Urali, which is about 3.5 km. from the major transfer
station. The collected waste from each tipper is dumped in a compactor truck
that is further transported to either of the four transfer stations. There are two
major and two minor transfer stations. The city owns eight compactors to
reduce the volume of waste before it’s transported to the dumping site at the
transfer stations. The waste volume is reduced by compaction in trucks before

it is dumped at the disposal site.

Waste Generation and Composition

The waste generated is estimated to be 800 TPD. Waste characterization is
reported to be as following: a) Combustibles, 60%; b) paper 9%, c) plastics-less
than 1%; d) recyclables 10%; e) earth 28%; f) misc. 2%.

Land Method of Solid Waste Disposal
There are two major disposal sites within the city and one site just outside of the

city. Two other major disposal sites within the city limits where the waste used to
be taken are currently closed. Disposal of waste began at the Devachi Urali site in
1992, shortly after the other two sites were closed

Below is a photograph of one of the two old disposal sites that was visited, called
Paud. This site was used for waste disposal for over 45 years (see photo below).
At this old site, waste was placed on top of the existing ground without any
compaction. The height of the waste was estimated to be as high as 10 to 20
meters high in an area of about 40 hectares. This site is in the residential and
commercial portion of the city.

Currently 800 TPD of waste is disposed at the site just outside of the called, the
Devachi Urali disposal site. This site used to be a quarry site before it was used
for waste disposal. 1t is about 18.2 hectares in size with a footprint of about 250
meters by 728 meters. This quamry is about 21 meters in depth. Since 1992 20%
of the site has aiready been filled. The closest community from the landfill is
about 1.5 km. Trucks dump waste at the site and workers spread waste with
shovels, No compaction of waste is done after dumping. No cover soil is used to
control odor or vectors. According to Dr. Pardeshi the bottom of quarry is rocky
and during rainy season rains infiltrates into the ground quickly.

G W o §e
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Photo 1- Waste pile at the old disposal site called Paud.

Photo 2- Property adjacent to the waste disposal site at Pand
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Other Methods of Waste Disposal -
The city has recently awarded a contracted to CICON for anaerobic digestion of

about 400 tons per day of waste for a biogas plant. 150 tons of waste will also be

composted either through vermi-composting or aerobic composting. -
Chimatic Conditions
The average rainfall in the area is about 76 cm. -
Composition and Characterization of the Solid Waste
During the interview the following estimated waste characterization information B
was verbally provided: 45-50% organic waste; 20% plastics; 10-15% paper and -
cardboards.
Based on a report prepared by Kirloskar in 1987 the following waste compositions e
were reported: 60% combustible; 8.74% paper; 0.72 plastic; 0.58% glass; 10.04%
recyclable; 28.33% earth; 1.63% miscellaneous. '

-
Distance to Power Gnd
2 to 3 km. from the site to power lines of 33 to 66 KVA.

-
Requested information by the municipality:
During the interview the following issues were identified to be of interest by the
mumicipality. a) how do we take out the plastic in the waste and find market for its i
use? ; b) How do we take care of liquid waste from public toilets and the solid
waste? ; ¢) How do we control methane gas and fires in landfills? ; d} How does e
landfili gas impacts the groundwater contamination near the landfill? ; e) %

Interested in partnership with a project to explore the liquid and solid waste
disposal; f) How do we recycle the water from the toilets and reuse it for flushing
toilets?;, g) How do we construct a sanitary landfill to minimize the impact to the
environment and comply with the new regulations?

[ 2
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Appendix B -

TNA STTE ASSESSMENT-CHENNALI
Date: February 13, 2001 -

1. TNA SITE ASSESSMENT—Chennai, India

a. Current Solid Waste Management
Chennat is the fourth largest port of India and the capital of the state Tail Nadu.

The jurisdiction of Chennai Municipal Corporation is spread over an area of
174.56 sq. km. Population of the city is estimated to be 4.75 million people.

On February 13, 2001 interviews were conducted with Dr. Chandra Mohan,
Deputy Commissioner-Health & Solid Waste Management Corporation of
Chennai {(COC) and his staff and Mr. Vijay Padmanabhan, Senior Manager and
Mr. A S. Harinath, Kampsax consultants India Limited. Below is the summary of

[T

the interview.
Waste Handling and Separation, Storage and Processing -
The city provides a variety of receptacles such as concrete or masonry dustbins, *‘

small structures used for storing waste with a capacity of about 10 cubic meters,
or compactor bins. The waste is transported to a nearby transfer station or to a
collection point on tricycle, autos, etc. Some door-to-door collection service 18
practiced by NGOs, such as Exnora, Guild of Service, etc. This type of service is ﬁ
only common among middle and high-income areas of the city. The streets are

cleaned by street sweepers that use wheelbarrows to transfer the waste to the :
collection points. In some areas waste 138 dumped on to the sides of the roads for -
regular clearance by the collection vehicles.. The waste generated at the hotels
and restaurants are collected and transferred directly to the disposal site using
heavy motor vehicle.

Collection vehicles used include mini-tippers, autos (1 tonner), heavy motor
vehicles (9.5 tonner), and light motor vehicles (3 tonner). There are eight transfer :
stations within the city. Waste 18 transferred to a higher payload vehicle for -
haulage to the disposal sites. Recycling of the materials is mainly done by rag
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pickers either at streets or at the transfer stations and at the dumpsites. Based ona
report by ERM consulting company rag pickers at the transfer station and
dumpsites recover about 10 TPD and 18 TPD respectively. There are also about
10,000 street rag pickers collecting about 200 to 300 TPD from homes and from
open dumps on the street sides. Approximately 150 TPD of waste disposed 1s
construction demolition, concrese, silt, dirt, and bricks.

Waste Generation and Composition
In 1995 Environmental Resources Management India estimated Chennai’s waste

generation o be as following: a) residential (66%), 1750 TPD, b) conwmercial
{14%), 371 TPD; c) hotel, restaurants, etc. (4%), 106 TPD; d) vegetable and fruit
markets (12%), 318 TPD;, e) bospitals (2%), 53 TPD; f) construction {2%), 53
TPD. The current estimsted waste generation i3 estimated to be 3,000 TPD.

The average chemical analysis of Chennai city waste 13 reported to be as
following: a) Moisture content (% by weight), 27.61; b) pH value of 7.68; c)
Organic Content 39.06%; Carbon Content 21.53%,; d) Nitrogen Content 0.73%,; ¢)
Phosphorous Content 0.65 %, f) Potassium as K20 0.63 %; g) C/N ratio of 31.01;
h) Calorific Value 4,595 ki/kg.

Photo |- Kodungaiyur disposal site
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Land Method of Solid Waste Disposal

There were two major disposal sites in Chennai, namely Kedungaiyur to the north
and Perungudi to the south. Each site receives about 1,500 TPD of waste.
Tonnage is measured by Weight Bndge on site. Both of these sites are situated in
the marshy area, which has had flooding problem during monsoon seasons. The
Kodungaiyur site is located next to the Chennai Municipal Water Supply and
Sewerage Board (CMWSSB) ‘s Treatment Plant. The site 13 350 acres. 65 acres
is owned by COC, and 285 acres is owned by CMWSSB. Based on a topographic
survey in Aprl of 1998 the filled land occupies approximately 64 hectare, This
site has been in use for the past 20 years and it's within one km from
neighborhood.

The Perungudi site is located outside of the city and it is also situated close to
CMWSSB’s Sewage Treatment Plant. This site is within 0.5 km from the
neighborhood. The site has been recetving waste for the past 13 years. Total of
800 acres is owned by CMWSSB. The filled up land area 1s about 45 hectare.

=

Photo 2- Newly constructed all weather access road at uyur

Other Methods of Waste Dis

The corporation is considenng alternative waste treatment technologies: a) project
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for generation of 14.85 MW power from 600 TPD of waste on B.O.0O. basis at the
Perungudi site has been awarded to EDL; b) generation of compost from 500 TPD
of waste at the Penmgudi site planned.

Cliatic Conditi
The average minfall in the area is about 100 cm  Average maximum and

minimum ambient temperature 13 40 C and 20 C respectively.

Di P Geid
25 km from the site to power lines.

Dunngthe mmxewthefoilowmgmmweldwuﬁedmbeofmbym
municipality: a) vanious technology options for landfill gas use; b) capital cost and
operation and maintensnce cost of the projects; ¢) financing options and carbon
credits to assist in project financing; d) bid document processing and review for
construction of sanitary landfill.
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APPENDIX C
TNA SITE ASSESSMENT—BANGALORE . -
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TNA SITE ASSESSMENT

Date: Febraary 14, 2001

I. TNA SITE ASSESSMENT—Bangalore, India

a. Cwrrent Selid Waste Manapemsent
Bangalore 1s the fifth largest city in India and is the capital of Kamataka The
Jurisdiction of Bangalore 15 spread over an area of 225 sq. km. The population of
the city is estimated to be 4.5 million of which 20% of the population lves m
about 460 slum sites.

On February 14, 2001 interviews were conducted with representatives from the
Bangalore City Municipal Corporation officials. These included, My. Ashok
Dalwai Special Commissioner, Dr. S U. Kumaraswamy, Health officer and Mr. S.
Ramesh, Executive Engineer. Also the Kamsatska Compost Development Corp.
was visited and Mr. HR. Suresh, Assistant Manager was interviewed. Below s
the summary of the interviews.

Themmtwodepummolwdmﬁemdw”hd“,
namely, the health department and the engineering department. There are 6 zones
and each zone is managed by semior or junior health officer. There are about 6,670
sweepers that collect over 2,000 tons of waste from the streets and bins m
Bangalore. There are 20,000 to 25,000 rag pickers working m addition to officaal
employees for scgregation and recycling of paper and plastic waste. The
Corporation helps the g pickers in performing this waork by providmg them with
pushcarts. Currently, Wastewise, a privale contractor 13 conducting a study to
determine the needs of this operaton. The Corporation intends to recognize the
services provided by rag pickess and mstitute some welfare measures for them.
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The Corporation and private companies transport waste from streets and bins to
the disposal sites. In 40 areas of Bangalore private contractors collect waste from
bins and transport to the disposal sites. The corporation staff transports 50 percent
of the waste to the disposal sites. The collection of waste from households 1s
estimated to cost around Rs. 80 crores. The corporation is planning to charge the
households for colfection and thus generate around Rs. 30 crores.

The corporation is planning to improve the transportation infrastructure for waste
and is hoping to receive financial support for part of this from HUUDCO. They also
plan to construct modern sanitary landfill and one major transfer station in
addition to a few minor transfer stations.

Waste Generation and Composition

The total waste generation for the city of Bangalore is 2200 TPD. This is a
mixture of municipal solid waste, hospital waste, and industrial waste. In addition,
they receive 300 TPD of inert material. No waste composition data was provided
dunng the interview. The previously gathered waste composition adapted from
data by the School of Planning in Ahmedabad 1s as follows:

Composition a} Combustible material 30 %; b} Paper 3 %,; c) Plastic 3 %; d)
Metal 2 %; e) Glass 2%, f) Recyclables 20%; g) Rock and dirt 30%; h) Misc.
10%. The moisture content of waste is reported at 40% with a density of 420 kg
per cubic meter.

Land Method of Solid Waste Disposal
There are nine small dumping sites in the city. One of these sites is for municipal

sohid waste disposal and the rest are used for construction demolition waste. Total
waste received at the site is about 400 TPD of construction demolition waste in
addition to 2,200 TPD of other waste. The Bangalore Municipal Corporation is
planning to start 6 sannary disposal sites covering a total area of 52 acres. The
Corporation has acquired 111 acres of land for disposal of waste but only half of
it could be used since the rest is too close to the airport and would require
clearance form the airport authonties. Currently hospital waste is disposed at the
same site as municipal disposal site, however, the corporation is negotiating with
a private firm for settmg up an mncmerator on BO.O.T. basis. They are also
looking to purchase addrtional land for future sanitary landfill site. Much extra
land will clearly be needed since 2,200 tons/day will result (for example) in a
waste height of 100 feet in only about 10 years

At one of the existing disposal site of about 100 acres of land, the soil condition is
gravel and clay. At another site with 29 acres of land the soil is sandy/clay type.
Based on the visual observation made by the staff, leachate is generated from the
site. There have been complaints about odor and birds at the sites. The
groundwater table is about 200 feet below the surface, however there is no
groundwater testing data available for the site. The topography of the site is
composed of rolling hills and flat areas. There are drinking water wells around the
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landfill. The site accepts waste seven days per week. At one site there are five
homes within 300 meters of the disposal site.

Other Methods of Waste Disposal

Due to some reasons a visit to site could not be amanged. However, we requested
a vsit to the composting operation of the corporation, which is in the vicmity of
the landfill site. The corporation has a contract with the Kamataka Compost
Development Corporation (KCDC) since 1979 for sesobic composting of wasie at
about 350 TPD at the Bomanhalli site. They use a 15-acre plot, which is provided
by the corporation to do composting (See photos below). Currently KCDC 1s
working on expanding this operation to 600 TPD. The Corporation will provide
them with an additional 14 acres of land for processing of this addibonal 250
TPD. KCDC will have 29 acres of land to process 600 TPD of waste at this site.

The Corporation has also contracled with Sunrays Composting, a private
company, which will aerobically compost 200 TPD of waste at another location
A total of 900 TPD of waste will be processed aerobically. The reject matenal

will be transported to the disposal site.

Based on the interview conducted with KCDC manager the following information
was provided:

s Cost to process compost per ton Rs. 750

o Sale price of compost per ton Rs. 900

» Sale pnice of enriched compost perton Rs. 1,600
» Sale pnce of vermi compast per ton Rs_ 3,000
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Photo 1- Karnataka CompostDevlpment Corporation site at Bomanhalli

Photo 2- Windrows of municipal solid waste and cow dung manure shurry used in
composting for 45 to 60 days and piles are tumned every 6 to 8 days
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Photo 3- Rotating drums with 25 mm sieve size are used 10 separate composted
ganic waste from plastics and other contaminants

Photo 4- Rotating drum with 4 mm sieves are used as secondary processing of
composted waste to remove rocks and other large particles
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Photo 5- Composted organic matter is mixed with Neem powder, poultry hitter
and rock phosphate for enriching the compost and bagged for distribution for
Agriculture, Horticulture and Flonculture Department of Government of
Karnataka

Photo 6- Vermi-composting produces high quality compost for agriculture use
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Climatic Conditions
The average annual ranfall in the area s about 1200 mm Maximum average

daily ambient temperature 15 36 C and mmnmum of 11 C.

Di P Grid
The distance to the power gnd is about 2 kilometers.

Requested informahon by the municipslity

During the wterview the following 13sues were identified to be of micrest by the
municipality: a) needs for assistance in determining best methods for
transporiation and disposal of waste; b) they are interested in learning more about
landfill gas-to-energy oplions; c) they would hike techmical assistance with the
management of municipal and commercial solid waste.
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APPENDIX D
TNA SITE ASSESSMENT—GUNTUR
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TNA ASSESSMENT-GUNTUR
Date: February 15, 2001

1. TNA SITE ASSESSMENT—Guntur, India

a. Current Solid Waste Management
Guntyr 15 divided into eleven zones and there are 49 wards for tax collection
purposes. The junsdiction of Guntur is spread over an area of 45.7 sq. km The
population of the city is estimated to be 479,000 people. 34% of the population
living in slums and urban poor areas. There are 112,000 households mn the city.

On February 15, 2001 interviews were conducted with Mr. Praveen Prakash,
commissioney and Dr. C. H Hannath, Health Officer, Guotwr Mumcipal
Corporation. Listed below is the summary of the interviews.

Waste Handlin ion, S an i

The city has 2,800 cylindncal bins for trash collection that are made of 4 feet
diameter concrete pipe. They also have 500 fiberglass containers that they have
recently been purchased (see photo below). The city produces 350 TPD of solid
waste. The city uses 32 tractors and one moving compacior to collect and haul
waste. There are no transfer stations in the city.

Waste disposal sites within the city are used to dispose trash without having to use
a transfer station. City cleaning and waste collection and transportation has been
done through a few local Self Help Groups that employ sweepers The Swam
Jayanti Shahri Rojgar Yojna (the city employment scheme) provides loans to
these groups for buying equipment like wheelbammows and tractors for
transportation of waste. The photo below shows such tractors used for the
collection and transportation of waste to the disposal site near the city. The
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corporation provides guarantees for these groups thus helping them to get the
loans.

Photo 1- New ﬁlass Donald Duck containers omainer in the background
used in the city

%
Photo 2- Tractors used for collection and transportation of the waste in Guntur
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Appendic D

The otal waste gmﬁon for the ity of Guntur is 350 TPD.

This i1s a mpdure of municipal solid waste, hospital waste, and industnal waste.
Based on estimates of the city engineer the waste composition 18 a) OTganic waste
60%:; b) rags 10%; c) glass and ment 10%; d) metals 5%, &) plastics 3%; f) leather
and rubber 5%, g) misc. 7%. This was not based on any scientific sampling of
waste but rather observation of the waste,

Based on a report that was prepared by the Water and Environment Section of
Civil Engineenng Department of the Regional Engineenng College, Warangal,
the following waste composition was reported: a) Plastic (hard) 0 11%; b) Plastic
(soft) 3.15%; c) glass 0.13%,; d) metal 0.08%; f) paper 3.54%; g) textile 3.34% h)
wood 0.47%; 1) leather 1.4%; j) rubber 0.49%; k) soil 29.70%; |) stones 4.17%;
m) misc. 0.01%. The moisture content of the wasle was reported 0 range
between 35 to 40%.

Chemical analysis of waste was also reported as follows: a) Volatile matter 36 22-
68 14; b) non-volatile matter 31 86-63.78; ¢) Kjeldhal Nitrogen 0 18-0 54, d)
Total Nitrogen 0.47-0.69; e) Carbon Content 12.5-26.61; f) pH 6.2-8.30; g)
Calorific Value 1,641.74-3,750.11; h) Potassium 0.34-0.79; i) Phosphorous 0.36-
0.70, ;) Moisture content 25.09-55.57%.

Land Method of Solid Waste Disposal

There are two waste disposal sites. No samitary landfills exist m this caty, so wasie
15 simply dumped. The largest disposal sile is Etkur road site that 15 about 6.5
acres in size (see photo betow). This site currently receives 110 TPD of waste,
except hospital waste. This site has beens in operation for the past 70 years. The
other 3 sites are less than 2 acres in size and are within heavy populsted area of
town. The groundwater table is about 10 feet below the surface.

The second disposal site, 2 acres in size is called Vasanpuram, which has been
used for the past 1% years. There is less organic matter disposed at this site than
the first site. The input tonnage to the site s about 60 TPD. The dead amimals
from the slaughterhouse nearby are usually dumped at this site.
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Photo 3- Etkur road disposal site adjacent to cotton factory and residential area

.
L]
-

Photo 4- Looking toward the cotton factory and the drainage area is being filled with

trash -
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Photo 5- Etkur road disposal site where trash 15 set on fire by rag pickers to salvage metals

L0

Photo 6-At the Vasantpuram disposal sile suzrounded by residential area. Muncipal sohd
waste is deposited in the low areas where surface water runoff dramns to
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Photo 7-Vasantpuram disposal site

Other Methods of Waste Disposal
Recently a private company called Sriram Energy Systems, Ltd. Based in

Hyderabad, has proposed a waste pelletization and energy generation project. The

company proposes to take up to 280 TPD waste from Guntur for pelletization and %
225 TPD waste from Viavawada to produce 6 MW of power through incineration
technofogy. The proposal is to separate the organic matter and produce pellets for .
buming and electricity generation. %
Climatic Conditions
The average annual rainfall in the area is 850 mm. The maximum average daily &
ambient temperature is 45 C and minimum temperature 15 11C.
Distance to Power Gnid
The distance to the power grid {33 K.V .) is about 2 kilometers. F
Requested information by the municipality
During the interview the followng issues were identified to be of interest by the -
municipality: a) techn:ical assistance in solving the wastewater treatment problem. -
Currently the facility only treats 8 MGPD of the total wastewater generated from
the city that now generates 16 MGPD. The additional 8 MGPD untreated
wastewater 13 released in the ditch and nearby farmers use this untreated L
CLIN 3: Methane Emissions and Re-Use Potential in Citics
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wastewater for imgating crops. b) provide us with techmcal assistance 1n
evaluating the proposal for pelletizaton of MSW to make sure that the proposal 1s
technically possible and feasible; ¢) asstst us in development of a sanntary landfili
project.
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Appendix £

TNA SITE ASSESSMENT - JAIPUR

Date: Febrwary 19, 2001

1. TNA SITE ASSESSMENT—Jaipur, India

a. Current Solid Waste Management
Jaipur is known as the pink city. This city is nch with archrtectural henitage 1n
terms of traditional structures. The population of the city i1s over 2.5 mullion. This
city 13 the third fastest growing city m India. The oty 1s a big attactuon for
tourism both for the Indian national and international community.

On February 19, 2001 interviews were conducted with Dr. Manyit Singh, Chief
Executive Officer and Dr. Dinesh Bhandan. Senior Health Officer of Jaipur
Municipal Corporation. Listed below 1s the summary of this interview

Waste Handling and Separation, Storage and Processing

There are 70 municipal wards in Jaipur thal are responsible for collection,
transportation and disposal of waste  They are managed by the 20nal
commissioners, health officers and sanitary staff officials. Sweeping of waste 15
done by about 7,000 people in the markets, tounst areas and the aity. Dirt and silt
in the surface drains are cleaned by 1,000 workers. Presently there is no
segregation of collected waste and all collection if done manually. There are
3,300 locations where waste is collected Only 320 of these locabons have
containers and with the rest wastes are stored on bare ground. Over 30,000 homes
are in the city and only 25,000 homes have waste collecuon in designased
containers. There are 10,000 apartments in the city. Organic and inorganic waste
1S stored separately and then it’s mixed and transported. Two percent of the waste
is made of 250 hospitals' and laboratory waste. Twenty-two percent of the waste
1s inert  About 60 percent of waste collection is through 12 private contractors
and 40 percent by the Jaipur city corporation.  Tractors, trolleys, and trucks are
used to transport waste and the waste. Corporation also uses a few hydraulic
transportation vehicles for lifting of waste. The city’s disposal of waste is
accomplished by dumping it along the road sites {see photos below).
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Photo 2- Bins used for collection of waste in Jaipur
-
-
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Photo 3- Waste collection 13 done by front-end loader

Photo 3- Tractors are used to transport waste within the city
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o 4- Corporation’s waste truck used to Transport waste to the disposal sites

Waste Generation and Composition
The total waste geseration for the city of Jaipur is 1,060 TPD. This is a mixture of
municipal schid waste, hospital waste, and industrial waste. In addition, they
receive 220 TPD of inert matenal. The waste composition data provided by the
City 1s as follows: a) metal 0.2-2,3%, b) glass 0.5-3.5%; ¢} garden waste 40-60%,
d) paper i-10%; ¢) textle I 3%, ) plastlc/mbber i-3%; g) ineri 20-50%.
Moisiure content of the waste is 40-80% and the density of the waste 15 250-50¢

kg per cubic meter.
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Appendix E

Photo 5- Waste disposal at the Lakhera village sitc just 15 Km outside of Jazpur

Photo 6- Lakhera village disposal site (55acres) near a brick kiln that could vtilize landfiil
gas as divect fiocl source
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Photo 7- Natural ravines are filled and compacted with waste at the Lakhera village
disposal site -

-
Other Methods of Waste Disposal
The city is working on finalizing an agreement with Energy Development Limited .
India Pvt. Ltd a private company to setup a waste to energy gasification project i

that is based on an Australian technology. The facility would use 600 TPD of
waste for energy production of about 11 MW. The facility will be located about
15 Km outside of the city and will be constructed in 24 months under a BOO
basis. The corporation will provide the contractor with land for the construction of
this facility.

i

An NGO called Center for Development and Composting (CDC) is vermi-
composting the waste from 25,000 homes, 50 tons of waste. The city has allotted
one hectare of land and provides about 50 TPD of waste to CDC. The city plans
to vermi-compost additional 430 TPD of restaurant waste.

Climatic Conditions .
The average annual rainfall in the area is not known. The maximum average daily
ambient temperature 13 45C. -
Distance to Power Gnd
The distance to the power grid is about one kilometer. i

Requested information by the municipality
During the mterview the following issues were identified to be of interest by the

municipality: a) the corporation is interesting in landfill gas-to-energy proposal
i
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and woukl consider such a project; b) additional taming in needed in
understanding the operation and siting of sanitary landfills.
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- Municipal Landfill and Methane Utilization -
International Experience

USAID’s GEP Project - Climate Change Sapplement
(CCS)

The Louis Berger Group (LBG): Dr. S.N. Rao
Supported by:
Global Energy Partners: Mr. Greg Wikler

Climate Change and Cities Seminar
December 8 - 9, 2000, Hyderabad, India

Presentation Overview

e GEP Project Background
o Why Landfill Methane Utilization?

¢ International Status of Landfill Methane
Generation Technology Development

¢ Case studies of power generation
e GEP’s Municipal Capacity Building Activities.

The Lowts Berger Growp, Imc. 2
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e Build capacity in Municipal Landfill Sector _

e Assistance in Development of GHG emission
reduction projects

GEP - CCS Objectives

e Encourage collaboration between key
stakeholders in US and India
-
The Louis Berger Group, Inc. 3 -
i%
Why Landfill Methane Utilization? %
e Methane has 20 to 30 times higher potential Global %
Warming Potential than CO, ,
e Environmentally beneficial for local and giobal environs .
e Solid waste volume reduces substantially and allow =
efficient utilization of land -
e Advances in Methane Recovery and Power Generation
technologies have reduced the capital cost -
e Methane recovery and power generation improves -
economics of municipal solid waste management
e Carbon credits improves project financing. )
-
The Louis Berger Group, Inc. 4
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What is Methane Recovery?

e Anaerobic microbiological processes
transform organic waste into usable
CH, that can power engines or
turbines

e Two recovery methods:
— Dry — Conventional Landfill
- Wet - “Bioreactor” Landfill

The Louis Berper Growp, Iac.

US Methane Output and Recovery
Charscteristic Tl.l,l Wolght , w
Annual Landiill Metharne Ouiput e 67
Reducton Eflgrts
Currert Arnual 15 120
Future Annusl Potentiel 40wv80 246000
Annost ReducSons Rasuling
#rom Energy Projects a3 20

The Lowis Berger Growp. I
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Gas Production
{million cublc test par year)

Methane Gas Production for
Different Types of Landfills

20.0 ?
18.0 ﬂ—
o [

16. _é \ —— Bioreactor
14.0 / \ (Wet) Landfill
120 l _L —o— Conventional
10.0 f r (Dry) Landfil

8.0

6.0 ]’ \

/ |

Years

The Louis Berger Graup, [nc.

Bioreactor Landfill Attributes

¢ Rapid organic waste conversion and stabilization
translates to greater greenhouse gas reductions
and improved local environmental conditions

e Liquid waste could beneficially be added to landfill

¢ Methane gas can bhe captured and used for cost-
effective energy projects

o Landfill space capacity is increased and utilized
more efficiently

s Post-closure care, maintenance and risk are all
reduced

The Louis Berger Group, Ine.
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- Methane Recovery and Re-Use
Practices in the US

s Over 270 landfill gas recovery and utilization projects

e About 500 other landfill sites are potential candidates

¢ Bioreactor landfills are the state-of-the-art practice
{currently < 10% of total projects)

o Electricity generation of 814 MW with another 159 MW
under construction

e Emission reduction of 2 million tons CO,

The Lows Berger Growp, Iac. L]

. Methane Recovery and Re-Use

Number of Projects
for Selected
States:

» California: 56

e Hiinois: 36

o Pennsylvania: 20

e New York: 18

e New Jersey: 14

o Florida: 9

| ER>s Wl M O+ Oe g:.‘ e Toxas: 7

Pumber of Covvanl Projecs

© Seawta USEPA Ll Methiesy The Lowis Berger Group, Inc 1

CLIN 8: Mcthane Emissions and Re-Use Potential i Cities
Task 8 A: Traiming Plan Developed and Submnitted Appendix S

¥



u Reciprocating Engine
B Gas Turbine

B Steam Turbine

i Combined Cycle

1 Other

l Generation Technologies Employed

4% 1% 2%

- Average Per Facility Capacity
Reciprocating Engine: 3,000 kW

Gas Turbine: 6,037 kW
82% Steam Turbine: 14,300 kW
| Combined Cycle: 15,667 kW
Sowurce; USEPA Landfill Methane The Lauis Berger Group, Inc.
Outrasch Program

- Case Studies

Conventional Techniques:

¢ Prince Georges County,
Maryiand

e San Diego County, California

Advanced Techniques:
¢ Yolo County, California

The Lowis Berger Group, Inc.

12
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Brown Station Road Landfill, Maryland

e General Characteristics
— Opened in 1960; gas recovery commenced in 1987
— Waste in place: 4 million tons
— Capital investment of USS$ 6.1 million
¢ Gas Extraction/Generation System
— 29 wells with 1 miilion cubic feet of landfill gas per day
— Electric generation capacity 2,300 kW
-~ Space heating (> 700,000 gallons of fuel oillyear)
e Lessons Leamed
— Early engine seizures and high oil deposit resotved with
more frequent maintenance

The Lowns Berpes Gromp, Inc ]

Sycamore Canyon Landfill, California

¢ General Characteristics
— Opened in 1962; gas recovery commenced in 1989
— Waste in place: 30 million tons at closure in 1989
- Capital investment of $4 million

¢ Gas Extraction/Generation System
— 50 active gas wells
- Gas collection rate of 1.2 million cubic feet per day
- Electric generation of 1,300 kW

The Lowss Berges Gromp, Inc 1.
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- Yolo County Landfill
(Bioreactor Technology)

e General Characteristics

Site opened in 1975 with planned closure in 2021

Four million tons of waste in place

150 gas extraction wells

Capital investment of $1.8 million

¢ Project Features
- Two test cells covering 0.54 acres with 9,000 tons of waste/cell
— Doubile lined leak detection system and compacted clay

sidewalls

¢ Energy Production from 4 million tons of waste
— 1,700 kW generated from 5 reciprocating engines {(Caterpiliar)
— Permitted for an additional 300 kW

The Louis Berger Group, Ing. 15

Yolo County Project Photos

Source:Yolo County Planning The Louis Berger Group, Inc. 16
and Public Works Depastment
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Estimations for India

Characteristic Estimated india
Organic Waste Composition
Paper 75%
Plastics ko 3
Miscellanecus Organics 43%
Total Organic 4%
Inorganic Waste Composition 48%
Methane Producsion (f® per ton wasie) 500
Energy Production {Biu per ton wasie) 497,500
Energy Production (kW-Hr per 10n wasie) a4
Landfll with Wasie infiow of 1 000 tons/day
Electricity Production {Megawatt) 1.8

The Lowit Berger Growp. lac 1?

Relevancy for India

¢ Excellent potential exists for methane recovery and
re-use
— Waste volumes are high
— Heightened environmental pressures
— Estimated annual reductions of 2.4 MMTCE
- Technology easily transferable
s Requirements for success
— Composition of waste
— Landfill practices
~ Electrical infrastructure
~ Local and state environmental permits and procedures
— Capacity building at the municipal management level

Tie Lows Borger Growp. Inc i1 ]
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Conclusions

Landfill Methane Recovery and Utilization is
efficient, economical and environmentally
beneficial. It reduces Greenhouse Gas emissions
considerably.

Tomorrow Mr. Dick Edwards of USAID will address
the GEP CCS activities to accomplish municipal
capacity building in this sector

The Louis Berger Group, Inc, 19
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. Contact Information

LBG/GEP New Delhi Office

C-6/7, Safdarung Development Area
New Delhi 110016 INDIA

Tel: 91-11-653-2024,25,26

Fax: 91-11-651-3807

E-puail: getgepin@deld.vsnlnetin

LBGA Washiagten D.C.

1819 H Street, NW, Suite 900
Washington D.C, 20006 USA
Tel: 202-331-7775 ex. 602

Fax: 202-331-1058

E-mail: ebrejla(@iounisherger.com

Thw Lows Berpes Geowp, Inc.

n

Thank You

The Lows Berger Growp. I
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