HYDERABAD — LANDFILL GAS ASSESSMENT REPORT

EXECUTIVE SUMMARY

A preliminary assessment of the potential for a landfill gas (LFG}atitin project was

performed for the Hyderabad Landfill (Landfill) in Hyderabad, India, aseinformation

provided by the Landfill engineer and observations made during a site visit arafeb9,

2007. The landfill opened in 1984, closed in 2005, and is estimated to have approximately 1.2
million tons of waste in place.

An LFG recovery model was prepared based on waste disposal, waste compositcimate
data. The model results indicated that the combination of the relatively snoalhtaf waste in
place; the dispersed nature of the waste mass; the significant amount ofitegidliaerobic
degradation, and waste combustion; and declining LFG generation rates Willifkefuture
LFG recovery to a maximum of 42 cubic meters per hodth@nr). Given the very low
projected LFG recovery rates, a preliminary evaluation of availablefdrbfgct options
indicates that collection and/or utilization of LFG from this site is not econtiynara
technically feasible.

The information and predictions contained within this assessment report are basedata the d
provided by the site owners and operators. Neither the U.S. EPA nor its contractafsecan t
responsibility for the accuracy of this data. Measurements, assessmdrmgsgdictions
presented in this report are based on the data and physical conditions of thé dlasetfiled at
the time of the site visit.

This report has been prepared for the U.S. Environmental Protection Agency and is public
information. While all due care and attention has been given to development obdinis re
potential investors in LFG utilization projects at Hyderabad Land8llaavised to satisfy
themselves as to the accuracy of the data and predictions contained in this report.

INTRODUCTION

The U.S. Environmental Protection Agency (U.S. EPA) is working in conjunction with the
Government of India as part of the Methane to Markets Partnership (M2M), aratiaeal
initiative to assist partner countries in reducing global methane emisdvwiid promotes the
beneficial use of landfill methane, while also reducing landfill methanssémns to the
atmosphere. One of the key activities of this cooperative program includéyidgnguitable
landfills with sufficient quantities of high quality gas that can be used tolowdtenergy
needs. To support this activity, the U.S. EPA has contracted with SCS Engine®)s (SC

Purpose of Assessment Report

The overall purpose of the Hyderabad Landfill Assessment Report is to perforhmangiry
assessment on the feasibility of collecting and utilizing LFG from #meltill. This overall
purpose is achieved through the pursuit of the following objectives:



Summarize and evaluate available information on the Landfill, including itscahys
characteristics, site management, and waste disposal data.

Estimate the amount of LFG generated by the Landfill
Evaluate technical considerations for LFG generation and collection.

Data Sources

During a site visit on February 19, 2007, the LMOP-India team met with the siteeeng
Rajeev Eabu (Hyderabad Municipal Corporation), collected data on the Landfill,aaed m
visual observations of the site (see Site Inspection Form India.xlIs for a sywintfae data
collected from this site). Mr. Eabu provided following information which was used prapng
the Report:

Average and maximum waste depths, waste disposal practices, in-place wasesgdens
composting activities, and reports of waste combustion.

Site Background

The Hyderabad Landfill is located in Hyderabad, India in the capital city obtitbesn state of
Andhra Pradesh. The Landfill is owned and operated by the Hyderabad Municipal Ganporat
The site started composting operations in 1981, which were subsequently shut down due to a
lack of markets for compost, before disposal operations started in 1984. The site stopped
accepting waste in 2005. The Hyderabad Landfill does not have a gas collectiog ditarin
utilization system in place. The climate in the region is tropical, with a medamatunt of

rainfall. Annual average temperature is 26 degrees C (79 degrees F), and amag@ a
precipitation is 796 mm (31 inches) per yédhe population of Hyderabad is approximately 3.6
million.

LANDFILL DESCRIPTION

Landfill Physical Characteristics

The existing Landfill property covers a total of 45 acres, including 40 adres was used for
waste disposal. The Landfill is unlined, and waste has been deposited in unmanagedeile
Figure 1). No soil cover was applied, although deposited wastes were observeditoaconta
large amount of soil and patches of vegetation. The piles have steep slopes and appgar to ra
between about 5 to 10 meters in height. Original waste depths reportedly averaged
approximately 15 meters, with maximum depths of 18 meters, suggestindaige eeduction

in waste volume has occurred over time. Approximately 2.6 million cubic meters efweast
reportedly disposed at the landfill; this volume is consistent with an averatgedeash of 16
meters over a 40-acre footprint.

! Sourcewww.worldclimate.com




Figure 1 — Photograph of Waste Disposal Area

A significant amount of deposited wastes reportedly experienced spontaneous a@mbusti
approximately 4 to 5 days after disposal. Small patches of ash providing visual evoflpast
surface fires were observed during the site visit (see Figure 2). Wasesongacted and
graded with a bulldozer after fires died down. These events reportedly resulted tronsrati
“semi-aerobic” waste decay that likely contributed to the significashiction in waste volume.

Figure 2 — Photograph of Waste Disposal Area Showing Evidence of Past Surfaceek



Currently, a portion of the landfill is being mined by a private contractor to peathropost. A
backhoe is use to turn the waste to facilitate drying. The dried waste is conveyethting
screener (see Figure 3). The screened waste, which appears to consessaif,fis placed in
piles for curing, and is subsequently bagged and sold as compost.

Figure 3 — Photograph of Waste Screening for Compost Production

Disposal History

The Landfill had a scale in operation when the site was open, but did not keep records of waste
acceptance. The following information on historical waste disposal was provideddigthe
engineer:

Waste disposal occurred between 1984 and 2005.

A total of 2.6 million cubic meters of waste was disposed.

Historical daily waste acceptance rates ranged from 400 to 1,800 tonnes per day.

From 1984 through 1997, the waste contained approximately 54% inert material.

After 1997, waste disposed consisted almost exclusively of municipal solid wastes
(MSW).

Estimated density of MSW was 450 kd/opon arrival and increased to 650 kijafter
compaction.

Annual increases in MSW disposal averaged approximately 3.1 percent.



Reported daily waste disposal rates are not consistent with reported totalelaste and
estimated in-place densities, which imply significantly lower disposasraA waste disposal
history was developed using the above-listed disposal information with the excetenly of
disposal rates, and assuming an in-place density of 1,008 fay/iert wastes. The resulting
estimates are shown in Table 1. The MSW waste disposal estimates vaei@r ik model

inputs.
Table 1. Estimated Waste Disposal History for Hyderabad Landfill
Total Waste[ o4 Inert | Inert Waste MSW | Total Waste| Total Waste
Disposed | waste (by | Disposed | Disposed | Disposed | Disposed
Year (m®) Weight) (Mg) (Mg) (Mg) (Mg/day)
1984 104,200 54% 45,100 38,400 83,50( 229
1985 107,400 54% 46,500 39,600 86,10( 236
1986 110,700 54% 47,900 40,800 88,70( 243
1987 114,200 54% 49,400 42,100 91,50( 251
1988 117,700 54% 50,900 43,400 94,30( 258
1989 121,300 54% 52,500 44,700 97,20( 266
1990 125,000 54% 54,100 46,100 100,20D 275
1991 128,900 54% 55,800 47,500 103,30D 283
1992 132,900 54% 57,500 49,000 106,50D 292
1993 137,000 54% 59,300 50,500 109,80D 301
1994 141,400 54% 61,200 52,100 113,30D 310
1995 145,600 54% 63,000 53,700 116,700 320
1996 150,200 54% 65,000 55,400 120,400 330
1997 154,800 54% 67,000 57,100 124,100 340
1998 90,600 0% 0 58,900 58,900 161
1999 93,400 0% 0 60,700 60,700 166
2000 96,300 0% 0 62,600 62,600 172
2001 99,200 0% 0 64,500 64,500 177
2002 102,300 0% 0 66,500 66,500 182
2003 105,500 0% 0 68,600 68,600 188
2004 108,800 0% 0 70,700 70,700 194
2005 112,600 0% 0 73,200 73,200 201
200¢ 0 0% 0 0 0 0
Totals 2,600,000 40% 775,200 1,186,100 1,961,300
Notes to Table 1:
Assumed growth rate: 3.1%
Estimated density of inert waste: 1000 kg/m3
Estimated density of MSW: 650 kg/m3



Waste Composition Data

Waste composition is an important consideration in evaluating a LFG recooe@gtpmn
particular the organic content, moisture content, and “degradability” ofiiheus waste
fractions. For example, landfills with a high amount of food wastes, which arg highl
degradable, will tend to produce LFG sooner but over a shorter length of time.

Waste composition data specific to the Hyderabad Landfill were not lalegita this study. The
closest landfill for which waste composition data were available waSdhe Landfill in
Mumbai. Assuming similar waste characteristics, the Mumbai wasteasitiop data was
applied to the Hyderabad site for purposes of LFG modeling. Table 2 shows theegistuaste
composition percentages for the Hyderabad Landfill.

Table 2. Estimated Waste Composition for the Hyderabad Landfill

Waste Type %

Metals 0.8%
Construction and demolition waste 30.0%
Wooden waste 0%
Paper 11.8%
Plastics 5.0%
Food 35.7%
Garden waste 6.3%
Rubber, leather 5.0%
Textiles 5.0%
Glass and ceramics 0.40%

Total 100.0%

LFG RECOVERY PROJECTIONS

Model Introduction

SCS has developed a first-order decay model for estimating the LFG repovential of

landfills based on annual waste disposal rates, the amount of methane a tonne pfosasts
(Lo value), and the rate that waste decays and produces LFG (k value). G imeddel,
essentially a modified version of the EPA’s LandGEM, was developed by nmgdifyS. model
input variables (Lo and k) to account for landfill and waste characteristiceigriarountries.
The SCS procedure for estimating model Lo and k values appropriate for imteahaties has
been documented in pre-feasibility studies prepared for LMOP and U.S. AID foitlsaimdf
Guatemala and Mexico. Adjustments to the Lo account for the organic and dry solia$ abnte
wastes disposed. For shallow landfills, unmanaged disposal sites, or other sites whic



experience significant aerobic waste decay, additional adjustmentsLio tkeown as the
“Methane Correction Factor”) are made to account for the estimated extarbbic decay.
Adjustments to k value involve assigning separate k values to different wasiengdased on
estimated decay rates.

Projections of LFG recovery rates can be calculated using model outputsraigboéeovery
and estimates of percent collection system coverage, a measure ofdh@arece of the
collection system at capturing the potentially recoverable LFG (amasag collection
efficiency). For sites without a collection system installed, futurecitin system coverage is
estimated based on landfill configuration, disposal area sequencing, waste albptives,
depth to leachate, and the presence of waste pickers.

Model Input Variables

Based on considerations of climate, estimated composition of wastes disposetraatddes
extent of waste combustion and aerobic decay at the Hyderabad Landfill, SCSdresiabe
following values for model input variables for the base case projections (diSgesario 1):

Lo (regular waste) = 29 ¥tonne (930 ft'ton)?
k (fast-decaying waste) = 0.20/year.

k (medium-decaying waste) = 0.04/year.

k (slowly-decaying waste) = 0.01/year.

Multiple model runs were prepared to account for a range of possible futureicolBctem
coverage estimates that result in low, mid-range, and high LFG recovery proje&i08s
estimates that the mid-range collection system coverage e&iaratthe most likely to be
achieved due to the condition and geometry of the existing waste mass if a l¢egBarol
system were to be installed.

Model Results

LFG recovery projections for the Hyderabad Landfill are provided in Appendix A. Aable
shows the LFG recovery potential and estimated LFG recovery under thangglaollection
scenario. Figure A-1 shows the LFG recovery potential and estima@addevery under all
three collection scenarios. The estimated maximum LFG recovery poteasidll8 nYhour
(70 cfm), which was reached in 2005. Potential LFG recovery has declined sincessite cl
and will continue to decline over time. Review of the mid-range recoveryatetirshows a
projected 2008 recovery rate of 43/nour (25 cfm)

LFG PROJECT OPTIONS

Instead of allowing LFG to escape into the air, it can be captured, converted, and aised a
energy source. Using LFG helps to reduce odors and other hazards associaté@with L

2 A Methane Correction Factor of 0.4 (60% reductiems applied to the Lo to account for the unknowmant of
waste combustion and the estimated amount of aedsuay due to disposal in unmanaged waste piles.



emissions, and it helps prevent methane from migrating into the atmosphere and cogtigbuti
local smog and global climate change.

Landfill gas is extracted from landfills using a series of wells and a bfitave (or vacuum)
system. This system directs the collected gas to a central point whaaneb processed and
treated depending upon the ultimate use for the gas. From this point, the gas can be simply
flared or used to generate electricity, replace fossil fuels in industidamanufacturing
operations, fuel greenhouse operations, or be upgraded to pipeline quality gas.

LFG project options include: (1) on-site electricity generation; (2) disefar heating/boiler
fuel (medium-Btu application); and (3) flaring only. All three options requiraliation of an
active gas collection and control system (GCCS), including a flare to esmutristion of all
collected methane when the LFG is not being utilized. All three options alsxpaee to
generate revenues from the sale of emission reduction credits.

Capital costs for a GCCS will depend to a large extent on LFG flows, lagidélland depth. A
typical range for GCCS costs, including flare start-up and source test, andezitgj and
contingency costs, is about $70,000 to $120,000 (U.S.) per hectare of landfill area. Annual
GCCS operation and maintenance (O&M) costs typically average apprekiridao 10 percent
of capital costs, not including electricity or system expansions.

Depending on the quantity of available LFG and sale price, the sale of Lieeciruse at a
nearby industrial facility could potentially generate significameneies while requiring less
initial facility costs than an LFG electric facility. Unless theect use client is located at a very
short distance from the landfill, a LFG transmission pipeline would be requiréte dfrect use
project requires transporting the LFG a significant distance to the end uggicatly requires a
gas compression and treatment skid (filter, compressor or blower, de-hydrat)orL&@
treatment requirements are also driven by the equipment that will utéiz¢=th. Depending on
the level of treatment required, the gas treatment skid costs approxi#delyo $500 (U.S.)
per ni/hour that is treated. Pipeline construction is the largest cost item at about $150,000 to
$175,000 per km (assuming open trenching and not including payments for right-of-way
easements), so project feasibility is largely determined by distanod tesers. Annual O&M
costs are about $100 to $150 peftraur of LFG. In addition, if the LFG pipeline can be run
above ground, costs can be significantly reduced.

Of the three LFG project options, direct use would likely be the most costhedfémt the
Hyderabad Landfill due to the presence of automobile repair shops nearbyntpateatially
utilize collected LFG. However, the very small amount of LFG availablestavery at this site
will likely prevent even a direct use project from being economicallylfieas

CONCLUSIONS

Based on a preliminary evaluation of potential LFG recovery and avail&@eptoject options,
an LFG project at the Hyderabad Landfill is not likely to be economicaligabmically feasible.
The projected amount of LFG available for recovery at this site is veitgdirdue to a
combination of several conditions including:



The relatively small amount of waste in place.
The dispersed nature of the waste mass.
The significant amount of inert material, aerobic degradation, and wastaiston.

The fact that the Landfill has closed and LFG generation rates are dgclinin

In addition, due to the relatively dispersed pattern of disposal at the site, aiginiark would
be required to consolidate the waste into a single large mass and cap it vatlgsosynthetic
material prior to installing an LFG collection system. This processaadstd result in increased
aerobic decomposition of the waste during the disturbance and relocation processy [Ekell
of potential LFG recovery combined with the effort required to remediatatehprior to
installing an LFG collection system indicate that an LFG project would notdn@exdcally

feasible.



APPENDIX A
LFG MODELING RESULTS FOR HYDERABAD
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