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1. EXECUTIVE SUMMARY 
1.1 Project Background 

The Louis Berger Group (LBC) conducted this Training Needs Assessment (TNA) 
with the support of Global Energy Partners (Global). This methane reco\.ery and rc- 
use assessment was conducted as part of LBG's CI-IN 8 activities under the 
Greenhouse Gas Pollution Pre\entmn Project (GEPCCS) for USAID. This 
assessment identified the current characteristics of municipal solid waste management 
in India by way of extensive data review and site visits to mptesentati\-e cities in 
India. Cities were selected using a set of data characteristics ha t  best rcprcsnted the 
current and future conditions that would make melhane recover?. and re-use a 
practical option for Indian ci t i~s to consider in combating the greenhouse gas and 
global warming problems brought about by methane emission% Other c o n s k t i o n s  
in city selection related to the level of inter& cities have expressed to LSAID in 
connection with its various urban infrashuchlre and greenhouse gas emission 
reduction initiatives. Eased on these factors, the following five cities were included 
in the assessment:' 

* Pune 
Chennai 
Bangalore 
Guntur 
Jaipur 

Once the cities were selected. a delegation fmm the GEPCCS project (USAID. LBG 
and a methane expert horn Global) traveled to each of the five cities to conduct a 
training needs assessment that included data colkction, interviews and asssnenls of 
methane recovery and re-use potential. The information gachercd as pan of chis effon 
contributed toward the development of a detailed training plan h a t  p m \ i d s  the 
frameworlr for appropriate next steps and ihe tools and v c h n q u a  for the 
respective municipalities to move f m a r d  on potential implementation. 

According to a report prepared by the Indian Central Pollution Conbol Board in Dclhi 
(2000). "Management of Municipal Solid Waste," annually o v u  48 million bns of 
municipal soM id is genenied in India. It is also estimated ibpc the cwrent mbn 
municipal solid waste generation is about 0.49 tilogMl pu capita pu day. This 6 

Iwo to thm times more than the waste generation rate in the rural m. In year 2025 
the urban municipal solid waste generation will reach 0.70 kilogram per capita pa 
day. 

In 1997 the urban population of India was estimated lo be 247 million. The cwnw ' s  
annual overall population increases by about 2 percent. The estimated wb.a 
population increase is more than 3.5 percent p a  par. This has ~ s u l i e d  in yearly 
increase of solid waste of 5 percent. 

' Ndc 1hA sewn cnin w m  mgtmll) szhcdulcd f a  SIIC nmts dunng ihc TNA mlsvm b c > n  & 
to ihc cataaqhuc c a n ~ k c  in the Gujani ma mi lcgtaml @om dvnng ihc mn59ir. n *as nm 
posslblc to c a d u a  mats at B d  a d  ham 
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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 CH4. 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 en~issions 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 gas emissions. 

1.3 Key Issues Concerning Solid Waste Management in lndia 

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

Insuflcient Furrding Mechanisnrs: 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 spent 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 D~$ccult to Access: Revenues derived from fees are typically deposited 
in the general revenue accounts which make it  difficult to determine the income 
and expenditure that is directly related to solid waste management activities. 

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

Wusfe Composition: Due to the nature of the waste that disposed into Indian 
landfills, the composition of organic waste does not lend well to high yieldhigh 
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. 

Insuflcienf Landfill Planning: Landfills in India are not designed in a 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 Snmmary of TNA Mission Findings 

A summary of the key findings 'om 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 
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= Transfer stations 
* Site adjacent to residential areas 

Anaembic composting for methane and aerobic coniposting contracted 
Methane recovery planned 

CHENNAI (Appendix B): 
Total tons disposed per day of 3.000 (600 gasification by E D 1  400 aembic 
compostin& 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 sanitaq landfill construction pro* in bidding 
P-- 

BANGALORE (Appendix C): 
= Total tons disposed per day of 2.200 (900 aerob~c compostiog by KCDC. 240 

aembi composting by Sunrays, 1.000 dumped) 
= Population 4.13 million 
* Informal support by municipal corp. to rag pickrrs 
* Existing compost plant near one dump site - Private -lor transport about 52% of waste generated 

Tomrage measured at the composting site (KCDC) 

GUNTUR ( A p p d l x  D): 
Total tons disposed per day of 350 (280 pelletization by SESL 70 hrmpd) 
Population 0.75 million 

= Waste transportation partially privatized 
Waste disposal site is adjacent to residential area 

= Bulk density (0.4-0.6 MTlCu. M.) reported 
Pelletization and gasif~ation contracts award under active cansideration by 
municipal corporation of Guntur and neighboring Vijayawada 

JAIPUR (Appendii E): 
Total tons disposed per day of 1.000 (600 gasification by E D 1  400 dumped) 
Pknwdawarmcsscampaign 
Saody &on-site soil 
Waste disposal site at storm watershed - Medical waste is disposed with municipal solid waste 

= Gasification project under =view by municipal corporation and state govamornt 

15 Recommended T r ~ h h ~  Action P L m  

Based on the =view of each site and analysis of the available informotion. a seven- 
topic hainkg program is recommended, and it shall be a d m i n i d  over a twoday 
period. T k  seven topics include: 

Solid waste management overview and awareness 
Physical and chemical characteristics of municipal solid wane (MSW 
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MSW transformation technologies 
Significance of methane from MSW . Technology options for methane recovery and re-use 

* Operational issues 
Landfill methane project developn~ent 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 recovely and re-use projects, 
both from a technical and implementation point of view. 
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2. INTRODUCTION 

2.1 Study Objectives 

Methane is currently the second most impoNnt greenhouse gas in Ihe abncspherr. 
with emissions expected lo reach hose from carbon dioxide by 2025. A R a  remaining 
constant in the atmosphere during the past 10.000 years, the concentration of methane 
has doubled during the last century. This has accelerated during the hst two decades 
when abnoqheric concentrations have been increasing at the annual nce of 0.*& per 
year. Although methane gas has a shorter lifespan in the environment. it has a grater 
heat-trapping characteristic than carbon. The cumnt estimate of methane missions in 
the ahnosphere is 575 million tons, of which 7% is anhopogenic. The pimar?. 
natural sources of methane an wetlands, oceans and fnshwabn; andvopogrnic 
sources include coal mining, biomass burning, landfill of organic wastes. incomplae 
combustion of fossil fuels, enteric fmncntalion in domestic anirrpls. and rice 
cultivation. 

The increasing urban dumpsites in India have been a growing source of uncoouol*d 
methane emissions. However, (hen is no current pm-edurc to evaluate the LnpM of 
methane emissions from urban locations. or the more imporrant aspecl of capluring 
and utilizing this valuable energy resource. The control of m e k  eminions and m- 
use potential is essentially urban solid waste management. Solid waste management is 
a major problem for h e  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 uhimakty cooml 
and minimize the alarming volume of rrnchane emissions. AI the same lim. brrad on 
practices in olher countries, this sbldy identifm ways in which that mcthac gas can 
be recovered and re-used for energy production, thus potentially helping to sohr 
another major infrasnuchtre issue in i n d k h m n i c  power shonages. 

'llx objectives of tbe project are two fold: 
To develop a comprehensive ScreenhgSeketion crileria to idmtify 5 viabk Indian 
municipalities as sites for the development of an outreach maw md mbiq 
pmgram targeting methane rccomy aad rt-use. 

To assess, design and develop a comprthendve training plan to 6 rnwkipd 
authorities on the proper tools and techniques to assess their m*han missions 
and technology options for re-use potential during the entire cyck of 
management 

2.2 Ovcnicw of Landfill Gas Recovery u d  Reuse 

To provide the overall context for this PsvsmKnL il is necesswy to Iim review tbe 
besic principles behind landfill gas recobmy and re-use The sectiom below p v i d e  a 
very general o v e m w  of the recovay and muse pmcess-the benefits. Ihe gas 
extraction and collection, technologies employed, economic issues, and the bp~cal  
criteria employed when evaluating projects. 

CLM 8: Methane Emissions and Re-Use Potenlial in Cities 4 
Task 8.A: Training Plan Developed and Submitted 



2.2.1 Benefits of Landfill Gas Recovery and Re-use 

Recovery and energy use of landlill 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: 

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. 

Ecor~omic 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 ahnosphere is 24.5 
times more damaging in its "greenhouse potency" to the atmosphere than a too of 
carbon dioxide. Methane's potency and its rapid cycling through [lie 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 turning a current 
liability into an asset. This could not only provide alow-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 amact 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 landfill gas. Revenues from a landfill gas project can offset 
the cost of landfill gas collection and control system that are mandated by law. In 
many cases the projects could even generate profit as world energy costs continue 
to rise. 
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2.2.2 Landfill Gas Generation 
When organic wane decomposes thrwgh a natural process, it is hlasfomed by the 
action of microorganisms into simpler organic g a s .  This landfill gas is poduccd 
through an anaerobic (without oxygen) decomposition pnress. Typically, blprafuct 
gases are made of about 45 p e n t  carbon dioxide, 50 percent mebne,  and 5 percent 
of other gases including mainly nibogn (from entrained air), and mull amounts of 
hydrogen sulfide and volatik organic compounds. Methane is t h e m  constituent 
of natural gas and therefore can be used as a fuel. The amount of gas gmmred and 
(to a slight extent) the quality of methane produced sn dcpmdeDt upon the qualiy 
and type of waste-in-place, climate. and other site-specific factom Tbc pmductioo of 
landfill gas normally begins from six months to a year after wask is placed in a 
landfill. Depending on the site conditions and climatic fae(o~~,  WfiI I  gas pncration 
may continue at a significant rate for many years after landfill cloam. This holds for 
mon landfills as now operated. However technology to impow. the simtbn by 
accelerating, controlling and mom rapidly completing generation is being surrcrcfully 
demonstrated with very promising resuls. 

Methane is combustible in concentrations between 5 to 15 percent by volume in au. 
Methane is flammable at annospheric pressure and ambient hntpcnture. h f e h n c  can 
migrate through the soil to signif~ant distances. Landfill gas can migrate h g h  
sand, silt or clay soil as long as there are continuous voids. The rate of gas mwment 
is dependent upon density and permeability of the soil as well as driving pressure. 

2.2.3 Landfill Gas Collection 
Landfill gas collection system are necesaq because landfill gas hu the p0lenti.l lo 
cause property damage, death and injury as a result of explosions and MfiU gas 
fires. Landfill gas can be conakd using either horizontal benches, pamabk laycrs 
beneath an impermeabk liner or vertical wells drilled into the landfill at skcted 
poinls. Well spacing depends on site-specific d k s ,  but it typically Lies between 
100 to 300 feet spacing between wells. The horizontal benches and vertifal urlls are 
connected by piping to a central point w h m  a motorhbwa is used to pmvidc 
vacuum for removal of the bndfill gas. In an effectively desigd md conshucled 
system, me& recovery elficiency could be as high as 85 percent aidtour 
impermeable T i  cap and as high as 95 percent when a impermtabk liDcn are d. 

2.2.4 Technologies for L d l l  Gas Utilization 
Landfill gas can be collected and used as an enagy sours for various applications 
These include: dirat use of medium-BIU gas for i n d d  botkkbumen, w 
generation (heat and e M t y ) .  on-site space heating and or hot warn heating, 
lighling, industrial praxsscs. Rocess landfill gas can also bc u s d  to he1 'chicks. 
Methane is either commcd or converted to a non-granhous gas that d m  
emissions to the a h n o s p k .  In addition, using landfill gas to p d u c e  ekcmciry u-ill 
reduce use of fossil fuel, which also reduced carbon dioxide emissions. 

If raw landfill gas is used for space heating or hot water heating, only condensate 
water and particulate maner removal, and s o m e l i ~ ~ ~ ~  keping the gas reiatiw 
humidity somewhat below 100% is necssary. Such uses do n d  q u i r e  highly 
elaborate and expensive processing and arc well suited to mrny smaller landfills 
acmss India. Pipeline quality gas can also be used for any applkatioll where mniral 
gas is normally used. In this option, moisture and particulate removal is mesa? m 
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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 landfill 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 mediumBtu gas to direct user, while 4 
percent upgrade their gas pipeline quality (close to 1,000 Btu). 

Electricim Generation: Landfills that can generate landfill gas at more than 1 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 (1C)- typically 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 larger 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 eff~cient, 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 landfill gas 
for 10 to 20 MW of power. 

Gas Delivery Svstem- 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-Blu 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 removal of water, carbon 
dioxide, hydrogen sulfide, hydrocarbons, and on some cases nitrogen. A natural 
gas pipeline must be located fairly close (one to a few miles) to the site. Other 
options such as fuel cells, compressed natural gas (CNG), liquid 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 
Task 8.A: Training Plan Developed and Submitted 



2.2.5 Economics of Landfill Gas to Electricity Project 
Table I shows rcprtsentative cost data for a range of landfill project sizes. The cost 
data were derived from statistical analyses of existing pmjects (U.S.EP.4 19931 in 
United States (U.S.). Gas generation potential for each ton of waste in India is 
different than in the United States since india's waste churserisrics arc much 
different than k in the United States. India's waste has less than 5 pcrcen~ paper 
compared to U.S. waste. which is abu t  25 percent paper. 7hmfore. waste in h e  US. 
produces more methane than waste in India. Other factors should also be considered 
such as collection efficiency and moisture conlent of the wvtc and the a v m p  annual 
rainfall. Detail analysis and site specific investigation should be pafinmed at each 
site to determine che maximum gas tk~w since the composition of waste and climate in 
India is much different than in U.S. This exhibit is provided only as a tool 10 

demonstrate the relative costs for each possible case. Rojaet analysis should use 
engineering cost estimates based on the individual site characteristiis and project 
configuration and coasider possible factors that are d i i u s s d  next. 

Care must be taken when reviewing pmjcctions such as hose in Tabk I.  to 
realistically take into account several issues. Landfill gas yield and recovery 
predictions have h nfd mxntly. with original EPA gas availability projatwns 
for US waste somewhat lowed.  A recent 19-lnndfill study (Vogt. W.G. a d  D. 
Augenslein, 1997, Companion of Models /or Predicting Lond/i// Gas R e c o ~ -  
SW.4:\'.1. S ~ l w r  Spring. MD) has shown a best l!S fit with maximum recovery rates as 
much as 309A lower than recoveries assumed in Exhibit A. Also. there is MfiII-to- 
landfill recovery variation, moderate irregularity and unpradictability in racoveq. and 
long-term bailing off of recovery. llmc resuh in problem5 of pan - i d  operation of 
energy equipment as they arc encountered. (NoMhcles.5. that arc promrsing 
improvements under investigation to address all these issues.) Also, rather limited 
studies in third world countries suggesi that bcuuse of Iowa paper con(n,t, 
ragpicking and the like, that developing countries' wastc wthanc yield may be on the 
order of half that of the US. The present situation, notx&cksE. stiU leaves x e r y  
considerable opportunity for sucoegful pmjects and a s i g n i f i t  landfill gas 
contribution (e.g., of the order of 1% of US and world electrical supplies. Sce for 
example Eam-o-Pas, R, Wetherill, T., Pqradiist, B. 2000 M U  GP( Generotion 
and R e c o w ~  in Thailand. Pmcedings, Second International Mahrv Minprion 
Conference, Akademgorodok, Novosibirsk, S r k a ,  Russia, co-sponsorad by Rusian 
Academy of Scieuces [bmting], US EPA, US DOE, Cuud. N d  R c s o w x s .  
International Enrrgy Agency. C h i  [PRC] Academy of k i  with several other 
agencies). 
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d~ssuming enane generator 0 & M rate of US$0.015 per kWh. 

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 (0 & M) costs, a stand-by flare 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 thecqnstruction 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 0 & M costs include direct cost, labor costs, and indirect 
costs including insurance, overhead, and administration. 

2.2.6 Typical Screening 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. 

c) 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 suficient land available to continue landfilling for the next 10 to 20 years 

within the existing site 
f) 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. 
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g) There is either suffiient low permeability clay cover soil on tbc existing u a a e  or 
if not covered, there is enough low permeability clay soil availabk on site m cot-- 
waste to allow landfill gas recovery and prevent oxygen inbusion in w e .  

h) Recovery tests confirm adequate gas availability and methane content boch when 
the landfill is modeled, and a gas recovery system is installed. 

i) There is at least 3-5 meters separation from the bottom of tbc bodfill and the 
highest groundwater. 

j) Landfill is IocaIed at a suitable s ik for construction of a sanitary landfill. 
k) There are personnel available to be trained in the mainuaancc. monitoring. and 

adjustment of landfill gas wells in the field. 
I) The site is near a facility that could use landfill gas or is close to a high voltage 

grid for elecmc line intemonection. 
m) There is sufficient W i n g  or the ability of the municipality to manage large 

capital inhastructure projecvj. 

2 3  Project Steps 

The following activities have been undertaken to support ~s .ssipna& 

* Phase I-Derelopment of a Afunicipl i~ Screening&kdon Critprio. In 
November 2000 when Global was assigned h e  task by LBG. 8 Lia of selection 
criteria was drahed and then subsequently discussed with USAID and LBG saff 
and partners. The list was based on a review of cumnt USAID Regional Lzrban 
Development Office (RUDO) documents. combined with the pja~ kam's 
experience in municipal solid waste issues and Global's intaoatiooal ex*-e 
in this area. 

= Phase II-Present Caw Smdy or USAIDiRUDO Co~$rmoc: Ooc (I) G b l  
technical expert traveled to India during December 5-10. 2000 to preset at Ibe 
USAIDlRUDO conference 'Cities and Climate Chtngc." in HyJe&d, India 
The presentation was eotirled "international ExperimccC.se Study of L u d f i I I  
Methane Utilization." A copy of the presentation is included in Appendix F. A1 
that time, the Global expm networked with authorities kom vsriws Indian cities 
to gauge theiu interest level in participating in future baking scssioos relad to 
municipal solid waste management and methane m v e r y  techniques. F i - .  a 
grouping of five cities was recommended based on the information rmiwd and 
thefgdbackobfaimdduriagIbemiSsioo. 

Phase 1LI-Conduct a Training Nee& .kessmenf: A mcQoe npat from G b l  
traveled to India in early Febnmy (February 12-21, 2001) to prticipok in a 
training needs assessment Under the organization of USAIWRUDO, lhe LBG 
team traveled to five Indian municipalities to mee~ with omcLk ud gain a hater 
understanding of theiu current solid waste management pmgrams. 

Phase W-Develop a &tailed Training Plan: This plan, coatlined in Chap~cr F 
of this report, provides the frawwork of appropriate next steps d the rook and 
techniques necessary for the respective municipalities a mow f o r d .  
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Ctrrrrf~r Knowle&e dM~ , lhone  Recovery and Re-rue 

3. CURRENT KNOWLEDGE OF METHANE RECOVERY 

AND RE-USE 
3.1 Overview of Current Solid Waste Practices in India 

In India, the urban and local government authorities (similar to county and urban 
govenunent authorities in U.S.) are generally responsible for solid waste management 
systems. In some urban and local districts, similar to the LIS, 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 transporfation. Only 5 percent of the funds are spent on disposal 
of waste. 

The funds generated from the solid waste management activities are normally 
deposited in the general revenue accounts. This makes it difticult 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 bulk 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 
landfill gas control system to control air pollution. Almost all sites are let? 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 it 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 ag~tation. It is estimated that the 
collection efficiency could range anywhere between 25 to 90 percent of the solid 
waste generated depending on the location. The balance of this waste is unattended 
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and dumped in many different locations. Indian municipal authorities with !k 
assistance of USAID,RUDO are developing new systems and methods lo improve thc 
collection and disposal of solid waste. With this assirtance in place. it is expectad that 
the solid waste management practices will impmvc substantially over lime 

The transportation of waste to the disposal silc is done using outdated uucks. mcloq 
tippers ad refuse collectors. Poor maintenurce, continuous breakdown of yehicks and 
inadequate fleet size pmvent proper and timely collection of waslc. Transportation 
modes used in the smaller cities include bullock carts, three wheekn and tracton. In 
some cities fmnt-end loaden are also used for waste calktion. 

Proper collection and disposal of sanitary waste is the most critical aspect of solid 
waste management among all cities. 7he Cenhal Pollution Conaol Board in Dclhi 
reports that 94 percent of cities dump domestic, commercial, industrial 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 burning of open dumps is 
also common among cities. Presence of actinomycctes~fungi and other microbes in au  
samples from the landfill sites haw also been documentad. The Central Poltution 
Control Board in Delhi has identified 14 towns and cities where cloarre of the 
existing open disposal sites is a priority in India. These sites are at Hydenbad 
Ahmedabad, Sural. Bangalore. Mumbai. Pune. Bhopal, Jaipur. Chennai. Kanplr, 
Luknow, Agra, Calcutta and Delhi. Currently there is a USAlD study under way lo 
determine the degse of water and air pollution at each site. 

In January 1998, under the direction of the Supreme Court of India a comrnina was 
formed to review the solid waste tnanag-t woditioo in cities in India. Ln 
September 1999, the Ministry of Envhonmeat and FForsrr issued draft nrks for 
municipal wastes management and haadling. In Septemba 2000. the final mk was 
adopted that lays out procedures for waste wktiop hamportation. scpr@k,  
storage, processing and disposal. Under this mle an cities are madalhl to st up 
suitable waste treatment and disposal facilities by Darmber 31, 2001 or earlier. The 
mles also specify standards for compost quality, leachate control. and management 
and closure of landfill s i ts .  

In accordance with Supreme Cwn dimtiom, the M i  of Urban Devebpmcnt 
(Government of Indim) is to set up a Teclmology Advisory G m p  for improving solid 
waste management in the country. This advisory gmnp h upated to askt b e  
improvement of solid waste management pnetices o m  a period of next five myean. 

In the US, UK Environmental Protection Agency (EPA) is responsible for regulating 
solid waste management practices. There is m single agency rcsponsibk for solid 
waste management in India. There are multipk ministries that are responsible for 
different aspects of solid waste management TI i s  hgmentatioo of aumorip 
partially hinders implementation and pwts a challenge to h a 1  authorities in 
coordinating and aligning the efforts of the mrioa ministries and research ~nstiruts. 

Some cities have begun to explore a variety of -rce recovery techniques such as 
composting, vermi-composting; waste-t-gy projects that include inchemtion. 
pelletization, bio-methanation, and recycling. Some examples include a methane 
generation facilit)' in Pune and an incineration plant at Timarpur (Delhi). uhlch was 
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set up in 1987 using Danish technology It 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 submitted. 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 (Maharashtra). 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 material to the plant. This would be the first such 
facility in the country. The project is being executed on Build. Operate and Own 
( 0 0 0 )  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 familiar with landfill 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 hy the private sector without adequate justification of the 
cost effectiveness or demonstration of their success given the characteristics of Indian 
waste. The Minisby 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 I000 MW of power from urban and municipal 
waste and about 700 MW from indushial 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. 

3.2 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) 
Ministry of Non-Conventional Energy 
Minisby 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, tax incentives, 
infrashcture 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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Cunenr Knowledge o/.Hc~hane R m w y  ond Rr-use 

hlOEF is insbumental in setting and enforcing environmental regulations related to 
waste handling and landfill disposal practices. T k  Mini* of NonConvcntiooll 
Energy oversees the disposition of the nonsonventional methane gas energy energy. 

The Minisby of Urban Affairs ovences the practices related to waste colkclion, 
managemenL recycling initiatives. and land-use planning. The Ministry of  Fimsc 
would oversee any project-related development ac t iv i i i  h t  involved public fi-. 
The World Bank and its afiliates play a rok as catalyst IO spur the msowx 
development F i l l y ,  USAID plays a key mle in technical wnsfer and asimurt to 
enable more favorable development of the rsource and the minimintion of 
greenhouse gsses. 

Local authorities from urban areas have clearly expressed their interest and n d  
Without proper political and financial support h m  the above organizations 
enthusiasm and eagerness of local authorities to incorporate new technologies will 
fade. 

Several bmkdgaps to implement merhne rsovery projectr at solid pie ludfill 
sites have ban discussed in earlier sections. The major barria is the lsck of a singk 
coordinating and implementation agency in India, similar to the OS-EPA. Cumnt 
organizations under MOEF. CPCB and MOU are developing an ambitious sxl of 
regulations. However, the implementation and d i n a r i o n  of rhcse wlatiom have 
become a major problem. To overcome chis problem. in addition to technical. 
financial and inffasbuclure support. political will and supporl horn fedenl and m t e  
ministries are needed. 

The fust and foremost action needed is in tbc area of colkcbon, segre@m d 
lmnsportatioo of solid waste. USAID, CPCB and MOU arc working m this m u  
Next is an integrated planning of storage, p m s s i n g  and disposal at skcad hadfill 
sites. With USAID, CPCB, MNES and MOU's ass- an acooomicrl and 
enviromnmtalty benef~ial  demonshation project hds to be developed. The rmjw 
barrier at the current stage is to develop funds and organization for a m s p a s i i  
agency or task force to implement a technology demonshation p m j e c ~  

Technical and economical gaps are associated with the quality of the w e  and the 
site selected. Ahbough, (hese may pose si@icaot barria to the de\~lopnenl  of thic 
technology, they can be overcome or minimiztd in most of the cases uih hnma 
development 

C L N  8: Methane Emissions and Re-Use Potential in Cities 
Task 8.A: Training Plan Developed and Submined 



TNA Selrclion Procesr 

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 
Hyderahad conference (December 2000). 

I .  Geographic Characteristics: Perhaps the most important attr~bute considered for 
the landfill is the physical geography at the site. A variety 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 conshuct 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. 

c. Depth of groundwater: Ideally a minimum depth of 10 meters between the 
lowest level of the landfill and the groundwater is needed to minimize 
problems related 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 conlxol systems for liquid containment and 
recovery. 
= 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 include: 

a. Volume of waste: The higher the volume the better due to scale economies. 
Daily waste flow (Tondday) 
Annual waste generated (Tons) 

b. Composition 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 characteristics: 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 current?, managed o m  it amws  at the 
site 
= Is it buried or capped? 

Is the = a t e  compacted and if w, what type of compacting equipment is 
used? 

e. Physical dimensions of the existing landfill: - Total area (footprint) of waste now landfilled 
Height of landfill 

= Depthofwaste 
= Topography of landfill 

f. Age of waste (date of opening, fill history and other pertinent documentation) 
g. Stability of waste (stream flow and contamination) 
h. Moisture content of the waste 
i. Type of waste and pmentsge by weight 
j. Potential m e h  gas volume and efliciency 
k. Chemical characteristics of kachate (pH. alkalinity. nuhien& &.), if presmt 
I. Other competing methods of waste management and methane recovery 

Anaerobic digestion and fertilizer re-use 
Presence of rag picken 

3. Location Characteristics: The location of the landfill will be very critical to the 
success of the recovery and re-use o p t i o n .  Several factors play a mk :  

a. Activities amund the landfill. If the landfills are loeated in a highly k 
neighborhoods, there may be negatives due to increased odor, n o k  and health 
hazards associated with the activities nccffsary in siting a methane m o \ - e q  
and re-use operation, particularly if the municipality goes to more advanced 
recovery and reuse techniques such as "biore-" landfills. Landfills that 
are located close to industrial f x i l i h  might be positive in the snsc ha t  
waste is 4 1 7 y  generated and can easily be moved over to the facilin. 
However, it is critical to consider the types of indusbia rc ceftam industrics 
such as food p m i n g  and textiles are more conducive to generating the 
necessary organic waste that would make for more promising mefhane 
recovery operations. 

b. Location of the elechic grid: Since the main purpose of the recowry and re- 
use operation is to g-te eketricity. it is critical to understand whether there 
is an ekctrical infrastructure in phcc close lo the proposed site. This is due to 
the fact that the m e w  gm garnlcd docs not contain the prraurc needed to 
be fraqmted over long distanrci. Baruse of this, the elcchical generating 
equipment is typically located within 1-2 hn of the landfill. Usually. the 
equipmeot is hodred up to a medium or high v&gc ekb ica l  haosmission 
line or the power  em^ industrial facilities or rrighborhoods louted nearby. 

c. Land for fuhue expansion: Since methane monry and mtse operations 
require a significant capital investment (wr &m of US projacn has shoun 
the capital cost ranges hom 51.8 million to over 56 million). it is important 
that the productive capability of the landfill be m i m i n d .  In order to 
facilitate this, there must be enough land allocated at the d i i l  site to 
accommodate fuhue landfilling, that uill lead to additional mover). and re- 
use operations. 
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d. Traffic handling capacity: With a full recovery operation in place, i t  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 basis. 

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 infrashucture (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 will 
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 

= Large financial sector (offices) yields higher volume of paper which is 
useful organic waste 

5. 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. 

a. Support of new ideas and initiatives 
b. Ability of municipality to implement public projects 
c. Capabilities to relocate displaced workers 
d. Ability to deal with public relations and perceptions resulting from project and 

potential reallocation of workers and residences 
. ~~.~ -.. - ~ - ~ ~ - ~  e. Climate for publiclprivate partnerships 

6. Existing Regulatory Mandates or Incentives: It 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 potenrial for methane mover?. and re- 
use projects is the ability of the staff to carry out such projects. Our TNA minion 
anempted to answer these questions so as to make a qualitative judgement as to 
whether the municipality has the capability to develop a project and if not. will 
identify the requirements for successfully implementing such a pmjecl. The npes 
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 alliance for tapping 

into skilled labor pool 

4.2 R ~ o m w a d e d  Cities 

As a result of the application of the above muming criteria, combined uith our 
December 2000 discussions with USAID. seten cities were selected to be pan of h e  
February ZOO1 TNA mission. Based oa the fmdings of the R I A  mission and the 
recommendations from this report, these cities may be part of the GEP pmject CLN 8 
for future oukach strategy for development and mining related to methane rrco\m. 
and re-use operations. 

As indicated previously, a brief questionnaire was s a t  to several cities covering the 
criteria listed above. Unfodunately, none of the cities provided their responses + 
to the TNA missin. Given the limited data available from the cities. it uas not 
possible to answer many of Questions 1-7 above in time to be useful as a tool for 
screening candidate cities for the TNA mission. 

USAID/RUDO had already studid the quality and quantity of Indian mun~ipa l  solid 
waste. Hence, LBG, Global and other p j e c t  parmm -bkd a maix of 
selection criteria using data m i t e s  that were largely a n ~ b b k .  either through their 
o m  research or through infomtion -bled by USAIWRUDO. The ma& 
profiled each of 17 cities (included as part of RUDO's "FIRE" project) from ihe 
perspective of connectivity, waste volume, waste c~nposition, wsste handling. wase 
management, initiative and municipal administration Based on hese data points and 
selection criteria decided by the project p d c i p a n g  scores of 0 to 10 were amibutcd 
uith each factor receiving an equal weight (exeept initiative and m u n u i  
administration which were scored on a sak of 3-8). B a d  on this assessment, the 
following eight cities were selected: 

I. Pune 
2. Vijayawada 
3. Ahmdabad 
. Baroda 
5. Hyderabad 
6. Bangalore 
7. Mumbai 
8. Chennai 

\ f i l e  the present analysis was thorough and well ~asoned, it gave limited insight to 
some of the cities that expressed an intern1 in participating in the M.4 risits based 
on the short survey that was dismiuted at the Hyderabad conference. Formna~ely. 
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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 USAIDIRUDO), this city is not attractive from an 
implementation point of view, 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 !lot 
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 to methane recovery and re-use operations. 
The financial health of the city would indicate that they can implement projects 
effectively. 
We understand that USAIDRUDO 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: 

I .  Pune 
2. Vijayawada 
3. Ahmedabad 
4. Baroda 
5. Hyderabad 
6. Bangalore 
7. Chennai 
8. Timpur 

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 Lkt o l C W  for TNA Mkdoo 

3. Chennai 

' 6. Jaipur 
7. Noida 

Note that for two d i e s  included in the fml lin (Baroda and Noida) sitc vk iu  werp 

canoeled due to the catastrophic earthquake in the Gujaral sbtc (Bada) and 
logistical problems encountered during the mission (Noida). 
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5. INTEGRATED TRAINING RECOMMENDATIONS 
5.1 Proposed Training OutlineICurricula 

At the conclusion of the TNA mission, a training outline was prepared in 
collaboration with USAIDIIndia, for all 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 Minishy of 
Environment and Forest Notification S.O. 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 training program recognizes that while many of the practices 
and techniques that are in place in developed countries can and should be bransferred 
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 
greenhouse gas reductions, improved health and safety, aesthetic qualities, and 
chronic power shortages. 

Our training program highlights seven key technical topics that are outlincd in the 
haining curricula presented in Figure I. 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 technical, 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 Iechlres, 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 compaction using 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 USIintemational case 
studies. These materials will be drawn from several sources available to the trainers 
including: 

Electric Power Research Instihlte 
Gas Technology Institute 
US EPA (Landfill Mcthanc Outreach 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:  
Aano#atcd Training Cnrrkul. 

A) Pdtcy renew and sold unac mgnrrnl orzmw Ban- - Chmmw ofrmhne m l a t ~ m  lo gemhouv gas wan - C m t  practms m Indla and canpJnsn lo w o l d  slambnk - C d l r n t q  Pmfa. mnspmtattrn mrrlslrb hmau 
Opt~dIandfillrrmcoac 
B) Phm and charud c h n n m s u s  olrmnic~pll solid R-~TIC (hlSW7 Waste  canprmtm 

M-gnpohrWnpmrrn - Lifecyckanddccanpmt~n 

C) MSW tnnsfatnmm tahndopa - Bndwcal porraoA&. acrobtc. and rtnn~sanport~ng - ThmrxKhcmlCal pmrrsa-ww gas1r~atm and un- 
Rcvrn stus l rxtrrra~m. x r h  and &tnn~compodmg +ng k8 wasic dsponl Pwdbus 
and gawfcalq pvrrc obprla up to mu. ~.=?Idul& 
Adwrcd kwcra  tcduology dmioprroU I 

Incrnncnt~m and ltndfill gas mulrnue ang?. movuy 

D) S l p f i ~ c  ofmahnc fmn MSW - Emlamon han dwnpslle, ~ l l u y  landfills dvnng life md poa<lonac 
hlegnhm o f h d l i l l  grr and hazYdr 
C m t d  o f  Iandfill gas - Econante bcmfitz of landfill gas mhnc mmcq md mc - C l , ~ e d u n g m p p u  

E) Tcchndogy fa landf~ll gas mnhnc rmnm and w 
Engmcrrd lmrdfill grr cotleeam sysrcm (nct~vc and prmvc) - Uwsofladfillgnmahur-Poun~lan.Ihsm+lussLNGdmahrrMdarbcn 
dtox~de us- fuel cells 
Amlyrrs of Ihc poduRlm pdon~al 
Econantcs and prqa3 xlm~m 

F) OPcnbrmllaus 
Ovcmmofmvn fcatura of- Ladfill w ~ I I ~ p q m i y  filkd .*lac 
Gas d l c c o m  and mmpm syam - Elecmal and a c e s  lo pm p d  
Mahadr to aku lac  poducnm paaha1 - 
G) Ladf i l l  l n c l h m p m l a r d m l ~ t  
Sac sclechm and aakehddu mvdvarrnt . Wnac chnaentahas gn pdcntlrl Chnulm 
Gm cdlcchm q3rm and un ~dcnhficstlm - p1p.wdmrBuaywkctlon . ~ c o a c a r m m a n  I 

A ~ d ~ h a m c . . g r r c m a n . S t d t e ~ d c  . RuJuisucnrcsccchmpoocs I - Bddoc~mandbdpmrrrrmrPganenc  
S c ~ ~ n d o p c n m  - RlsLnnalysl~ - ~ ~ ( W a k i B n n l r m d u N C ~ m r r m ~ f o r l o r n a p p a c )  
Orgmuallalrrnxsrrsandmorbng 
beet fmmctng and potcntul hmdmg rum 
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5.2 Potential Training Partners 

The LBG team for the training will likely consist of three individualslorganizations 
with experience in landfill gas, bio-energy, solid waste management energy recovery, 
and project development. The first member of the tcam 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 
mechanisms needed lo ensure successful implementation. He also has conducted 
several training courses for international participants. Managed by LBG-GEP and 
LBGtWashington 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 facilitotion 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 IEM (Institute for Environmental Management, Inc.) in Palo 
Alto, California. He is a chemical and biochemical engineer with 28 years of 
experience. His has been involved 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 numerous 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 
memper of this project, having been the lead LBG team technical representative 
during the Febmary TNA mission. He is a professional Civil Engineer licensed in the 
Siiie-'of California with a master's degree in civil engineering over ten years of 
exp'ieiice 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 
largemunicipal landfill in California. He has been involved in all aspects of integrated 
waste management projects, methane to electricity facility and has conducted research 
in fmding 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: 
CLlN 8 Methane EmLsiou and Rtuw Potc~~tirl 

Tnlning Pregns  Partners 

Global Energy Partners 
Greg W i k l e r  

Course D i r e c t o r  I 
Ramin Yazdani. P.E. 

B i o c h e m i c a l  E n g i n e e r  L a n d f i l l  Specialist 
( L e a d  T r a i n e r )  ( T r a i n e r T T e c h n i c a l  Review) 

The mining pmgram will be designed to provide a framewd of .ppoprLo nest 
steps and tools and tahniques necessary to Rlable municipalitits to modanizc their 
waste managemenl practices lo strramlinc he evaluation pmccs for polential 
utilization of landfill gas. The training will be provided to municipal authorities and 
other organinbons working in with admimimuon at ockcced areas to 
asses methane emissions at various stages of municipal wasu management mica 
and evaluate technology options for re-use potential during the entire cycle of waste 
management 

Our main philosophy for the m i n i  propam is to ensure that the -ts come 
away with real-life knowledge of besl practices for landfill manrganent as well as 
methane recovery and re-use opetatiom. To that end. w goal is to include as man?. 
concrete, hands-on examples of the vcry best practices as well as the praetim hat 
wen. darned failures. O h h e ,  highlighting failed projects can be mae beneficial 
from a lessons learned penpstin. In addition, our training expcricDcc brs shonn 
that once sevml exampks an used the participants feel rn mmpeUed to talk 
about their onn experiences. As a result. we expect lhat participants will shax their 
information with the 0 t h  participants a d  chis may be one of the most \aluable 
outcomes of Ibc mining program. 

5.3.1 Targeted Audience 
Thm will be two types of audiences that he mining program will be w t e d  to. 
The first audience will be senior management and decision-makers i.e the mayors. 
municipal commissioners and deputy commissionen. Based on our lswssment from 
the TNA risits, we found that senior management would p a d y  benefit hom 
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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 
physicaVchemical 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 slruchrring 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 to 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. 
Evaluation 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 technologies 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 a hands-on learning 
experience for all attendees. 

After the fmt  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 collection 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 potential options in methane re-use 
technologies and strategies. 
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5.3.3 Training b g a m  and Mock Agenda 
There are two options for providing the wo-day training course. In the hm option. 
training would be provided to each city individually a1 each ciq. The second option is  
to conduct twc-training sessions in two cities and invite other c ~ t i a  to mend. 

The firs4 option would allow mom staff lo anend since thcrc would be no batel 
required for the municipali(ies. This would also d u c e  the financial bwdcn for the 
municipality and ensure higher cnrolbmnl for the mining. The second optioo will 
require additional travel time and cost for some of thc municipalities but burr 
training cost for USAID. LBGfGEP shall coordinate closely with tk Regional 
Housing & Urban Development O f f ~ e  ( R U W )  of US.4ID:Ncw Delhi and City 
Managers' Associations (CMAs) established under programs of RUDO. One of the 
active CMA is in Ahmedabad, Gujarat It is proposed to initiate the mining pmgrams 
with CMAG. The location of the mining could be selected such lhal sile visits could 
be made to gather facts and data for pmsibk sites for a methane m v e r  and re-use 
demonstration project. 

The overall course agenda may be strwnind into the fotlo\ving mock agenda: 

Day 1: - Solid Waste Management Overview 
- Basic Waste Managanent F'ractica 
- Physical and c h c m i  characteristics of municipal solid waste 
- MSW transformation technologla 
- Methane and Energy Production 
- S i g n i f i e  of Methane From MSW 
- Technology Options for M e k  Recovev and Re-Use 
- Operational Issues 
- Homework Assignment 
- Complete baseline cbarsrmsh 

. . 
cs profik 

- Asses key parameters for methane project opportunities 

* Day 2: - Evallution of Participant's Sites 
- Group discussion (comparisodcontran) 
- Project Development 
- Technical-t 
- Eaonomic analysis 
- R o p a f i m c i n g  
- Timing 
- Specific Demonmation Project Discussions 

5.3.4 Tiaining Schedule 
TIK training package will be designed and developed by July 2001 for discussion with 
USAID E' and R U W .  The mining could be delivered to the municipalities as soon 
as August 2001. Immediately after the training sessions, meetings will be held with 
USAID and various municipalities that have initiated the process of consideration for 
possibk demonstration projecs. 

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



APPENDIX A 

TNA SITE ASSESSMENT-PUNE 

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



1. TNA SITE ASSESSMENT-PMe, In& 

OltFFrbnnry 12,2001 i d a v i c w s w s e ~ w i t b t w o r q * ~ r a  
fium the Rme h4hipd Corpontloq . . ' Mr AV. D e s t p P a d c , u  
Cwnmssoaer snd Dr. RR P ~ d d t i  Depaty Medial Offica of Hahb oftbc 
~ ~ ~ B d o w i r t b c a r m m r r y o f t b c i d s v i e a r .  

l l~~sol idwmie&ryr temd~mtbrrbsr ; !dc~e~ln i iaedrrb~ 
the city is divided d o  10 wads md 124 dedad wads Erh 
l n m i d p d w t r d h s 4 0 a c l f f t h . 1 r r e ~ f a ~ b e r u o f ~  
35,000to50.000sq.fkTbc~usewhcdbomntomcnetbcdh(d 
trub fium each ua to r bc&m wbae 3.5 cubic mcta o p  top omtahus 
c d l e d t i p p a s ~ i s r a a e d . T b e r r r r e 1 , 4 0 0 ~ ~ ~ t b c ~ .  
T b s c t n 9 0 c o l k u k m t n r t n b i d a t I n t m u x d t o h m d d ~  
coot.ioas. The city Jso owm 8 camxpeoo. House to haoc Mste colkukm 
is.Lsopwidedtothcnsideaas~.Tberrrrerbout6,OOOto7.000~g 
pictcn.Theragp*tena&aartthrargb~3.5&mctaeooEioarCor 
p ~ p r , m d o t h a r o c y d i M c ~ . K i t e b e a ~ u c d k d c d f m m t h e  
b o t d s a o d ~ ~ .  H o l p i t . l ~ i s c . d ~  ' .-d at 
t h r e e ~ ~ s i t n . T w o ~ t n u x d f a p r i v a e h o s p i d r  
and one for the public hospital. Starring in Dccaoba of 2000 thes 
ioeiaerstioasitnbegmopaxtkm M w r s t c a a p t t k b D I p i d ~ ~  



dumped at a site that is about 3 . 5  loll 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 &om each tipper is dumped in a cornpador truck 
that is btha 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 
trader stations. The waste volume is reduced by canpadon in trucks before 
it is dumped at the disposal site. 

Waste Generation lad  Composition 

The waste generated is estimated to be 800 TPD. Waste characterization is 
reported to be as following: a) Combustibles, W/, b) paper 9?h; c) plastics-less 
than 1%; d) recyckMes 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. Twoothermajordisposalsiteswithinkheaty Limitswherethewasteusedto 
be taken are curre& dosed. 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 bebw). 
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 m an area of about 40 heaares. This site is in the residential and 
c o d  portion of the city. 

Currently 800 TPD of waste is disposed at the site just outside of the cded, the 
h a c h i  Urali disposal site. This site used to be a quarry site before it was used 
for waste disposal. It is about 18.2 hedares in size with a footprint of about 250 
metas by 728 meters. This quarry is about 21 meters in depth. S i  1992 20.4. 
of the site has already 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 coolpadion of waste is done after dumping. No cwa soil is used to 
coatrdcdaorvedors. AcmrdhgtoDr. Pardesbitbebottomofquarryisroeky 
and during rainy season rains Mtrates into the ground quickly. 
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Other Methods of Waste Diswsal 
The city has recently awarded a contracted to CICON for anaerobic digestion of 
about 400 tom per day of waste for a biogas plant. 150 tons of waste will also be 
composted either through vennieo& or aerobic cornposting 

Climatic Conditions 
The average rainfall in the area is about 76 cm 

Com~~sition and Characterization of the Solid Waste 
During the interview the foUowing esthnated waste ~~ infinmation 
was verbally provided: 45-50% organic waste; 2Ph plastics; 10-15% paper and 
cardboards. 

Based on a report prepared by Kirloskar in 1987 the fdtowing waste compositions 
were reported: 6O.h combwtible; 8.74% paper, 0 72 plastic; 0.58% glass; 10.04% 
recyclable; 28.33% earth; 1.63% miscdaneous. 

Distance to Power Grid 
2 to 3 Lm from the site to power lines of 33 to 66 KVA 

Reauested information bv the municipalitv: 
During the interview the following issues were identified to be of interest by the 
municipality: a) how do we take out the plestic in the waste and find market for its 
use? ; b) How do we. take care of liquid waste 6om public t o i l e  and the solid 
waste? ; c) How do we control methane gas and fires in landfills? ; d) How does 
landfill gas impacts the groundwater contamination near the landfill? ; e) 
Interested in partmrship with a project to explore the liquid and solid waste 
dispwal; f) How do we recycle the water from the toilets and reuse it for t h h g  
toilets?; g) How do we construct a sanitary landfill to minimize the impact to the 
environment and comply with the new regulations? 
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TNA SITE ASSESSMENT-CHENNAI 
Date: February 13,2001 

1. TNA S I E  ASSESSMENT-Chennai, India 

a. Current Solid Waste Management 
Chennai 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 ofthe city is estimated to be 4.75 million people. 

On February 13, 2001 intaviews were wnduded with h. Chaodn Mohan, 
Deputy Commissioner-Health & Solid Waste Management Corporation of 
Chennai (COC) and his staff and Mr. Vijay Padmanabhan, Senior Manager and 
Mr. AS. Harinath, Kampsax c o r w h n b  India Limited. Below is the summary of 
the interview. 

Waste Handlinn and Seaadon Storage and Procash 
The city provides a variety of receptacles such as concrete or masonry dusthins, 
small structures used for storing waste with a capacity of about 10 cubic meters, 
or cornpador bins. The waste is transported to a nearby bmdk station or to a 
collection point on tricycle, autos, etc. Some door-to-door collection service is 
practiced by NGOs, such as Exnora, Guild of Service, etc. This type of sewice is 
only common among middle and high-income areas of the city. The streeOl ate 
cleaned by street sweepers that use wheelbarrows to transfer the waste to the 
collection points. In some areas waste is dumped on to the sides of the roads for 
regular clearance by the wllection vehicles.. The wdste geauated at the hotek 
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 tomex). There are eight bansfer 
stations within the city. Waste is 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 street$ or at the b.lufa stations aad at tbe dumpita. Bmed on a 
repnt by ERM consulting compmy rag picken at tbe mmk lrPtim .ed 
d ~ ~ ~ v s . b o u t 1 O T P D m d 1 8 T P I ) ~ . ' I b s c . ~ a b o ~  
10,000 street rag pickers collecting about 200 to 300 TPD 6om homes aad from 
opendumpsonthestrrecsida. Appmxidy150TPDofwat+d%porcdu 
~ d e m d i t p q m a c r e t . a i t t , d ~ d b r i e l u  

WaJte Geaartion aad Comoos~bon . . 

In 1995 Environmental Rawras Mmqemeat Ldh  dmmd Cbcmni's ua& 
~ 1 ~ b e a b o O o w i a g a ) n r i d m t i r l ( 6 6 % ) , 1 7 5 0 T P D . b )  I 
(14%). 371 TPD; c) hotel, r*rkwaMs, ere. (4%). 106 TPD; d) vegerrbk and 6uu 
mark& (I%), 318 TPD, e) baaparh (%), 53 TPD, f) conrtruaioll (ZWL 53 
TeD. ' I b e a n r n t ~ ~ ~ ~ i s a t i m ; l D s d t o b e 3 . 0 0 0 T R ) .  

The avuage cbemical &is of Chcnrrai city watc n r e p o d  to be a 
following: a) Moistwe coatmt (% by wctgbtk 27.61; b) pH vlhrc d 7.68; c) 
O ~ k C o o t e n t 3 9 . 0 6 % . ~ ~ 2 1 . 5 3 K . d ) N ~ C c a * a O . n K ; e )  
Pbosphorotn Conteat 0.65 96; 9 Potasiwn u K20 0.63 %; g) C N  d o  of31.01; 
h) Calorific Vdue 4,595 W k g  



Land Method of Solid Waste Diswsal 
There were two major disposal sites in Chennai, namely Kodungaiyur to the north 
and Perungudi to the south Each site receives about 1,500 TPD of waste. 
Tonnage is measured by Weight Bridge 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 'Phe site is 350 acres. 65 acres 
is owned by COC, and 285 acres is owned by CMWSSB. Based on a topographic 
survey in April of 1998 lhe filled bud occupies approximately 64 hectare. Thii 
site has been in use for the past 20 years and it's within one km fiom 
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 hn 6um the 
neighborhood. The site has been receiving waste for the pant 13 years. Total of 
800 aaes is owned by CMWSSB. The filled up land area is about 45 hectare. 

Other Methods of Waste Diswsal 
The corporation is considering alternative waste treatment technologies: a) project 



for gewatioc! of 14.85 MW power h m  600 TPD of waste m B.O.O. bun at the 
Pauagudi site has been awarded to D L ;  b) e o n  of comport from 500 TPD 
of waste at the F'uungudi site pl.aasd 

'Ibe average 4 1  in the a m  b about 100 an Avarge muimum and 
minimum ambient tempsatun 40 C aad 20 C iupecavcly. 

. .  . V f J m l  
During the mtaview the following iuum wac i d d a d  to be of intaest by tbe . . 
w r m c l p r l i y : a ) - t c c h D d o g y o p t i c m R x W g r r ~ b ) ~ w d  
o p s d o n . n d ~ c o s t o f i b c p r o ~ c ) ~ o p ( i o a r u d &  
credits to assist in projed financing; d) bid doaunmt proccuing and mim for 
wnstrudion of sanitay Lnd6ll. 
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TNA SITE ASSESSMEW 

1. TNA SlTE ASSESSMENT-- 

a. ~ s . c J W . r c M y . t c r a t  
Bangsfore is tbe fifth hrgcst city in India sad is the apirrl of Kmuah Tbe 
jurkdietioa of Baa+ is spread o v a  an area of 225 sg. hn Tbt popuhDioll of 
t h e a t y b r s t i m m s d t o b c 4 . 5 d l i o a d a r h i c b Z O K d t h c ~ ~ m  
about 460 slum sites. 

<)IIFdxumy 14.2001 idaviewraratcoedPdrdwdhnpacDoliver6om~ 
Bangdore City Municipal Corpontioa of6d.ls. These iacludal, Mr. rlrbolr 
Dolwai Specid Commhsioner, Dr. S.U. K n w u a y .  Hahb d Mr. S. 
I c r m e s b . E x r m t i v c ~ . h t h e t h c C ~ C r m p u t C a p .  
w visited and Mr H.R Sureah. Auistant hianaga was intaviemd. Below is 
tha summuy of the interviews. 



The Corporat~on and private companies transport waste fiom streets and bins to 
the disposal sites. In 40 areas of Bangalore private contractors collect waste 6om 
bins and transport to the disposal sites. The corporation stafftranspotts 50 percent 
of the waste to the disposal sites. The collection of waste fiom households is 
estimated to cost around Rs. 80 crores. The corporation is planning to charge the 
households for collection and thus generate around Rs. 30 crores. 

The corporation is planning to improve the transportation hh&uchm for waste 
and is hoping to receive financial support for part ofthis 6om HUDCO. They also 
pkn to construct modern sanitary landfill and one major tFansfer 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 addit~on, 
they receive 300 TPD of inert material. No waste composition data was provided 
during the interview. The previously gathered waste composition adapted from 
data by the School ofPlauning in Ahmedabad is 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 Disoosal 
There are nine small dumping sites in the ctty. One of these sites is for municipal 
solid waste dqosal and the rest are used for wmtmction demolition waste. Total 
waste received at the site is about 400 TPD of conslndon demolition waste in 
addition to 2,200 TPD of other waste. The Bangalore Municipal Corporation is 
planning to start 6 sanitary disposal sites covering a total area of 52 acres. The 
Cafpordtion has acquired 11 1 aaes of land for disposal of waste but only half of 
it could be used since the rest is too close to the airpat and wwld require 
clearance form the airport authorities. Currently hospital waste is disposed at the 
same site as municipal disposal site, however, the corporation is negotiating with 
a private 6rm for setting up an incinRator on B.O.O.T. basis. They are also 
looking to purchase additional land for furure sanitary landfill site. Much extra 
land will clearly be needed since 2,200 tondday 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 I00 acres of land, the soil condition is 
gravel and clay. At another site with 29 acres of land the soil is saady/clay type. 
Based on the visual observation made by the staff, leachate is generated &om 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 accept9 waste seven days per wcxlr. At one site tbac m five 
home3 witbin 300 m e e n  of the disposal site. 

O ( b e r h W K l d s 0 f W r r t e M  
Due to some redsoas a visit to site w d d  not be amagsd. Howwa,  vre r q d  
a visit to the amposting operation of the corporalion, which u in the vicmity of 
the Ian&iU site. The corporation hu a contract with the Kamataka Compost 
D e v e l o p m e n t C o a p o d o n ~ C D C ) ~ 1 9 f ) f o r d i c ~ d ~ . L  
~ 3 5 0 T P D . t ~ B o m m h t l b s i t . T b y ~ a l k a c p l o t . ~ k p w i d c d  
by the wrporatim to do cornposting (See photos below). Cumntly KCDC is 
working on expanding tbis opaation to 600 TPD. The Corpormjon will pmde 
thanaritbamadditioarl14.cresofi.adG1r~d1his.dditioaJ250 
TPD. KCDC will have 29 aues of had to pocesr 600 TPD ofwlrrtc st tha si te  

Tbe Corponiion k also wDtncted with Sunrays Cornposting a pi* 
company, which will aerobically compost 200 TPD of wsste at an* loat ion 
A total of 900 TPD of watc will be pocrsscd auobdly .  The rcpcl mPai.l 
wiU be tramportad to the disposal site. 

Based on the interview eoaduded with KCDC maMger ihe following infomPlioa 
wa9 provided: 

Costtoparsscoapostpatoa Rs. 750 
Sale price of compost per ton Rs. 900 
Sale price of enriched cornpest per ton Rs. 1,600 
Sale price ofvenni compost per ton Rs. 3,000 



cornposting for 45 to 60 days and piles are turned every 6 to 8 days 
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composed wate to remove roelu and 0 t h  luge pat tbh 
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litter - 
and rock for enriching the compost and bagged for distribution for 
Agriculture, Horticulture and Floriculture Department of Government of 
Karnataka 

Photo 6- Vermicomposting produces high quality compost for agriculture use 



Climatic Conditions 
The average annual rainfall in the ma is about 1200 mm. Maumum avtnge 
daily ambient tempnahue is 36 C and minimum of 1 1 C. 

The dishec to the power f id  is about 2 kilometers 

Reauested inkmnlion bv the rnunicimliw 
During the interview thc following Dsues wae identified to be of  mtacd by tbe 
municipality: a) needs for assistance in determining bat metbods for 
bamporUtion and disposal of waste; b) they are interested in learning morc about 
~ l l & r t ~ ~ o p t r o m ; c ) ~ d t i t c l e c h n i a l ~ ~ t b e  
management of municipal and cmunm5.l solid W. 
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TNA A S S E S S ~ C ~  
Date: Pebrury 15,2001 

1. TNA SITE ASSESSMENT-tur, India 

a. C m n t  Solid Wwte Management 
Gunhrr b divided into elcvm maes md that ue 49 uMit for rn cdlccDiat 
putposes. The jwisdietion of Guntur is s p t s d  ovcr an area of 45.7 q. k m  7bc 
population of the city is estimated to be 479,000 people. 34% of  the popdabon 
living in slum and urban poor -. 'Ihere are 1 12.000 houxhdds in the city. 

On February IS. 2001 interviews were conducted with hrlr Pmveen Pnkash. 
commissioos and Dr. C. H Hmnath. Hal& OfSm. GMtur M m i i p l  
Corporation. Listed below is the summary of Ihe intaviews. 

Waste -inn and Scomclon S t m e  and Rocesrrng 
The c m  has 2.800 cvlindnal bim for barh c o l l ~ o n  that ue made of 4 feel 
~ c o & e p i & . ~ b y a L P o i m v e 5 0 0 f i k r g l r ~ o o n ~ t h r t ~ ~  
recmtly been p m W  (see photo belowb The city probas 350 TPD ofsolid 
waste. The city u e s  32 tractors and one moving annpaor to collea and haul 
waste. Thue am no tramfer station, in the city. 

W e  disposal sites within the city arc used to dwpose w b  witbout having to w 
a tnasFa &n City cleaning and wuic colkction and b.nspoWKlo bas been 
done through a few Id Self Help Group tht aaploy mupcm The Svmm 
Jawti Shahri Rojgsr Yojna (the city employmmt schane) provides loua to 
these goups for buying equipment like whadburows and trrcon ibr 
vamportation of waJte. 'Ihe photo below shorn such bactom used for the 
collection and transportation of w t e  to the disposal site near the city. The 



corporation provides guarantees for these groups thus helping them to get the 
loans. 

used in the city 

CLIN 8: M&me Emissions and Re-Use Potential in Cities 
Task 8 A  TRining Plan Developed a d  Submitted 



W e  Generation and C- 
. . 

The total waste generation for the city of Guntur is 350 TPD 

This is a mature of municipal sold wmte., hospital wsste, and i n d u s ~ 4  aRslc 
Based on esthnrtes of the uly mginw the waste composition n: a! aoat 
60%; b) rags 10K. c) glass and inert 10% d) memls 5 %  e) ptutia 3%; f) lmha 
and ~ b b e r  5%; g) mi=. 7%. This was not based on my scleatific ~ m p l i n g  of 
waste but rather observation of the waste. 

Based on a report that was prepared by tbe Wata and Er~virwumnt S&tim d 
Civil Engineuing D q a m n a t  of the Regional Eng~Dcamg Cdkgc, Wanagal, 
tbe following waste composition w r e p d :  a)  Plastic (hard) 0 I 1%; b) PLaic 
(soft) 3.15%; c) glass 0.1 3%; d) metal 0.08%: f )  paper 3.54%; g) tatik 3.54%; h) 
wood 0.47%; 9 leather 1.4%; j) r u b  0.4%. k) soil 29.m. 1) aws 4.1 7% 
m) 6. 0.01%. The moisture wntent of the waste wm icpaad m range 
betwesl35to40K. 

Chemical analysis of waste was also reported as follows. a) V o h i k  maw 36 22- 
68.14: b) non-volatile rnatta 31.86-63.78: c) Kjeldhal Nitrogen 0 18-054. d) 
Total Nitrogen 0.47-0.69; e) Carbon Content 12.5-26.61; f) pH 6.2430;  g) 
Calorik Value 1.641.74-3,750.1 I; h) P-ium 034-0.79; i) Pbo+xws 0 ~ 3 6  
0.70; j) Moisture content 25.09-55.5%. 

Lnd Method of Solid Wa&kfxd 
Tberearehuo wastediJpoealsita. N o s a n i t u y ~ l s a r b t m t h a c & y , s o ~  
is simply dumped. The largest disposal site is E&ur rosd site that is about 6 5 
acres in size (see photo below). This site currently receives 1 10 TPD of wutr 
except hospital wapte. This site hat bee.n in opemtioa for the -70 yars. The 
otha 3 sites are less thn 2 aaes in size and .n within heavy popttdsd ua of 
town. The groundwater table is about 10 faa below the s h .  

The secood disposal site, 2 aae s  in siat is called Vglllpur8m. wbicb bas bcan 
urcdtatbe~tKyan.Tbaci,ks,org.niemtaadirpoacd.t~sikltna 
the first site. The input tonnage to the site is about 60 TPD. The d a d  animals 
from the shughterhotue narby arc usually dumped at this site. 

CLIN 8: M m c  h i s i a m  d Re-Us P o k d d  m C i  
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solid 
wsrtc is deposited in the low a r k  whm s l l r h e  water ~ n 0 f f  drains lo 
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Photo 7-Vasantpuram disposal site 

Other Methods of Waste Dis~osal 
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 fiom Guntur for pelletization and 
225 TPD waste from VGavawada to produce 6 MW of power through incineration 
technology. The proposal is to separate the organic matter and produce pellets for 
burning 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 is 11 C. 

Distance to Power Grid 
The distance to the power grid (33 K.V.) is about 2 kilometers. 

Requested information by the municipality 
During the interview the following issues were identified to be of interest by the 
municipality: a) technical assistance in solving the wastewater treatment problem. 
Currently the facility only treats 8 MGPD of the total wastewater generated 6om 
the city that now generates 16 MGPD. The additional 8 MGPD untreated 
wastewater is released in the ditch and nearby farmers use this untreated 
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waste- for irrigating crops; b) p o d e  us with technical lssistlna in 
evaluating the proposal for pelletization of MSW to make sum that tbe p q m d  is 
technically possible and feasible; c) assist us m development ofa srmitvy landfill 
pro-iect 
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TNA sm ASSESSMENT- JAIPUR 

1. TNA SflT ASSESSMENl-Jaipur, India 

8. Clurrat SoIid Waste Maugememt 
Jaipur is known as the p i 3  city This city is rich with architecrunl heritage tn 
terms of traditional sbucture-s. The population of the c~ ty  is over 2 5  million. T h ~ s  
city is the third fastst growing city m India The city is a big attncboa far 
towism both for the Indian national and international wmmunlty 

On February 19. 2001 intaviews were wnduaed with Dr. Manj~t Singh, Chief 
Executive Of6cer and h. Dinesh Bhandari. Senior H a h h  OBKa of laipur 
Municipal Corporation. Listed below LS the summary of thk interview 

Waste Wins and S - t i o sS to~~~e  and lbcasiig 
There are 70 municipal wards m Jaipur that responsible fa odlectnm. 
transportation and disposal of waste. They are managed the w d  
commissiooers, health officers and sanitary staff officials. Smeping of wade is 
done by about 7.000 peopk in the deb, tourist antr ud tbe city. Din and sih 
in the surfac+ drains are cleaned by 1,000 wwlrcn. Rcscntly dKR is ne  
xpegatMn of w lkded  waste and all wllec&n if dcae nunually. These are 
3,300 1 o c . m  where waste is colledtd Oaly 320 of lbesc loatiom have 
wnuiners and with the rest w t e s  are s t d  on ban gmnd Ova 30.000 homes 
are in the city and only 25.000 boms have wvte d l &  in bignuad 
containers. Tbae are 10,000 apartmcnh m the city. Or&MK and ino~@~ waste 
is stored sepamtely and them it's mixed and transported. Twu percent ofthe wste 
is made of 250 hospitals' and laboratory waste. T-ty-taro pactot  of tbe waste 
is inen About 60 paamt of waste collection ia thrccrgh 12 private conmaon 
and 40 percent by the Jaipur city wrporation Traders. trolkys, and truc&s are 
used to bampon waste and the waste. C#n aIso uses a few hydnulk 
t r a m m t i o n  vehicles for lifting of wste. The city's disposl of waste is 
accomplished by dumping it along the road sites (see photos below) 
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Photo I -  Disposal of waste along streets and collection in wheelbarrows 
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Photo 3- \Vaste collection is done hy hant-end loader 



U ~ ~ ~ ~ C I ~ ~ ~ ~ _ ~ ? ~ ~ O I I I D O S ~ ~ ~ O ~  
f i e  tolai \.:ate cer:cm!.jn for the c!w of J a i ~ i i r  is 1.003 TFD This is d ~. ,~Li tu~e vf - 
m3nicipai soiid waste, hospital waste, and industrial w-ate. In addition, they 
receive 220 TPD of inert matehi. The waste composition data provided by the . . " .. 

is ioiia~es. aj mcwi 0.2-2.EO/b; b) gius 0.5-3.5%; cj wden was:e 40-60%; 
d j  paper 1-10%; e j  iexiile 1-5%; f j  piasticirubber i-5%; g j  inee 20-50%. 
Moisture content of the waste is 40-80?,& and the density ofthe \\paste is 250.500 
kg. per cubic meter. 

Land ivlethod of Soiid Waste Dis~osa! - . . . . .  $ e < . . .  . . . 7 . *  '!.+.'+. .am" &:: !!LC> IL'? ?J)YL'C'Ya! C'1 $"asiT 'til!? c'?' t!!C J!!CJ ' 1;I1!!T.'-! LB''!"X .......... 
vii!age_ This site is 55 acres in size and is located about 12 hilonleters outside of . . .... AL. .: 2- A .... 57r ..... 3 ...... 3 :- .. -...: A.-..-. :.- .I- ,--.L .L 9 
uls clry U I W ~ ~ U S  w a .  IIOLC iS UULII~SU 111 ii liarurar usprsJ>lulr ul usvur auuut . 

. - . . . .  .... . . , -. . . ' .  
TC I L merers !see pnproz "elow) ! ne &Tor!nnmrrr z ? $ s  IS scn!!r - 1 ,  melen  "e1g-x 
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UlS (;lUUlU. Ill- Ul "LC UlJpUJPl 5115 UaVS UDSIi 5SL L':: :Xi: U)I 1% piL.iGlD. IL1S 

... . . .... ..... C..L .:-. 2 ................. - C _ _ _ .  i .........- , L  .:.:, s,,,, Tnr, .r A. 
l u x  olrc >mlrcu abcspnrig w u r c  auwur u ycats agu. nuuur ~vv-.rvv i r u  wl waxc 
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villa 
msposal site 

ods of Wwte D i s w  
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 
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. 

An NGO called Center for Development and Composting (CDC) is vemi- 
cornposting the waste h 25,000 homes, 50 tons of waste. The city has allotted 
one heclam of land and provides about 50 TPD of waste to CDC. The city plans 
to vmni-wmpost additional 430 TPD of restaurant waste. 

Climatic Conditions 
The average annual ra ih l l  in the area is not known. The maximum average daily 
ambient temperature is 45C. 

Distance to Power Grid 
The distance to the power grid is about one kilometer 

Reauested information bv the municiuality 
During the interview the following issues were identified to be of interest by the 
municipality: a) the corporation is interesting in landfill gas-toenergy proposal 
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and would cornides such a projed; b) .dditionrl tniaiDg m oe&d m 
undastanding the opg.tioo and siting of sadmy imdtilb. 
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Municipal Landfill and Methane Ut i l idhn  - 
Interndonlrl Experience 

USAID's GEP Project - Climate Cbuge Smppktomt 
(cm) 

The Louis Berger Group (LBG): Dr. S.N. Rao 
Supponed by: 

Global Energy Partners: Mr. Greg W N r  

Climate Change and Cities Seminar 

December 8 - 9.2000. H~deralwrd, India 

Presentation Overview 

a GEP Project Background 
a Why Landfill Methane Utilization? 
a International Status of Landfill Methane 

Generation Technology Development 
Case studies of power generation 

a GEP's Municipal Capacity Building Activities. 

* k e w W b  

1 
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GEP - CCS Objectives 

Build capacity in Municipal Landfill Sector 
Assistance in Development of GHG emission 
reduction projects 
Encourage collaboration between key 
stakeholders in US and India 

Tk LaYs Berer Gmup, In. 1 

Why Landfill Methane Utilization? 

Methane has 20 to 30 times higher potential Global 
Warming Potential than CO, 
Environmentally beneficial for local and global environs 
Solid waste volume reduces substantially and allow 
efficient utilization of land 
Advances in Methane Recovery and Power Generation 
technologies have reduced the capital cost 
Methane recovery and power generation improves 
economics of municipal solid waste management 
Carbon credits improves project financing. 

lk Lauir k c r  Gmq. 1°C. 4 
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What is Methane Recovery? 

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

i turbines 

Two recovery methods: 
- Dry + Conventional Landfill 
-Wet + "Bioreactor" Landfill 



Different Types of Landfills 

Bioreactor Landfill Attributes 

Rapid organic waste conversion and stabilization 
translates to greater greenhouse gas reductions 
and improved local environmental conditions 
Liquid waste could beneficially be added to landfill 
Methane gas can be captured and used for cost- 
effective energy projects 
Landfill space capacity is increased and utilized 
more efficiently 
Post-closure care, maintenance and risk are all 
reduced 

The Lou* Bergn Gmup. Inc. 8 
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Ovw 270 landlill gas recovery and utilizltkn W O ~ O C ~  

About 500 other landfill sites are potentkl cadkh@s 
Bioreactor landfills am the shbof-the-at prwtica 
(currentty < 10% of total pmjects) 
Elect rk i  genedon of 014 MW with another 158 MW 
under construction 
Emission reduction of 2 million tom CO, 

Methane Recovery and Re-Use 

Number of Pmjects 
for Selected 
States: 
California: 56 
Illinois: 36 
Pennsylvania: 20 
New York: 18 
New Jenrey: 14 

I - I 
y..i-mCo Florida: 9 

I I o 00 B y  I Texas: 7 

U 
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Generation Technologies Employed 

... . / combined Cycle: 15;667 kW / 

Tbr Lour Bop Gmw, Im 
" I 

Case Studies 

Conventional Techniques: 
Prince Georges County, 
Maryland 
San Diego County, California 

Advanced Techniques: 
Yolo County, California 

The h L o  virw Gmw. In. 12 
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Brown Station Road Landfill, Maryland 

General Characteristics 
- Opened in 19603 gas recovery commmcul in 1987 
- Waste in ptace: 4 million tons 
- capital investment d U S  A1 million 

Gas ExtraclionlGeneration Sptem 
- 29wellswithl m i l l k n w M c h . 1 d ~ g a s p w d . y  
- E k c m ~ ~ a p . ~ i t y 2 3 O O k W  
- space heating (> 700,000 plbnr of fcl.l oillyur) 

Lessons Learned 
- Early engino sehw.. Md hlgh dl d.POJ1 NSOIVUI rrith 

more frequent maintonmce 

Sycamore Canyon Landfill, California 

General Characteristics 
- O p n n d I n 1 9 6 Z g u r e c o v n y ~ h 1 9 8 9  
- Waste in pka: 30 million tonr at d o s u ~  in 1989 

-c.p(t.liwrtnrmtofwmillia, 

Gas ExtractionlGeneration System 
- 50.c t ivOgasdh 
- Gascdkctknntod12mU#ancuMc1..1pw&y 
- ~ ~ d 1 . 3 0 0 k W  

m 
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(Bioreactor Technology) 

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 wastelcell 
- Double lined leak detection system and compacted clay 

sidewalls 

Energy Production from 4 million tons of waste 
- 1,700 kW generated from 5 reciprocating engines (Caterpillar) 
- Permitted for an additional 300 kW 

The Lovv Bogcr Grnlp. IN I S  

Yolo County Project Photos 
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Estimations for India 
Ulmrirt* I LrthrCdhd. 

OoPnrwaaColrpDlam 
Pga 7 5% - 32% 
-(*oarr 43% 
T d  mla= 54% 

honswwarcecanpaaon nu 

Usrpne-wparbn-) %a 

G=9Y-(Bhrpabn-) arm 

E n s r W m ( L W H p a i r n * o r * )  u 

- n d h W x m ) r J a r d l M O ~  
--~klsgnattl * 63 

r n L o a e s p G n p l r  I. 

Relevancy for India 

Excellent potential exists for methane recovery and 

- W u t .  volumes M high 
- Hoight.rml mvironm8nt.l pmswm 
- E%nubd.nnlulndustkrpdZ4YYTCE 
- TUhdo@y .uily htrf.RM. 

Requirements for success 
- Comporitkn of waste 
- LurdmlpnctjGn 
- ~ h h r ~  
- Loal  a d  stab .mimmnmhl prmib .nd W U n r  
- Capacity b u i m r ~  at Ltn municipd nurqamml kv.l 

L 
C L N  6 Mrrhne Emsomu ud Re-Uw Potermal m Cmcs 

Tat 8 A Trunlng P b  k l o p d  a d  Subrmned 

U 



Conclusions 

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

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

Tk Lovir B n g o  G m q ,  lnc. 19 
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Contact Information 
m(3YiEr N m  Dd*I of?iq 
C M ,  S1Tdamng Ikvcbpmrat Am 
Pier  Ddhi 110016 MDlA 
Td: 91-ll-653-2024.2U6 
Fu: 91-11451-8807 
E-aPil: getCepin@d3.nalnWn 

1819 R Stred, NW, Sllite 9Q( 

W-om D.C. 28006 USA 
Tel: 202-331-77l5 a 602 
Fu: 202-331-10YI 
E 4  ebrejla~&bcrger.com 
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