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Global Energy Partners (Global) was assigned by Louis Berger (LBG) to eoaducl a mah.ac 
rcfovery and re-w assessment as part of Berger's CLM 8 s t i v i t i i  uader h e  GEP projcu fa 
USAID. This assessment identified the current characteristics of municipal solid waste 
management in lndia by way of extensive data review and site visits to rcpmtative cities in 
India. Cities were selected using a set of data characteristics that best qrscnted the armm ad 
future conditions that would make methane recovery and =-use a practical option f a  lldim cities 
to consider in combating the greenhouse gas and global warming poblans brougbt aboui by 
methane emissions. Omer considerations in city sclaction related to the kvel of in- cities 
have expressed to USAID in connection with its various urbaa in- and gmuhwc grr 
emission reduction initiatives. Based on these F a a q  the following five cities wac included m 
the assessment:' 

Pum 
Chennai 
E&ngalore 
Gunhlr 
Jaipur 

Once the cities were selected, a delegation fmm the GEP project (USAID, Lff i  aod a mnbfa 
expen from Global) mveled to each of the five cities to conduct a wining needs assessmeal 
(TNA) that included data collection. interviews and assessments of methane m v e r v  and 
hential. The information gathe4 as part of this effon conmbuted toward the dev;lopma of a 
detailed training plan that provides the framework for d a t e  next steps and the tools and 

~ ~ .. . 
techniques aecessary for the respective municipalities to move forward kpoomt~l 
implementation. 

ES.2 Solid Waste Management in India 

According to a Rport prepared by the Indian Cenml Pollution Control Board in Dclhi (2000), 
"Management of Municipal Solid Waste." annually o v a  48 million lons of municipal sdid w&e 
is generated in India. It is also estimated that the current urban municipal solid waste garntioa 
is about 0.49 kilogram per capita per day. This is two to rhra tima more thn rhc waste 

generation rate in the rural areas. In year 2025 the urban municipal solid waste genedm will 
reach 0.70 kilogram per capin per day. 

In 1997 the urban population of India was estimated to be 247 millii.  Tbc wimby's mad 
overall population i- by about 2 percent. The estimated d u n  poplldoa incrrrn is mae 
than 3.5 -1 per year. This has rnulted in yearty hawse of solid w&c of 5 pmmt. 

Thm are about 20200 k b ~ m  of *nd uxd as dkpod arus f a  municipal did  w&e. 
Annually methane m i n i m  fmm these disposal sites is &mated to k aamd 7 x i d  laas a. 
lndia is among some of the lomst paper consuming countries, but as the robtn poplLtim 
incrrascs. papa consumption and packing waste will also increase and tk &a d  emirsiom 
from these dispasal sites will iocreasc. Waste rmrrrganmt pnctioa must be modani2cd to 
address these changes in handling and control of fuhlrr hc- in I d f i l l  gas em- 

' Note lhal wvm citin were originally schalukd for rite virm during the TNA m L s i  *& Otbe 
catastmphic cadquakc in the Gujarat sate aod logiiical probkms during the m i s s i i  ir m od ius%ibk 
to con&ct visits at Bar& and No* 
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ES.3 Key Issues Concerning Solid Waste Management in India 

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

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

Ftmds are Dz@cult 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. 

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

Poor Disposal Metho&: 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 ofthe waste is accomplished using trucks that are outdated 
and unreliable. 

Insuflcient 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. 

ES.4 Summary of TNA lMissioo Findings 

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

PUNE (Annex A): 
Total tons disposed per day of 800 (150 aerobic composting by CICON, 650 anaerobic 
composting) 
Population of 2.2 million 

* NGO collecting waste in some areas 
Transfer stations 

= Site adjacent to residential areas 
Anaerobic composting for methane and aerobic composting contracted 
Methane recovery planned 

CHENNAI (Annex B): 
Total tons disposed per day of 3,000 (600 gasification by EDL, 400 aerobic composting, 
2000 dumping) 

= Population 4.75 million 
Some waste transported by private sector 
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Disposal site in marshy arras 
Site adjacent to residential areas 
Tonnage measured by weight bidge on site - Gasification project awarded md sanitaiy hadfill c o ~ t i o n  pro* in bddbg paas 

BANGALORE (Annex C): 
Total tons disposed per day of 2.200 (900 &if m & g  by KCDC. 240 vmbie 
composting by Sunrays, 1,000 dumped) 
Population 4.13 million 
Informal support by municipal corp. to mg pidrcfs 
Existing compost plant near one dump site 
Private seetor msport about 52% of waste gmaatcd 

= Tonnage measured at the wmposting site (KCDC) 

GUNTUR (Auu D): 
Total tons dispowd per day of 350 (280 pclktintion by SESL 70 dumped) 
Population 0.75 million 

= Waste hansportation partially privaizcd 
Waste disposal site is adjacent to midentid a r a  
Bulk density (0.4-0.6 MTICu. M.) reported 
Pelletizasion and gasification conhacts awarded 

JAIPUR (Annu E): 
Total tons disposed per day of 1,000 (600 g a s i f i d  by EDL 400 dumped) 

= Planned awareness campaign 
= Sari* silt on-site soil 
= Waste disposal site at storm watershed 
9 Medical want is disposed with municipal solid waste 

Gasification project awarded 

ES5 Recommeadcd Tnining Action Plan 

Based on the review of each site and analysis of the availabk infomath, a ~evcll-topic baking 
program is recommended, and it shall be administered over a &y period. The scvea t u p i ~ ~  
include: 

Solid waste management ovmicw 
= Physical and c h i d  charactaidics of municipal solid write (MSW) 

MSW ban~fOrmation technologies 
Significance of methane fmm MSW 

= Technology options for methane recovery and reuse 
Opuationali- 

= Landfill methane project developmcot 

The baining progrpm will c a n b i i  c l a a a w  lectams, video clips of vuiaa pojcctt d 
tcchnid topics, and class exereisa. The aim of the pmgtan3 will k to erin pd~ipuar m Q 
mon imporiant aspects of methane recovery and re-use p o r n  b& froto a tahaiol tld 
implementation point of view. 



1.1 Study Objectives 

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

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

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

The objectives of the project are two fold: 

To develop a comprehensive Screening/Selection criteria to identify 5 viable Indian 
municipalities as sites for the development of an outreach strategy and mining program 
targeting methane recovery and re-use. 

To assess, design and develop a comprehensive training plan to train municipal authorities on 
the proper tools and techniques to assess their methane emissions and technology options for 
re-use potential during the entire cycle of waste management. 

1.2 Overview of LaudBI G P ~  Recovery and Re-Use 

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

Global Energy Partners, LLC I 
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Recovery and energy use of landfill gas has many important global and local eoviromud 
benefits as well as energy and economic benefits. Landfill gas-to-energy reduca methaoe 
emissions, and VOC emissions, as well as displacing other pollutants associated with fassil hrl 
use. Landfill gas when vented or flared is a wasted lowsost energy supply ttur cao reduce 
dependence on fossil fuels. Some of the benefits are discussed below: 

Energy Benefits- Landfill gas is a rcnewabk energy source mot cao be used as a amma 
source of energy. Since organic waste is mntmuousiy bemg podmd and dcannp&ug 
waste produces landfill gas, then landfill gas-tocnergy rccovay propas are a constmt 
somu of energy. With the population increase in M i a  and the high organic colltan of was& 
this would be a great renewable resource for production of e leeaie i .  

Economic Benefitr-This low cost source of renewabk energy will create jobs rtlstcd to h e  
design, wnstruction, and operation and maintenance of theses facilities - Environmenral Benefi- one ton of methane emitted into the atmosphae is 24.5 times mae 
damaging in its "greenhouse potency" to the atmosphere than a ton of carbon dioxide. 
Methane's potency and its rapid cycling through the atmosphere cootribute to ih 
global wanniog problem, and, also now, to matosphere ozone depletion. Amdm benefit is 
the reduction in VOC emissions and odor of the landfills. Genentiog e l&i  fmm f a d  
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 hu l  d 
reduce these sources of air pollution and adverse climate effects. - Political andSocial Imoge Benefits- One of the benefits of using kindfill pcHargy is the 
improvement of any municipality's image by fuming a current liability iota m asu.  This 
could not only provide a lowsost source of renewable power for the canmrmity but llso 
mitigate global warming. Landfill gas, even in low concentrations is explorivc aad cao nsuh 
in fires and explosions damaging to humans and property. The beneficial use of this kadfiU 
gas will be protective and reduce the risk of landfill gas explosions. Landfill gs-tocaagy 
when operated properly virtually eliminate the risk of injury and p p c @  propatye by 
collecting and cornbusting landfill gas before it can accumulate to dangerous coDfeDhnioa 
levels in spaces within or adjacent to the landfill. 

Attraction of New I d w t r i u -  municipalities can a m a a  new inhrmy to the ama by p u d b g  
a low cost source of &I. lndushies that can use luge quantities of medium Btu gas may 
want to lccate a plan near the landfill since this wufd be a cheap source of cnagy. 

La&IZ h e r  ond Opemrors- Landfill owners and opei-aton are being mandated to aaaol 
and destroy landfill gas. Revenues from a landfill gas project can offset the cost of id f i l l  
gas wllection and control system that are mandated by law. In many cases the pro+ owid 
even generate profit as world energy cons continue to rise 

When organk waste decomposes duough a I& process. it is nansfamed by tbe d o n  of 
microorganisns into simpler organic gasses . This landfill gas is p m d d  thmugb an mwrobic 
(without oxygen) decomposition process. Typicaliy, byproduct gases are mde ofabout 45 
pment c a h n  dioxide, 50 pacent methane, and 5 percent of other gases including mainly 
nitrogen (from entrained air), and small amounts of hybogm sulf& and v o w k  organic 
compounds. Methane is the primary constituent of natural gas and dierefwe can k used 8s a 
fuel. The amount of gas generated and (to a slight extent) the quality of methane produmt are 
dependent upon the quality and type of waste-in-place, climate, and other site-speeifie frtar 
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The production of landfill gas normally begins from six months to a year after waste is placed in a 
landfill. Depending on the site conditions and climatic factors, landfill gas generation may 
continue at a significant rate for many years after landfill closure. This holds for most landfills as 
now operated. However technology to improve the situation by accelerating, controlling and 
more rapidly completing generation is being successfully demonstrated with very promising 
results. 

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

1.2.3 Landfdl Gm Collection 

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

1.2.4 Technologies for Lmdfdl Gm Utilization 

Landfill gas can be collected and used as an energy source for various applications. These 
include: direct use of medium-Btu gas for industrial boilers-burners, co-generation (heat and 
electricity), on-site space heating and or hot water heating, lighting, industrial processes. Process 
landfill gas can also be used to firel vehicles. Methane is either consumed or converted to anon- 
greenhouse gas that reduces emissions to the atmosphere. In addition, using landfill gas to 
produce electricity will 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 matter removal, and sometimes keeping the gas relative humidity somewhat below 
100% is necessary. Such uses do not require highly elaborate and expensive processing and are 
well suited to many smaller landfills across India. Pipeline quality gas can also be used for any 
application where natural gas is normally used. In this option, moisture and particulate removal is 
necessary in 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 ofthe US 
landfill gas utilization projects generate electricity. Over 60 percent of the landtill gas to 
electricity facilities use reciprocating engines. About 24 percent of landfill gas utilization projects 
sell medium-Btu gas to direct user, while 4 percent upgrade their gas pipeline quality (close to 
1,000 Btu). 

Electricin, 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 
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enonnous whoksale electricity price escalations in the US electrical grid). Them are A 
proven technologies that are available for generating electricity from landfill gas namely: 

Reciprocating Internal Combustion Engines (ICt typically ranging from 250 kW to I MW in 
size. More than one engine could be installed. These have the advantages that tbcir 
manufacturers. sales and maintenance is available worldwide. and they are vay  e f E i  
relative to other @resent) options. 

Gas Turbinis- higher capital cost than IC engines pa kilowatt of insulkd capcity, b t  at 
larger landfills they have lower cost of electricity. Landfill gas v o h e s  of m a c  tha 2 
million cubic feet per day are required for this to be economically feasibk. They also have 
lower NO, emissions than IC engines since large quantity of air is used. They are ks 
efficient, giving about two-thirds the power per unit of landfill gas burned ha better 
adjustment to fluctuations in heat values of the landfill gas. 

Rankine Cycle (Steam) Turbines- used where gas flow rates are very high. Reascub& high 
thermal to electrical efficiencies can be achieved with lowes~ pollutant anissiom of any 
present technology. Thcsc med sufficient landfill gas for 10 to 20 MW of power. 

Gar Delivrrv Svstem- Landfill gas can be pocessed Md sold as gaseous fuel through dcdiaPd 
pipes or to connect to natural gas pipelines. Them are nwo rypes of fuels: 

Sale as a Medium-Btu Fuel-When a utility power or an indusuial user is louted d i n  m 
economic distance, situation-specific but of the order of a few miks of a landtill. a vmicty of 
commmial applications, such as f h g  boilers and spacc heating can be hKkd vudcdiatcd 
pipelines. A guide is that the user should usually be within 5 miles of the W ~ l l  .Id has 
constant demand for gas. Projects can be feasible at mall landfills. Economies of sak 
increase with size. 

Sale as a High-Btu Fuel-Landfill gas must be upgraded to p i p e l i  quality, arhii is 
very high in cost. The process involves removal of wata, carbon dioxide, hydroga~ s u m  
hydrocarbons, and on some caw nibugen. A nahrnl gas pipeline mua be i o c ~ e d  hirfy cboc 
(one to a few miles) to the site. Other options such as fucl cells. c o m p d  nmP.I p 
(CNG), liquid natural gas (LNG) are promising emerging technologies that have mxdy 
been in successful demonstration phase. 

1.25 Economics of M f i  Gas to Elattic* Pro* 

Table I shows reprrsentative cost data for a range of lar&ll project sizes. Thc cost h arac 
derived from statistical analyses of existing projects (U.S.EPA 1993) in United States (U.S.). G.s 
generation potential for each ton of waste in India is different than in tbe United SPtcs siuc~ 
India's waste characteristics are much diffamt dun those in the United Saas. ladin's rvlrac brr 
lcss thao 5 percent papa compared to U.S. m. which is about 25 pcraat p;lpa. T b a e f a s  
waste in the U.S. produces more methane thao wastc in Indii Other factors should llso k 
comided  n r h  as colkction efiiciencv and moisture urotent of the waste and the w u a ~ ~  Prmvl 
rainfall. Detail analysis and site specif;c investigation sbouM be pafamed at afb siDc 
determine the maximum gas flow since the composition of waste and c l i  in India is much 
d i f f m t  than in U.S. Th; exhibit is mvided only as a tool to dunommate the mtttive costs for . . 
each possibk -. Project snalysk should use en&mfing cost estimates based on the indwdd 
site characteristics and project eonfiguration and fonsida pmsible fa*m tht are diseuncd next 

Care must be taken when twiewing projections such as those in Table 1, to distiully into 
account several issues. Landfill gas yield and recovery predictions have ban mfimd 
with original EPA gas availability projections for US waste somewhat lowad. A ramt 1% 
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landfill sh~dy (Vogt, W.G. and D. Augenstein, 1997, Compmison ofModeIs for Predicting 
Landfill Gas Recovery SWANA, Silver Spring, MD) has shown a best US fit with maximum 
recovery rates as much as 30% lower than recoveries assumed in Exhibit A. Also, there is 
landfill-to-landfill recovery variation, moderate irregularity and unpredictability in recovery, and 
long-term trailing off of recovery. These result in problems of part-load operation of energy 
equipment as they are encountered. (Nonetheless, there are promising improvements under 
investigation to address all these issues.) Also, rather limited studies in third world countries 
suggest that because of lower paper content, ragpicking and the like, that developing countries' 
waste methane yield may be on the order of half that of the US. The present situation, 
nonetheless, still leaves very considerable opportunity for successful projects and a significant 
landfill gas contribution (e.g., of the order of 1% of US and world electrical supplies. See for 
example Earn-o-Pas, K., Wetherill, T., Panpradist, B. 2000 Landfill Gas Generation and 
Recovery in Thailand. Proceedings, Second International Methane Mitigation Conference, 
Akademgorodok, Novosibirsk, Siberia, Russia, co-sponsored by Russian Academy of Sciences 
[hosting], US EPA, US DOE, Canada Natural Resources, International Energy Agency, Chinese 
[PRC] Academy of Sciences with several other agencies). 

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 the construction 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. 
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20 1 96.6 1 17.1 15,1461 255 1 280 1 15 120,5201 1.910125.W6I 2.180 
'estimated using a statistical model based on existing W t l b  that m v a  mctbure, assuming a 
collection effrcieocy of 85 percent. 
'~ngineer capacity m w  be sufficient to utilize Q estimated peak suminable gu flow. 
'Assuming engine generator cost USS1,200,000 pa MW of iosalkd capacity. 
d~ssuming engine generator 0 & M ntt of USSO.015 pa kwh. 

Source: Repmdrred from "Opportunities to Reduce Anthpogaiic McmaDc Emissions in Q 
United Stateses', Repm to Congress, Octokr 1993. 

1.2 6 T y p i d  Sencning Cdtria for Evaluating hm 
The following criteria have bcca developed for evaluatioa and selection of a site with 
landfill gas recovery and muse potential: 

a) Site with at l a s t  1,000,000 tom of waste-in-pk to make landtill gas rcumry projeFc 
economical. 

b) The sitc receives more than 100,000 tons of waste annually, all waste must k availabk !k 
ananobic cornposting and landfill gas recovery. 

c) The waac has high organic content (more than 50 percent) by weigbt and m o b  coamt of 
25-50 percent by weight. 

d) There is a water m m x  available on site. 
e) There is suff~icnt land availabk to continue kndlilling f a  tbc nod 10 to 20 y e ~ s  virhh Q 

existing site 
f) Site is located at krst one to two kililomdrrs away h a rcsideatkl ua and Q site is 

fenced to protect the facility from trrsprsserr 
g) There is either sufficient low pameability clay wvcr soil on the cxiUing or if not 

w v d  there is mounb low ~cnaesbilitv clav soil availabk oo site to wvw wask to allow " . . 
landfill gas m v e r y  and prevent oxygen intrusion in waste. 

h) Recovery teas confum adequate gas availability and methane c o m t  both wbm tbc ladill  
is modeled, and a gas m v & y  sys(em is instolied. 

i) There is at least 3- 5 meters vpsration from the boaom of tbe ludfill and Q big- 

j) Landfill is located at a suitable site for construction of a sanitary badfill. 
k) There are personnel available to k trained in the maintenance, monitoring, and d m  of 

landfill gas wells in the field. 
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1) The site is near a facility that could use landfill gas or is close to a high voltage grid for 
electric line interconnection. 

m) There is sufficient funding or the ability of the municipality to manage large capital 
infrastructure projects. 

1.3 Project Steps 

The following activities have been undertaken to support this assignment: 

Phase I-Development of a Municipaliy Screening/Selection Criteria: In November 2000 
when Global was assigned the task by LBG, a list of selection criteria was drafted and then 
subsequently discussed with USAID and LBG staff and partners. The list was based on a 
review of current USAID Regional Urban Development Ofice (RUDO) documents, 
combined with the project team's experience in municipal solid waste issues and Global's 
international experience in this area. 

Phare II-Present Case Sh& at USAIDRUDO Conference: One ( I )  Global technical expert 
traveled to India during December 5-10.2000 to present at the USAIDRUW conference 
"Cities and Climate Change," in Hyderabad, India. The presentation shall was entitled 
"lntemational Experience-Case Study of Landfill Methane Utilization." A copy of the 
presentation is included in Annex F. At that time, the Global expert networked with 
authorities from various Indian cities to gauge their interest level in participating in future 
training sessions related to municipal solid waste management and methane recovery 
techniques. Finally, a grouping of five cities was recommended based on the information 
received and the feedback obtained during the mission. 

Phase 111--Conduct a Training Nee& Assessment: A methane expert from Global traveled to 
India in early February (February 12-21,2001) to participate in a aaining needs assessment. 
Under the organization of USAIDRUDO, the LBG team traveled to five Indian 
municipalities to meet with officials and gain a better understanding of their current solid 
waste management programs. 

Phare IV-Develop a Detailed Training Plan: This plan, contained in Chapter 5 of this 
report, provides the framework of appropriate next steps and the tools and techniques 
necessary for the respective municipalities to move forward. 
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2.0 CURRENT KNOWLEDGE OF METHANE RECOVERY AND RE-USE 

2.1 Ovemew of Current Solid W u t e  Praetim in India 

In India, the urban and local government arnboriries (similar to couoty and tlrbro gmmman 
authorities in U.S.) are generally responsible for solid waste management syacms. In some ub.a 
and local & i t s  similar to the US, private organizations are involved in colkuion, rrcycliog 
processing and disposal of solid waste. Unlike the US. in India, as rrportcd by rhc Central PuMie 
Health and Environmental Engineering Organization Manual (2000). about 30 to SO pace01 of 
the total municipal staff are involved in solid waste management Funds speat for local did  
waste collection, mqmhhn, hnrmea, and disposal range f i  Rs. 500 to Rr. 1,500 ps tca 
About 60 to 70 percent of this amount is spent on collation labor and 20 to 30 pcrccnt oa 
eaasportation. Only 5 percent of the hods are s p a t  on d i s p d  of waste. 

The funds generated 'om the solid waste management auivities are naoully deposiosd in thc 
general revenue aeunurts. This makes it dificuh to d e t e ~ ~ ~ i a e  the inunne and arperdmrrr thp is 
d i d y  related to solid waste management activities. This also makes it d i f f ~ u h  for thc dccidob 
makm to know chc actual operating, capital costs. project revenues, and establish .ppoprin 
wllection and dispoal fees. Similar to the systems in the US, there should be a full con 
accounting system. This setup wuld incorporate a xpatate fund such as an entaprisc find, 
separately hacking waste-related income and was. 

In the US, typically, the solid waste received at the landfill site is already segrrgued a priU be 
segregated into hazardous, non-hazardous and bulk waste. The non huardous wase is hrrbcr 
segregated into paper, plastic, metal, etc. In India, most of the valuable materials for rsyclh 
such as paper, plastic, rags, etc. is already handpicked. Onfy the remaining m a t e d ,  p h d y  
food waste mixed with dirt reaches the disposal site. The method of dispoul is simply h p i q  
of waste on land without any type of lining sysan to protect the giuundwucr from krhe or 
any landfill gas w n m l  system to control air pollution. Almost all s i m  are kft taeovcrcd od at 
some sites waste is burned by the local rag pickas for reclamation of me& fmm h e  dispoal 
site. Minimal attention is given to the health and safety of the staff working at the LDdf1 doc a 
the residents living in slum communities adjacent to the landfill. R.pi wbmizstioa has rtso 
made it difficult for many of the local bodies to secure pmper d i i  sites f a  waste dicpoal 
T h m f m .  waste is often disposed within close pmximatcly of the collation poiots arithiD thc 
urban area 

Inadequate planning and inefficient equipment for waste wUanioo and baqmt h v e  l i d  
house-to-bouse waste collection in India Colkdioa of wrac &om slums, naoar ims d high 
traff~c areas is also a problem. Mucb of the colkctim a d  Loding of the waste is dm rmocpBy. 
In many low-income areas waste is not even wiketed. A sludy by National InstiMe of llrbm 
Affairs rermts that most cities f a  issues of labor health i m m  and labor mioD leiPtioD It is 
estimatedathat the collection efficiency could mge anp& be- 25 to 90 p&ent ofthc 
solid waste g e m e d  dewdig  on the loatioa. The baknce of this waste k unmcDdcd .ad 
dumped in &oy diff-t I-tiom. l n d i i  municipal autbait is  with the asisElacc of 
USAUXRUDO arc developing new systems .rrd methob to improve the colkctioD a d  dirposll 
of solid waste. Wi this assistance in place, it is upccted that the solid waste rrmugcmcDt 
practices will improve subdpntially over time. 

The aansport.tion of waste to the d i  site is done using ocitdued bucks. trrctorr t i p  ad 
refuse w l l a o s .  Poor maintenance, wntiauola bcrkdown of vehicles and indcquuc fkct size 
prevent proper and timely collection of waste. Transportation modes used in the rmalla cities 
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include bullock carts, three wheelers and tractors. In some cities front-end loaden are also used 
for waste collection. 

Proper collection and disposal of sanitary waste is the most critical aspect of solid waste 
management among all cities. The Central Pollution Control Board in Delhi 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 
actinomycetedfungi and other microbes in air samples from the landfill sites have also been 
documented. The Central Pollution Control Board in Delhi has identified 14 towns and cities 
where closure of the existing open disposal sites is a priority in India. These sites are at 
Hyderabad, Ahmedabad, Surat, Bangalore, Mumbai, Pune, Bhopal, Jaipur, Chemai, Kampur, 
Luknow, Agra, Calcutta and Delhi. Currently there is a USAID study under way to determine the 
degree of water and air pollution at each site. 

In January 1998, under the direction of the Supreme Court of lndia a committee was formed to 
review the solid waste management condition in cities in India. In September 1999, the Miistry 
of Environment and Forests issued drat? rules for municipal wastes management and handling. In 
September 2 0 0 ,  the final rule was adopted that lays out procedures for waste collection, 
transportation, segregation, storage, processing and disposal. Under this rule all cities are 
mandated to set up suitable waste treatment and disposal facilities by December 31,2001 or 
earlier. The rules also specify standards for compost quality, leachate control, and management 
and closure of landfill sites. 

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

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

Some cities have begun to explore a variety of resource recovery techniques such as composting, 
vermi-composting; waste-to-energy projects that include incineration, pelletization, bio- 
methanation, and recycling. Some examples include a methane generation facility in Pune and an 
incineration plant at Timarpur @elhi), which was 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 Timarpw 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 selling 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 ofNagpur will provide 10 
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acres of land on a lease basis and guan tcc  nrpply of 520 TPD of raw mlraLl to the p i m  This 
would be the f i  wfh facility in the cwntry. The project is being executed m Build, Opera 
and Own (BOO) basis. The initial agreement will be for a period of 30 yean and can be aamdod 
for an additional 30 years. 

Very few cities in India arc Familiar with landfill gas to raagy projects and tbcir cost- 
effectiveness compared to other available tcchnologia. Tbe urtan udboritia & not luvc & 
technical knowledge and resources available to evaluate the fcasibiti of thcs d m o b g k  f a  
their waste stream and for heir site cooditions. Clean -beamgy projects arc poposd by 
the private sector without adequate justifation of the eost effeaiv- a of meir 
s u m  given the characteristics of Indian waste. The Ministry of N o d h n m h d  Emgy 
Sources has recognized the importance of magy m v e a y  from waste as r r r d k  ensgy 
rcsoune. 

Coosidering these factors, we nevertheless estimate the potential b e f i t  fmm wthac rrarvay 
projects to be about 1000 MW of power from urtmn and municipal waste and lbout 700 MW 
from industrial wastes in India. Tbe time required to d i z r  this pokdd  is highly 
However, with rrasoaable assumptions, we estimate drat this potential could be rerbcd in 10-20 
years given the large issues that face municipal authorities in tams of waste nunrgemcllt 
inframueturt development 

2 2  Institutional Mechanisms in Indi to Faditate €ohm Polathl 

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

Ministry of Environment and FForrsts (MOEF) 
Ministry of Non-Convencional Emrgy 
M i n i i  of U r h  Affain 

o Ministry of F i  
World Bank and its affiliates (such as G W  Envinmmeot Facility) 
US Agency for IntMnatioMl Development (USAID) 

Thesc organizations will be key in the developocnt of rrgultioaq fax kedvcs, ' ' : 
development and initial technical and financii suppon for tbe development of tbac ptjccls 
With respect to potential muhane recovery and rc-us operations, each o r p n h i i i i  b8s r 
particular mle to play in the developaent process. MOEF is imc - l i n s d t i a g r o d ~  
environmental regufatMRs related to wastc handling and a d l l  d i  prticer Tbe M i  
of Non-Conventid Energy ov- the w i t h  of tbe W M O O V ~ U ~ ~ ~ ~  mechac gas 
energy resource. The M i i  of Urban AR.in ov- the prtic+s rclsad to cdkcQq 
management, recycling initiatives, and land-usc planning. Th M i n i  of F i  would 
oversec any project-related development activities that mvotved public tinaucc. Tbe W d  Bmt 
and its affiliates play a m k  as catllyst to spur tbc ~soura development Fiiy, USAID plays r 
key rok in technical transfer and assistance to enable mom f ivaabk dcvelopwd of tbe rrnwa 
and the minimization of grrcnbbuse gaus. 

Local authorities fmm urban arras have ckarly uprrsvd tbeu interest d d W i i  popa 
political and financial suppod from the above organizkms, enthusiasm d cagauss of local 
authorities to incorpwate new technologies will fade. 
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2 3  Current BanierslGaps 

Several banierslgaps to implement methane recovery projects at solid waste landfill sites have 
been discussed in earlier sections. The major barrier is the lack of a single coordimating and 
implementation agency in India, similar to the US-EPA. Current organizations under MOEF, 
CPCB and MOU are developing an ambitious set of regulations. However, the implementation 
and coordination of these regulations have become a major problem. To overcome this problem, 
in addition to technical, financial and infrastructure support, political will and support fiom 
federal and state ministries are needed. 

The first and foremost action needed is in the area of collection, segregation and transportation of 
solid waste. USAID, CPCB and MOU are working in this area. Next is an integrated planning of 
storwe. ~rocessine and diswsal at selected landfill sites. With USAID. CPCB. MNES and - .. - 
MOU's assistance an economical and environmentally beneficial demonstration project has to be 
developed. The major barrier at the current stage is to develop funds and organization for a 
responiible agency br task force to implement ;technology dkmonstration Goject. 

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

3.1 Selection and Data Collection Criteria 

When considering a methane recovery and re-use opartioa dm are ocvenl factas tht mort be 
taken into account as out l id  below. While it is not e x p d  thd all of these questioas can be 
answered a priori, these am the important charactastics that must go into siting a wthrne 
recovery and muse optation. Rior to the TNA mission, a rktailed questionnaire was dmloped 
highlighting many of these points. The questionnaire was sent to s e v d  of the municiprlias 
ha t  anended the Hyderabad conference (December 2000). 

1. Geographic Charactcristies: Perhaps the most important lmibutc coasidasd fa tbe b d 6 U  u 
the physical geography at the site. A variety of f a a ~ s  inOucDfc c o a - e m e  mahmc 
recovery and muse opemtions. Several of these ham am noted below. 

a. Topography: Flat arrar require excavatioo to properly consbud drumre whik a caps 
is ideal with minimal excavation. 

b. Soil type: The ideal is clay at rhe top and sih l o w  down witb clay at tbe batom; other 
soil types require more site preparation such as pistic l i  ctc. 

c. Depth of groundwata: Ideally a minimum depth of 10 wtas krareea tbe loarest kvd of 
the landfill and the gmundwater is needed to minimize poblems related m f h d  Iakagc 
and nao loss. 

d. ~o&ility of gomiwater: If nearby well wa!er is used for residential and .gricuhp.l 
consumption and if location of landfill is nearby then lining of hadtilt is vay c d i d .  

e.  mount of rainfall: Arid locations q u i r e  a G e r  -ti rdd to landfill &k wt 
areas require more control systems for liquid containment and recovery. 

Maximum and avaage summer daily rainfall 
Maximum and average winter daily rainfall 

f. Average annual ternpenturc: k m e  temperam will influence the poduetivity oftbe 
mahane gas. 
* Maximum and average summer daily tempaature 

Maximum and average winter daily tanperatwe 

2. Landfill Characnistics: It is w understanding that in India hdfi l l r  am hgcly apclr dPmpl 
overflowing with waste. with no proper methods for wrae segreg.tioo and find disposal. 
This fact influences the feasibility and timing of a methane ~ c o v a y  d rc-upc opntioa 
Data needed include: 

a. Volume of w e :  Tbc h i m  the volume the b*or due 10 scale ccommies. 
= Daily waste flow (Tonslday) 

Annual waste gemmed (Tons) 
b. Composition of waste [low: The percentage of organic mated  dut is fbwbg m slim 

have a significant bearing on the cost feasibility and cost-effectiv- of the pow 
c. Fill chamcteristics: Is the waste filled into separate and hdcpmdmt moduks and if so 

whatarethesizcs. 
d. Landfill practices: How is the waste currently managed once it Mivu at the site - Is it buried or capped? 

Is the waste compacted and if so w M  type of compacting equipment is used? 
e. Physical dimensions of the existing landfill: 

Total area (fcc+nt) of waste now landfilled 
Height of landfill 
Depth of waste - Topography of landfill 
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f. Age of waste (date of opening, fill history and other pertinent documentation) 
c. Stability of waste (stream flow and contamination) 
d. Moisture content of the waste 
e. Type of waste and percentage by weight 
f. Potential methane gas volume and efficiency 
g. Chemical characteristics of leachate (pH, alkalinity, nutrients, etc.), if present 
h. Other competing methods of waste management and methane recovery 

= Anaerobic digestion and fertilizer re-use 
Presence of ragpickers 

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

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

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

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

d. Traffic handling capacity: With a full recovery operation in place, it is essential that a 
proper transport infrastructure be in place, to handle the dump trucks and other vehicles 
that would be accessing the landfill on a daily 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 infrastructure (e.g., pipelines or 
canals) to transport the water. 

4. Social and Economic Conditions: An influential factor in a methane recovery and re-use 
operation relates to the social and economic conditions for the municipality. These factors 
have a bearing on the volume and composition of the current and future solid waste streams. 
Factors include: 

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

b. Industrial mix: 
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Higher concentrations of food processing and textile waste yield useful agrnic wrnc 
to improve the methane gas quality and quantity 
Large financial sector (offias) yields higher volume of papa which is useful agrnic 
waste 

5. Politics of the Region: The ultimate success of a methaae Rcovay md muse prow 
dependson the will of the local political l a d m  U d a s m d i n g  tbe following fvtm mll 
shed light w whether there is strong support for such a project 

a. Suppolt 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 liwn pro* nd p o e d d  

reallocation of workers and residences 
e. Climate for publidprivate partnerships 

6. Existing Regulatory Mandates or Incentives: It will be critical to undastd tbe n@amry 
structures that arc in place at the local, state and fcderai levcts. It is tbrt the 
municipal officials will know the answers to the local and regional regulatory scbemcr 
however it will be nercssary during the TNA mission to obtain insights and paspstiva 6un 
regulators at the federal level including the Central Pollution C o m l  Board (CPCB), the 
Miis%y of Non-Conventional Power, and the Minimy of Environment Tbe rypes of 
questions asked would include: 

a. What arc the existing regulations that would influence the success of a projea? 
b. Support for projcct at the state and federal levels. 
c. An there c m n t l y  mechanisms in place to mcotmgc bcacs waste mmugaoad praim 

and methane emission reduction through recovery and re-w opaatiom? 

7. Personael Capabilities: A key factor in the potential for methane m v a y  d rc-mc poj&LI 
is the ability of the staff to carry out such projects. Our TNA mission attempted a, .mas 
these questions SO as to make a qualitative judgement as to w e  the municipality bas 
capability to develop a project and if not, will identify the requiranents for 
implementing such a project The typcs of questions asked would inchde: 

a. Skill of on-site s ta f f (opdons)  
b. Availability of qdifkd technical managanent d staff 
c. Availability of local universities to form pamahip  and all- f a  tapping into Pilkd 

labor pool 

33 Recommended Citia 

As a result of the application of the above screening ctircrin, combid  wih cur Dscmbcr 2000 
diiussions with USAID, seven cities were selected to k put of the February ZOO1 R I A  
mission. Based on the findings of the M A  mission and the raomwad.tionr from this r c p a S  
tbese cities may be pan of the GEP project CLM 8 for future outrash mrcegy f a  d e v e w  
and training related to methane rccovay and re-use opuahm. 

As indicated omiouslv. a brief auenionnaire mrs sent to xvml cities arvcrion the crimL ihr;cd . . 
above. unf&ely. none of tde cities provided tbe i  rrsponxs prior to lbc *A missaa. 
Given the limited data available from the cities. it was not &ble to answer many of 
1-7 above in time to be useful as a tool for screening candidate cities for the TNAkissim. 
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USAIDiRUDO had already studied the quality and quantity of Indian municipal solid waste. 
Hence, LBG, Global and other project partners assembled a matrix of selection criteria using data 
attributes that were largely available, either through their own research or through information 
assembled by USAIDRUDO. The matrix profiled each of 17 cities (included as part of RUDO's 
"FIRE" project) from the perspective of connectivity, waste volume, waste composition, waste 
handling, waste management, initiative and municipal administration. Based on these data points 
and selection criteria decided by the project participants, scores of 0 to 10 were attributed with 
each factor receiving an equal weight (except initiative and municipal administration which were 
scored on a scale of 3-8). Based on this assessment, the following eight cities were selected: 

1. Pune 
2. Vijayawada 
3. Ahmedabad 
4. Baroda 
5. Hyderabad 
6. Bangalore 
7. Mumbai 
8. Chennai 

While the present analysis was thorough and well reasoned, it gave limited insight to some of the 
cities that expressed an interest in participating in the TNA visits based on the short survey that 
was distributed at the Hyderabad conference. Fortunately, 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 USAIDRUDO), this city is not athactive 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 not be included in the complete list of possible TNA visits. 

Representatives from Timppur 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 USAIDRUM) is working closely with the city to implement projects 
related to water treatment and sewerage. 
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B a d  on w assessment of the above MU and tht m k w  of dsl. and ind@ & a d  h m  
the Hyderntad conference, we recommend the following eight cities f a  mp cmsidanioo for the 
M A  visits: 

AfIw pnsmtation of this list to USAID, swml addi t id  factors coasidcrrd by USAID 
aad LBG and the final sclstions are shown on Tabk 2. 

TABLE 2: 
Fuul Lat of Cities for TNA M M o m  

Note that fa two cities included in the f d  list (Buoda and Noibr) sitc visits were clocckd due 
to the eataseophic adquake  in the Gujarat state (Barcda) and logisticll poManr amoldard 
during the mission (Noida). 
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4.0 INTEGRATED TRAINING RECOMMENDATIONS 

4.1 Proposed Training OutlindCurricula 

At the conclusion of the R I A  mission, a training outline was prepared in collaboration with 
USAIDnndia for all cities. based on the interviews conducted with the individual citv 
commissioners, the staff, and field observation of the existing practices and institutional 
knowledge. In addition, input from the Ministry of Environment and Forest Notification S.O. 908 
(E) was Gcluded to ensurethat 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 transferred to the Indian 
context, it may not be possible to rapidly accelerate a process that will take several years to 
develop. Steps to be taken must be methodical and careful, with a vision toward a sustaining 
long-term solution. Solutions should be geared toward addressing many urban solid waste issues 
at one time-inethane 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 outlined in the training 
curricula presented in Figure 1. These topics are based on our assessment of the current needs 
and capabilities from the R I A  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 
lectures, video clips of best practices, and class exercises. To maximize efficiency, the video 
clips would be pulled from the team's existing library and might include the following: 

Low-permeable clay or silt base--clay placement operation 
Base geomembrane 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, articies/journals, website listings, and USIinternational case studies. These materials will 
be drawn from a number of sources available to the trainers including: 

= Electric Power Research Institute 
Gas Technology Institute 

= US Environmental Protection Agency (Landfill Methane 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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- .tls*#ne Recowry w d  Re-Use A r r a s m e ~  

FIGURE 1 : 
Annotated Training Curricula 

A) Policy review aod solid w e  management overview - Ovminr of m e b x  correlation to grcedmw&ar pmbkm 
C m n ~  practices in lndii lad compprLho to world modardr 
Collcctiw wnrfer, tnusporratios ~ ~ y c l i o g ,  byBicne 
Optimal landfill muaurc 

* B) ~h)1ical and chemii  c b a r a c t ~ c s  of rnuaihpal solid w e  (MsW) 
uwpositioo 
Maham gar pmduction poceu 
Lifecyck and dcunnpositiw 

6) MSW nansformatim technologia - Biolopical processa-And& di, and vennisomposting - ~ e m i c a l  w o c ~ ~ ~ & P , b s i i  ani6utioa d k&wdon 

Pyrolysis and g ~ i f K P t i o o ,  were  ObSlgks up to POW. worldwide "2% . . 
* Advanced b i i  (ecbbgy developme& 

locinaatiw and landfill gas maximize mngy m v a y  

C) Significance of methane h MSW 
Emission &an dumpsite, raaitary IandfiIIls dwing active life d prst-ehxurc . . 
Migration of landfill gas and hazards 
Conml of Mill gac 
Economic h e f i l l  of W I U  gas methane m w y  snd use 
Climate change impacts 

D) Technology fa landfill gar methane recovery and rc-use 
Enpineend landfill gas colkction system (active and pasivc) 
Uwr of lmdfill gu methne-Pow genemi04 thanul irra. LNG md mahac 
cubw dioxide uws, fuel cells 
Analpis of the praiuctiw potmtial 
Economics aud project wlectiw 

E) O p e r a d o o a l ~  
= Ovaview of main f- of crpenting landfill with popafy filled w n t e  

Gucollectioa.ndmnrpatsysKlu 
Eketrical infnstnvolre d was to power @d 
Mahodr m calculate pro- polcnriPl 

F) L.adfill mdhaoe project devdopmmt . sac xlatiw rod mkrbolder involvement 
= W ~ c l W a c t ~ ~ ~ ~ c r t i m a t i o o  - Gas conbdion syacm and use identiticatioD - Plant a d  machinery selection - Rojacoadnmiw 

Appods. kmx. agreaumts studies, etc. 
Rojeccmuctunwkeobopraar . Bid d o c u m c n ~  lad bid proas  managemat 
Selection, conmunioo, and opention 

* Risk analysis - Carboo off- (World BanL and UN Concern; basis for !GUI suppon) 
0rgan.btion rerovrrrr old ncouorkmg 

I hjm financing and pambal timdmg sources 

1 
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Meihanc Rccoveq and Re-Use Asscrsmenr 

4.2 Potential Training Par tnen 

Three individuals with experience in landfill gas, bieenergy, solid waste management energy 
recovery, and project development have been selected to assist the cities in this training and 
evaluation of the sites for a demonstration project (see chart below). The fmt  member of the 
team is Mr. Greg Wikler. Mr. Wikler is a project director from Global Energy Partnen and is 
overseeingthis 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 to ensure successful implementation. He also has conducted several training 
courses for international participants. Mr. Wikler will have overall responsibility for the training 
program, including the development of presentation materials, reference materials, and onsite 
facilitation during the training. 

The second team member will be Mr. Don Augenstein. Mr. Augenstein is currently an advisor for 
this project, having provided assistance during all phases. He is the technical director of 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 member of this 
project, having represented the Global Energy Partners team during the February TNA mission. 
He is a professional Civil Engineer licensed in the State of Califomia with a master's degree in 
civil engineering over ten years of experience in the field of solid waste management. As an 
Assistant Director of Public Works Department is responsible for planning, permitting, design 
and operation of a large municipal landfill in Califomia. He has been involved in all aspects of 
integrated waste management projects, methane to electricity facility and has conducted research 
in finding better ways to manage and reduce solid waste in Yolo County, California. His work 
has been recognized in the US as well as abroad. He has worked with the local, state, federal 
ofticials 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 shldies and the data presented by the participants related to the 
homework assignments. 
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The second audience will be technical managen and pcopk mvotved with day-today i d f i l l  
operations. Based on our assessment from the TNA visits, m i d  that this grwp is in need of 
the same information as the tim audience. In addition, they require tcchniil specifiutaas I& 
will enable them to think about effective m c d d s  for implaoenting a Landfill maqcm& aod 
methane recovery and re-use operation in their j l a i d i .  The m i n i n g  time for the mini- 
p r o w  will be targeted primarily to this audience. 

The training moduk plan will be in hvo parts. The first p t l  will focus oa tbe basic w ~ c  
management p t i c e s .  This is to establish a basic undersMding of thc best pstica .ad tbe 
Integrated Waste Management approach to solid waste mannganmt. It will cova some tbc key 
issues that arc important for managers and adminiwors to undasrand. 

The second part of the training will focus on the science of saoitary kndfill sad the caagy llpc 
options and in particular the musc of mdhane fmn Lndfill as a rrmw+bk vwce of power. Tbt 
i m p o m  of methane mission reduction and ways to &oaomicaIty use thb d k  rr~ance 

to d u c e  cost and gcncmte revenue will be emphasii. Vuious techlogy options will be 
discussed so that each of the anrndees can make infomed decisions about mahrnc re-llpc p j a ~  
potential. Evaluation and awomic  viability of vuious Iandf111 grr-- d l  be tbc b of 
this part of training. The goal is that the individuals will walk away with the capability to use 
their knowledge to evaluate optioos and technologies to usc landfill gas at their Ladhll smt. 
Examples of various projech will be made available. Real life examples of ludfill pDjeco will 
be used for classroom discussion. This is to cnstm interaction betwaeo the puticipmP rad to 
facilitate a hands-on kaming expaieme for all attendees. 

A A a  tbc first day. a homework assignment will be given to the participnnts so cbcy rmy rpply 
their own knowledge of the waste management pactices froin their cities to mdmnc 
recovery and re-u& projects. This a s s i h e n t  411 frmr on compktion of th; f c k  ad data 
collection criteria mcsentcd in Ssction 3 of this rtoort. During a w u o  discrmioo oa tbc - - .  
following day. &miners will assist in estimatini thc gas prohKtioo pota~tirl rad potw 
produdon potential. The purpos of the homework assignment and group d i  is to ad& - .  
&c particip&ts to dcvelopa &atic "blueprint" in cv~uating the potcotid +om in matme 
re-w technologies aod strategies. 

L3.3 rmining Program aadMarC Agcada 

Tberc are two options for providing the two-day baiting -. In tbe be option, tnioiag 
would be provided to each city individually at each city. The second option is to oorrdua 
uaining sessions in two cities and invite other cities to attend. 

lk first option would allow more &to attend since therc would be no tnvd mquid fa tbc 
municipalities. Tbii would also reduce the financial burden for the municiprli md - 
hi@ mrolhnent for the training. The recoad option will require xidiriolvl tnvcl timc .od fan 
for x w e  of the municipalities but lowa training cost for USAID. Tbe loatioll of tbe tniDing 
could be seleaed such drat site visits eould be made to gthcr f r t ~  and data for p o s n i  sitcr fa 
a methane m v n  and muse dcmmslration projat. 
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Mtlhmnc Recovm, and Reuse Assessment 

The overall course agenda may be structured into the following mock agenda: 

Day 1: - Solid Waste Management Overview 
- Basic Waste Management Practices 

- Physical and chemical characteristics of municipal solid waste 
- MSW transformation technologies 

- Methane and Energy Production 
- Significanoe of Methane from MSW 
- Technology Options for Methane Recovery and Re-Use 

- Operational Issues 
- Homework Assignment: 

- Complete baseline characteristics profile 
- Assess key parameters for methane project opportunities 

Day 2: - Evaluation of Participant's Sites 
- Group discussion (comparison/contrast) 

- Project Development 
- Technical assessment 
- Economic analysis 
- Project fmancing 
- Timing 

- Specific Demonstration Project Discussions 

4.3.4 Training Schedule 

The training package will be. designed and developed by July 2001 and wuld 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 
possible demonstration projects. 
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TNA REPORT 
METHANE RECOVERY AND RE-USE POTENTIAL IN INDIAN CITIES 

CLIN M E P  PROJECT 
GLOBAL ENERGY PARTNERS 

Prepared by: Yazdani Consulting 
Ramin Yazdani 

for Global Energy Partners 

Date: February 12,2001 

1. TNA SlTE ASSESSMENT-be, India 

a. Current Solid Waste Management 
Pune is the second largest city of Maharashtra. This city is an important military center 
of India and is known for it's educational institution and research centers. The area of 
jurisdiction of the h e  Municipal Corporation is 139.90 sq. h. The pcpulation of the 
city is about 2.2 millioo people. 

On February 12,2001 interviews were conducted with two representatives fiom the Pune 
Municipal Corporation, Mr. A.V. Deshpande, Municipal Commissioner and Dr. R.R. 
Pardeshi, Deputy Medical O&cer of Health ofthe Pune Municipal Corporation. Below is 
the summary of the i n t e ~ e w .  

Waste Handline and Swaration. Storage and Processing 
The health office is resaonsible for solid waste management in various wards. The solid 
waste management &em of Pune has been deca&-tized such that the city is divided 
into 10 eledor wards and 124 wards. Each ward is responsible for 124 staffthat are 
rwponsible for sweeping of about 35,000 to 50,000 sq. A. per worker. The sweepers use 
wheelbarrows to move the dirt and trash from each area to a location where 3.5 cubic 
meter open top containers called tippers are tii stored. There are 1,400 such tippers 
throughout the city. 'Ihere are 90 collection truck vehicles that are used to haul and 
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emptycodahen. 'IbecityaLsoclwns8eaPpr&an.HaroctobarreamtccdlectiQn 
also provided to the resideaces weekly. There are about 6,000 to 7,000 ng  p a .  Tbc 
ng pickers oAen sort fhmqb these 3.5 cubic meter coldainen fw paper, md 

rseyclable mpterisf. Kitchen waste is collsacd &wn the haels ad rssuhrfy. 
HospitllwasteiscdlededdkMathnewrmincnnatiollsia.T~ 
incina*mucusedforprivmhospihlsadmafahplMichorp~. StmtpeP 
Decembaof2000tbaeiucimr;aiaazitcrbqpa~. A U m w h b a r p a l  
w a s t e i s ~ d a ~ t h d i s a b o u t 3 . 5 h . & w n t b s ~ . T b e d i s p o s l s t e a t m a f y a  
use is called Bencbiuruli, wbicb is about 3.5 Ian fmm the major stion. Tbc 
mllectedwrrtahcufitlpperisdunpedinacomprrtormrttbtbfmtbs 
~ t o e i r h s o f t h e f w ~ r t l t i a o s . T b s r s u s t m , m r j a a d l w o ~  
trosfcrstims.Tbertyownsdgbcomp.dartorsduahvohuneofmkfas 
it'stransportsdtothedumpingsdetthetrasfastrtims. Tbcwrrtavohrme b t u h ~ ~ ~ I  
byconpactlm m h u c k s b s f o r e i t i s d u m p e d t t b s ~ d c .  

Land Method of Wid Waste D i d  
n R n a r e t w o m r j o r ~ r i t a ~ t h e c t y t l d m e r i e j l r a a t d d c o f t b c c i t y .  
Two &a major disposal sites w d b  the city limits when &e wase used to be k am 
c u r d y  clased. -1 o f w e  belpn r the Dencbi UM rie in 1992. Batly lfhr 
the cther two sites were closed. 

Currrntly800'IPDofwasteisbsposedithedcjusta+si&ofthe~~Dcnchi 
U~disposalsk.'IhLdewdtobacpury*ickfonidfafa~. 
hisabout 18.2batanrmritsda~doflbout250mctarbynSmdas.ThP 
quanyisabout21m&ersm&+& S i i 9 9 2 t O X o f t h e ~ I u s l b e r d y b e m ~  
' I h a c l o s e s t a r m m ~ h t b e ~  15lao.T~cks&~1p-rtba6ts 
a d a r a l r e n r p r d ~ w i h s b o w b . N o ~ o f a n a ~ i t d a a e a t t a ~ &  
No cow soil is used to cmbd oda a vccton. According to Dr. Rrdahi the bmom of 
e ~ n y b ~ m d d w i D g ~ y 0 s a m ~ ~ ~ j d O t b ~ ~ ~ .  
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OmerMcmodrofwasteDiswsrf 
' b e  city has RQatly awarded a c d  to ClCON for .arsobw digesim d.baP 
Wtmspachyofwastehabiogrcphd. I 5 O t m s o f ' l a r n e w i I l l l s o b e ~  
e i b a  thrmgb wmizMnpostiag or laobic cwaportmg. 

c w c  cmddiau 
The avenge ninfill m the area is about 76 an. 

Coaws 
. . 

itim md ofthc Sdid Waste 
~ t b e i a t a v i e w t h e f o u o w i n g ~ ~ d u  . . .  

oformacmaa 

DistiPa, to Power Grid 
Zto3 bn fromthesitetopawalmerof33to66KVA 

RSQU esed mhua~m bv the m d o v  
DurmgthemtanewthefoUmg~m,awaedemfrdtokofmtnes by& 
m~mictpll~a)bow&m~adthepLsrichtbear;.rredfiDdmulrctforitr~?; 
b ) H o w & w h k e a r e o f l i ~ i d ~ ~ ~ t i c t o i k t s ~ d m S s o l i d w r r t e ? ; c ) H o a  
do we cam01 &e gas and fir= m hdfills? ; 15) How das l m d i l l  gas imprcPde 
g m m d w ; d a m d r m i n a t i m n e u t b e b o d f i l l ? ; e ) ~ m ~ ~ a p r c j & t  
toexplathe tiquidrmdsolid~dicposl;~b&~re~yck&atahthc 
toiletsrmdreuse~fwfhrshingtoilco?;g)How&mamsmaapptuyMto 
h t b e i a p r c t t o t h e m v i r m m c a t ~ d ~ ~ l l p l y w & & n c w ~ ?  
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TNA RErnRT 
METHANE RECOVERY AND RE-USE rOTENlUL M INDIAN CITIES 

CLM S G E t  PROJECT 
GLOBAL ENERGY PARTNERS 

?repard by: Y a u h i  Comdtkg 
R.miaYazdmi 

for Gbbd Energy Putun 

jurirdi&oa of (3-i ~llai-kpal CorponticP is sprePd over a am of 174.56 sq. hn. 
Populatioa ofthe ccty is e s t i  to be 4.75 miltion people. 

h . C & d n h i d m ~ , ~ e ~ u r y ~  ~ & s ~ w w I I I . M - ~ ~ ~  
K.mpsor India Lirmted Consulting BiyiPsr d Pbmen. Mr. Vijay P r r .  

Emaa,GuiIdofSance,etc 'Ihrrtypedsuviceumtycommonammgmddle~ 
hgb-marmcarazoftbemty 'IheQasLIradsMedbyrtrsdrrsepsstbtpaab&l- 
b a m m s t o ~ t h e w a s t e t o t b ~ p o i a t r h ~ m s . r a r w a s e r s d u n p e d a a  
to the s~des of the mads The waste gaMntai &the h d s  and rrstaurats are cdkasd 
and transfed duedly to the d~sposal sfte usmg heavy motor ~ e h ~ l e  



Collection vehicles used include mini-tippen, autos (1 toaner), heavy motor vehicles (9.5 
tonner), and light motor vehicles (3 tomer). There are eight transfer starions within the 
city. Waste is transferred to a higher payload vehicle for haulage to the disposal sites. 
Recvclina of the materials are mainlv done bv ran ~ickers either at streets or at the 
transfer &ions and at the dumpsd&. ~ased'on a kart by ERM oatsulting company 
there are 371 ragpickers at the transfer station (125) and dumpsites (246) recover about 
10 TPD and 18 *D respectively. There are also about 10,000 street rag pickers 
collecting about 200 to 300 TPD from homes and from open dumps on the street sides. 
Approximately 150 TPD of waste disposed is construction demolition, concrete, sllf d i i  
and bricks. 

Waste Generation and Comoositiaa 
In 1995 Environmental Resources Management India estimated Chennai's waste 
generation to be as following: a) residential (66%), 1,750 TPD; b) wmmercial(14%), 
371 TPD; c) hotel, restaurants, etc. (4%). 106 TPD, d) vegetable and fruit markets (12%), 
318 TPD; e) hospitals (2%), 53 TPD; f) construction (2%), 53 TPD. The currmt 
estimated waste generation is estimated to be 3,000 TPD 

The average chemical analysis of Chennai clty waste is reported to be as following: a) 
Moisture content (% bv weieht). 27.61: b) nH value of 7.68: c) Oreanic Content (%) of . < " ,, , ,. 
39.06; Carbon Content (%) of 21.53; d) Nitrogen Content (%)'of <73; e) Phosph&us 
Content (%) of 0.65; fl Potassium as K 2 0  (%) of 0.63; n) C/N ratio of 31.01; h) Calorific . . 
Value in hig of4,595. 

Photo 1- Kohrngaiyur disposal site 
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L a d  Method of Mid Waste 
Tben were two major disposal sites in Cheanai, namely K o b g r i y m  to tbt d a d  
Pcnmgudi to the d. Each she n a i v c s  about 1,500 TW ofwaste Tmmge is 
d b y w e & t b r i d g e a t s i t e .  Buhofthcsesiaamrartsdmtkmudyuar. 
whicb has had flooding probkm h i o g  matsom -s. The K o b g a y u  ziDs is 
1 o a t e d w d t o t h e M ~ ' s S m r g s T ~ P b t .  Tbesieis350rcres.65- 
is owned by C.O.C., aod 285 wss is mned by CMWSSB. Based on a topqpqhK 
survey m April of 1998 the filled lmrd occupies qproxirmtly 64 bertue. This sie I n s  
b e m m ~ f a t h e + 2 0 y s v ~ a o d i ' s ~ a t e i m r f i m m a e i ~ .  

TbePmmgudositeislodedarddeofthecitymdodisakolloDckwto 
M Q m a a t e r ' s S e w a g e T ~ P t m a ~ ~ i s w i t b i n 0 . 5 i m r t m m t k ~  
Tbesitehaskenr&civingwastefathepast13ycm. Totrlof8OOurrrisopmedby 
CMWSS Boad Waste. Tbe filled ip h d  a m  is about 45 hectue. 

ofwasm D k o d  a i l s r ~  
T b e c o r p o n w a a ~ d w b g ~ ~ ~ ~ : a ) ~ ~ o f  
14.85M.Wh~00Dof~mB.O.O.buis1tbe~sdebbeaa 
awarded to EDL; b) genuatim of compost from 500 TPD of- at the Pamgudi sdc. 



Climatic Conditions 
The average rainfall in the a m  is about 100 cm. Average maximum and minimum 
ambient temperature is 40 C and 20 C respectively. 

Distance to Power Gnd 
25 Ian from the site to power lines. 

Reauested information bv the municioality 
During the interview the following issues were identified to be of interest by the 
municipality: a) various technology options for landfill gas use; b) capital cost and 
operation and maintenance ccst of the projects; c) financing *ions and carbon credits to 
assist in project financing; d) bid document processing and review for construdiw of 
sanitary landfill. 

M 
Y 
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TNA REPORT 
METHANE RECOVERY AND RE-USE POTENTIAL IN INDIAN CITIES 

CLM S - G E P  PROJECT 
GLOBAL ENERGY PARTNERS 

Prepared by: Yazdani Consulting 
Ramin Yazdaai 

for Global Energy Partners 

Date: February 14,2001 

#ism. 

nga lore ."-W - .- 
mr 

1. TNA SlTE ASSESSMENT-Bangalore, India 

a. Current Solid Waste Management 
Bangalore is the fifth large largest city in India and is the capital of Karnataka. The 
jurisdidion of Bangalore is spread over an area of 225 sq. km. The population of the ctty 
is estimated to be 4.5 million people. 20% of the population lives in about 460 slum sites. 

On February 14,2001 interviews were conducted with representatives from the 
Bangalore City Corporation officials. These included Bangalore Health f i ce r ,  Dr. S.U. 
Kumaraswarny, Bangalore Special Commissioner, Mr. Ashok Dalwai and Mr. S. 
Ramesh, Executive Engineer. Also the Karnataka Compost Development COT. was 
visited and Mr. H.R. Suresh, Assistant Manager was inte~ewed. Below is the summary 
of the interviews. 

Waste Handhe and Seoaration Storage and Processing 
There are two departments involved in the management of municipal solid waste, 
namely, the health department and the engineering department. There are 6 zones and 
each zone is managed by the assistance of the senior or junior health officer. There are 
about 6,670 sweepers that collect over 2,000 tons of waste from the streels and bins in 
Bangalore. There are 20,000 to 25,000 rag pickers working in addition to official 
employees for segregation and recycling of paper and plastic waste. The Corporation 
helps the rag pickers in performing this work by providing them with pushcam. 
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C w r a d l y W M a p r i v s t e M , k c o o m a s h d y t o - t b e a e s d z  
ofthnaperatiocl.TheCMpontica intmdsto~kethesavisespmvidedby n g  
pickers and iostitute some w e b  measum for tbe rag pickax 

TbeCapontimsadpriniecmpaKJeasportwutshsosardbinstotbe 
dkpodsita. L 4 0 ~ o f B a n g d a e p r i n D ~ c d k d ~ f m m b i n s d  
bamporttothedispmalsies.'Ibecap..boo&aarpom50~oftbe~to 
the disposd h. The wlledim of waste from barxbolb is dawcd to cort ammd 
Rs.80aues. l h e ~ b p l a n n i n g t o c h m g e t h e h ~ f o r c d l s a i m a d  
thus genenu uamd Rs. 30 -. 

Cornpahition about a) Combudble d 3 0  94, b) Ppa 3 K c) Phrtic 3 K 
d)MQIZ.X;e)Gb216;f)RsycLMa2OK;g)Ralrddia30K.b)h*rc 
I@?? Tbemoisturccmtentof.nstekrepatedarbcisg40Kalha~of 
420 kg per cubic mder. 

Laod Metbod &Mid Waste D k a d  
ThnamninsmnUdump~gsdnintkcity.OllsofmezC~irforrmmiciprlsdid 
w a s t e d i s p o n l m d t h e r e s t a r e u s e d f b r ~ m ~ m ~ . T d w a s &  
R c c i v e d i t h e s i a h a ~ 4 0 0 ~ D o f c o n s e u c t i m d s m d i t i m t ~ 1 t s m ~ o o  
Z J 0 0 ~ o f d b ~ ~ . T b e b g i a e ~ l p . l C ~ i s ~ t o p u t 6  
~ ~ ~ w ~ a ~ u a o f 5 2 u n s . T b c C o l p a a i o l l b r s w r p n s d l I 1  
mebofLadTordisponlofwsstsbutaalyhlfofitamidbcd~tberertkmo 
dose to t h e m  ad would requim clevrva k i n  tbe aupat C d y  
hosphlwasteisdnposedathemme~asmrakp.ldoponlsic.~,the 
~ i s ~ w i t b a p r i v m Q m f o r ~ o p a ~ m B . O . 0 . T .  
bPdr. ' I h y a r e h l o d E P g t o p u n h s e d d i t i m r l M f a ~ s l D n r y ~ s i a .  
M ~ e r m i . l l d s s i l l c ~ k n c a d a d ~ s i D a ~ O O t m r ( ~ a i l i r c r u l t ( ~  
a x m p k ) m a a r s t s b e i g k d 1 0 0 ~ i n m l y a ~ i O ) r s u r  

A t a ~ o f ~ a i r h i n g d i s p o n l s i a o f . b o u t 1 0 0 r r s r o f ~ c b a d o i l i s ~  
dorrmecLy.Atadbssiawib29-ofbaddmdic~fhytype.Bscdm 
t j l e ~ o b a s n t i c m o f t b e s t r f f . k r b t s L ~ f m m t b e r i e . T b a o h r v c b  
comphats*odadbirdra&siss.'tba-bMch.bat200ha 
k l o w d t e S U T h Q . l h a e a r e w ~ ~ g d a a v r i h b l e F a t b e s i a . ' I b e  
topography of tbe site K coaposed ofdling hilb d 8.t amas. Tbse am driakiq wlta 
wells a d  the landfill. Tbe site a- wasc swm days pa week At me ske 
an five homes within 300 meters of the dkpoui a. 



Other Methods of Waste Disoosal 
Tbere was no disposal site visit arranged. We requested to see the compostmg operation 
ofthe corporaion. The landfill site is near the composting facility but no staff were 
available to assist in site visit. 

The corporation has had a contract with the Karnataka Compost Development 
Corporation (KCDC) since 1979 for aerobic composting of waste at about 350 tons per 
day (TPD) a the Bomanhalli site. They use a l S-acre site, which is provided to them by 
the corporation to do compOSting (See photos below). Currently they are working on 
expanding this operation to 600 WD. T&e corporation will provide them with an 
additional 14 acres of land for processing of this additional 250 TPD. KCDC will have 29 
aeres of land to process 600 TPD ofwaste at this site. 

'Ihe corporation has also contracted with Sunrays Coqo&ing Facility which will 
aerobically compost 200 TPD of waste at another location. A tctal of 900 WD of waste 
will be p ~ s e d  aerobically. The reject material will be transported to the disposal site. 

Based on the i o t e ~ e w  conducted with KCDC manager the following infonuation dems 
were provided: 

Cost to p- compost per ton Rs. 750 
Sale price of compost per ton Rs. 900 
Sale price of enriched compost per tar Rs. 1,600 
Sale price of vermi compost per ton Rs. 3,000 

m 
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fw 45 to 60 days aud piles a< turned every 6 to 8 days 



phosphate forknrichgthe compost and bagged for distribution fbr  culture, 
Horticulture and Floriculture Department of Government of Kamatakas 
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Climatic Cmditiolls 
Theavengcmnualnmfrllmfbearsrislbcut l 2 O O n m  M a-drity 
ambient tcmperrmre is 36 C ad minimum of I I C 
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r C I t m e t S a W W m t C M u p r c l l t  
Gunturisdivided intoelevm m a a a 1 d t b s e r r s 4 9 a u d r f o r t u 1 d k ~ i m ~  
'IhejIui&aim OfGuohu is spmd o m  a0 ana of45.7 sq. Irm. l b c  popohtim Of& 
Eay is &mated to be 479.000 people. 34% of tbe popuhrioa living m thum a d  urba 
poartrr;ts.'Ihen;ue 1 1 2 , M W ) ~ o I Q i n t h e ~ .  

(see &ow).- The city proQa 350 TPD of odid vmstn Tbs cjr uses 32- 
a d o a t m o v i n g ~ t ~ ~ n e d m d h a u ~ u n s l e .  Iha-o~ePda-athe 
city. 

W a s t e d i s p c d s b e s r s i t h i a t k c i t y u e l r s e d m ~ b a & ~ h v i y t o ~ a  
bander station. City cleaning and waste wllectia~ and trmsporratiaa hrs ken dom 
through a fera local Self Help Grmps !hat employ mepas. Tbc Swam J a w  Sbrbn 

Groadbugy Pbrr*m. LLC D-I 



Rojgar Yojna provides loans to these groups for buying faciliLies like wheelbamnr; and 
tracton fortmsportarjcn of waste. The phdo below shows such traders used for the 
wfledioo and transportation of waste to the disposal site near the city. The wrporation 
provides guarantees for these p u p s  thus helping them to get the loans. 

d in the : city 

I 
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waste 
. . 
a, 

l l ~  tdal waste geadoo fbr the cby of GEKIU is 350 TPD. 

l b i s i s a ~ o f n n m i c g r l s o l i d w s s t s , h a s p i t a l ~ a d ~ ~ .  Basedm 
&hates offbc city mgineer the wrdc coapo~itim k: a) agmiE 6% b) rg 
Io./o;c)glassa~Ind lW104C;d)mtrlsY.;e)pbsna3KDlePbadrubkrSK;g) 
misc.7%.'Ihawasndbadmrmy~&~pmphnsof~bulRmaoh. 
of the waste. 

Basedata repatthatwaspnpandbytbeWW.taadbwmmeatSertiaaofCivil 
Enpioessing Dqmtmmt offbe R e g i d  -cuing Cd+ W- the 
~ ~ a y ~ : s ) P W ( h r d ) O . I l ~ b ) ~ ( r o B ) 3 . 1 5 K , c ) g h n  
0.13% a) metllO.089'' f) paper 3.54Y.; atextile 3.54% h) wood 0.47%. I) Latba 
1.4% J) ~ b b e r  0.49%. k) soil 29.7% 1) stam 4.17%, m) e. 0.01%. Tba moircmr 
c a a r e n t o f t h e ~ w a s n p o r t e d t o ~ ~ 3 5 t o 4 0 X  

Chemical of- was also Rpatsd as t3lm: a) V O W  r m ~ s  36.224.14; 
b) nm-voltile mettn 31.86-63.78; c) KjeIQl Nitrogar 0.184.54; d) T d  Nhgrm 
0.47-0.69;e)CubmCaud 12 .E26.61; f )pH6.2-8 .30;g)MV* 1,64174- 
3,750.11; h) PPtaPium 0.34-0.79; i) Pbosphomus 0.36-0.70; j) cmed 25.09- 
55.51.h 

i n r i ~ e ~ d ~ ~ ~ ~ ~ u L t e d u c a ~ t o w a . f h c g r m a d a n c r 0 b k i s r b o r t 1 0  
f& belaw the s&. 



trash 
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is deposited in the l&areas whire surface water d d r a i n s  to ad waste is nd kvcpcd 

L 
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Other Methods of Waste Diwosal 
Recently a private company called Shriram Energy Systems, Ltd. Based in Hyderabad, 
bas proposed a waste pelleiizatiw and energy generation project. The company pmposes 
to take up to 280 TPD waste from Guntur and 225 TPD waste from Vijayawada for 
pelletizatioa and produce 6 MW of power. The proposal is to separate the organic matter 
and produce pellets for burning and eledricrty generation. 

C W c  Coaditions 
The average annual rainfall in the area is 850 mm. The maximum average daily ambient 
temperature is 45 C and minimum temperature is 1 1 C. 

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

Reauested information bv the munici~ality 
During the interview the following issues were identified to be of interest by the 
muni&ality: a) technical assistance in solving the wastewater treatment 
Currently the facildy only treats 8 MGPD of the total wastewater generated from the city 
that now generates 16 MGPD. 'Ihe additional 8 MGPD uatmkd wastewater is released 
in the ditch and nearby h e n  use this m e d  wastewater for irrigating crops; b) 
provide us at Guntur with technical assistance in evaluating the proposal for pelletizatioa 
of MSW to make sue that the proposal is technically possible and feasible; c) assist us in 
development of a sanitary landfill project. 

Globd Energy Partners, LLC 0-6 
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ipu r 
d u b -  ,/& / 

- .  . 
I. TNA SlTE ASSESSMENT-Jaipur, India 

a. Current Solid Waste Management 
Jaipur is known as the pink crty. This city is rich with architectu~al heritage in term of 
traditional structures. The population of the crty is over 2.5 million. This clty is the third 
fastest growing city in India. 'Ihe clty is a big amadion for tourism both for the Indian 
national and international community. 

On February 19,2001 interviews were conducted with Dr. Manjit Singh, Chief Executive 
Oflicer and Dr. Dinesh Bhandari, Senior Health Officer of laipur Municipal Corporation. 
Listed below is the summary of this i n t e ~ e w .  

Waste Haudlina aad haration. Storam and Processing 
There are 70 municipal wards in Jaipur that are responsible for wlleuia~, t r a n w o n  
and dispcral of waste. They are managed by the m a 1  commissiaters, health office- 
and sanitary staff officials. Sweeping of waste is done by about 7,000 people in the 
markets, tourist areas and the city. Dirt and silt in the surface dram are cleaned by 1,000 
worken. Presently there is no segregation of collected waste and all collection if done 
manually. There are 3,300 locations where waste is collected. Only 320 of these l d o l l s  
have m i n e r s  and with the rest wastes are stored on bare grwnd. Over 30,000 homes 
are in the clty and only 25,000 homes have waste collection in designated cmtainers. 
There are 10,000 aparbnents in the city. Organic and inorganic waste is stored separately 
and then it's mixed and transported. Two percent ofthe waste is made of 250 hospitals' 

and laboratory waste. Twenty-two percent ofthe waste is inert. About 60 percent of 

Global Energy Parinas, LLC G I  



Phdo 1- D q a d  of waae almg seear and coUechan m wbeelba- 

Phao 2- ~ i i  used f o r & ~ l ~ o n  of waste in Jatpur 
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Waste hmhcn and Comosmrn 
~ t d a l w a s t c ~ e n e r a t l m f b r t h e c l r v & l u m r r ~ s  1000TPD T h o a a a a h - e o f  
muaiqml solidv- hospital wa&; a d  iddrntml wrrp. L ddiiaq tbcy d H d  220 
7PDdiaertd.Thewactecwporfimbprwidsdbykcityirx~:r) 
whi 02-2.Sg b)glass0.5-3.5.h;c)gardm wacte4(MOK.d)ppa i-I%e)temk I -  
5% f) pLstidrubba 14% g) beit MS%. M- - d& - it MdDX ad 
the dmsdy oftha wasa is 250-500 irg pa cubic mdsr. 

-& L d  
T b e n u e f o l n r k e r f o r d i s p o P l o r ~ . ( k e o f t h e s i h r i s c r l k d ~ ~ . 7 b P  
s i a ~ 5 5 i c r a r m J i E s d n l o a D s d r b a r t 1 2 l c i l o m L a n a r d d s o f Q ~ ~ A g r .  
W i r t e k d u n p e d m a d d e p m i m o f d q r c b . b o l t 9 t o 1 2 ~ ( a t p b a D o r  
below). 'Ibcgrmadwlsrtabkis.bad30mdszbsloarbegmPdArspOrtbe 
mspoPlehvcb&mbbyqpidra~.7btfirasisstrtsdrocptinenap 
1 b o r i 6 ~ ~ . A ~ 3 0 W M ) T P D o f w l r * t w u t . l r a r t o t l u r ~ . T b e s i e s D i l i s  
siky/szmd soil. 



landfill gas as direct fuel source 
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O t h e r ~ o f W a s t n D i n r o s l l  
Tbe city is working m fimalizing m with Energy Develqmgt Limicd India 
PvlLtd-ytosdopawasteto~agygrnfiaticnpmjcsttbtisbossdana 
Auzhalim technology. According to EDL propanl the hcilrty d use 600 TPD d 
waste fwcnergyprodudioo ofabout 11 MW. 'lbe facility will k loc*Ld abc& 15 Km 
a d o & d t h e c i t y d ~ i l l k ~ i n 2 4 ~ d a i l l b e a p a r t s d M d c r a  
BOObasis .The~wiUprovide~ecuunuorarimhlldfinrbecomtnrtiaaof  
thisE3diQ. 

A NGO m q a a y  d k d  Caaer for Dsvakpmeu ad C e  (CDC) is vamC 
c o m p o s r i n g t b e ~ h t S , O O O ~ M ~ o m o f ~ . I b s c i y h r p m v i d s d o ~ a  
h e c t u e o f l r o d d a b a t 5 0 T P D d ~ .  T b d y p t t m t o ~ c o m p o r t r f m h r m l  
4 3 0 T P D a f m S a m a 1 t ~ .  

to b Gnd 
'Ihtdistmcetotbepor~srgridisrbatalekiloawter 

Dwha tbs intervicra tbe foIlowina izsucs wse idclltified to k of idaest by the - 
mmi&dity a) the corpontioa is in LmdfiU p i o - ~ s g y  p& d 
would consider Nth a pmjed; b) a d d a i d  mining m needed in lmdastrdmg the 
operatioa and siting of anltary M l l s .  
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Overview of Methane Utilization Technology 
Review of Methane Recovery and Reuse 
P r a d i  in the United States 
D Ovenriew 
D Representative Case Studies 

Methane Utilization Relevancy for India 



organic waste into usable CH, that can power engines or 
turbines to produce electricity 
Two recovery methods: 
r Dry: Conventional landfill management practice utilizing gas methane 

extraction techniques 
r Wet: Advanced development with liquid added to enhance the quality 

and quanw of extracted methane gas 4 a 'tioreador' landfill 



Rapid organic wade conversion and stabiliration 
transbtes to gn?ater greenhouse gas reductions and 
impraved kcd emrkonmentd a m d i i  
Liquid waste could beneficialy be added lo bndfill 
Methane gas can be captured and used for O r c o s t e f k c b j v e  

energyplom 
Landfillspacecapadtyisincreasedandutifiedmore 
efficiently 
Pastdosure care, maintenance and risk are d reduced 



1 US the&= over 270 landfill gas recovery and ;tilizition 
projects 
About 500 other landfill sites are potential candidates 
Bioreactor landfills are currently receiving attention as the 
state-of-the-art practice (less than 10% of total projects) 
Electricity generation of 81 4 MW with another 159 MW under 
construction 
Emission reduction benefits of 2 million tons CO, 
m Equivalent to planting 2 million acres of forests or removing 1.5 

million polluting cars from the road 
r, 

!?!---.F 

Number of Pmpcfs for 
Selected States: 
California: 56 
Illinois: 36 
Pennsylvania: 20 
New York: 18 
New Jersey: 14 
Florida: 9 
Texas: 7 





Prince Georges County, Maryland 
San Diego County, California 

Advanced Techniques (Bioreactor): 
Yolo County, California 
Other examples 

annual operating cost of US$ 

Gas ExtractionlGeneratiin System 
a 29 active gas W s  
D Gas collection rate of 1 million cubic feet of landfill gas per day 
a Electric generation capacity 2,300 kW using reciprocating engine 
D Space heating provided for adjacent axreclional facility displacing over 
700,000 gdlons of fud oil each year 

Lessons Learned 
a Early engine seizures due to high oil deposiffconlminant buildup 
D Problems are resdved through more frequent maintenance I 



D OpB"edh1962wi4hgasrecoveryoperalarsmrmslcigin1989 
B warBilpbca:J)niKlaltonsadosuein1989 

C a p i t d ~ d U S t ' 4 ~ w i L h a m u d ~ c u d d ~  
400.000 

Gas ExbactionlGenerafion System 
r 50aclivegasvrels 
D Gascdecbonraied1.2dmarbicleetoflndPgasperdy 
r Becbicgenecillancq)&ydl,JXIkWusirgreapeabdg~sW 

wilhpcrrrrrsddlothebcdeledJicrrWy(~ 
Lessons Learned 
s Poorgas@ty~fmminaeasedpar&l icbads~bgas 

c w r p r e s s r o n h m l e d t o ~ l ~ ~  

m Steopenedk,1975wim~dosuein2M1 
F w m b n b n s d ~ i n p t a c e  

D 150gaSexlraclionwells 
Pro'jcost 
P CapW bwestnsnt LISS1.8 mlion; cost& l l S t 1 2 0 , ~  I 

Landtill Bioreaclor Demonstration Propd FeiXms 
B T w o t e s t c e l k ( c m t d & e n h a n c e d ) ~ o ~ ~ a c r e ~ * i l h ~  

9.000 lorn of refuse in each d 
D DoubkSnedWdetectionsystemandcmpaQeddzffsiderds 

Energy Pmduction from 4 million tons of waste 

~ f o r a a d d l i o n d 3 0 0 k W  

I 0 -en-= .. ,.. .. .- . ..,-..-. 



I Caterpillar 3516 WW kW gens& I 
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YOCO COUNTY BICREACTCR DEMONSTRATlON F'GOJEC? 

ENV+CED CELL 

-recouq- 0 
e v a n h s r r t  ...... *.. .-.- .--..-. 

S C d e ~ l a n d l ~ ~ d Y d o ~ ~  
Deinrra:Thestaleabeattaityhasopera$damajfJrlandl 
bioreacbrkrover1oyeas 
Fbrldr:Thes81ereceiI#ydoc&dmtha,U2nbnbestabCsh 
abioreac$rlandl- 
~ T r v o a e m b i c ~ ~ p c l p c b a e o p e r d i o n d a d  
pmdudngelectiritr 
kwr:StdegantsaepovidedbslOportbioreacta~ 
NeuYorkStfr:Severdbioreadwoperaliansarebengcanied~a 
vaiousbcabns 
W ~ ~ P r o p d s u p p o r t t h m u g h s 8 1 e l a r h a s y i e k M a  
number d bioreacta sites 

0 
B Y b n - r r t  .. ,.. .. ,- - * .-.. -. 



recovery and re-use in India 
n Waste volumes are high 
n Heightened envimnmentd pressures 
n Estimated annual reductions of 2.4 MMTCE representing up to 50% 

of India's methane missions 
Composition of waste would need to be further assessed to 
determine potential methane gas production 
Technology is not highly complex and can be easily 
transferred 

m n k  waste Compostion 
w- 7.5% 
PBSi 3.2% 
Misaltanew8 Organia 43% 
Total Organic 54% 

Inorganic W a h  Cornpodin 46% 

I Methane Produdion (76 per ton waste) SO0 I 
I Energy Produdion (Bhl per ton waste) 497.500 I 
I Ernrgy Pmdudion (kW-Hr per ton waste) U I 
I L a d l  Wh Waste lnllow of I ,XI tongday 

Ek- Pmdudkn (Megawatt) 1.u 

I ElecbkQ Muld S e ~ e  (number of people) 6,000 I 



v m  landffq eleckk gid, e(c. 
Training Needs Assessment (TNA) Missin 

r StevisitsbMcjties 

Devebp Detailed Tdning Plan 
B Devekpnen lo feanpehsrs ivs t ra in ing~bda lhe~ad  

~ h r m m e T N A n s s a n  




