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Esrecutiw Summary 

Executive Sllmrnary 

llle Louis Bmga Group, Inc. (LBG) is implcrnenting the &edmuse Gar Pollution 
PI0jeCt-C- Chrmp S~ppISrneat (W-cCs)  far 

Unda GEPCCS, LBG recantly designed and conducted a ssrics of trainiogr ediied, 
"To& p Impraved Solid Waste Mz~ge tnent  and Treatment". 'Ihrse two-day 
lmiahfg wne held in Chnaai @scember 10-ll), Jaipur @sesmber 13-14) and 
Ahrnsdabsd w b e r  18-19), rqectivdy. 'Ibe p & ~  wae conduasd as 
subtasks Imdex the mdlmla CaphPe md *Use dctivity componmt of GEPCCS. 'Ihs 
purpose of tbs minbp wns to deliver practical informati& to municipal aod stats 
municipal solid waste mrmagement (MSW) o f f i d s  for improving solid wade 
m8~gement pnrcbias consistaat with rsosatly promulgated MbkWy  of Environmeat 
and F o m b  (Mom) guidelines and to highlight waste treatment approaches that 
mitigate m & m e  emisdons h m  MSW. 

Ibe training agenda iucluded five major compoacmts: 
Review of the MOW'S "Municipal Solid Wastes @fanagemenl and Handlin@ 
Rules, 2000 Guidelines", including those eleanenls that address mslhane 
mitigation; 
Presdalion of best maragemeat practias in MSW wUection and transport; 
Overview of waste trestmmt options mduding wmposting and W e  to energy 
(WTE) technologies w& a focus on GHG mitigating technologies, followed by 
urse Ptudies of such o p t i o ~  presented by technology providers in India; 
Issues in inviting private sector parlicipation in MSW manage- 

* Relationship of MSW management to c b e  change. 

'Ibe tniniag content war informed by a trahhg needs a s e s m d s  (TNA) conducted 
in fim bdian cities in February 2001, d W  of which are dkcussd in this report. 
Jnfbndon gathersd through tbs TNA proce~s war supplemmted with input &om 
USAID, k q  GO1 minisbies, state agencies, coasultants, and financial institutions. 

As an outcome of tbs tiaiaingr, M!W mauagsmsat officids am now much bstter 
inFord aad positioned to develop and implameal strategies for MSW management 
thot meet MOBP requirements wbile ~ ~ u s l y  mitigating m e h u e  emissions 
from MSW. ITbeir respoases to the tninhrkp are summsrized in the Proceedings 
section of this rsport In addition, parlicipsnt input hss solidly helped GEPCCS 
identify opporbmities for high impact, tedmical rrsistmce in subwqumt subtasks of 
the Project's methane mitigation component. 

A diveme team organized and cwrdbted by LBG deliwred the bhing. 'Ihe team 
mdudcd LBG's project finance rpecidid md Chiefofparty; a waste to energy 
tedmical export 6om Giobd Eaergy Partners, a GEP-CCS partner, and Mr. P. U. 
Asnani who provides services to the US Asia Enviro~msntd Partnership program and 
is also aa eapert member on the Technical Advitory Group m Solid Waste 
Managmmt cmdtuted by GO1 under direction of Supreme Court of India LBG 
aLo orgamzaf participation and p d o m  by the Central Pollution Control Board 
(CPCB), h4misby of Non Conventional Energy Sources (MNES) and composting and 
WIT: technology providen. 
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hckground ofMethane Dnissiow and Re-use Potential in Cities 

Baekgromd of Methane Emkrions and Reuse Potentid in Cities 

The Louis Bergor Group..Inc. &BG) is currently implementing tbe "Greenhouse Gas 
Pollution Prewntim Bojecf - Climate Change Supplement (GEPCCS)", a program 
of tbe United Ststes Agmcy for Jntedonal  Development5dia Mission (USAID). 
~ . ~ ~ t h e t t t i r d h i g h s t a m u a t ~ d u m s ~ f G H G s ~ f a y c o l m b y i n  
~ p l D I f d ~ D d h a r ~ s a o n d ~ r a t s d g m w l h m Q I G e m i n r i m r m t h e w o r l d  
Heacq it hfs a major role to play m hlmmtioaal efforts to mitigats the I U ~  
w n w m i c , d d c r m i r o a m n t s l C O B b l h a t a ~ e p r o ~ t o r e J U l t h ~  
global 

GEP-CCS works witJ~ d i v e  Indian stak&dden to build iastitutiond cspacity 
d' . ' inhmafion and facibb dialogue on climb chmge miiignkm and to 
develop bankable (fKi mitigalion projects m the p o w  sector, lnbaa sector 
(tmqorMh sad wmidpd solid apQ, management) and dustrial W r  ar modets 
for~plicstion S ~ e I s i a d u d e t b s ~ g o v a n m c o t , ~ , p o w a J e c t o r  
inosrssg urban managas, d o h  nod htamdonal financial &&diom, projed 
devel~aadcolrmltamgNGua,*. GEPCCSissLowwkiag~twoC~ 
Chmkga Cama at Dsvdopment Abma!iv08 @A) md the C o m o n  of Mian 
Industry (Cn) to build their ability to provide chnte  change mitigation savicss to India 
StakehoIdm over the long berm 

M s m m S i r o w o f ~ ~ g r s a o b a a e g s r a *  I t b p a g l o b a I ~ p o t a a t i d o f 2 1  
times that of cPrboo diodde. Glohlly, m e b m  emisi01yi h solid wrsb degrsdab;on 
npreseot appoximstsh/ 14.8Kofthebe voIumeofmekbane misaiom Today, 
approximately 40-45 million tons pa day of municipal wade is geosrated thm the 
urbm ccnten aawo M a  White rndhme gsnerafion from solid waste in India in 
1991 was but 0.35 million tom or approximately 1.8% of India's total meitme 
emissions, this percentage is Wrdy to grow wnsidaably as wbaa populations rise snd 
per capita incomes m m ,  leading to increased wnsun~~tion and solid warte 
generation 

l n ~ a l l r m P i c i p s l i t i e s m l n d i a , r o l i d ~ ~ . e a t p a c t i c c s a m ~ t o  
a a u m m a t w a t s i s c o U ~ ~ a a d d i s p o J e d o r t r e a h d m a m a n a m a t i s  
~ o r a r v i r ~ ~ l e o r l h a t a d e q u s t e h / p r o t e d l p l b l i c h e P W s r d  
rafay. Poor solid waste mansgewot pctic8s also lead b d a t e d  nlsase of me&me 
erniniomiofheabaosphsa 

l n v i e w o f m k , G E P - C C S ~ ~ ~ a n d ~ s r s i r t a n a t o r m a i c i p a l a n d  
s t a t e & ~ t o ~ w d ~ o f m S l i n k ~ e ~ ~ W r m o s g e m a ~  
~ ~ ( P d d ~  ' ' i d O & o n o o ~ ~ R l t ~ p h o m f o r ~  
mitigstion W C C S  is abo likely to provide Meal aogidlPla to support the dadm 
developmeat a d  impleolmmim of a project(s) in & mitigation h n  MSW. 
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?Faininn Content and Amrwch 

Training Content and Approach 

Given GEPCCS's dimate foarS tbs cmkmi of a trsining progr~nwoJd b e  
beratsrgeOsdonrtrategicsaodrppoacbestomitiga@metham~ Howes,as 
nccsd above, MSW am in wed of a broader arrgr of infodm on MSW 
practices m g e a d ,  including those mat need to be s m e d d l y  i m p l d  as a 
~ t o a d o p b g ~ m i t i g d i m s k a t e g i s a  ALw,CiePCCScouldmt 
appdthesubjectsohIy6romtbeQIGmitigatim~vesincetbeissuswwM 
natg8ilItractionw&tbeSWM~iiadspadQtofprovidiDgmomfirdsmsatd 
iupub on improved MSW maagemmt imes As a RWIY LBG deejdbd to expad tbe 
r a q g e o f ~ ~ b s y o a d t b m ~ c t o ~ m i t i ~  l h i s s p p d  
w n u l d p r o V i d e m u r b d a l s s s i s t a n c e d a t h n e ~ M S W o ~ a m ~ t o  
identi@ acompmbmmiw approach fa a&k&q meir MSW dullsnges. 

?hs LBO toam dtafted a haining plan with several major componsntr: 

9 Review and iddkalion of the MOEF Guidsliaes m emwe EASW maargers 
c l d y  understand their roles and obtigatiom under the Guidelines; 

> Pundammtal elements dMSW handling, couection and transportation; 
9 Uadtxshxlmg of waste treatmeat optioas includimg i i ~ a m o e W c a l  and 

biochemical options with a focus on landfill methane mitigationhewvery aad 
biom&anation; 

P MSW treatmeat project development risk and private sector participation 
cxmmding issues; ald 

9 Linkages between M S W  maaagsmsnt and elimats chaags. 

Ilhe MOBP G u i d e h  review and MSW haadliag. coUecticm aad h q m t a h n  
c o m p o D s a t s ~ e ~ m a n c b f o r t t o m s k e a n d t r a i n i a g a s p r a a i c a l a n d  
informative as possible givm tbe short-term nwds ofmunicipdities. To date, &em is 
very little expaience with WTB waste tnahmnt technologies in India Tkre.fore. 
hematiand experience with WTE technologies was a key topic. H o w v a ,  case 
studies wsre presanted by project developem that are now w o r m  to implemant 
several WIB tschwtogier in hdu wae meludd to sham pradid e x p i -  in an 
Jndian context. Ibe penpectivm ~f MNB awl and t h s S t a t e  PCBs, wf66 are key 
interasb mpomibls for acdsthog mmkipalitim witb imphmting the MOEP 
guidehe& were ioc4uded through pmenhiiom made by fbir respective 
repreJcatatives. 

GEPCCS dhaamd its p r y  iniuing phm wim USAID, Devdopmmt 
Msmativss (me of GEPCCS's Pptnes Climate Centsn) and other 
s t s l v h d d s n a r h a s t h e P l R B p r o ~ ~ ~ ~ o f t h e U S ~ E m i r a m n g l  
PsltDsnbip (USME') aad rspremmim of tbs City M m g d s  AsPocidon of Oujasrt 
l h c i r ~ b d p e d t o r e f m e t b e i n i u i n g ~  IbefinaloutlineofthstwPdgr 
bamhgpmgnunniodudedinthisdo~tas Appmdixk 
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Paining Program Proceedings - Chenmi 

Partfcipmts at Chennai %inhg Program 

Dr. Beaemaun pmmted an overview ofwhw treshnent options snd discussed their 
respective advaatagcs aad shortcomings. Dr. N. P. Singh, A d v h  MNES provided 
detailP of MNBS policy on promoting WTB tschnologies h u g h  demomlmtion 
pro* He &cusd mesits'drrmsri$ of various WTB tschaologies. Themath, 
provideddsvelopers of tsdmologies pressntsd case. studies. A cars study on a 
biomduation project in Lucknow waa prsssntsd by Mr. Blaugo W, Enkem 
Bagiosen Pvt Ud. Mr. C. Basavakh, Mamghg Director, KamataLa Compost 
Dsvelopmsnt Corpaafnn Lob Lkscribed aad illdmted a comporting project in 
operafion in Bangohm. A cars study on a pelletization tschnology project was 
plsaasd but not delivered, due to the prssenter's last minute C I P I ~ ~  

On Day 2. Dr. Bsesmrnn covered several advanced MSW treatment Options. He 
highlighted tho need kx a hd6U bpect ive  of the optmu of trsatmeot, m tbe merts 
would have to be disposed off m a ImdfXl. He narrated the US q e r h c a  m 
estabbhg MSW w U e c t i ~  transportation and disposal practices and usiog 
eoginesrsd saaiiay ldtib, mmy of which have provisions for capturing and 
utiliz$lg mdum gas for power gmnation He clarified the miscuncephm on this 
tedmology apposch for MSW treatment Mr. Sissem brought out the d o n  of 
MSW~mdmethsneupturewith~Gabstemeotsndhow~CSoffen 
tedmicd assistrmce to h project devdopm. Tbreah,  Mr. Dsodhar highlighted the 
impoftaxe of inviting private Sector participation (PSP) in various aspects of MSW 
I-. He also outlined basic steps a muuicipal a- should take while 
inviting PSP. 

As a closing d d y ,  LBG had pkmrsd aa M v e  caps studylexereiss to foau 
participmts on id- critical MSW mmagment needs m their rtspective cities. 
Homver, lhe axsrcirre mas dropped m lieu of lhe strong interest of @ciplmts to 
interact on isw of wacemlinterast to tbe enlire group. An i n t e d v e  discussion 
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naining Program Proceedings - Jalpur 

Ibe Jaipur prognm wrm organized in c x h b o d o n  with RIPA at Pdel Bhwm at its 
campus Mr. G S. Sandhq SecratPry, M i n h y  of Urban Developwdt Houring and 
Local Self Government of Rajsdhsn inaugurated the program, while Mr. G. K 
%mi, Director, pmvided daails of ihe new solid waste manag~~lleat strat4gy being 
dssigmd by the atate. Ibs RajapthD Govanment has taken s e d  proclctiva steps 
with rsgard to facihhg impmved MSW management m citim of the state, inchding 
f o e  a policy for brcilimiug private sector participation m related MSW 
projects. 

Around 55 participaub 6um 18 m\micipalitim, as well as ioslitutiom sucb as the 
Rajastban Urban InCrartruchun, Development Project (RUIDP) participated. A list of 
participants is enclosed in A p p d i s  E. A# in Chemai program Mr. Sissem provided 
the mtexl and purpose of the treining program. On Day 1, Mr. A Sudhakar, CPCB 
pnsentsd thc egaow of MOW guidehes and the CPCB's expexieoce m Madbya 
M e s h  in promoting and implsm~ting them Mr. Sudhakar also sought to aoswsr 
numerous q d m  regarding landfill siting and design parametw as well as 
treatment technologies Mr. Asnani supported the Guidelines discussion and shared 
his carperisace on the design, bcbm,  costing and implenmtation of MSW 
coUeefion and &aspostation systems. Dr. A K. Vanbaeya. Principal Scientific 
Of6c.m. MNEs provided details of MNES schemes of assist- to WTE projects and 
presented a technical and economic comparison of venous WTB technologies. Dr. 
Banemann covered satire gamut of technological treatment options, inchding 
biomathanation and lendfin methaas recovery as climate change digstion 
appmachar, bringing out the redalive meritr and demerits of each of thwe approaches. 
The& Dr. S. R Maley, Director, Eco Save Systsms p) Ltd., presented on the 
comporting te.dmoIogy experiencq diftidties, inveJtmcnt potsntial de. Mr. 
Subhash Bhsnd Managing Director, CICON Envim Teeh LM. was coafnmed to 
presfmt a case study on a biome&mion project he is promoting, but wss die to 
attend. 
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naining Progmn Proceedings - Jaipur 
. . .  

PSP pmgnuns in their cities. Mr. Asrani, Mr. SudhaLar, Mr. Bmmann 
and Mr. Mdey provided bssic mmmmdations on a numb of issues of particular 
impomnwtotheparticipents. I h e p r o g n u n w a s ~ e d u c a t i v e t o t h e ~  
officials, aabling them to consider management, technology, and economic issue as 
a basis for considening MSW manapmentstdegies. The patkipants appreciated the 
timing of the pmgram and a majority of than evaluated it as very good. The major 
obseavations have bssn summarized below: 

Observdons by J e u r  PuAipmb 

I) Prcg~ns imMmtstessmadvmdtscmdqiesbul~anpadica l~ fa loca l  
mmfilms 

I) Vuy usehd -for ULBs hhpmhsday-tPday SWM wak 
I) M S W ~ l 0 r l n U a s i m M b e ~ a s p a l n d s n ~ ; n d ~  
I) P m g a r n p o v i d e d v a a t b f o o n ~ p a d l m 6 . H o w m r , a l a p e ~ ~ v d a  

Indiao3Mbrs 
I) Modelpadicallebsdstatelewl&&~~andachralpDblansbeanlved 
I) Tra~pogaliketWsevay~isMst 
I) Vuy less Indian data peserLsd abat MSW qMyhwdly. More Cac ahrtiea nesded 
I) ~ ~ p ~ ~ f l ) ~ b b e ~ ~ w l h v l s l l O U S a n d ~ ~ ~  
I) P m v i d c t k m a g r i a l o n C D a B a . h n t l m & & t e 4 ~  
I) E @ a b l ~ d ~ ~ i n ~ m n h d  

Ccndudsuchapoganforeleded dUleUlBsdao 
I) T k n s h o l l d b e I n d i ~ d ~ ~ ~ d S W  
I) P m b l a n s ~ b L a n d i e ~ x d t a d m p w n $ s i m M b e ~  
I) kw&qlimstWcanbeinpknaedulhbcalcapadybeMed 
I) V B S U B d h O W b m P S P  
I) P ~ f r a t e ~ , w h k h m m a r ~ f a t h e ~ ~ , s h o r l d ~ f o r t h e M S W  . ~ 
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I b e ~ ~ p m I g m a m r ~ P ~ w i l b t l m ~  -- . . of~(CMAQ)adaHMdIa(gsL.odmrtIr(r.LK 
GmmmmtofCLjr l  

-*mW=--=- ad 
ULBs a did p.r(icipah ttom ras bvd m m k h m  like Emw 
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Concu~rent Events 

+ru c- change benefits wuld accrue. Mr. Majumder was also interested in 
revenue ge-nembn potential that might accrue to such project via carbon fbance. 

ef A r r t a r k  - 'Ihs GEPCCS team met with Mr. M. R Motsam, 
Additional Commissioner F&ar and his team in the Minisky of Agriculture 
(MOA) on Lkember 18,2001. MOA lw a program to lasist compost projects lhat 
promoteor@cfanni~g. TheTedmmetwithMOAtoreviewit ' s~ leamsd~ 
the first two lniniop aad to infxm MOA staff of GEP-CCS aclivities and their 
linbga to waste treatnmt and cornposting (specially in regarda to biomedbation 
wmpost production). Mr. Motsara ~ ~ I w m e d  the GEP-CCS efforis to promots and 
create aweraMlos about various SWM and WTB approacha. He cadowl thrt tbs 
martst for wmpost is depadmt on its quality and abmw of undesired eontenb like 
heavy metals. He nrgsestsd mat the validation of wmposting technologies and 
pmcess, especially indigeaow applications, is a must He informed that MOA is 
now very &dy promoting organic fsrming and that doing so should help improve 
the markel for good quatity wmpwt Aa tbs tioaucial viability and risks arsociatsd 
with the two b i a d m a t i o n  projsb &at GEPCCS has been involved an, i n f l d  
by the market for compost, this issue was of parIicukr interest 

SKM Tsdrrobrv Advirorr dMOUD - 'lhe Team met with Dr. V. B. Rama 
Prasad Adviser aod his twrm at the MOUD Techtlology Advisory Group (TAG) on 
December 18,2001. Dr. P d  ~prrssed that GEP-CCS should involve the TAG in 
the programs such ar ones m propas sinca TAG t h d v a  wnduct such progtum 
quite often and MOUD is the Nodal Agemy for city admioistratioan m the co-. 
W C C S  agreed to sham the RIA report and tbs program book with TAG aud to 
asodate with them m future aaniser like tbs demo project Both GEP-CCS and the 
TAG group have wmmon objecrives in relation to teclmologies and procases that 
can mitigate climata rbmge. Ihs T A G b  considered I d  methane abatsmmt ar 
a possible technology appliestion for MSW treatmsnt and certady har mvestigatud 
biomsmanation as a similar abkmenl option W - C C S  and TAG discussed 
potential future linkages in any sffort to develop a demonstration project or fUrther 
provide traimng or outrsacb to local and state MSW managemsnt officials. 
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Outcomes. Nee&, andRewmmendaffona 

c3Imm&Ig Needs 

The dinct comments made by @cipmts as reported prwioudy give a good 
idcation of ouktandii needs. Nevedwless, the following summary of the key 
thaDes Tor ouktmdiug rids has been h s s b l e d  based on verbal and writtan 
commah of participants, .wmmds 6om training observers and on foIlow-up 
meetings of the can, kaioem T~IO list sarvar as a basis for developing options to 
target tedmial asskmcd that would be most value added in tern of moving focal 
snd nd MSW managswrnt 05ciats across Iudia towards improved practice. 

Sstling up ofa complete collectio~ sepffetion, handlins snd tmnsportation system 
Financing m h  system in tam of ussr h s ,  tipping fees, ad ' ' ' Sve 
rnedrsni~ns etc. md ryrtsmatic dustion of system wsts 
Labor iasues - wfio and how to employ low corf but efFe&ve labor 
InviiingPSPandcontrsctuali~suea 
G l l i h o n ~  . . .  md equipmeal req- - operational iuues 
Ad- 5ve rrsquirements f6r mmidpalities to manage systems 
Informalion on program and other possible support from state and GO1 
miuidries, agencies, 6nancial bodits, stc. 

Landfills 
Additional intezpretation of MOEF Guideline msad.tss Tor lsndfilk - are thsy 
reany required? 
Lack of clarity on citing ra, a, 

' including mvironmai wnstrainls and roles 
of rsspoosible agencies (i.e. PCBs) 
Ladi of dear regulatory clarity on how to proceed 
No idormalion on land6ll design or specifications mat are appropriate mder 
Indian wnditions 
LsadfinwstsbaredontbeabovefsctonarenotLnm~ldcoaditionsmder 
IsadfiU spechications appropriate in local conditions 
How to deal with community 
Strategies for wasbs treatmsnt in wntexta where them are physical political or 
ecommic coareaiots on laud availability for landfins 
V h  of adding a msthane mitigation componet to a landill p r o j a  and under 
what conditions such a wmpment would bs advisable. 

Tedmoloeied for Wads Tmamml (ssD&iaUY WTE aomacbes. 
Uacartainty on wbat advanced M o g y  approachm are appropriate d a  what 
conditions based on: 

o REAL cosb - indepcndentty evaluated and v d e d  
o Techmlogy fsasibiity - appropriateness to Indian conditions or to 

mdividud municipality conditions 
o Track record of advauad technologies in Indian conditions 
o Waste input type and qua* characteristics 
o Ladrequirements 
o Lack of techmcal capacity to ioterpret technologies and private sector 

proposals 
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AND TREATMENT 
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Session 2: Com~ostinglWaste to Energy Project 
Develo~ment Process 

Summary of Topics: 
Key Issues Regarding MSW to Energy Project 

- 

Development 
Steps in the Project Development Cycle 
International and Indian Project Development Case Studies 
Next Steps 





SECRET DATA - The only secret is that they have no secrets 

i TOO GOOD TO BE TRUE - It almost always is. The very few 
exceptions prove the rule 

FIRST OF ITS KIND - "Change is good, you go first" 

ONE TECHNOLOGY FITS ALL - When the only tool is a 
hammer, everything comes up nails 



Elements of the MSW-to-Energy Prolact 
Develo~ment Process 

I Part I 
Preliminary Assessment of 

Project Options I 
Determine if a Project is Right for 

Your City I 
Determine What Project 

Configuration is Right for Your 
Landfill 

Detailed Assessment of 

I Assess Financing Options 

Select a Project Dewlopment 
Partner 

WinningINegotiating an Energy 
Sales Contract 

Securing Project Permits and 
Approwls 

Contracting for Performance 
Contracts and O&M Senices I 

Source: US-EPA, 'Turning a Liablllty Into an Arret: A Landflll Gar-to-Energy 
Project Dwdopmnt Handbook, 1808 6 



Evaluation Process 

Step 1 : Review Available Technologies and Assess Feasibility 
Step 2: Estimate Energy Sales Revenues 

~ - S t e p - S - % t ~ a ~ C a p ~ h d W ~  Expenses - 

Step 4: Compare Project Expenses and Revenues 
Step 5: Create Pro-Forma Model of Cash Flows 
Step 6: Assess Economic Feasibility 

&,,, a, a, a 0, @ , *i*i~iii U s !  A a,, a,. I I, L.. I I b. f 



Technology Evaluation Guidelines 

* Do not rely entirely on: 
r Vendors, suppliers, salesman 

-3- I reneurs 
)) Academics 
)) Government research laboratories 
)) Environmentalists 

Who to rely on: 
a Companies that have proven working plants in India and are 

willing to disclose the technology performance data 
s Your colleagues - other municipal managers and officials 
a Peer review committee of independent technical skeptics 
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Risk Factors: Mitigation Measures: 
)) Quantity of organic waste )) Focus on larger landfills 

- ~&an$filktabiki- )) 4 j t  
)) Recovery of methane and analysis 
)) Performance of the utilization )) Monitor gas production rates 

system )) Stick with proven 
technologies 

51 
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Summary 

Economic self-sufficiency of future biomethanation projects in 
lndia must be considered 

I -*- m md~a must be upgracted ro 
accommodate future landfill-to-gas technologies 

* Current MSW rules in lndia improve potential for pre-landfill 
waste conversion technologies 
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MANAGERS AND OFFICIALS 

Chennai I Jaipur I Ahmedabad 
December 10-1 9,2001 

John Benemann, Ph.D. 
Consultant to Global Energy Partners, LLC 

Lafayette, California USA 



Session 1 : Overview of Waste Conversion 
Technologies and Applications 
Session 2: CompostingNVaste to Energy Project 
Development Process 
Session 3: Interactive Group Exercise - Critical 
Thinking on Waste Conversion Options 





)) Key issues 
)) Findings 

Comparison Between US and Indian MSW 
)) Waste volumes 
)) Per-capita waste generation 
)) Major differences between US and India MSW 
)) Conclusions 



1. Open burning 7. Anaerobic digestion* 
2. Placement in small open 8. Waste gasificationlpyrolysis 

dumps for energy* 
3. Aerobic composting* 9. Waste to ethanol 
4. Conventional (sanitary) 10. Plasma arc, molten metal, 

landfilling without gas etc. 
extraction 11. Sanitary landfilling with gas 

5. Waste combustion for extraction* 
energy 1 2. Controlled bioreactor 

6. Incineration* landfilling with gas 
extraction* 

1215101 10:52 AM rk Considered in more depth for Indian MSW conditions 5 





DensificationlPelletization: Segregating, crushing and 
drying of organic material from MSW into dense and solid fuel 
pellets that can be used as main or supplementary fuel for 
industrial boilers 
)) Advantages: 

* High energy content (2000-4000 kcallkg 
Convenient for storage and transport 

)) Disadvantages: 
* High energy consumption for crushing and drying 
* Only conducive during periods of lower rainfall 

May require gas cleanup to avoid air emissions 



GasificationlPyrolysis: Heating of MSW in the absence of 
air through the application of an external heat source to 
produce gaseous fuels or solid products 
)) Advantages: 

Storable or gaseous fuels similar to fossil fuels 
Allows for the use of larger-scale power generation options 
(turbines) 

)) Disadvantages: 
Low quality fuel produced leads to rapid failure of power 
generation equipment 
Many contaminants in the fuel product 



into a closed container where, over time, natural bacteria 
produce methane-rich biogas that can be used as fuel to 
power engines or turbines that generate electricity 
)) Advantages: 

Can be small-scale with no external power source required 
Totally enclosed system and modular construction 
Odors and visible pollution reduced 

)) Disadvantages 
Highly capital intensive 
Requires high degree of biodegradable material 

Case Study: Unisyn Co. (Hawaii) 
1215101 10:52 AM 



deposited in a landfill which slowly decomposes leading to 
landfill gas production that can be used to power engines, 
turbines or vehicles 
)) Advantages: 

Low cost energy recovery due to scale economies 
Controlled LFG recovers high percentage of total gas potential 

)) Disadvantages 
Uncontolled, methane gas easily escapes 
LFG production is long-term and requires significant landfill 
infrastructure 
Requires very high volumes of waste and large land areas 

12/5/01 10:52 AM 10 
b 3  
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promoted in US, EU and Japan for: 
a Waste combustion for energy 
s In vessel digestion 
a Gasification I pyrolysis 

In Indian context: 
) Low organic content of MSW precludes application of many 

technologies 
)) Technologies expensive and unproven 
a Waste volumes not significantly reduced 
a Landfilling and cornposting appear to be most feasible options for 

India 



resource in the US - close to 1,000 megawatts installed 
capacity 

a Advanced options are promising but require greater levels of 
organic composition and are capital intensive: 
r Controlled waste combustion for energy production (US, EU, Japan) 

through "bioreactors" 
r in vessel digestion (EU) 

Case studies 
)) Yoio County "bioreactor" 
)) Bangkok, Thailand 



1. Take core samples 
2. Determine actual amount of waste present 
3. Determine moisture content of waste 
4. Test for biological inhibition of methane generation 
5. Determine carbonlorganics content 
6. Conduct permeability tests 
7. Test toxicity of gas components 
8. Assess flood management conditions at landfill site 
9. Measure recoverable gas rate before installing energy equipment 
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Session 3: Interactive Groua Exercise 
Purpose: 

To increase knowledge and awareness of the important 
1 - - . t ~  hni cal-and -ti na&ahm&kati-& I 

project development 
0 bjectives : 
* Solve a series of hypothetical problems using a number of 

key MSW variables 
Share information among participants regarding current 
MSW practices 
Determine municipality's MSW development goals and 
objectives 

1217101 11:24 AM 3 
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Format for Exercise 

Break into small groups of 3-4 
1 . Ensure that each group has at least one technical and 

- --- - -.. - -. 

one financial specialist 
lnstructor assigns each group one representative 
MSW technology for assessment 
lnstructor explains given variables and assignment 
Upon completion, each group to present findings to 
the overall training audience 



Assignment Deliverable~ 

Determine amount of MSW that could be handled by 
the technology (waste volume in tonnes) -- 

Determine technology's potential for methane 
production (gas volume) 
Estimate project capital and operating cost and 
potential revenue stream from project 
Determine project cost effectiveness (NPV, IRR, etc.) 
Develop implementation timetable 
Identify potential funding sources 



Technologies for Breakout Groups 

#I : Mass Burn: MSW is fed into an incinerator facility which 
burns the refuse which fuels a boiler that creates steam which 
is S i i f f i C i e n t p o ~ O D - k W  turbine generator 

#2: Pelletization: MSW is reduced in size and densified to 
create pellets that can be packaged and sold for various 
applications ranging from residential to industrial 



#3: Anaerobic Digestion (in vessel): MSW (with high organic 
1 composition) is fed into a closed container where biogas is 
I 

produced and ut~l~zed to power a 2000 kW turb~ne generator 

#4: In-Ground Bioreactor: MSW is reduced in size and 
densified to create pellets that can be packaged and sold for 
various applications ranging from residential to industrial 
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PRESENT SCENARIO 

SOLID WASTE MANAGEMENT 
PRACTICES IN URBAN AREAS 



.NO STORAGE OF WASTE AT 
SOURCE. 
HOUSEHOLDS, SHOPS, ESTABLISHMENTS, 
INCLUDING HOSPITALS, HOTELS, 
MARKETS, CONSTRUCTION SITES 

THROW THE WASTE ON THE STREETS OR 
IN THE DRAINS, OPEN SPACES, WATER 
BODIES NEARBY. 

STREETS ARE GENERALLY TREATED AS 
THE RECEPTACLE OF WASTE. 



ADVERSE EFFECTS 

*STREETS ALWAYS LOOK DIRTY 

*DRAINS GET CLOGGED 
. 

*STRAY CATTLE ARE ATTRACTED 

@BREEDING OF FLIES 

*CONSEQUENT INSANITARY CONDITIONS 
AFFECT OVERALL HEALTH AND 
ENVIRONMENT 



PARTIAL SEGREGATION OF 
RECYCLABLE WASTE 

HOUSEHOLDS KEEP ASIDE NEWSPAPERS, LARGE BOTTLES, 
CANS, MILK SACHETS, ETC. FOR SALE TO "KABADIWALA". 

WASTE PAPER, PLASTIC, METAL, GLASS, RUBBER, RAGS, ETC. 
ARE THROWN ON THE STREETS ALONG WITH DOMESTIC, 
TRADE AND INSTITUTIONAL WASTE. 

RAG PICKERS PICK UP SPOILED RECYCLABLE MATERIAL 
FROM THE STREETS, BWS, AND DUMPING GROUND TO EARN 
THEIR LIVING RISKING THEIR HEALTH. 



NO SYSTEM OF 

PRIMARY COLLECTION OF 
WASTE 

*IN MOST OF THE CITIES THE SYSTEM OF 
PRIMARY COLLECTION OF WASTE DOES 
NOT EXIST, 

*WASTE . IS  COLLECTED FROM THE 
STREETS, BINS, ETC. BY THE MUNICIPAL 
AUTHORITIES, 

STREET SWEEPING IS THUS THE 
PRINCIPAL METHOD OF COLLECTION OF 
WASTE. 6 



IRREGULAR STREET SWEEPING 

DOMESTIC, TRADE AND INSTITUTIONAL 
WASTE INDISCREMINATELY THROWN ON 
THE STREETS IS COLLECTED THROUGH 
STREET SWEEPING. THIS ARRANGEMENT 
IS NOT REGULAR. 

SOME PARTS OF THE CITY ARE CLEANED 
DAILY AND SOME ARE CLEANED 

-ON ALTERNATE DAYS, 

-TWICE A WEEK 

-ONCE A WEEK OR 



.STREET SWEEPINGS INCLUDE: 
-BESIDES DOMESTIC, TRADE AND 
INSTITUTIONAL WASTES, 

-HUMAN/ANIMAL EXCRETA 

-INFECTIOUS WASTE FROM HOSPITALS 

-HOTEL WASTE 

-CONSTRUCTION WASTE 

*THE CONTAMINTED MIX OF THESE 
WASTES IS CARRIED BY STREET SWEEERS 
IN HANDCARTSITIUCYCLESIBULLOCK 
CARTS, ETC. TO SECONDARY STORAGE 
SITES. 

8 



USE OF INEFFICIENT TOOLS 

INEFFICIENT TOOLS ARE GIVEN TO THE 
SWEEPERS. 

SUCH AS 

- SHORT-HANDLED BROOMS THESE 
NECESSIATE BENDING OF BODY. 

Jr"3 
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-TRADITIONAL HANDCARTS. 
THESE ARE MECHANICALLY 
INEFFICIENT. 

-NECESSITATE DEPOSITION OF 
WASTE ON THE GROUND AND 
MULTIPLE HANDLING OF 
WASTE. 

*BOTH CAUSE FATIGUE. 



NO SCIENTIFIC WORK NORMS 

@YARDSTICKS FOR STREET SWEEPING ARE 
NOT PRESCRIBED SCIENTIFICALLY. 

*WORK ALLOCATION RANGES BETWEEN 100 
METERS TO 5 KMs. OF ROAD LENGTH 

SWEEPERS ARE UNDER UTILIZED OR CAN 
NOT COPE WITH THE WORK ALLOTTED. 



UNHYGIENIC & INEFFICIENT SYSTEM 
OF SECONDARY STORAGE OF WASTE. 

*THE SYSTEMS ADOPTED ARE MOST 
INEFFICIENT. 

*WASTE IS GENERALLY STORED IN 
-OPEN SPACES 
-CYLINDERICAL CEMENT BINS 
-MASONARY BINS 
-"DHALAVSW 



*AT THESE PLACES WASTE IS 
SEEN SCATTERED IN THE OPEN 
PLOT OR AROUND THE BIN. 

*PUBLIC NUISANCE IS CAUSED 
BESIDE UNHYGIENIC 
CONDITIONS. 

.THE SYSTEMS NECESSITATE 
MULTIPLE HANDLING OF WASTE 
AND ADDITIONAL MANPOWER TO 
LOAD THE WASTE. 





.FLEET OF VEHICLES IS GENERALLY 
OLD, INADEQUATE AND NOT WELL 
MAINTAINED* 

*WASTE STORAGE SITES ARE NOT 
CLEARED REGULARLY AS PER 
SCHEDULE* 

.BACKLOG CAUSES HEALTH AND 
SANITATION PROBLEMS. 



UNSCIENTIFIC DISPOSAL OF WASTE 

*IN SEVERAL CITIES NO LANDFILL SITES ARE IDENTIFIED. 

*WASTE IS DISPOSED OF ON THE ROAD SIDE OR OPEN 
SPACES WITHIN OR JUST OUTSIDE THE CITY BOUNDARIES. 

*IN REST OF CITIES, WASTE IS DISPOSED OF IN LOW LYING 
AREAS IDENTIFIED AS LANDFILL SITES. 

*METHOD OF CRUDE DUMPING IS ADOPTED FOR WASTE 
DISPOSAL. 

*WASTE IS NEITHER SPREAD NOR COMPACTED OR 
COVERED. 



*THE SYSTEM ADOPTED IS MOST UNHYGIENIC 
AND INEFFICIENT. 

*CAUSES SERIOUS PROBLEMS OF HEALTH AND 
ENVIRONMENT. 

.AT PLACES WHERE COMPOSTING IS DONE 
DEPARTMENTALLY CRUDE METHODS ARE 
USED. 

.HOSPITAL WASTE, TOXIC WASTE AND 
UNTREATED INDUSTRIAL WASTES AREALSO 
DISPOSED OF AT MUNICIPAL LANDFILL SITES 



RECOMMENDATIONS 
FOR MODERNIZATION 

SOLID WASTE MANAGEMENT 
PRACTICES IN INDIAN CITIES 



RECOMMENDATIONS 
A. STORAGE OF WASTE AT SOURCE. 

(a). HOUSEHOLDS/SHOPS/OFFICES/ESTABLISHMENTS 
TO BE DIRECTED 

NOT TO THROW ANY WASTE ON THE STREETS, 
FOOTPATHS,DRAINS, NEIGHBORHOOD, OPEN SPACES, 
WATER BODIES, ETC. 

STORE THE WASTE AT SOURCE INTO A 
DOMESTIC/TRADE/INSTITUTIONAL BIN OF 
APROPRIATE SIZE. BIN TO HAVE A LID FOR STORAGE 
OF FOOD WASTE. 

SOCIETIES, ASSOCIASTION OF FLATS, MULTI 
STORIED BUILDINGS, COMMERCIAL COMPLEXES TO 
PROVIDE COMMUNITY BIN FACILITY TO THE 

19 
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CONTINUE.. . . 
LOCAL BODY TO PROVIDE 
COMMUNITY BINS IN THE 
SLUMS. 

EATING JOINTS, MARRIAGE 
HALLS, RELIGIOUS PLACES 
TO KEEP SUITABLE 
CONTAINERS FOR STORAGE 
OF WASTES. 



(b). VEGETABLE/FRUIT/MEAT/FISH 
MARKETS 

*NO MARKET WASTE TO BE DEPOSITED ON THE 
WALKWAYS IN THE MARKETS ,STREETS OR OPEN 
SPACES. 

*LOCAL BODY TO PROVIDE 

LARGE CONTAINERS IN THE FRUIT AND VEGETABLE 
, MARKETS FOR STORAGE OF WASTES AS AND WHEN 

GENERATD BY VEGETABLE AND FRUIT SHOPS. 





CONSTRUCTION WASTE 
CONSTUCTION WASTE TO BE STORED WITHIN THE 

PREMISES. 

CONSTRUCTION WASTE TO BE KEPT ON 
MUNICIPAL OR GOVERNMENT LAND ONLY WITH 
PRIOR PERMISSION. 

CONTAINERS TO STORE CONSTRUCTION WASTE 
MAY BE INTRODUCED IN LARGE CITIES. 

ADVANCES/DEPOSITS TO BE PAID TO THE LOCAL 
BODY FOR CLEARANCE OF THIS WASTE. 

(d). BIO-MEDICAL WASTE 

ALL BIO-MEDICAL WASTE TO BE STORED AS PER 
THE DIRECTIONS CONTAINED IN BIO-MEDICAL 
WASTE RULES OF MOEF, GO1 DATED 20TH JULY 23 

1998 
q 7  



B. SEGREGATION OF RECYCLABLE WASTE 

ALL HOUSEHOLDS, SHOPS & 
ESTABLISHMENTS NOT TO MIX 
RECYCLABLE WASTES SUCH AS 
PAPER, PLASTIC, METAL, GLASS, 
RAGS, RUBBER, ETC., WITH FOOD 
WASTE OR OTHER BIODEGRADABLE 
WASTE AT SOURCE. 

KEEP A SEPARATE BIN OR BAG FOR 
THE STORAGE OF RECYCLABLE 
MATERIALS, 

24 



C. PRIMARY COLLECTION OF WASTES 

DOMESTIC WASTES 

OPTIONS 

lHOUSE TO HOUSE COLLECTION 
THROUGH COMMUNITY PARTICIPATION 
USING BELLIUNCONVENTIONAL HORN 

2COLLECTION FROM THE COMMUNITY 
BINS 

3DOOR STEP COLLECTION ON FULL 
COST RECOVERY BASIS THROUGH 
NGOsICONTRACTORS. 

25 



@MODUS OPERAND1 
DOORSTEP COLLECTIONS THROUGH 
CONTAINERIZED HANDCARTSITRI-CYCLESJPICK 
UP VANS. 

SWEEPER TO RING BELL OR BLOW 
WHISTLEIHORN ANNOUNCING HIS ARIVAL. 

HOUSEHOLDS TO DEPOSIT WASTE IN THE 
HANDCARTITRICYCLEIPICK UP VAN. 

EACH SWEEPER TO BE GIVEN 300 TO 500 
RUNNING METERS OF ROAD LENGTH FOR 
SWEEPING AND 150 TO 250 HOUSES FOR 
DOORSTEP COLLECTION DEPENDING ON 
DENSITY OF POPULATION. 



*LARGE NUMBER OF HOUSES TO BE GIVEN IF 
MOTINZED VEHICLE IS USED FOR COLLECTION. 

*COLLECTION FROM COMMUNITY BINS 
THROUGH HAND CARTS, TRICYCLES OR PICK UP 
VANS. 

*DOORSTEP COLLECTION FROM HOUSE-TO- 
HOUSE IN POSH AREAS TO BE DONE ON FULL 
COST RECOVERY THROUGH 
NGOsICONTRACTORS. 



D. COLLECTION OF RECYCLABLE WASTES 

*RAG PICKERS BE ORGANIZED THROUGH 
NGOs FOR DOORSTEP COLLECTION. 

*RAG PICKE'RS MAY BE ALLOTTED 300 
DWLLING UNITS PLUS SOME 
COMMERCIAL UNITS BY NGOs. 

*GIVEN IDENTITY CARDS BY NGOs. 

*GIVEN TOOLS FOR COLLECTION OF 
RECYCLABLE WASTE. 

*NGOs TO BE AUTHORIZED AND SUPORTED 
BY THE LOCAL BODIES, 

28 



E. PRIMARY COLLECTION FROM SHOPS 
AND ESTABLISHMENTS. 
THIS WASTE IS GENERALLY RECLABLE. 

RAG PICKERS MAY BE ASSOCIATED WITH THIS 
ACTIVITY THROUGH NGOs FOR DOORSTEP 
COLLECTION. 

ASSOCIATION OF MARKETS MAY BE PERSUADED 
TO COOPERATE. 

IN ABSENCE OF ARRANGEMENTS WITH RAG 
PICKERS THIS SERVICE MAY BE CONTRACTED OUT 
ON FULL COST RECOVERYBASIS. 



CONTINUE . . . . 
DOORSTEP COLLECTINS FROM HOTEL & 
RESTAURANT TO BE CONTRACTED OUT. 

BIOMEDICAL WASTES TO BE COLLECTED 
AS PER THE DIRECTIONS CONTAINED IN 
BIOMEDICAL RULES OF MOEF, GO1 DATED 
20TH JULY 1998. 



STREET SWEEPING 

SWEEPING OF ALL ROADS, STRETS, LANES, BY-LANES HAVING 
HABITATION OR COMMERCIAL ACTIVITY TO BE DONE ON 
ALL THE 365 DAYS IN A YEAR INCLUDING SUNDAYS AND 
PUBLIC HOLIDAYS. 

ISOLATED ROADS HAVING NO HABITATION OR NO 
COMMERCIAL ACTIVITYOR LEAST OF SUCH ACTIVITIES 
MAYBE GROUPED AND CLEANED PERIODICALLY AT FIXED 
INTERVALS. 

ALL OPEN PUBLIC SPACES ALSO TO BE CLEANED REGULARLY 
AT RIXED INTERVALS TO PREVENT SUCH OPEN SPACES 
BECOMING DUMP YARDS. 



APPOINT SUBSTITUTE WORKERS WHEN SOMEONE 
IS ABSENT OR ON LEAVE. 

PROHIBIT BURNINGOF WASTE ON THE STEETS. 
DEFAULTERS BE PUNISHED. 

PROHIBIT DEPOSITION OF WASTE INTO DRAINS, 
NALAS, WATER BODIES - DEFAULTERS TO BE 
PUNISmD. 

DONOT PERMIT DEPOSITION OF SILT ON THE EDGE 
OF THE DRAINSISTREETS BEYOND 24 HOURS. 

ARRANGE FOR DIRECT DEPOSITION OF SILT IN THE 
SEAMLESS HANDCART AND TRANSFER TO A LARGE 
CONTAINER. 

PROVIDE LITER BINS AT SHORT DISTANCES ON ALL 
IMPORTANT ROADS, MARKETS, PUBLIC SPACES. 32 



WORK NORMS 
STREET SWEEPING 

-MORNING HOURS 
HIGH DENSITY AREAS-------- 300 RUNNING METRES 
MEDIUM DENSITY AREAS -----400 RUNNING METRES 
LOW DENSITY AREAS ----------- 750 RUNNING METRES 

-AFTERNOON HOURS 
SLUM POCKETSJUN--------- 
AUTHORISED SETTLEMENTS 50% OF MORNING 

WORK ASSIGNED 



TOOLS TO BE GIVEN 
LONG HANDLE BROOM. 

METAL TRAY AND A METAL PLATE 

CONTAINERIZED 
HANDCARTICONTAINERIZED TRICYCLE 
HAVING 618 CONTAINERS OF 30 TO 40 LITRE 
CAPACITY. 

SEAMLESS HAND CARTS WITH SHOVELS 
FOR CARRYING SILT REMOVED FROM OPEN 
DRAINS. 



TEMPORARY WASTE STORAGE DEPOTS 
(DUST BINS) 

SYNCHRONIZE "SECONDARY STORAGE" 
WITH CCPRIMARYCOLLECTION'' OF WASTE 
SYSTEM. 

PROVIDE LARGE METALLIC CONTAINERS 
WITH LIDITRACTOR TRAILERS FOR 
SECONDARY STORAGE AT A DISTANCE NOT 
EXCEEDING 250 METRES FROM THE WORK 
PLACE OF SWEEPERS. 



*DISTANCE BETWEEN TWO SUCH BINS 
NOT TO EXCEED 500 METERS. 

*SIZE AND NO. OF CONTAINERSIBINS AT 
EACH LOCATION TO BE DETERMINED 
ON THE BASIS OF QUANTITY OF WASTE 
GENERATED. 

*CONTAINERSITRAILERS MAY BE 
PLACED ON 
CERIENTICONCRETEIASPHALT 
FLOORING HAVING SLIGHT SLOPE 
TOWARDS THE ROAD. 



.SMALL CONTAINERS BE PLACED AT 
SHORT DISTANCES WHERE LARGE SIZE 
CONTAINERS CAN NOT BE PLACED. 

.SWEEPERS MAY BE DIRECTED TO 
TRANSFER THE WASTE FROM THEIR 
HANDCARTS/TRICYCLES INTO THESE 
LARGE CONTAINERS DIRECTLY. 
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TRANSPORTATION OF WASTE 

ALL CONTAINERS/TRAILERS TO BE GROUPED AS 
PER THE FREQUENCY OF THEIR BECOMING FULL. 
DAILY-ALTERNATE DAY-TWICE A WEEK, ETC. 

THE CONTAINERS TO BE TRANSPORTED BEFORE 
THEY GET FULL. 

CONTAINERS MAY BE LIFTED IN TWO SHIFTS TO 
KEEP THE CAPITAL COSTS LOW. 

ROUTING OF VEHICLES BE PLANNED TO PREVENT 
ZIG-ZAG MOVEMENT. 



TYPE OF VEHICLE TO BE USED 

VEHICLES TO SYNCHRONIZE WITH THE 
SECONDARY STORAGE CONTAINER DESIGN. 

IN LARGE CITIES DUMPER PLACERS, SKIP LIFTERS, 
REFUSE COLLECTORS OR ANY SUCH VEHICLE 
WITH HYDRAULIC DEVICE BE USED. 

IN SMALL CITIES WHERE HYDRAULIC SYSTEM CAN 
NOT BE MAINTAINED, TRACTOR-TRAILER SYSTEM 
MAY BE USED. 



TRANSPORTATION OF BIO-MEDICAL 
WASTE/HOTEL WASTE, ETC. 

BIOMEDICAL WASTE HANDLING RULES MADE BY 
GOVERNMENTOF INDIA, MINISTRYOF ENVIRONMENT DATED 
20TH JULY 1998 BE STRICTLY FOLLOWED FOR TRANSPORTING 
BIOMEDICAL WASTE. 

HOTELRESTAURANTS WASTE BE TRANSPORTED EACH DAY 
USING DOOR TO DOOR COLLECTION SYSTEM. 

HOTEL ASSOCIATION MAY ARRANGE FOR SUCH DIRECT 
COLLECTION AND TRANSPORTATION. 

OR CONTRACT MAY BE GIVEN BY LOCAL BODY FOR 
TRANSPORTATION OF SUCH WASTE SUBJECT TO CONTRACT 
LABOUR (REGULATION & ABOLITION) ACT 1970. 
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TRANSPORTATION OF CONSTRUCTION 
WASTE. 

TRANSPORTATION OF CONSTRUCTION WASTE SHOULD BE 
THE LIABILITY OF THE WASTE PRODUCER. 

SKIP RENTING SYSTEM MAY BE INTRODUCED IN LARGE 
CITIES THROUGH PRIVATE CONTRACTORS AND THEIR 
TRANSPORTATION COST BE REGULATED BY LOCAL BODY. 

-ALTERNATIVELY 
LOCAL BODYMAY TAKE ADVANCE DEPOSIT FOR REMOVAL 
OF SUCH WASTE AND LOAD THE WASTE MANUALLY OR WITH 
LOADER MACHINES IN THE SKIPILARGE CONTAINERS. 

FRONT END LOADER AND TRU K COMBINATION (1+3) COULD 
BE USED. 

SMALL VEHICLES (THREE WHEELER) MAY BE USED FOR 
TRANSPORTATION FROM NARROW LANES. 41 



TRANSFER STATION/WORKSHOP 
FACILITY 

TRANSFER STATION MAY BE SET UP WIBRE DISTANCE OF 
PROCESSINGIDISPOSAL SITE IS MORE THAN 10 KMs. 

SIMPLE TRANSFER STATION BE DESIGNED HAVING RAMP 
AND LARGE CONTAINER SYSTEM TO FACILITATE DIRECT 
TRANSFER OF WASTE FROM SMALL VEHICLES TO LARGE 
VEHICLESICONTAINERS. 

WORKSHOP FACILITY TO BE MADE EFFICIENT. AT LEAST 80% 
VEHICLES ON ROAD MAY BE ENSURED. 

30% SPARE VEHICLES BE KEPT TO MAINTAIN FULL FLEET OF 
VEHICLES. 



SPARE ASSEMBLIES AND SPARE PARTS BE 

KEPT FOR IMMEDIATE REPLACEMENT. 

ADEQUATE WELL TRAINED STAFF BE KEPT 

IN THE WORKSHOP OR SERVICE BE 

CONTRACTED OUT. 

TEAM INCENTIVE TO BE GIVEN FOR 

KEEPING MORE THAN 80% VEHICLES ON 

THE ROAD. 



PROCESSING & DISPOSAL OF 
WASTE 

ALL ORGANIC WASTE TO BE COMPOSTED/CONVERTED 
INTO BIOORGANIC FERTILIZER/SOIL CONDITIONER. 

-OPTIONS. 

MICROBIAL COMPOSTING AND/OR VERMI 
COMPOSTING. 

WASTE TO ENERGYPLANTS MAY BE CONSIDERED 
WHERE FEASIBLE. 

BIOMEDICAL WASTE TO BE DIPOSED OF AS PER THE 
BIOMEDICAL WASTE HANDLING RULES DATED 20TH 
JULY 1998. 44 



.ALL OTHER WASTE AND REJECTS FROM 
COMPOST PLANTS/POWER PLANTS TO BE 
LANDFILLED SCIENTIFICALLY. 

eSECURED LANDFILLS FOR BATTERIES, ETC. 

*SLAUGHTER HOUSE WASTE AND CARCASS 
OF DEAD ANIMALS TO BE DISPOSED OF 
SEPARATELY AS PER THE GOVERNMENT OF 
INDIA DIRECTION. THEY SHOULD NOT BE 
MIXED WITH UNICIPAL SOLID WASTE. 

.INDUSTRIAL WASTE TO BE DISPOSED OF AS 
PER THE DIRECTIONS OF THE POLLUTION 
CONTROL BOARD. 



WASTE TO BE SPREAD, COMPACTED AND 
COVERED EACH DAY. 

SITE TO BE FENCED. 

MECHANICALICOMPUTERIZED WEIGH 
BRIDGE TO BE PROVIDED. 

STRICT MONITORING TO BE DONE. 

DECLARATION OF NO DEVELOPMENT ZONE 
AROUND LANDFILLIPROCESSING SITE. 



SITE SELECTION 
FOLLOW MSW (M&H) RULES 2000 

IDENTIFY SUITABLE LAND FILL SITE FOR NEXT 25 YEARS. 

LANDFILL TO BE AS NEAR AS POSSIBLE FROM THE CITY 
BOUNDARY BUT AT LEAST 500 METRES AWAY (CIVIL 
AVIATION RULE TO BE FOLLOWED). 

LAND SHOULD BE LARGE. 

LAND SHOULD HAVE IMPERVIOUS SOIL STRATA. 

GOOD APPROACH ROADS. 

NEAR THE COMPOSTITREATMENT PLANT. 



*CONTAINERITRAILERS MAY BE PLACED ON 
CEMENT CONCRETEIASPHALT FLOORING 
HAVING SLIGHT SLOPE TOWARDS THE 
ROAD. 

*SMALL CONTAINERS TO BE PLACED AT 
SHORT DISTANCES WHERE LARGE SIZE 
CONTAINERS CAN NOT BE PLACED. 

*SWEEPERS MAY BE DIRECTED TO TRANSFER 
THE WASTE FROM THE 
HANDCARTSITRICYCLES INTO THESE LARGE 
CONTAINERS DIRECTLY, 



Mr. Vinay Deodbar 
Project Finance Specialist 

GEP-CCS Project 
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Tools for Solid Waste 
Management and Treatment 

A Training for Municipal Solid Waste 
Managers and Officials 

C l l m n d J a i p l d A ~  

Dcambu 10-19.2001 
I 

I 

GHG Mitigation potential of Waste I I 
Conversion Approaches 

The Louis Berger Group, Inc. 

Urban Development & Climate 
Change Linkage 

GEP-CCS addresses the Impacts of Urban 
Development on climate change 
>Reducing rate of growth of GHG emissions f b m  

vehicles 
> Captnriag methane emissions from nrbrn 

waste and using them for productive purposes 

The Louis BerprGroup. Inc.The Louis 
Rerper Gmun. Inc. 



Greenhouse Gas Pollution Prevention 
Project-Climate Change Supplement 

- 
December 7,2oU I 

I 

Emissions from Urban Wastes 
8 Methane - a potent GHG with a global 

warming potential of 21 times that of CO, 

Methane emissions from MSW from Indian 
cities-334* Gg (1 990) 

8 MoEF has issued rules for disposal of solid 
waste that prohibit dumping biodegradable 
material in open areas 

n l o l n B c r m G - l r  .&ware ALGASS* 3 

GEP-CCS approach 

8 Multi-pronged approach 
>Capacity building of city managers on solid waste 

management / methane capture and reuse 
strategies 

>Policy exchange for key urban managers 
>Development of a project to demonstrate 

technology/approach to capturing and reusing 
methane ffom MSW 

The Louis Berger Group, 1nc.The Louis 
Re r~e r  Groun. Inc. 
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Project-Climale Change Supplement 

Possible Methane Capture & 
Reuse Technologies . 

Recycling/reuse - Methane limiting 
Sanitary landfill - Methane capturing 
Cornposting - Methane releasing 
Incineration - Methane avoiding 
Biomethanization - Methane generating 

& capturing 

GHG mitigation aspects of waste 
treatment 

Solid W&te Characteristics: 
9Orguliclnatta-W?-500/0 
&Solids - 70.h - 75% 
>Moisture - 25% - 30% 

Potential methane emissions from Indian 
urban Solid waste - 0.80 - 0.85 m3/kg of 

volatile solids 

The Louis Berger Group, Inc.The Louis 
Rerver Groun. Inc. 
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Potential GHG reduction 
streams 

Recycling/reuse - Metham avoided 

Composting - None 

Incineration - Methane avoided 

sanitary landfill - ~ e t h a m  caphurd + Avoided emissions 
(mth g u  atnetion) from the service (powerlgas) provided 

Biomethanation - ~eUuuK captured +Avoided emissions 
(with pow gemntion from the service @owcr/gas) provided + 
a d  organic manure Avoided emissions from replacement of 
production) chemical fertilizers 

Tk t d s  Brig" 0- Inr. 7 

Comparison of WTE approaches 

The Louis Berger Group, 1nc.The Louis 
Rer~er Groun. Inc. 
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Biomethanation Process GHG 
reductions 

GRG akr*. 
n d r & r r N m  
abrw.L*.d 

rk.l*llkdlhIs 

Totd GHG 
E* 

Redmctiou 

--BsaGmCLr 

Project Development 

Catalyzing projects that mitigate GHG 
emissions: 
9 Powcr/Utilitics: fuel switching, 

r e n o v a ~ e m i z a t i o n ,  rrncwables 
(dish-ibutcd generatidgrid supplancnt) 

>Industn: ~ e w r g y c f f i c i e o c y .  
rencwablcs (in a service capacity) 

burban Sector b ti on projects and methane 
capture from solid waste 

m ' ~ . ~ a b a - ~ c  I 0  

Y 
The LOUIS Berger Group, hc.The Louis 
Rereer Gmun. lnc. 5 
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Greenhouse Gas Pollution Prevention 
Project-Climate Change Supplement 

Project Development - Why? 
Demonstrate and highlight projects that mitigate 
GHG emissions and climate change impacts 

Build stakeholder capacity to take advantage of 
emerging benefits that may accrue to climate 
friendly projects 

Put India on the intemational climate change project 
map as a destination for international investment to 
reduce GHGs 

m  am ~ G ~ U R  lor. 11 

GHG Mitigation 
Project Development - HOW? 
GEP-CCS provides no cost technical assistance to 
project developers, FIs and other stakeholders for: 

9 Project analysis and structuring to position GHG 
mitigation projects for improved finance potential 

9 Investigating potential for additional funding and revenue 
generation via carbon offsets and structuring selected 
projects to position them for such benefit 

9 Linking Indian project developers with domestic and 
international sources of environment 

Tbr Lwu B s l n G m v .  In. 12 

The Louis Berger Group, 1nc.The Louis 
Rereer Groun. Inc. 
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GHG Mitigation Project 
Development - Lowering Costs 

GEP-CCS reduces your initial transaction 
costs of structuring and marketing a GHG 
mitigation project to better position it for 
finance and potential value of carbon offsets 

Project Development Activities 
I to Date 

GliG mitigation p j e d  parbed+ witb variety of projad 
T ~ g s f o r F I s o a < ; H G m i t i g a I i ~ p m j c c t d m k p m m t & h ~ g  
More &tailed CUGHG portfolio review with ICICI and IDFC 
Sector sp&i& rodtabla with various stakeboldas to d i d & b a I e  
climate changdpmjcct developmcnt issues 
Toolkit for devc~ins/shueturing GHG mitigation projects 
haaahnd cxchanp to facilitate an &ling eaviromncat for project 
development 
CET project dcvclopmeot proass dnwnstntioa in Andhn Rdcsb 
T w  -on projat in H y d m b d  
Analysis of intcmatiwrl h e  for GHG mitigation pmjectr 

The Louis Berger Group. Im.The Louis 
Rer~er Groun. lnc. 
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GEP-CCS Project Development 
Technical Assistance 

GEP-CCS Technical Assistance 

GEP-CCS is assisting in the development of a 
minimum of 15 GHG mitigation projects 
GEP-CCS is seeking to assist in obtaining financial 
closure of eight projects from domestic andlor 
international sources 
For projects with strong potential for international 
carbon finance, GEP-CCS will help them get "in the 
door" of international fknds/investors 

Tk LOW B o ~ G m l p .  1.. 16 

The Louis Berger Group, 1nc.The Louis 
Rereer Grnun. Inc. 



Grrcohous Gas Pollution F'revenlion 
wY P r o j e c l - C t i i  Change Supplamnt 

Project Development TA - Process 
I. Prima Facie evaluation of the project concepts to judge 

their potential of GHG ernision reduction 
GEPCCS Rojcd Sek4on Crituia 

r Check list for GHG emission reduction project 
9 the project p r i  hcic avoid I nduoc GHG cmishiollr? 
b Does it satisfy hosl country sust.inability aitaia? 
9 DoesthcpromotahaveraourcesdrcepClbkeraditntiag? 
9 Have major risks been idcatifid, quantified and am mitig.tion 

measurn in place? 
3. For projects that meet the above criteria, GEPCCS will: 

9 Conduct indicative assessment of GHG rcducboa 
9 Conduct riskanalysis 

m h s s s - k  I1  

Case Study: Power Plant 
Equipment Finance 

AnNBFCoffaula6-year&wmekrsctotbcPoara 
CompayfbraUSS5.8miItioaGECirr'IhrbiEaghr 

a F i  Intunatid Bank, USA provided &year loan to the 
NBFC at LIBOR +1.75% + one time fa of 3.68% 

a US Export haport Bank provided pmmtec to F i  
IntemalkaI 
Rofik deal for ibc NBFC.. .Nearly ?4 of their nvmucs 
come h capital e q i p u m t  kzdag to SMEr 

ma.esnpca*cr ,I 

The Louis Berger Group, Inc.The Louis 
Rereer C-rnun. Inc. 
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Project Development TA (cont.1 

4. If the analysis in step 2 for projects indicates high 
potential from international environmental funds, 
the following additional checks would be made: 

> Do the project GHG emission reductions exceed the 
business-as-usual scenario? 

> Does it meet GO1 development objectives? 
> Is the project dependent on Overseas Development 

Assistance? 
> Are the hsac t ion  costs within reasonable limits? 

l k L a u ~ C - l l r  19 

Project Development TA (COU~) 

5. For selective high potential projects GEP-CCS will 
provide TA andor advise to better position the project 
through; 
3 GHG Assessment 
b M&V methodology/protocol 
9 Assessment with SD criteria 
3 Risk analysis 

6. Evaluation of Project financials 
7. Marketing the project to appropriate Domestic / 

International funds and assist in financial closure 

T k  Lovn Bracro- llr m 

The Louis Berger Group, Inc.The Louis 
Rerwer Groon. Inc. 



Greenhouse Gas Pollution Prevention 
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Components of Transaction 
Costs 

a. Detailed Baseline estimation and GHG reduction 
assessment (By Engg. C d t a n t )  

b. Validation of Baseline (Third Party Consultant) 
C. Setting up and implementing a M&V program (Engg. 

Consultant) 
a Catifying &line validation (Intcmational Consultant) 
e. Project Structuring Fees ( Fl or an audit firm) 
f. Host country approval fees (if any) 
g. Adaptation fees 
Overall cost estimated to be in the range of -3 - 4% 

T k L . & b c u . c L c  11 

GEP-CCS Project Selection 
Criteria 

Cmcricgodes 
9 Ramdle~gridfadin&placingandst.rd~cg. 

solar tbamPVPV, no0 mod b i i  grrifiatiodckms 
cudustion I wgarnotion. wind. mini hydro. m h h d u & d  
waste to cncrgy etc. 

9 Emrgy cllkiwy impro-ts e .g wade hat rsovay. 
rramation and modemintim 

9 Fuel switching e.g. coal by agro residua, fuel oil by ratunl gas 

Size of pmjat-sdl and medium pcfarcd [RE r IS MW. EE 
r i t b ~ v h #  I S O W b ~ c u b o D ~ v m p ~  1fl:Tbl 

*k=bpGII.Lr 2a 

The Louis Berger Group, 1nc.The Louis 
Rerver Groun. Inc. 
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Criteria (contd.) 
Source of Technology 
9 Innovative but proven technology 
9 Pmpa tahnolagy license should k in place 

Promoters 
9 Genuinely inlcrrshd, possessing cxprtia 
P Raourccful, good &it ratinghack record with existing lmdm 

Service Provision and off take contracts 
9 S d  off-okas oiunice or c d i t  mh.ncnrrnt thmugh recurilier 
9 Contrant like FSA, PPA with adequate risk mitigation options should k in place 

Project financials 
9 Should ba r  acceptable indicaton like IRR, payback nc. 

T h I m k W F G w I r  23 

1 

December 7,200 I 

The International Climate 
Change Regime - The Basics 

(Provided purely as a matter of information) 

The Louis Berger Group, Inc.The Louis 
Rereer Groun. lnc. 



Gmmhousc Gas Pollution Rcvcntion 

Y Pmjcct-Climate Change Suppl-t 

1992 United Nations Framework 
Convention on Climate Change 
Foundation for global climate change impact 
reduction efforts 
"Stabilization of greenhouse gas emissionsn to 
prevent bunnm induced impacts on climate 
''Common but diffefentiated responsibilities" 
Developing and developed countria make 
commitments to stabilize GHGs 
F i  mechanism to help implement convention 
Confaences of parties (COP) held to define 
implementation actions 

T k u - ~ C - m l r  rs 

Kyoto Protocol 
(COP 3 - 1997) 

Establishes *work for 'Wa of the game" for 
mitigating GHG emission 
Binding emissions reduction targets for developed 
counhia mates a market fw low cost GHG 
abatement 
Flexiiility mechanisms for achieving targets: 

lotanatiomal Emissions Trsding (ET) 
P Joint implementstion (If) 
D Clean Development Mechanism (CDM) 

ntb&B-,erc%.m1r * 
A 

The Louis Berger Group, Inc.The Louis 
Rereer Grnun. Inc~  
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International Emissions Trading 

Trading of non-extinguished (valid) emission 
reduction credits 
Reduce the wst of emission reductions by creating 
an international market for emissions reduction 
credits 
Utilizing market forces to lead to emission reduction 

~ h r b ~ % w c - ~ -  n 

Joint Implementation 

Enables Annex 1 (developed) wuntties to purchase 
emissions reductionsfiom each other to generate 
Emission Reduction Units (ERU) 
Investments in GHG reducing projects by businesses 
in one Annex 1 country with binding emission 
reduction targets in other Annex 1 or Annex B 
nations 
Goal could be savings in abatement cost or strategic 
investments 
No need for an Executive Board to guidefmanage 
process 

Th Lo u  Brrr.rGrap. I l r  28 
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Enable Annex 1 countries to meet a part of their 
biding emission reduction targets "cost effectively" 

Clean Development Mechanism 

Invesbnents in GHG reducing projects in Non Annex 
I countries by businesses in Annex 1 nations to 
generate Certified Emission Reductions (CER) 
Facilitate sustainable development (SD) in developing 
Non Annex 1 countries 

. 

Enable transfer of technology and flow of investments 
to these counhies 

Clean Development Mechanism 
Main requirements: 
GHG emission rdwtion assessment 
9 B p s e l i n c ~ d ) - a m  
9RojcdEmis i0~ 
> GHG Rductioo potcotill CO2 e as CERs 

Monitoring and Vdcation (M&V) d d o g y  1 protocd 

Assessment of consistency with SD criteria 
Analysis of risks 
Host country approval 
Approval of the CDM Board 
Agreement between buyer and seller 

l'kll).ilbp-lr m 

The Louis Bcrger Gmup, Inc.The Louis 
h r v m  Gmwn fnr 
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Recent Developments 
COP 6b& Meeting in Bonn in July followed by COP 7 
in Marrakech: Compromise and Momentum 
Countries compromise arrived, which will enable achievement of 
the 55% global emissions threshold 
Carbon sequestration projects are now included 

Further concessions to Russia and ElTs on sinks at COP 7 
Details worked out in Morocco in October 2001 

Parties hoping for late 2002 ratification 

~ - B ~ c . G - .  lc 31 

Status of and Potential for 
Carbon Markets 

Market size considerably shrank with US absence 
and allowances for "Hot Air" for FSU 

US very interested in a bi-lateral strategy for climate 
change mitigation, possibly investment 

Realisticallv, a relatively small likelihood of 
obtaining benefit from carbon Investment over the 
next year, but must be positioned to obtain benefit as 
market develops! 

rnLmsFm,"Gmup Inr 32 
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Host Country (GOI) Role 
in Int'l CDM Process 

GO1 is key playtr - Host country endorsanent of the 
project for sustainability and consistency with national 
objectives is prerequisite to validating reductions 

I . GO1 has taken a proactive approach I 
I 

Since Bonn, MoEF and MNES working to facilitate 
projects under market mechanisms 
9 Project qualification aitaia 

9 Sustainable development a i ta ia  

The Louis Berger Group, 1nc.The Louis 
Rereer Grnun. Inc. 

Thank You! 
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Task 8B & 8.C: Trainhz of khdciwf h&mbm 



SLNO.( Name of Participents 1 Designation I city 
1. I Shri S.C .Soni I Xen . Directorate of I Jaipur 

1 Nagar Parishad 
7. 1 Shri . Girish Dadich I Commissioner 1 Bikaner 

8. 

I 
10. 1 Shri . Bhawar Sin& Nateawat 

Shri . D.R. Meena 
I 

- - 1 Nagar Parishad 
11. I Shri . Ravi Dutt Sharma 1 Commissioner 1 Bhilwara 

9. Shri . Jitendra Upadyay 

Bharatpur +--1 12. 

i 13. 
i 

: 14. 
I 

I 15. / Shri. Mohan La1 Gu~ta  Commissioner 
t 1 Nagar Parishad 
1 16. Shri .Ram Singh Palawat 1 Commissioner 

Shri . Mukul Shanna 
Nagar Parishad 
Commissioner 
Nagar Parishad 

Shri . Ram Niwas Sharma Commissioner 
Nagar Parishad 

Shri . Ra~endra Joshi Commissioner 

- 
I ! Nagar Parishad I 

17. I Shri Rakesh Singhal Commissioner 1 Abu Parwat 

I Nagar Nigam 

18. 

19. 

20. 

21. 

22. 

Nagar Parishad I 
Shn Rohit Choudbary Executive Engineer 1 Hanuman Nagar 

Nagar Paika 
Shri Jagdish Choudhary Commiss~oner Jhunjhunu 

Nagar Parishad 
Shri Shishu Pal Jhakar Executive Officer Sawai Madhopur 

Nagar Palika 
Shri Magat Ram Jat Executive Officer Kishangarh 

Nagar Palika 
Dr. Dinesh Bhandari Health Officer Jaipw 



I 

30. / Dr. Diredm GodarP 1 Health OfSar 'Bbsnpur 
I 1 Nagsr Parisbad 1 

3 I Dr.RajadraKumarGarg Hahh Mca S h  
, Nagsr P.rishad I 

32. Dr. Kadar NPthGmta HaW Officer HPnorrungPb - 
Nagrr Palika 

33. Shri Ma& Ex~vcEng inca  Jaipw 

Nagar Nigm 
35. Shri Sumaoah Mathw Executive OESm loabpm 

Nsgr Nigam 
36. Shri G.S. Hada Exaxlive OEca Kocp 

N m  Nigpm 
37. Shri KXlSbarma ExrmtivcOfticc~ Pdi 

NagmNigsm 
38. S h  RdecpNatbrni ExefutivcOffica Bbsnpur 

NyprPnkbsd 
39. shri Ram& M c a n  hsktmtEnghKa Bit.w 

Npgar Rridrod 
40. S h  Rajeev Garg ~t~ A M  

Na@cPpithad 
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CLIN 8: M h e  Emkio115 md RbUse Potential in Cities 30 
Tarlr 8.B & 8.C: Training of Municioal Authorities 



SLNO. I NnncofWoticipauts I r>aiption . . 1 Ciry 
1. I M r . P ~ e l  I Municipal Commrssow 1Ahmad.bd 
2 1Mr.PKhtba  I DY.W IAhmahbd 

I I Municipal C o d o w  I 
3. I Mr. Glmpmd 

. . I M ~ m i c d  Commrssoner 1 Sunt 

7. 1 Mr,Himadu?haklmr Dy.Town Plarma ' 4bcdhd  
8. Mr. N R  Pannar Dy.EnvironmaltllEagiam RpJkot 

1 
I 4. Mr.LC.Fwr.1 Dy. - - . . . . 

5. Mr. B M  M.vda Dv.Lhcbr.Dircdonteof 

corporotioa 
9. Mr. KV. Patel Sanitary Supuvisor C ".gn 

S w  

10. I Mr. S X  Nair Executive Enninm Vdodsn 
Sild Waste ~ - & r n c a t  

11. ! h b . ~ ~ . ~ h a h n  Ward Officer Vdodsn 
Municipal Ccupor&a 

1 .:. 

I 

Executive Engiam Vdmhzl  zz- Municipal CorpontMo 
Chief - Navsai 
NPV3Pi NapPPPLiLB 

! 13. Mr. Raju Gupta Chief Engineer Navsai 
Navsari N a g q m l h  

14. Mr. Bharat Dspi Healtb Officer Navmri 
Navsati N a p p a h  

IS. Mr. Shymal christim C h i e f S P l i l a r y ~  Stnrt 
1 Municipal Cotpodon 

16. . Mr. P.P. Vyas Dy.MunicipalCommissioncr ltrjLot 
Municipal (hpodou 

17. 

18. 

Mr. LC. Vngbri RincipalScicntificOfficcr A b a b b d  . . 
Mrmsty of MobComrcntid 

Mr. AX. Dhusw- Dir&tor. Dch  
M i  of  M o b  i 
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