
%&task 8. E Funding Ident#ied and 
aocumentation tbr Funding Suknitted 

Greenhouse Gas Pollution 
Revention h i e d  - 

Climate c&ge 
Swpl- 

ARogramda le :  

oevelopmentl India Mission 

Impkmenaed by: 

The Louis Beqer Gmup, I n c  
Global Environment Team 



~ l f  Louis Berger Group. w. 
2300 N Straat. NW 
Wwhingbn. DC 20037 USA 

The Louis Berger Group, Inc 
C o n t ~ c t  NO. 386-C-00-00-00058-00 
Sandeep Tandon, CTO 



11. GLTDELINF~ FOR Q U A ~ I K G  Ahll DOCLMEKllW GHG EMISION & D L C l l O ? s  I 

L, A. Intral-cSmummrg 
B. k g a u R e y b t o i y ~ C o a b ~  
c. Dct.i*dRojNlExphmtioo 

Y D. BsriinrGACEmkslonr 
E. "H51b-Ro)rcc"GHC P ' ' 

F. Cllruhtioo d CHG Rcdoaiopr 
G. Actual Emkrbo M a ~ ~ r r m e c l t  d Monhrhg 

m 
111. CUCULATION TEMPLAIF FOR THE BANGALORE SAMTARY L A ~ U  4 

Y 
IV. ~ ~ A T I O H  FOR GAG M I l l G A l l O N  FROM BAI~CAU)RE S.~NTTARY L-L~DFTLL 

PROIECT ....... ..... .. . ... .. . . . . . .. .. . . . . ... .. . . . . .. .... .. . ... . .. ... ..... . . ...... .. . ........-.. I0 

Y V. DPR WORKSBEET FORMAT 

A. Farmeters Used in Theorelid C s  Y i  Form& M c t h h b g y  
B. The Scricr Dafa oo CHG Rcductiom Achkved 
c. CnkuLtioaW*t 
D. GHG Mitigation Guidctiaa (included .E part of B.Dglon prom RFP) 



EXECUTIVE SUMMARY 



The pressures of India's growing amnomy and populaiion will result in the n d  f a  
improved approaches to manapng municipal sold waste. In ~spomc to plMr m t a a r  
Irtigauon. the Govament  of M i a  passed thc Muniriprl Sdid W ' w  R u k  2 0  !MW 
20001 to ensure that mom effecuve solid waste ptka arc inpkmcn~cd IU Mra. . 4 m g  
the benefits l a  will result from hex improved management practlm a the d w w n  d 
GHG ermssions from munrcipal landfills. 

The United Stales Agency for internattonal D c \ r l o p m n U l ~ a  M ~ s s m  W S A ~ a r  has 
pm>ded funding for the G m n h u  G x  Polluuon Roycc's Cltmatc C b g e  Suppkmnt 
(GEP-CCS). unplcmented by the hcts Bergu Grmp Global E n n m m n t  Tcun 4lBGi to 
p r d e  capacrt).-butldmg and tshntcal 3sstslum to facrtttatc impmvcmna m durn scctm 
urth sipificant greenhouse gas (GHG) e m s s m  rnpacts tn h h a  mnqasm. uwhnuul 
growth and rmntctpal soltd w a n e  (MSW m a n a g m t  

Under CLIN 8. the GW-CCS pmrct linked urbrn development and k nle d path d 
p n h w  gas emissions with a focus on mehanc emissions and the re-usc p r n n a l  tn 
cities. This repon is l c  founh in a series of fwr  repom m h i s  mrrpuunt. 

Training Smis Assnsmenf and T-g h n  Dnrlcped - In Fcbrwy 2001. LBCGW- 
CCS with the suppcm of Global Energy Pamvm cmducvd a training nccds ascsmm tn 
five cibcsr Pune: Chennai: Bangalom: Guniur and Jaipur. Tk interactions u ~ h  k c i ~  
authorit~s revealed a laok of undcntanding about canposung and waste-t-0 p m p ~  
including landfill methane recovery and muse and bio-um. and alro a hgb kvd d 
corrcm about to comply with the then recently rekased "Muniripll M i d  W m c r  
I ~ l a ~ g m r n r  and Handling) Rulcs. ZOO" by the Mtnaq-  of E n ~ ~ m m o t  and FOKSIS 
(MOER. Subsequent consultations with USAID and various Go1 offictds c o o f i  hat an 
information and knowledge gap on thew imi did exist ammg rmniapal aulhontk. 
Accdrngly. it was decnied bar the tninlng content wm!d pmvidc mom emphats m dr 
fundamentals of integrated soltd wasfe planning and m a p m e n t :  tha would sene a a 
prerequisite to capturin? benefits fmm utiliung solid waste for productive pwpascs tlncluding 
methane gas m-overy and rruw. 

T m i n i n g o j M ~ A ~ ~ h L w r r l B a b i r A r r o u l w b o -  B a e d m k l X 4  
conducted m F c b ~ a r y  2001 and subsquent dncussmns. LBGGEPCCS den@ and 
conducted a vnes of ~p mulled "Took @I Impmcd Sdd Wasre M r m o ~ ~ n ~ l  nrd 
Treanmf" lh h e ~ n g s  were held a Chmna J u p l r  and Ahmed.bd m Daxmba -W1, 
in pame&rp wth the Tarml Nadu Urbsn Developnrot Ropn (TNWDP). HCM R.).cdu, 
lnstrtule of Rtbltc Adnurustraum (RIPA). and thc CtQ Manages Aswamm d CiujanI 
(CMAG) rrspecurely tail thne d W*IC~ hat* smrog llnkaga unh USAID R L W  d ~ I C  

FIRE proycn) Tramrng was c w n l  out fa o v a  125 v - t p a n l + .  pdonnnucl)  nunx~pi 
of f i en  from more than 26 mm~ipaliues and 19 tocal uftnn Ma 

Concumntly wtth ihc tratrungs. G E P C t S  organized a Nlhonal R o u d a b k  on sold a w e  
m g e m e n t  snd disposal p u c a  whKh au an& b) o \ u  200 &legy~ fmm fmer dl 
o w  lndta 



Fianniaag m d  Design of a Denumslration Project - FoUowing the mining, a representative 
project was required to be developed for methane recovery and reuse, including specific 
design aspects related to measurement, monitoring and verification of methane emissions 
6om a seleded landfill/ municipal waste site. The project was atso required to expirre 
pdendal funding options f a  the GHG emission reductiom achieved. 

Feedback received in the wune of activities under the mining needs assessment, the training 
series, the roundtable and the interactions with other institutional players, prompted 
discussions between the LBGIGEPCCS team and USAlDnndia on reaienting the focus of 
the demorstration project assignment to suit the ground reality. The wnsmus  that emerged 
was that the dexnoxmation project w d d  take a holistic appmch looking at integrated solid 
waste management, with woetheless, a dear intmduction to the GHG emission reduction 
aspects of a MSW project. 

Tbis Report: Funding Identifird and Doarmenidon for Funding Submined 

The last deliverable under CLIN 8 looks at potential funding options for the GHG emissioar 
redudions 6om the d e m o d o n  pmjed: two sites located at Kannaballi and Kyalasanahalli 
outside of h g a l o r e .  The key aakeholders in h e  project included the Bangalore Municipal 
Corpcrat~on (BMC) as the lead muntc~pal authontv, in partnostup w~th the Bangalore Area 
Task Forcc (BATF) and the lnfra$tructure Development Corporal~on of Karnalah (ID~CK) 

The implementation of the Banpalore demomation ~roiect provides the basis for this final 
deliverable, namely - daumen&ion and calculation &idelin& for GHG emission reductions 
for the pmpose of po tda l ly  receiving fundmg through available multilateral and bilateral 
funding sourca. 

The box below details the progress of the bidding process for the Bangalore demonstration 
projed: 

Box I . :  Progress offhe Bidfing Process for the Bmgdore Demomtration Project 
I 

Tender nc4ifieatim for RFQ applications March 2003 
Bids m i v e d  (13) May 2003 
RFP's i d  (8) End August 2003 
Re-bids meeting September 2003 
Submission of RFP's* (3) November 2003 
Firralization of proposal selection End November 2003 (expected) 
Requisite Go1 approvals End December 2003 (expected) 

In consultation with AID, it was decided that, as the open bidding process and requisite 
reviews and approvals by State and local government agencies would proceed at a pace 
independent of the GEPCCS timline, the GEP-CCS/LBG team would provide the 
documentation t d s  for funding that could be used by either the f m c i a l  institutions or the 
prospective landfill developer (as and when the same had been finalized). Accordqly, a 
calculation template has been prepared using preliminary1 assumed data f a  the projed. As 
specific technical details of the landfill's operations and characteristics become known, these 
can be inserted into the template to arrive at a more conclusive estimate. 



This report enconptsses the following componenk nhich may bc uscd by the pmlcrr 
developers or i M K .  the financial institution. to monetize the emissions d-uc by IIIC 
pmjm. 

G m m l  euidancc d o ~ n r n r  for quantifying and documenting GHG emaron 
reductions. 

. Colcuhtion rnwlatc for quantifying the CHG emission ratuctim. 

DPR worksheet format uhkh may be uscd by the pmp't developer f a  prcsenting 
DPR information - including GHG emissions related infomation - in a srmcnued 
format so as fxilitav review by domcsk-1 invmauonal financiers. 

GHG MitiPotion Guidelines. whrh were incorponvd in the he RFPmxw. for 
bidders to use in development of their pmpak for the pmjcct. These G u d c l ~ n a  
were devclopcd based on the reponzJ rcvicu-s of IIK &aft RFPdocunma, undcnakm 
by LBG and its technical partners. in he prseding stages of CLP4 8. 

Because he final selecwn of he developer has not been made and ipproVcd to-&. bw 
texhn~cal detarls of he sslte's desrgn habe not ban f i n a l d  Thrs pdmce, M f o r e .  IS 

presented m a  form tha~ IS penenc enough to apply to =hye\er form IIK potm f d l )  taka 

The calculanons made m the calculaaon tenplate have ban based on the s p s l f ~ m r  
pm\ded m the RFP for the Bangalore p o w .  project s p f i c  techrucal ad- hwn hlSW 
specralrsu Global Pamen. 1 n p 8  h n e d  from iDeCK and Matundra A c m  Consutong 
Eng~neers (MACE). he desrgn cmultanu on IIK pmpt, as uell as s c k t  asuqmm mak 
about the final nature of operauom at the prow 7he proposed u k u l w o n  a m - h a  haw 
been d d  ervnsrrel) m collaboranon \nth the DcCK paunncl The LBG t a m  hnr 
also d r s c u d  he appoa-h mth IDFC. uho haw been prepnng srnular documcniauon for 
Ihe GHG e m s s t m  reducuons and a baselrne for the L u c h  project (thrs uas m of 
the first GEP-CCS prpelrne prom to be funded under CUN 31 



11. GUIDELINES FOR QUANTIFYING A N D  B C  GHC 
EhflssIO~ R~wcno~s 

Some GHG emsslon d u c m n s  habe the papolm to be purhsed by a buyer. and thus lo  
reprrscnt a revenue s- In m y  caws. the p o ~ l o a i  b u p  of these &tmm rrqulra 
extenstbe lnformatlon to atabllsh the valdty and. therefore. the \slue of lhae &urns 
pnor to purchase The ptipose of the quanufn.atlon process is threefold 

Clearly establish the "bauline" levels of GHG emissions: 1.e.. those lhat would n x v  
In the abxm-c of a GHG nutigabon proyxu 

Clearly escabl~sh the expsled GHG enusron kvels that rill ormr as the result d the 
pn,.pct: d 

Idcnoly the drffaem-c bctueen the bawl la  cmsstons ud the l o u a  c m s m  k d s  
that result from the pm~ect as the pro& GHG eermssrm reducbon baKf11 of the 
V")ect. 

The f o l l o w n ~  categories of m f m t t o n  reprcstnt the he thm Q~Ic~D :  bc 
completed in  order to pmvHk chc blris for a polcnud b u p  or thtrd pur? mrxuu lo 
conclude whether the GHG emission d u c t l m  an d i d  Whk the s p x l k s  of o fh  ~IVJCCI 

ulll be dlffemnt. h e  docunmlauon should be ysembled u ~ t h  Ihc goal of pm\&ng rhc 
reader with all h e  informallon necessar) to rc~untel)  asses Ihc b a l d 5  d the GHG 
enussxon reductions. 

Provide an overview explanation of the project: what is being builtlmodiid; hou dm it 
work and where is i t  locatcd. why IS i t  k i n g  undertlen: who is s p o m g  11: IS i t  lyxal  for 
11s industry cx innovative in any way; what is the linung f w  cucrpletim: u h  are I& pnmq 
goals and impacts; what are its GHG impacts? 

Idenufy the relevant requirements that aHal  the pmjs l  with m p x t  to cnvirmmntr l  
Address local. state, reponal. federal and ~nternational qxcts ;  whac no rrqutrrmnt c w  
pmvlde crplicit statemcn~ to that effect. Incluck a cumxy kursm of ~ O I - w  
environmental issues (e.g.. water, noise. solid w;uu); prow& detaikd diaussim nf &- 
related trquirements and especially m y  CH-2 ~ma. L X s t u u  any enxgymlrrd 
requirements that may affect the pmjec~ inchnhg emgy-eff~icncy. Dixuss the pooawl 
for future requirements at the local. s w .  regional. federal ad ~nternltionrl k w l s  m e  
impact the projtic or its cmissicas: if mne can be ant~cipatcd. an clpltcil statement to &at 
effect should be msdc. I&ntify the rekvant timhame for the GHG radu-uon nssasmnt 
that WIII bc applied to the project. 

.Also ch-tenze any p m p m  in place t h  habe p o v M  6nan.d incenora for r k  
p)a-I. These could lrnludc low-~ntercs~ laus.. tar breaks. +la. grants. dmo-fundmg 
etc 

w Lrs &I,, Grlrp In- ti,<&.- (;u Pi<ir".l Rnt*r*., h , M  - <7.-t. C k  .- 
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CUN & Mcrhnnc Emlrrionr ond Re-Use PolmMl in Cirim 
Subrark 8.E: F d m g  idmtificd ond Docwnenrofionjor Fundins Submitfed 

C. Detaiied Project Explanation 

Provide a more technically detailed operational explanation for each component of the 
project, including diagrams and equations, placing the project in the context of normal 
operations/procedures for the industry. The purpose of this section is to present enough 
contextual knowledge for the reader about the project so that the subsequent sections may 
focus on emission-related issues without digressions into non-emission explanations. All 
variables and assumptions that affect the project should be introduced and generally explained 
in this section; their specific lmpacts should also be addressed in the "baseline GHG 
emissions" and 'project GHG emissions" sections. (In practice, initial drafts of this section 
may be relatively short and then supplemented by information whose relevance becomes 
evident later as subsequent sections are drafted). 

Any potential for secondary emission impacts from the project should be identified, such as 
"load-shifting'' (in the context of affecting the dispatch of units supporting the electricity 
gnd). emission changes due to changes in transportation or sequestration resulting from the 
project. Such secondary impacts may not need to be quantified and included in the actual 
GHG emission reduction calculation, however, they should be acknowledged and evidence 
should be presented to justify their omission from the calculations. The logic for the project 
baseline should be presented, as well as whether the baseline would be expected to change 
over time for the duration of the period being included. 

All data gathering processes that will inform GHG calculations for the project should be 
explained. Relevant monitoring or measurement equipment used in the project should be 
described, including degree of accuracy, maintenance and calibration requirements (and 
records). Calculations of baseline and "with project" GHG emissions should reflect a degree 
of accuracy that is consistent with the least accurate measurement equipment that contributes 
data to the calculations. 

D. Baseline GHG Emissions 

Present ihe "business as usual" (BAU) or "without project" scenario relevant to the project. 
At the simplest level, this should include an activity level multiplied by an emission rate to 
yield GHG emissions that would occur in the absence of the impact of the project. All 
numbers used for calculation purposes should be as recent and as accurate as possible. 
specific to the activity. location. and operational parameters of the project. The source for all 
numbers used should be referenced and ideally will be derived from an unbiased 
(government) source, rather than a source that may be perceived as motivated to overstate 
benefits, understate negatives or overlook uncertainties. Data should be as derailed as 
possible and should be varied appropriately to reflect changes over the time period being 
included. For example. seasonal changes in temperature, rainfall, equipment operation 
(harvesting vs. planting seasons; tourist vs. non-tourist season variations. etc) that would 
affect any relevant data should be reflected. 

Where information is uncertain, conservative assumptionslmethodolog~es should be used in 
selecting a number for inclusion in a calculation. For example. if three data sources are 
available. each of which provides a different value, an average of the values could be used to 
apply to the project. However. the resulting value should be critically assessed to ensure that 
it is conservative in the specific project context. Where any uncertainty exists as to the 
relevance of a value, it should be adjusted in a manner that will result in understating the 
resulting GHG reductions that are attributed to the project. In the case of calculating a 
baseline, this would lead to a lower baseline emission level. 

me hub s e r ~ c r  C r o p .  lnr. Gre&me ~ l u  ~orlution Prevention ~ r o j e c r  - climn,~ Chongr Svpplrrncm 
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E " W i t h - R o w  GHC Emksam 

This s e w n  should include all of the ekrrmts dmI are adzksed tn the bnehnc mvgton 

secuon. pmvdng the values expected to x p r v n t  the m l t s  of pm- opaaion 4 p n  all 
assumphots should be rnade expl~crt and should be j u s u f ~ d  Data should be as duukd as 
possible and all areas of uncelwlnty should be pesenvd aod dtsrusscd u ~ t h  clear 
jusuficanon f a  the ueaUnent of umnainry In the calculauons b k d  dlvuruon should be 
probided about the accuracy of the opaauonal and musston data that u d  be cdlccied hwn 
Ihc ~ J C C I  Conlmnmf~a dm may effect aaual opaaricas and urnzswm f a  the -1 
should be anucipated a d  explmned. tncluding potennal intempion of p n m q  h r l  suppl? 
seasonal operauonal cycles. the impact of weather e x m m s .  such as tenpadlux a mnfall. 
matfuncoons or outages of equipment thal are x l d  upon for openuonal a conston du 
used in generaung relevant data Where s e \ d  opcrauonal &a cmsrmn rrrnanm arc 
possible. each should be presented and discused If a smgk x e m  will be s e h e d  to 
characterize the 'with pmpn" enusslow, k rauonak f a  selected shculd be pracntcd aith 
an appropnav amount of obwure.  credtbk lnfomrabon to suppon its selectm 

F. Glcubtioo d CHC Redndkm 

This secuon should present the caiculauon fomula for  bod^ he b a u l i n  aod X i t h  p m p l -  
GHG emssion levels pa year, with he rcsutnng GHG ndufnon pa )var and che t d  GHG 
reductions expected for the penod being e\aluated. Addruonal &tad f a  he bin uud m the 
calculauons may be pmbided in an m r  if ncedcd. 

1 rhould be noced that in all cases. assumpticas and values that are obclinsd hwn ouaidc 
sources should be the result of an objccti\~c r igoms sod balanced R\KU. of the r e k l n t  
technical literature. In no case shouM a value a lrsumpuon be included dm h a  been 
obtained by an employee. contractor. f w m r  employee a other entiry w k  pcrspcruw c a ~  
be viewed as biased by a cnucal reviewer. It is possible that such an cntm's pcrsprore 
provides unique msight that is arguably more infwmed. and ~hucfwe  mae monte. 
regarding the specific project. than other third-party analpis can pro\&. In tha case. a c l u  
justification should be made in light of the olha prblicly-availabk informahon. If u r n  
permits. a s m g r  case should be madt for use of this "uniquely" known informuon b) 
malclng it avarlable for review by an independent thtrd party. 

It 1s imponant to noce that projecuons of GHG emusions horn a ~ J C C I  m g  che bat 
lnformabon abmlable are snll merely an esumate Unnl actual openuoarl and ennssmn du 
ha%e been cdkcted throughout the life of the poyc~ the mr 1-1 of he pow on GHG 
enusuons cannot be known In &g cPrboo f m u t g  oppommua. 11 n mmdbmt upm 
p m p t  pmpoimts to rely on the bat informanon a w l a b k  to p * d e  the hc xmmc 
aumates possible of GHG emss~on inpets H0.u-em. actual d m  mrrt be cdiacad 
thrmghout the operduon of the pm+ to allow f a  xmspccme  qumufmuon dmul GHG 
enussions from thc p m p t .  as well as m y  djustmcnts to arsunphons that h d  been mdc 
about baseline GHG enussion levels Rouhnc revmu of fxlors, typicall) un&rtatcn on 
an annual basts, prondcs the final aswssment of valid GHG emusion redwuom th* mould 
qualifv for csrbon firwnce 



CALCULATION TEMPLATE FOR THE BANGALORE 
SANITARY LANDFILL 



CLIN8: Methone Emirriom ond Re-llre Potrnliol in Ctiirs 
Subrmk 8 E Funding ldennied and Davmen~orionfir Funding Submined 

111. CALCULAnON TEMPLATE FOR THE BANGALORE SANITARY 
LANDFILL 

The following section discusses a calculation template developed to assess the GHG 
mitigation potential of the proposed MSW project. Given the absence of detailed project 
information (in the absence of a decision on the proposal selected), the template has been 
developed using a several assumptions on the facility operations. While doing the actual 
calculation for the project, these assumed values would need to be replaced with actual 
values, to the extent possible. 

A. General Description of Project Activity 

The vision for the project is to set up an Integrated Plant for Bio-conversion of MSW and 
Engineered Sanitary Landfill at an appropriate location on the outskirts of Bangalore city. The 
facility is being planned, designed and conshucted as per sound engineering practices and the 
recommendations of the committee constituted by the Supreme Court of India and guidelines 
set out in MSW 2000 Rules. 

The MSW 2000 Rules stipulate that the landfill will be restricted to non-biodegradable waste, 
inert waste, residues of waste processing facilities as well as pre-processing rejects from 
waste processing facilities and other waste that are not suitable either for recycling or for 
biological processing. 

The proposed Integrated Solid Waste processing facility shall be developed in accordance 
with the guidelines prescribed by MSW 2000 and will have plant and machinery and support 
infrastructure facilities to ensure the sustained operation as per the same guidelines. 

The project involves a composting plant and a sanitary landfill facility. Remnants from 
composting operations (largely inert waste) and unsold compost will be directed to the landfill 
facility. A flow chart of the facility operations is given Figure I below. 

Figure I .  Facilify Flon, Chart 

I IWOTPD I 

The project encompasses two such facilities located at Kannahalli and Kyalasanahalli on the 
outskirts of Bangalore. Broad parameters of the two facilities are given below. 

' f h ~  LUY~S Bcrger Group, Inr. Grccnhoure Gar Pollurion Prevention Pnyecr - Cltmofe Change Supplemm, 
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The proposed pro+ bas two separate components that d l  in emission rcduccioas. d y :  

Comp&ing of MSW resulting in reduction of methane released to the amasphnr.  
Replacement of chemical fertilizer by organic compost produced rader the project 
.WE:- [Emission rrducftonr wdcr this cMllponenr am hounvr n la f rh .  -mm Tht 
errenf of rpdvrtions uovld & determined &v d e  e-nmf n, whtrh rhe - p r  -red Mdn 
fhepmject a r ~ l h .  renrlts injmili-er substinttion. In some 1 0 ~ ~ 0 ~  &compost ir &as a 
direcr fenilizer substinae. while in 0 t h  if u vred as a +uppie.wenc c h a ~  improws hr  rml 
qualiy. In rhe laam therejim if m l d  k seen ar a complemmr co and lor a submnnar I& 
jPnrlum. h j e c r  proponents w d d  orrordmgh. rvDd fa mess 11 ma* d i n  in ahv 
pmyerf's confern kforr including this carrpolrpnr in fhe o#sec rolcul-.] 

The project bas been developed with the coordinated efforts of the BangaIore MlhaDlgan 
Palika (BMP), Bangalore Action Task Force (BATF) and lnframucrurr Dnelopment 
Corporation (Kamataka) Ltd. (iDeCK). 

The c m o t  practice of management of MSW in lndia comprivs collmion of he garbage and 
dumpiig it at specified sites within the city limits. Tbcse sites are generally unused low-lying 
land on the ontskhis of the cities. The 300 Class I cities covering a population of 2-50 millioo 
generate abwt 39 million tons of MSW every day. Only a feu of these cities have i ~ t u t c d  
ways of treating their solid waste, which mainty resort to composing and ladfilling. 
Bangalore is among the more proactive municipalities. having taLm the initiahve of 
developing an integrated solid waste facility in accordance with MSW 2000 Ruks. 

a prOiCO Boundary 
The project shall encompass the city of Bangalore from whac he city gacboge is colkcrcd. 
wbich was ocbenvise dumpod on opm sites. Tbe pj&1 bundary f a  the firs st of GHG 
Rduaion (\u. prevention of methane emissions horn open dumping). is tharfore the 
boundary of the city of Bangaim. 

The compost pmduced in the city of Elangalore is primSrily purchased by f ~ m m  fmm 
d m g  areas. iocludmg cultivators of rice, pulses, gmmdnu~, cones and suguaoe. It 
nrbsIitutesiavoids we of chemical fertilizm like urea. di-anmumid phosphate (DAP) *c The 
manufaatlring pass of chew fmilizen leads to emissions of CO: and orhn GHGs. For the 
plnpose of this ar~am of GHG rcduaion. it would be essential to inchde the fmil iza  
manufacturing plants in the project boundary. Ideally, all sufh plants should be inchdcd. 
However. it would be practical to consider avcrage plants of lhese ta;o and mad due 
weightage pmportiooal to the consumption (by che intended users). 

A Bavehc~en8rio 
The treatment and disposal of htSW is guided by the MSW Ruks 2000, as per which cities 
municipalities are required to have technically sound disposal options in place by 31.12.2003~ 
The MSW 2000 Rules therefore represent the starting point for the development of Ihc 
baseline scenario. However, since the formulation of the Rules, r h l e  some cities have m e d  

tir LC*& %" G N * ~  I r r  Grrrnbuw C.u PdIr*o" Rntuim P"".." t7,- Clan S.nJnru 



CUNB: Merhnnr .hissiom and RI-UI~ Ponnnul in Citicr 
Sub~ak 8.E: F d i n g  I d e n t f i ~ d d h u m e n r r ~ i i  for Funding Submined 

planning for sanitary landfill facilities and composting, there has not been any noticeable 
change in the MSW management process across most cities. Moreover, no city in lndia 
appem to be in a position to comply with the Rules by the deadline of December 2003. 

In the context of the poor enforcement of environmental regulation in lndia and in the weak 
financial health of municipal bodies, it is likely that the current practice of open dumping 
would continue to be the prevalent "lowest-cost-option" means of waste disposal. The 
baseline scenario therefore has been taken as a continuation of the current practice (i.e. 
disposal of MSW in open dumps), with a gradual shift over to the acceptable technical 
options (composting cum land-filling, land-filling with inertization, biomethanation etc.).' 

In the Bangalore context, while open dumping is the norm. select composting operations are 
currently taking place. There are currently three organized composting plants, owned by: 

- Kamataka Compost Development Corporation Ltd (KCDC) - 350 TPD 
- Sunrays Composting - 200 TPD (capacity utilization is however, for only part of the 

year) 
- Terra Flma - 50-60 TF'D 

Apart from the above, there are smaller local initiatives by some community-based 
organizations. Total composting operations are therefore in the range of approximately 500 
TPD. This capacity is expected to remain unchanged in the baseline scenario, given that there 
are no plans to increase composting operations for the city of Bangalore. It is, however. 
expected that the municipality will proceed with installation of a waste to energy facility of 
about 700 to 1000 TPD capacity - which is also likely to be in place by 2010. 

Total waste generated for the city is currently at 2200 TPD, which is likely to grow to 
approximately 3800 TPD by 2012 and 6000 TF'D by 2025. Of this, part of the waste will be 
processed via composting and waste to energy facilities (as described above), while the rest 
will be directed to open dumps. The values for the latter are 2046 TPD in 2005, going up to 
2738 TPD by 2009 and then declining to 2211 TF'D by 2010. 

c. Dumtion of project a&~vily/crediling period 
The facility operations will commence by the end of 2004, but will stabilize for the first full 
year of operation i n  2005. For the purpose of calculation of offsets, a period of 8 years has 
been taken starting from 2005 to 2012. The crediting period extends through 2012 because 
2012 is the end of the first compliance period under the Kyoto Protocol, to which lndia is a 
signatory. Subsequent to 2012, it is difticult to make meaningful predictions of the domestic 
and international regulatory requirements for GHGs, thus, the ability to characterize the 
regulatory baseline for GHG emissions is extremely limited. 

'This approach for arriving a1 rhe baseline scenario is similar lo that used in the proposal for ihc ABlL 
biomethanation projecl in Lucknow. submitted to the Protoypc Carbon Fund (World Bank) for 
funding. 
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d Basclinc caissiom mkulndom n~eIhodobgy 

M m U N E  EMISSIONS AVOIDED 

Baseline emissions would include thc following: 

Methane emissiws from o p n  dumps 
GHG emissiwr from co-tiog &ntimr. 
GHG emissions horn W E  facilities 

No data is currently available on the GHG emissions fmm thc emsting Bangalox compmtlng 
operations. These can be monitored for the pmjcc~, and if significant, the emission f w t a  c m  
be used for the baseline calculation as weU. Emissions fmm Wasre IO Enup) (WE)  arc 
considered to be negligible. Thaefore. for baseline plrpores. only mthanc emsslom fmm 
open dumps are included in thc calculation. 

The Rmkd I 9 9 6  IPCC Guidelines for National Greenhow Gar bwnmrics iIPCC 
Guidelines) outline two mrhods to estimate methane emissions fmm d i d  ware di& 
sites. namely. 

I. Ftrst Or& h a y  (HID) rmhod 
ii. T l m m k a l  Gas Yield Memod 

Fmt Order h a y  mhd 
The mmt commonly used m e h d  e the FOD rmhod. whrh irrsurm th.1 nmbm IS cmned 
ober a long penod of nme nthcr than ~stantanecusly The iuncuc appmxh lakes lnlo 
account thc ranws fact- wh~ch Influence d~ nu and utcnt of mxhane pncranon and 
release fmm landfills An tmponant parameter to aamate mdhyr e r n ~ ~ ~ ~ o r a  IS thc r a s e  
degradabllt~~ factor. u h r h  a slte spcclfic In c a m t n a  uherc eng~oeacd landfills uc 
commonly m operanon, and dam on mthanc emmoos arc r+corded. 11 a posslMe to dcvdop 
such slte spcc~ftc data 

In lndta howeber, no such factl~tles arc currvllly m opcraoon. m f a c  although. FOD IS ihc 
more nallstlc and sophlsucaud approach, due to lack of nqurslu dam on so= of he kt? 
vanables. rh~s method a mw proposed for calculating enusslons in the bascllne scc~o 

Theoretical Gas Yield Memodology 
This is the &fault methodology under the IPCC 1996 Guidrlbrcs for cakuiaiing nmbm 
emissions based on: 

- the amxrnt of waste deprmled at waste dl& sitc 
- the fraction of degradable organic carbon and the amaunt 4d1 d l y  dcgnda: 

and. 
- the fraction of CH4 in IandfiU gas 

The methane emissiws fmm landfills as pa this nahod rc rep& by he fdloming 
equation: 

Where: 
MSW, = toul  MSW disposed at thc landfill (TF'D) 
WC = &gradabkorganicurbonfrrtimmtheMSW 
WCF = haction of WC  hat acirtually & p d c s  
MCF = methane d o n  factor for landfill 
F = fracuon of mcchsnc in landf~ll gar 
C - - carbon to mcthanc cmvmion f a x a  

Refer ro .4ppndi1.4 for elplPmriorrr of &&r rwiab lr5 -  
n, r . ~ ~  G,,?. h~ G,* ( j ~  ~drlli- fin- - 0- 



CLINR: Methane Emisriom ondRe-LZs Porcnfiol in Cirirs 
Submk B E :  Funding Idenrl/ied end Lhw~rnc~toaon for Funding Submirrni 

In the absence of detailed site specific data, IPCC default values have been used for 
calculation purposes. These can be substituted with site specific data based on monitoring 
undertaken in the course of the landfill operations. 

To be monitored. 

Win value should be used only if lignin elemental carbon is excluded from the DOC 
value. [Using preliminary survey data for Bangalore waste the lignin adjusted DOC 
value is in the range of 0.12 - 0.09. However, in the absence of reliable data, IPCC 
default value for DOC has been used.] 

MCF 0.4 Though IPCC default value is 0.6, it advises a value of 0.4 in a context where there 
is a high percentage of unmanaged shallow sites (< 5m waste). 

I I- n the m n ~ e  of "4 - 0.6 

16/12 

~p 

Using above values and formula, the baseline emissions calculations may be summarized as 
follows: I 
Total waste generated for Bangalore (in 2005) 

Methane emissions from open dumping 76 TPD 

Metbane emisions from composting & WTE facilities 0 (assumed) 

Total methane emissions from MSW 76 

I 
Weighted average baseline emission rate 0 030 CH4 fond ton of waste p d 

Annual baseline CHI emissions 003x  10DOx365 1 
(Wtd avg baseline rate x project capacity x 365) = 10841 

-- ~ 
Annual COI eqniv emissions 
(CH4 emissions x 21, where 21 is the Global Warming 227662 TP A 

Potential of CH4) 

me Lour Berger Group. Inc Greenhouse GOT Pollunun Prevenrtnn Pm,rr.r - r l~nnre  Change Supplement 
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FER TlWZER SL'ESTI TL'TIO'V 

The second category of bascline calculation relates to the emissions reductions arising from 
replacement of chemical fertilizer by compost gennsted by the The compoa will 
replace the use of chemical fertilizers like urca DAP, potash and super p h q h a t a .  B+sad on 
the experience of usm in the area the equivalent amount of compost to one too of cbolucal 
fertilizer has been estimated Based on the specific encrg)- consumption of urea and ammonia 
and the average usage of these fertilizers in India the weighted average emission hctors of 
the chemical fertilizers can be calculated. Tbe bascline emission #on is chc amown of 
emissioo by the equivalent amount of chemical fertilizers used. 

NOTE: While the manufacturing process of chemical fertilizers also kads to minion of 
N20, for want of precise data these w m  not quantifiable and hence u m  not scuxlnted f a  in 
the present analysis. 

Tbe specific energy consumption of fertilizer plants in lndii wcrc 12.3 Gcallon of ammda. 
13.5 GcalQon of urea, and 0.06 GcaLton of DAP. The commnp4ion of major fcrliliaas 
namely, urea, D.@ and SSP are 72X. 14'; and 14% respecrively. Bascd on chc fmistock 
from which the fertilizers derive encrg)- and the power consumption of chc mmufacnuing 
process, the average emission factor for each ton of chemical fmil im u.& oln to 
approximately 2.63 tons COG ton of fertilizer.' ' ' 
The conversion factor for compost to chemical fertilizes would vary ban site to sile. 
depending on the quality of compost generated and the use to which it is put. In IJU context of 
Bangalore. based on prior w g e  panems of compost. a conversion factor of 1: 0.3 has been 
used i.e. I ton of compost should replace about 300 kg of chemical fertilizes. 

1 ' As mentioned earlier. iwluzion ofmssiom h i o n  under this catcgcq would need lo t noacd 
bawd on the market rraliry in the projm's contcxt i.c. the extent to uhich the compoa gemrated iz 
uud as a NMMC for knilizcr. versus a mil h c h n .  

m ' India's Fertiliwr lndusuy: Pmduoiviw and Enere ERjcictq Ku~ia S r ~ k n n d J + - n w r & l ~ ~  
Environmental Energy Technologies Di\'ision July 1999 

Energy Consewatlon at design stage. CII Energy Mamgemznt Ccll. undn the ADB-ESP pqccL 
' l€RI Energy Data Directory & Yearbook 1-8 ZOO0 

L &Lmis&wCm*p,la G - h t G s P d l . m . P m n m R o r n - - C L I * l r ~  
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wI DOCUMENTATION FOR GHG MITINGATION 
FROM BANGALORE SANITARY LANDFILL 

Y PROJECT 



GRG E m i s i d  Mi4ig8Ccm fmm thc Project 

'Ibercantwopdcotial s r a r c e s o f G H G ~ ~ t b e p m j e d n a m e l y ,  
- 6umcompostiogopedom. and - froan degdatioo of organic manex mst might be land-filled almg with rrmnats 

6umcompostiog@oos. 

h additioo, thee is mitiw of GHG emkkm due to sale of- g& born tbc 
pmjed, which would substime use of chemical fertiliaa fa plantatid horticultore 
prposes. 

Figwre 2 below provides tbe poias of m G  emission and mitigaiion associated witb the 
p m j e  

GIG rrzprrzpa I(IIOI 

GHG 

h r e g a d t o t h e s e e o a d p a t e a t i . l s a c r c e d ~ , & i d e a l ~ g a p c n t i o l p ,  
~ s h o o l d b e o o o r g a n i c ~ ~ g i n f o t h e l . n d f i l l . ' I h i s i s t b c s t i p d ~ l m d a t b e  
MSW 2000 Ruka as well, which martdatu that "Lordfilling shoU be nslricled to rm- 
bi-Ie, inert w d e  md other w d e  that are not suitable either for recyrl~ing or for 
bidogicol pmssing.  '" 

H-, in aaud apatioar it is expected md s a m  amoom of a p i c  matt- will rennin 
evea.&rwmposting.odwill@~srtdintothe~Ualoogwitbtbcremoamfrom 
~c4mposringopcretimr. 



WLrr: 
M%= a+c-~.bqriLmpolr-mmD) 
mc = d c B a s k e - w m t k N s w  
Doc? = 6 ' d a d D O C U e -  
MCF = r a l c e b s b f a h d 6 g  
F = fi.rdoldlaaluinb%Ugr 
C = a b m m l a b k ~ ~  



CLIN 8: Methone Emirrrons and Re-u.~. Puiential in Cities 
Svbrark a Z Funding identiiedond Dorumenrol8on for Fundrng Submined 

For the quantum of MSW, two sets of values have been taken for the parameters, 
corresponding to the two scenarios of waste segregation. These are as follows: 

Using above values, the following is the summary of the emissions calculation for the project: 

ns from organic matter -- land-fille 

c. Emissions Mitigation Due to Chemical Fertilizer Substitution 

The project is also associated with emissions mitigation doe to substitution of chemical 
fertilizers by compost generated from the project. The reductions achieved can be calculated 
using the following equation: 

CHG Emissions .. em duet ions -- -- ola Fertilizer ~nb~ti intion (Ek) = Ep x C F T  . .. . - . - - .- . . 

Where: 
EF = C02  emissions intensity of fertilizer production (TonsiTon of fertilizer) 
CS = Compost sold (TPA) 
Y = Conversion factor from compost to fertilizer (i.e. Tons of fertilizeriTon of 

compost) 

Values for specific energyiemission intensity associated with the production of chemical 
fertilizers and the conversion factor have been discussed above. These are as follows: 

EF = 2.63 tons C02/ ton of fertilizer 
Y = 0.3 (i.e. I ton of compost - 300 kg of fertilizer) 

In regard to the quantity of compost sold, it is assumed that the project will be able to sell 
about 20% of the compost generated. The percentage will possibly increase over time, as 
pressures mount for compliance with MSW Rules 2000. The government can also be 
expected to take proactive measures to encourage the use of compost (e.g. adopt the use of 
compost for its own horticultural requirements such as plantings for municipal median strips). 
Accordingly, it has been assumed (based on estimates provided by the technical consultants 
for the project) that the proportion of compost sold will increase to about 50% by the year 
2012. 

The Louis Berger Group. Inr  Grrrnhouse Gar Pollution P~evenrion P70,rrr - Ciimote Change Supplemmenr 
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The quantity of compmt generated varies under the two segqa t iw  yxnarh  desaibcd 
above. Accordingly, two sels of values ha\= been calculated for minions reductions 
achieved corresponding to these two scenarios. These are summarized as follows: 

S n u r i o A  @curb B 
O.MW of comDost sold I G )  - - 1- TPA 12410 TPA 
E R ' ~  di krilisc; robstitutk. (E&) = 11519 TP.4 9791 TPA 

GHG Mitigation potential of project 

The project helps in avoiding emission of two GHGs. namely methane and carhm dioxde 
(due to chemical fertilizer substitution). 

The project enables reduction in methane emissions by redirecting waste dim hrm open 
dumps to composting cum landfill facilities. The composing pmcss helps to render the 
waste inert and thereby reduces the methanc emissions associated with m i o n  or orpanic 
mane1 in open dumps! landfills. 

Based on the calculation methodology described above. and default values used (in the 
absence of project specific data), the CO* h t i o n s  achieved due to mehne cmi+wm 
avoided is as follows: 

Baselme - .Annual COZ equiv. emissions - - 22'662 TP.4 

Scnwno .4 Scenario fl 
Project - .Annual CO2 equiv. emissions - - ZIX71TP.4 li545TP.4 

Emission reductions o a ] (ER,,) - - 1957'41TP.4 21JII-TP.4 
CH, emissions avoided 1 

ER's o a fertilizer substitution (ERr) - IILIQTP.4 9-91 TPA 

1 Total ER's d a  project (ER) - - 2073 I I TPA 223909 TP.4 
> 

The above represents the dcula t iw for Year 1. or 2005. Similarly. emission reducrions haw 
been calculated for the remaining crediting period. and the raulting time saics data hs b m  
summarized in Appendrx B. 

In additioq the complete calculation methodology described in the fmvious d m s  hrs bao 
provided as a calculation template in Appendu C. 



Monitoring and VeriT~cation 

a. M& V philosophy 

Monitoring and verification (MBV) of the emission reductions from a project is key to ensure 
that the projected reductions ~ndeed take place. The investors' risks from a project are 
addressed to a large extent through the M&V process. 

The proposed project has two distinct componenfs of emission reduction. Therefore. the 
M&V approach for these is designed separately. 

For the solid waste ucatment, the measure of reductions shall he derived from the quantity of 
solid waste processed at the landfill, which has a relationship with the methane generated. The 
proposed plant would have a measurement system for the solid waste as specified in the RFP 
document. The measurement of the remaining parameters would be determined by the extent 
of actual monitoring done, versus the use of formulae to derive the GHG emissions from the 
project. To the extent actual monitoring is undertaken of methane and C02 emissions from the 
compostingllandfill facilities. requirement of monitoring formulae parameters, would be 
reduced. 

With regard to the sale of compost, the measurement of the weight of compost sold would be 
as per the sale records of the company. R i s  would be recorded as per the usual standards of 
sale of goods. 

Periodic review would need to be undertaken of parameters used for baseline calculations. To 
this extent. the M&V svstem would also keen track of oarameters such as the oattem of solid ~ ~ . 
waste disposal in the city of Bangalore, waste characterization data, power consumption 
pattems for fertilizer production, fertilizer con sump ti or^ in the country. The major 
ksumptions made in the GHG reductions analysis would also be confirmed from  time^ to 
time, so as to keep a track of the carLmn offsets generated and also to account for any leakages 
that may occur. 

The M&V protocol would need to include the following elements: 

Measure and record the quantity and composition of MSW received. 
Measure and record emissions (if any) from composting operations 
Measure and record emissions (if any) from landfill operations. 

OR 
Measure and record the quantity of MSW composted, fraction of remnants, and 
fraction of organic matter in the remnants. 
Undertake periodic waste characterization studies to ascertain the DOC of the 
MSW processed. 

Measure and record the quantity of compost sold 
Keep track of solid waste managemen practices in the city and the country 
Keep track of energy intensity of fertilizer production. and consumption pattems of 
ferdlizer. 



DPR WORK SHEET FORMAT 



Detailed Project Report (DPR) Worksheet 

For GHG mitigating projects under 
USAID's Greenhouse Gas Pollution Prevention Project - Climate Change Supplement 

Managed by The Louis Berger Gmup. Inc. 
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Background: 

This form is for the purpose of gathering relevant project finance information for projects 
developed under USAID India's Greenhouse Gas Pollution Prevention Project - Climate 
Change Supplement (GEP-CCS). It is designed for project developers and financial 
institutions involved with clean energy or other types of GHG mitigating projects that are 
placed into the GEP-CCS pipeline. 

Format: The form is designed to capture the types of projects seeking Project Finance. 

Proiect Finance is focused on anticipated revenue streams from the project activity (or 
off-balance sheet financing). For example, a grid-based biomass co-generation facility 
would likely depend upon energy payments from a local electricity board. Much more 
detailed information about the project, project promoter, power purchase agreement, debt 
and equity sponsors and profitability and cash flow analyses are necessary to determine 
the relative risk and financial viability of the project. 

This is a working electronic documentlcheck-list. When each question is answered, place 
an electronic checkmark (4) in the left-hand box as a reference point for completion of 
the form. 



PROJEC~ FINANCE FOR CLEAN ENERGY AM) GHG M r n G ~ n m  

Project Name: 

Project Promoter: 

Special Purpose Vehicle: 

1. Executive Summary: Project at a Glaoce 



2. Project Costs 

Plant & Machinery 

Land & Building 

Civil, detailed Engg 

' 1 Erection & Commissioning i I I I 
I Preliminary & Preoperative 

1 j ~ ~ p e n ~ e ~  

1 Working Capital Margin 
I I 

1 I Contingencies 1 
1 
I Total Project Cost 

3. Proposed Means of Financing 

1 / Total Debt Portion I I I 1 1 Total Equity Portion 1-1 
1 1 I I I Total Project Cost 

4. Committed Financing (if any) 

a. Committed Debt Providers 



b. Committed Equity Roddtr~ 



7. Status of Finance Negotiations 

Are you in negotiations with any prospective debt providers? If yes, please specify 

and elaborate on expected time frame. 

Do you plan to submit this projecl to a private venture capital firm or an 

international equity organization (e.g. REEF)? If yes identify specific fund and 

elaborate on negotiations. 

Do you plan to submit this project to an international tender for carbon emissions 

reductions (e.g. Oregon Climate Trust)? If yes, please specify tender and closing 

date for submission. 



10. Projecl Promoter F i  Aiory 

L I City. Stale. Province 
! 
! 

i / Contact Name 3 

I 1 ~ o o k  value of fm? I I 

i 

I 
: 

! I I 

I EPS reserves and surplus last 3 1 I 
I 

Contact Phone 
ConcactFAX 
Contact WlAIL 

I years? 
I What is current b u s i i ?  

What ue synergies beween 
business and this project? 



11. Project Promoter Relevant Experience: 
Briefly describe the relevant exverience, if any, possessed by the project promoter. Has 
the promoter developed similar projects? 

i 

12. Special Purpose Vehicle Contact Infonnation (If applicable): 

I .  
; 

Salient terms 

promoters 
Is a Shareholding agreement 
In place 

I 



13. Project Details 

I Greenfield oroiect or I . > t / lnvolves exlsting eqtupment? / 1 

1 Is GHG nutleaurn ach~eved 1 1 - 
I by Process Improvement or 
Clean Energy Generation? 
Stze of Project (MW)? 

Pro~ect Locat~on? C~ty. I 

Province 
Off or on-grid? 

State Elecuicity Board? 

Technology? 

Type of Fuel? 

Source of fuel supply? 

14. Feasibility DelniLs 

! Was Feasibility Study I 
I 
I 
I 
! 

! prepad independently? 
i 
1 
I 

What firm prepared the 
Feasibility Study? list 
address and contact details 



15. Background on the Power Purchase Agreement (if Applicable) 

I If no, skip to next heading. 
/ Has a PPA been signed? (Yes or No) 

t-1 Nature of Agreement? Take or Pay? Other? / 1 
I 1 
/ Name of state electricity board or primary - I 

When does it enter into force? I 
) What is the length of the PPA? (Years) 

What is the initial purchase price? 
I 

What is the annual % increase in ~urchase ! I 
I price? 

Can the project sell power directly to major 
consumers? (Yes or No) 
What are the securities provided for the 
revenues? Have the domestic lenders 
approved these mechanisms? Are there any 
special clauses, or provisions of relevance 
to the investors? 
What are the terms of Payment to the 
project developers? Any special clauses of 
relevance to the investodenders? Have the 
domestic lenders approved the payment . . 
terms? 
What are the maior provisions (event I 1 
defmitions, treatment of the off time, etc.) 
of the Force Majeure clauses? 
What is the method of fixation of tariff (two 
part, availability etc.)? Are there any 
provisions for deemed generating/penalties? 
What is the treatment for i n f m  power? 
Have the provisions for change in law, I 

termination, liquidated damages, etc. been 1 
approved by existing Ienderdinvestors? 

1 Would the ~ ~ ~ l g e n e c  
1 share in the ownership ofiarbod offsets? 



16. Other Agreements (where appticabk) 

I I 

I / Waterlutility supply agreement signed? / I 

: / Shareholder's agreement been entered 1 i 
I / into between existing equity holders? ' 1 
I 1 
1 Special provisions of above 

I 

! 

agreements? I I ! 



17. Quantify and Describe Risks 

I ' Contract/counter party 

I 

Construction? 
-- ..~ = -- -- 

la; 

Market? 

CountrylSoveretgn'J 

Regulatory? 

Technology? 
i 

I 

Management? 

I 
I 

Enforceability of 

Conh.acts? 

Competition? 

Exit? 

I 



18. For irsks identad in section 14, d- hWgation/Covemge mrsom 

I Regulatory? 
I 
I 

Construction? 

Management? 

Enforceability of 

Contraas? 

Exit? 



GHG MITIGATION ASSESSMENT 

1. GHG Mitigation Applicability Macro Checklist 

Does project generate real, measurable, long-term, additional and 

verifiable emissions reductions vis-8-vis current baseline alternatives? 

Are there sustainable development benefits such as increased employment 

and protecting biodiversity? 

Does the project rely on ODA? 

Has the project received host country approval? 

Does project meet size definition ? 

--under 15 MW for renewables projects 

--under <I5 giga watt hourslyear savings for energy efficiency projects 

--under15 kilo tonnes C02E for emissions reductions from process changes 

2. GHG Mitigation Calculations, Monitoring and Verification Checklist 

1 Yes 

Does the project involve a discrete reduction of emissions? 

I Have the emissions reductions been estimated with an accepted 

methodology? 

I Has a monitoring methodology been established? 
I I / Has a third party verifier been contracted to verify actual emissions 

reductions and sustainable development gains? 

Has clear ownership of emissions reductions been determined and 

I documented? I 



3. GHG Assessment dotnib 

/ I 
I 

I 

2 \ Baseline Emissions C 0 2  p.a. 

3 i Project Emissions tCOZ p.a. 
1 

4 ! Emission reductions tCO2 p.a. (2-3) 

i 
i 
! 

i 
1 
I 

Parameter 

Baselme methodology 

Rrtkuhrs i 
i 
I 

I 
I 

1 
, 
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APPENDIX A 

PAEUMETERS USED IN THEORETICAL GAS YIELD FORMULA 



APPENDIX A 
p . 4 ~ -  USED IN THEORETICAL GAS YIELD FORMULA' 

~b*orb.nirc.rboa(DOO 
This ts IJK organr c h  that is accessible to bicchcmcal mnposlwn L s bad  on dK 
composibon of w s m  and can be calculated from a uughud a v c n p  of dK wrbm m r m c  d 
\ anous conponents of ihe wane sueam B a d  on tk IPCC Grudelim. DOC 
can be esumated usmg defauh cubon coiumt valus to the foUoutng quaurn  

DOC = 0.4C.A) + O.l7(B) + O.IS(C) +O.HD) 
Where: 

A = fraction of MSW thu is paper and textiks 
B = fraction of MSW that is gardcn waste. park wasre or& an-food 

organic puarscibla 
C = hacuon of MSW thu is food waste 
D = frzlion of MSW tha is wood a s w w  

The default carbon content values f o t  d m c  frxnoos can be found m br lPCC GudrImts 
(Table 63, Reference Manual) However. obcauung values by perfonmng w e  gamahcm 
sndm and sarrpltng of different waste disposal smura at thc proposal prcf a 
recommended Survey data and -lmg m u l e  shouM k repwted and rsad d lhcv 
should be nnmta~ncd in addiuw. 11 is i G l n t  mat tnvmlay agcn~us cvludc l i p m  hm 
rhclr DO(' calculanons if IJK dcfaull \due (0 77) for WCF 1s uud ' 

F n c t b a d d c g . b b k o r g n * - t h t ~ d c g . d a C D O C . )  
DOCF is an esarnatc of the frabon of carbon rluc is u l d y  dqraicd ad dud fmm 
unmanaged landfills, a d  r e k u  he fact dut some mgam cabon das m &@. a 
degrades very slowly, when depcailed in an unmanaged I&ll The lPCC G u r J c k ~  
prutlde a default ralue of 0 77 R m r w  of rcccn~ litauurr howetn. suggarr &a &a ma) 
bc an o\errsurmte It should bc only used tf ltgmn ckmcntal carbon a crcludcd fnwn dK 
DOC value. 

Mccaur Comaiw FDCW (MCF) 
~mcrhvvoomchonfanaprroun~fotmefrtth.lMmwgodllodhllrpohreicn 
methane hw, a p\m amam! of waste thro a mn.gcd MfiU. bccv~e  a lprga h-tnm d 
waste &compares d c a l l y  m thc lop layen of ihe uomanaged landfill The MCF a 
spctfii to mat area and should be intnpraad as the 'umc Rerugemcnt mmcoon f y m '  
r r k M g  managullcnt acpn of lhe sold wrrte syslew. 

F ~ d m c ( b . a e m I M d M ~ B )  
Landfill gas consists mainly of CH. and a. Tk CH. fnctim F is usully taken to be 03. 
but can vary between 0.4 and 0.6. dcpadrng at sevrd fmm includmg w m c  conpoution 
(e.g. cVb0h)drates md allulose). The cumenbation of CHI in ncovacd landfill gas ma?. be 
lower than lhe actual value hfurw of potcnbal di~utim by m. so F vlhrcs surd m dus 
way wll ncn neressarily be representative. 
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TIME SEWES DATA ON GHG REDUCTIONS ACHIEVED 



B - TrMe SERIES DATA ON GHC 

Time wr*r d& om emiubw reduction# . c h i  durig  crrditing period 

SCISNARIO A: N o p b r -  100% d u d e m  -i M drrrllo h # U  







APPENDIX c -CALCULATION WORKSHEET .. 
BASELME EMISSIONS - 
Tatd MSW fa city 

@) 
@) WrE l%cilitia @w) 
(c) cSl h p a  W) 

TPZ) Vdus 
% V d w  
% V d w  
% Vdue 

Tat4 ( w e  CE4 c d m l m s  far dty TPD Ec*Lk + E w ' h  +&*Do 
Whi sun gCH4 emddou (lPD) / T d  

W M ~ ~ a l s s i n r W t o r d t f s l L E P W  TPD a w f m  drV PO 
W I d q  and+(t+(t~ mn r MSW 

~ u u l ~ c ~ u ~  TPA pm* @rV 4 p r j c c r x  365 

ArrlbrrlLrCoZd.rbr@b,) TPA ~ C H 4 e m i s d o m 1 2 1  



T a d  Tm 
a n ~ U d b . . I W I I ~ ( I . )  of* S E p x 0 ,  
c m f i * . f & u a f q r t t e m  
-07 Pnc(im vdm 



GHG MITIGATION GUIDELINES(INCLUDED AS APART OF THE 
BANGALORE PROJECT REP 



GREENHOUSE GAS MITIGATION GUIDELMES 

The drrinrgc irya m k higbly pcmPaMS citbrr p a  gml or hi med of 
bydnufic pameability of 1 cm I sc a mom Ockr a6mble mprirk for cbc LCRS 
dnin8ge layas iacludc diip tires Soil is not d*ird bkagc of Rm rwiamcc Pd 
~ i i t o ~ b y p r r d p i t l O e s ~ p m r  
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GREENHOUSE GAS MITIGATION GUIDELINES 

CONSTRUCTION REQUIREMENTS FOR WASTE PROCESSING FACILITIES 

The'dminage layer needs to be highly permeable, either pea gravel or similar material of 
hydraulic permeability of I cm / sec or more. Other suitable materials for the LCRS 
drainage layers include.chip tires. Soil is not advised because of flow resistance and 
susceptibility to clogging by precipitates within pores. 

The coarse, high permeability layer needed for leachate drainage, while serving the 
drainage function needs to contain gas and prevent exit / atmospheric emission of 
generated landfill gas out from the base of the landfill that would otherwise occur. 
Sealing around the drainage layer perimeter shall be such as to prevent such gas loss via 
the drainage layer. For purposes of allowing selective liquid drainage, while preventing 
gas flow through the liquid leachate outflow, a u-trap type of gas barrier capable of 
confaining gas at up to 1 to 1.5 meters gauge back pressure shall be on the liquid leachate 
outflow. 

CONSTRUCTION REQUIREMENT FOR LANDFILL FACILITIES 

Gas Recovery and Greenhouse Gas Mitigation System ("GRGS") 

r ', - 
It is recommended that the Concessionaire, in accordance with the construction and 0 & 
M Requirements, provide an adequate GRGS, which normally would consist of the 
following components: 

Landfill Gas Extraction System . Landfill Gas Extraction Device Design 
Landfill Gas Collection System 
Landfill Gas Treatment System: Active Design 

Lendfill Gas Extraction Systems: the extraction system may be a technique, or 
combination of techniques that is commonly used elsewhere in the world to recover 
landfill gas. The system may use vertical wells, horizontal trenches, permeable layers, or 
geomernbrane covers, or any combination thereof so long as the extraction system 
objectives below, of recovery efficiency and recovered landfill gas methane content. are 
met 

The extraction system needs to be designed and capable of being operated to meet the 
following objectives: 

(i) Migration Control: The landfill gas extraction shall be designed and operable with 
the goal of controlling landfill gas migration. The migration control goal is that 
landfill gas concentrations remain at safe levels at the landfill property boundary 
or perimeter. Effectiveness of this control shall be assessed by monitoring wells, 
having depth at least 5 meters, unless to the depth of the water table as reasonably 



mticipted to be always less than 5 meten beneath the surface. O p t i y  
monitoring wells Should be l0cated at perimeter spacing of 20 or fewa meten. In 
m y  event a minimum of 10 monitoring wells should be installed at he landfill. 
-n, of the landfill gas extraction a d  control system shall be such 

. chat methane in wells sampled on a routine schedule (such as weckly, in I)K first 
~s &er landfilling, and then semia~ually in yean after landtilling has begun). 
-0 case indicate methane over I .25%. This uppa methane conccntntion 
limit is 25% of the lower explosive limit (5% in air) for mahe. 

(ii) Emissions Control: Emissions through the landfill surface shall be eontrolled Neb 
that an integrated surface na, consisting of a co-'Me ga~~cI&ctor with 
continuous sampling, moved o v a  the Isadtill in @mllel srnplig paths) 
separated by 50 metas. with -la intake between 10 md 50 cm above I& 
landfill, and covering the cntin laDdhll "footprintt ruch that m poctioo of the 
waste surface is fartha than 25 meters h m  a sampling path, rboy mdhmc 
concentrations uniformly below 500  pa^% pa million by volume. , 

(iii) Odour h t r o l :  C d W  with Item (ii above, tbe ludfill ibrll k opntai 
with the goal that m noxious odours or complaints sbrll be lodged by raidmh 
living nearest the ludfill. If neca~ary landiill pasomy1 sbrll be rMe to 
odoun and to reduce odours, by a c o m b i i  of wrllrovar (downwid) to axe 
odours, and rccovay sptem adjustments sucb u increased attraction rate. .- 

. - 
(iv) Cova Rotcction: 'Zhe Lndfiu cova W be soil or otha rrlrtivdy 

m a t e d  (in the ideal case gawocmbrm). 'Ihib cover shall be of a I&& arb &st 
breaks in the cova shall be detectable bv a t h a  vinnl iasDection a UIC dct&tiol, 
of high mtlmne coocenmtions sear or down- of bova aercbes. by 
combustible gas scans paformd for anisdoas control m Item (ii) b y t .  T h  
cova  construction dull be such that brrrbes (u for example sacks in day, or 
tears in geomanbrane covers) w be patched 

(v) En- Roduc~s Raovay: The Isadtill must be designed with t 
integrity (i.e. relative gu-tightness) such thit l d h l f  rocovay Tor c m g ~ ,  a 
widely practiced elsewhere in the world, m y  be rmdc;od ecoaomidy p n d d  
at a tuture date, raordiag to s t a d d s  prrticed ebewhcrr m tbc bc'lwaM 
(exampla: m v a y  systems in E US. Hong Kon& Ih.ilmd). 

Practical mdbane energy rccovay mires contlinmcat 
large majonty or lananll gas can be rccovned (from 60-90% aingthertr;obrd 
in most Landhlls 01 tne wona). Ine system design hall also be awb as to 
reasonably asnac, unda ichpropaatiooal conditiom. thrr air enmhmat dmbg 
the desired escimt  recovery. docs not preclude energy usa such as cqincs. 
Thus system paformvlcc at efficient extraction (60-90% raovay) must be 
designed to recover methane content above 45%. Biddas may follow &Mines 
of systems dsewhere in the world that mrrt these m v a y  efficicicncy and  AS 
purity criteria. 



LOCATION AND SIZING 

The sizing of the landfill gas extraction/control system could adhere to the 
following specifications, taking into account that reliable background information 
on landfill gas generation rate for the circumstances of landfills in India is scant. 

(i) Generation Rate: The recovery system must be sized to control the maximum 
possible gas flow. 

For further refercnse: Building on data in Vogt and Augenstein (Vogt, G. And 
Augenstein, D.1997. Comparison of Models for Predicting Landtill Gas 
Recovery: Results of a 19-Landfill Survey) the maximum landfill gas generation 
rate for a landfill in India is expected to peak around at most, 20 litra of landfill 
gas per kilogram of waste per year. This generation rate default value also builds 
on work by Benernann and Augenstein (for Global Energy Partners by IEM, Inc.,) 

(i) Pipe Sizing and Implications: The total pipe size sewing giveq sections of the 

;.. landfill should assume this default landfill gas recovery value and convey the 
..>. ..: 
& expected maximum gas flow to be blower station at a pressure drop of no p t e r  
.*:. .. than 10 inches of water gauge. .. . 

(iii) Total Yield of Landfill Gas: The total yield of landfill e a ~  from waste being 
landfilled is expected to be, at most, 100 cubic meters mixed CQ1CI-I. per metric 
ton of waste. Hence over long time spans (over several years) the average gas 
generated would normally be some maximum waste inflow, which can reasonably 
be averaged over a time span of I month or more, multiplied by the yield of 100 
cubic meters p a  metric tome received by the landfill. The landfill, as specilicd, 
shall be sized for a maximum idlow of 400 metric tons (tonnes) per day. 
However a further gakty factor of 2 is recomrnendea. FIIRXELY factor accounts 
for possible effects of high rain infiltration during mowoons, possibly in 
combination of high temperature, which could potentially accelerate gas 
generation by as much as twofold compared to the long-term average. Thus the 

I peak default gas extraction rate i ~ ( 5 0 0  tomesfday) x (yield = 100~'ltome x (2 = 
safety factor) = 100,000 ~ ' l d a ~  or 4166 ~ ' lhour .  This value will be furthm 
referred to below. It should be recognized that this is the upper range of any 
plausible projected gas emission range and will not be achieved in practice except 
possibly during short periods. 

(iv) Extraction Models (Optional): Recovery may be estimated by use of predictive 
models. If modeling can be justified on grounds, stated by the Concessionaire, to 
predict recovery, the extraction and recovery model required for use shall be the 
"School Canyon" model, as recommended by (among others) the US EPA. This 
model has also given good results on European Waste as documented in work by 
Hans Oonk. The landfill gas yield recommended for Indian circumstances is 100 . 



cubic meters per tonne. and neovery estimates at decay rates of 0.10 and 0.20 pa 
year are advised. 

Still. in light of present knowledge. models are at b a t  imprecise. This is shown 
by much work elsewhere including in the US. (See Vogi and Augcnstein. Also 
see Augenstein. D. and J .  Pacey, 1991 Landfill Methane Models. Proceedings, 
Solid Wasle Association of North America (SWANA) Annual Meeting October. 
SWANA. Si lva  Spring, MD). A principal value of models my come only in 
conjunction with needs to predict gas availability for energy uses. 

. 
(v) First Order vs.. Zero Orda -and Otba Models: Over time spans of  intacsl the 

differences between rm, orda, first orda and other modekd prtdictiom of 
generation n t a  arc not large. The safety factor ineorpartcd in the gcnartion 
model assures capacity to handle gas at the IiLcly generation as predicted by 
either of these afccptcd models. According. it is nrggesud that Biddas m y  
employ the first o r d a  mbdd as raxmuneoded 

LANDFILL GAS EXTRACTION DEVICE DESIGN 

Essentially, wells, trenches - or a surface pameable layer lmda geommbnne cover - 
may be attached to a landfill gaspiping oehvok Landfill gas is pulkd from tk wdl  in@ 
tbe piping system using an adjustable rate blower, which keeps tk pipiag syrtem at ctight 
vacuum. A centrifugal b l o w  is advised because it  allows acxertim ova a wide 
of rates which may be earolmtaed The blower should be of matcrirl .Id dedm which 
 ha^ proven corrwion resistant in landfill gar applications. H should t o l m  eaarincd 
liquid (usually l d l l  gar condensate). 

. . 
Landfill design features otha than the urtraciion system per re musz k nppqtiae to 
enable highzfficieocy extraction of relatively high-pilrity methac Important rspecD of 
gmaal  landfill design PC as follows: 

(i) Horizontal to Vatial  Pennability, and W y  Cova  kmi&: lrod 
is for a high ratio of borizmd to v a t i d  pam&i&y m grr f h h g  
withintbelandfill. T h i s a n b e d b y u s e o f - d r i l y - .  - -  - 
Thc permability of the daily cova  relati& to waste mud be citbc; bigba 
(cbnraetcrisfic of com1m65 saw, sand w thred tirrs) or lower &an 
as would be the case &th a low pameability soil. W&tbcr the c b o i  b 
high-pemwability (also like p v e l ,  rubble, tire c h i )  or bw-pamdil i ty 
cova  (soils), such covas assues that gmaatcd I d f i i I  gas will ilow 
more easily horizontally than vatically, which in hw aulpnents colkdon 
efficiency for tmcha or vertical wells. The d d y  coven with higher 
permeability arc favored, because they ere less likely to l e d  to M l l  
"waterlogging" which interferes with gas collation. 'Ihey also lead to 
lower extraction pressures and generally greater gas recovery well 
emciency 
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(ii) Waste Drainage and Leachate Collection: The waste must drain well. to 
avoid "waterlogging". Waterlogging, a high landfill "water table" u 
covering the extraction zone of wells, can be fatal for gas collection 
inasmuch as pooled liquid around the well perforations could prevent gas 
collection entirely. Thus the landfill must incorporate a leachate collection i 

and removal system (LCRS), which keeps the waste drained. Necessary 
components of a LCRS are appropriate base'layer sloping for drainage, a 
reliable corrosion resistant leachate recovery sump pump and provisions P 

for treatment of the polluted, extracted leachate after it is removed from 
the landfill. . ._.a.1 

. ... . - m 
The drainage layer characteristics are extremely important. The drainage 
layer must be highly permeable, either pea gravel or similar material of 
hydraulic permeability of l cdsec  or more. Other suitable materials for 
the LCRS drainage layers include chip tires. Soil is not advised because 
of flow resistance and susceptibility to clogging by precipitates within 
pores. 

The coarse, high permeability layer needed for leachate drainage, while 
serving the drainage function, must contain gas and prevent 
exit/abnospheric emission of generated landfill gas out from the base of 
the landfill that would otherwise occur. Sealing around the drainage layer 
perimeter shall be such as to prevent such gas 10% via the drainage layer. 
For pulposes of allowing selective liquid drainage, while preventing gas 
flow through the liquid leachate outflow, a U-trap type of gas bama 
capable of containing gas at up to 1 to 1.5 meters gauge back pressure 
should be on the liquid leachate outflow. 

(iii) Controllable Extraction by Individual Wells: Extraction of gas from 
individual areas of the landfill served by individual wells or other capture 
approach should be adjustable. This accommodates the likely range of 
varying gas generation rates of individual areas that will typify landfills. 

(iv) Landfill Gas Collection From Drainage Layer: Completely gas-tight 
sealing of the drainage layer from the atmosphere may be difficult. An 

. acceptable alternative or even adjunct to gas tight sealing of the draiige 
layer is to carry out gas collection appropriately from the drainage layer. 
In this case the drainage layer specifications are the same. For gas 
recovery from the LCRS drainage layer a perforated gas well casing or 
hose (necessarily horizoptal and located above any anticipated liquid 
level) extends into the upper part (vadose zone) of the drainage layer. The 
pipe connects to an exterior wellhead. For recovery control the wellhead 
is "tuned" (see Startup and wellhead gas extraction control below). Thus 
extraction is controlled as with wellheads on the vertical gas wells. 



The extraction system could also extract h m  the bast leachate control (LCRS) 
layer. or hor-izontal trenches located within the waste. In particular, vmical well 
operation may be combined with a permeable laye? (referred to elsewhm in 
t h a  as a "venting layer"). For a system employing venical wells, 
Alone or in combination with permeable layen or other collection means, ihe 
expert opinion and b u t  practices suggest that the Concessionaire adhere to the 
following specifications. 

(i) Total Well Depth: Optimum (toIal) depth o f  wells will tad to be site 
specific depending on daily cover and o k  features. But in general the 
gas collection effectiveness o f  wdls (volume o f  wate saved by .a- 
individual well) inc- with depth. It is rrcommcDdcd Ibat tbc total 

. . depth o f  proposed wells be at least 80% o f  landfill dcpm Tbe 
effectiveness (and efficiency) o f  the well is also greats what the zoae of 
gas extraction is decpcr. Thus, i t  is ruonwwnded that the slo@x in the 
well casing, also known as the perforated mne, be restricted to the boaom 
third o f  the gas nbactioo pipe cuing. 

(ii) Casing Material: The well casing (pipe) itself should be o f  a mataid 
whose reliable savice is established m laadfill gas ccfovwy. This maraid 
can be plastic, o f  which apprupriate g d s  o f  polyvinyl chloride rrr o f b  
prefermi in Inany land6Us worl&vidc. Polyethyiene is much kss 
w r i a t e  became o f  plasticity. Stainless steel mi&! be used hit is 
expensive. C a r b o n s t & l m ~ g a s x r v i c e i s ~ ~ i t  
is mccpt i i lc  to comxho (to fnrour cat~~uate. lmoog otha compocmdr). 
The~aofcasingisnot~ycriticrlsohg.sflow " 
is low and may nngc from 8-20cm ID. 

azing be capable o f  teksmpiog by up to 20% of the h i e d  pipe la@, to 
accommdate cxuccted md namrl satllemart o f  the Lrdfillcd v m e  ovcr 

- time. 'Ihus the &ng may colrrist of two tdacoping s h  o f  pipe. Ibe 
telescoping joint should be louted .bout balhvay down the wdl caing 
and surrounded by a ~ b b c r  sleeve which can seal the ~cboping joint. 
Such a sleeve can be rmde o f  rubba resistant to l d U  grr md 
conrknsate (similar to the flex hose) with an elongation capacity o f  at last 
50%. 

iT (iii) Seals: Al l  pipe unions and c o m t i o n s  in landfill gas wells and piping can 
be assumed susceptible to flexing and strain Flexing will occur because 
o f  landfill settlement. thermally induced expansion and contraction and for 
0th- mans. Seals (for example where gas extraction wellhead eoMbca 

to solid pipe making up the gas recovery grid), and pipto-pipe uuions 
should maintain good seals during this inevitable flexing which 
characterizes the wellhead and gas conveyance piping. One seal mahod 

bn which works uses high-strength corrosion resistant flex hose, similar to 
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seals in automotive or other internal combustion engine coolant 
c~rculation. (see flex hosc. below). Hose-to-solid pipe seals are via ring 
clamps holding flexible hose tightly over the solid plastic or other pipe 
comprising the nlajority of the piping run (ie majority of the total piping 
length). 

(iv) Flex Hose: Flex hose should be of a type with demonstrated leak-free 
performance and acceptable longevity in landfill gas service. ' One flex 
hose type with durability and condensate component resistance is that is 
used to convey internal combustion (ie vehicle) engine coolant. It  is 

..,-.- ~ .- prefrrable that such hose be resistant to vertical-loads, if dictated by 
des& (for example if buried. to bear the weight of landfill vehicles and 
equipment operating on the surface). Flex hose can include hose used in 
abyicultural irrigation, providing this hose is leak free (some agricultural 
irrigation hose tends to leak) and resistant to condensate. 

To accommodate settlement and thermal e x p ~ s i o n / c o n ~ t i o n  of solid 
pipe sections, the flex hose length and "slack" should be such as to allow 
extensions of up to atleast 2% of adjacent solid piping. 

(v) Length of Slotline Perforations in Well Casing: It is recommended that the 
open area of slotline perforations be large enough to accommodate 
maximum anticipated extmction rate (computed based on volume of ymte 
served, below and guidelines for normalized generation, above) while 
maintainiig minimal pressurc drop across the slotline of no more than 500 
Pascals. Note that this high pameability for the slotline provides a safety 
factor even if part of the slotline should become clogged by precipitates, 
or waste particulates, or should become submerged. 

(vi) Well Packing and Backfilled Gas Well Seals: The cylindrical bomdary 
around the gas extraction perforations, defined as the interface between 
well packing (permeable gravel, etc) and waste, should pose minimum 
resistance to gas flow. At the same time it must during construction 
prevent borehole collapse. One approach is to drill the well bore to desired 
depth, then inserting as quickly as possible a cylindrical outer wall of 
fencing wire to hold back waste from collapsing into the wellbore. The 
well pipe is then inserted into the wellbore. Then the annulus around the 
well casing is packed with gravel, shred tire or similarly high permeability 
material, which permits gas flow and maintains the wellbore 
configuration. 

(vii) ~ a & e r  to Gas Infiltration in Zone Between Well Slotlioe and Waste 
Surface: Design and conshuction should guarantee that the well bore 
above the slotline has an effective gas barrier material atleast an order of 
niagnitude less permeable than the surrounding waste. A barrier of 
compressed geotextile (or a non-biodegradable synthetic cloth such as 



packeddown nylon or polyester) may be placed o v a  the gravel padhg  
described above. This non-dcgndable cloth or cloth-like material is in 
turn covered with soil of depth equal to the well bore. The remainder of 
the well can be filled with clay or bentonite clay. In any case any prop& 
seal must be such that entraining air or gas cannot "short circu~t" ven~cally 
m u &  the wellbore filled with scaling material. 

(viii) Valving: Each wellhead shall be equipped with r control valve capable of 
controlling flow from that individual wdl when the pipe downshram of 
the well is at a constant design vacuum. The wellhad anddmy other 
vahring should be of tyix bcst suitable for control; in ersence the value 
will have flow resistance gdually changing as the valve is opwd or 
closed. High rangeability (controllable ration of maximum to minimrm 
flow) is essential. The maximum flow rate of tbe valve m y  be specified 
as the maximum gas gemtion calculated for the waste mrss,served by 
the well. belovt. 

(ix) Well BoTC ~ ~ ~ 1 C K  The wdbO~.i.S lrot hi@y m; poviding other 
design criteria arc met. It is best that the wdlborc be bctwca~ 0.4 md 0.8 
metm in diamucr, but my wellbore anainable in a l d U  by a l d y  
available drill rig in the Mian e o n  can be mnsidaed 

(x) Well Spacine: Because tbe expected hbntd 1D Vcrtiat pamaliitity 
ratio of waste in Indim ladills is not wdl cstabbhcd, tbe well qrwing 

- (welkad-to-wellbd) is n c o d  to be wascmtivdy close,  wid^ 
well spacing m, mon than twice the lmdfill depth, or. 2 5  tima br 
Mil depth. . 

The well layout m y  be s i m h  or w x i r m t e  to a meangular layad (4 
wells forming a rectangle) or bnrgonrl (my 3 wells farming a eimgle). 
.mi hexagonal layout is somewhat slperior on gmund, of gas flow 
mechanics. 

The conservative solution recommended here - unkts more infarmtion 
hecomes available - is to place wells on the centa-uKerua spacing equal 
to 2.5 times the total vatical well deprh. 

(xi) Sizing of Control Valves and Well Piping: Tbe most inpo~tant critaioo 
for sizing these items is that the valve piping bave ebility to a a a m d a &  
the likely maximum gas flow from the Kctor of Mzte raved W~tb 
knowledge of the area, depth, and mast of waste saved by each well, thc 
default flow value for the gas recovery may be assumed .s above (40 litas 
landfill gas per tome of waste per year). Tonnage of waste saved by 
given wells may be estimated by calculating the toul muup of waste 
serviced by a multiple-well layout. This tonnage is safely estimated as 
(Cubic meters of filled waste) x 0.8. This m y  be the tonnage within a 



.. 
triangle of a triangulai well layout. Alternatively, for purposes of 

the tolal per-well flow, the tonnage served by each well can be 
estimated as tliis total tonnage divided by the number of gas wells. 

$I] Radius of influence: The "radius of influence". is defined as the lateral 
~ - boundary beyond which an extraction well's influence ends. The radius of X"- ,.r influence is mentioned as a feature of some countries' (ie USA) 

regulalions, but it is not precisely defined, or measurable. (The 
. - shortcomings and ambiguity of the radius of influence are well recognized 

- .  . .,*. . . ' . ., and are further documented in EMCON, 1982, Methane Generation and 
.-;!:I-+:.:. . . 
.<-: ".*$. , .L .. . . : ~  

Recovery from Landfills") The well spacings recommended above in my . 
. 7 .:g. : 

.:;, 
case remove the need for estimating radius of influence. 

LANDFILL GAS COLLECTION SYSTEM 

(i) ' Collection System Location and Layout: The collection syxtern'design and 
layout should be such that all sectors of the landfill containing organic 
wastes .which therefore will be generating landfill gas, are served by the 
collection system wells. The well spacing recommendations have been 
given above. The collection pipe layout will simply be the most practical 
and economical layout that gives the required well spacing and 

- -arrangement. For example the piping network can resemble a tree with 
branches terminating at wells. A variety of other layoufs are .used 
including piping around the perimeter of the landfill with lines extending 
inward to wells or combinations of wells. 

(ii) Minimum Allowable Diameter of Pipe in Gas Collection System A 
calculation of the flow per well can be based on the amouot of waste 
served per well, and the default landfill gas generation of 20  tome 
year (0.04 litnsltonnelminute). The line diameter should be calculated by 
standard gas flow/pressure drop correlations to give a total pressure drop 
due to flow of landfill gas in the well network to the blower should be no 
more than 25 cm of water head (10 US inches water head, or 2500 Pa). 
For the calculations, landfill gas can be assumed with very little enor. < 
5%. to have flow properties (density and pressure drop in turbulent flow) 
of atmospheric air at 2SC. The calculated maximum pressure drop may 
use the maximum default generation above for the waste. 

(iii) Above-Vmus Below-Ground Collection Systems: It is strongly advised 
that an above ground gas collection system piping be used. This is due to 
eventual breaks in the lines, which can occur often in gas collection 
systems. An above-ground collection system enables these breaks to be 
most readily identified, observed and repaired. 

(iv) Collection System Depth: This may not apply. However in the event that 
auxiliary gas collection trenches (gravel-filled trenches which may contain 



m 
anbedded piping) are used, the trenches should be located at mid-depth 

between the landfill final surface and the landfill bottom). The 
w trenches may be located as deep as 314 of the way down to the bonom of 

the landfill. 

(v) Minimum Collection System Slope: All runs of the as-built gas collation 
system should have a s l o p  of atlean 2% to allow condensate drainage to 
low points. All low points in the gas collection line mun also be equipped 
with open diplcgs (also defined as u-traps) to allow codasa te  diainap to 
low points to fill and exit the udaps and =-enter the landfill. 

1 (vi) Coflcnian Systad Materials: Polyvinyl chloride pipe, suitably hbrioted 
for laadtill gas savice, is roconnnended High-demity polyuhyime 
(HDPE) is difficult to p in  and has a high coefficient of thamal aplmim 

a Daylnigbt kmpaWwc changes can be a s o m e  of HDPE pipe I I D V ~ ~ U  
and other problems. Iron or stecl pipes will be wnodcd frarous 
carbonate, ferrous sulfide and otha sahs) by the urboai acid, dissdved 

' ‘hydrogen sullide, and organic acids in condens&. tc. steel is 
n o d y  prohi'bitidy expasin. 

(vii) Timing: Filling Sequence and Initiation of Gas collstion One poslWe 
Y opion f a  filling tbat hcilitats relatively efficient gas recovery is to w a 

sapcncc of filling 'ails" of rtlativdy wdcat ua (& 5 Ha). A 

a v a t i d  well gx attauioa system installation should be installed ad 
bqgn operation with %mhg" (see bdow) as soon as cells rrrb lid 
gnde. An even more effiient collection q p m c b  b to combine vacial 
wells with collection from the lerchate draiige layer. W~th propa desip 

0 and gar scaling of the collection lrytr, landfill gas rccovtry an kgin as 
soon a.5 the waste covas tbc pcnnable lasbatc collation md gas 
collation lam. lbis collection may begin u soon as the waste reaches 

Y (for example) even 20% of design depth. 

(i) Piping: Polyvinyl chloride piping, ata&g to ibc b l o w  is 

I recommended as noted above. 

(ii) Valves: It is r e c o d e d  tbat 1 valves k manual, at l a a  for h e  inibl 

& 
system. The reason for this is t h t  adjustments take place slowly a d  KC 

easily done manually. Adjustments will be rcIatively few (one adjustment 
per week or fewer for wellhead vdves. for example) and the a d m  of 
valves is not expected to be cost-effective. 

m 
(iii) Plastic Valves vs. Other Materials: Plastic polyvinyl chloride (PVC) 

valves are commercially available. These an recommended for the same 
Y reason that PVC piping was mornmended above. 



Greenhorrse Gas MMirigorion Gtridrlines 

(iv) Moisture (final condensate) Removal Before Blower: Prior to entering the 
blower station, any remaining condensate in the landfill gas must be 
trapped so that it does not enter the blower and damage it. By the time the 
gas reaches the blower station, the maximum likely amount of water in the ' 

gas is estimated at no more than 0.01 kdM3 (or, 0.01 liters liquid per 
cubic meter of gas). A condensate tank should be sized to hold at least a 
week's condensate based on this value. For example, if the gas recovery 
rate is expected (based on default criteria above).to be 2,000~'hour (say) 
thcn the condensate trap capacity should be atleast 2000M'h x 0.01 x 
168 hourdwcek or 334W liters. This condensate trap must be capable of 
easy driining, or equipped with a corrosion resistant pump that can pump 

- -the condensate back for re-injection into the leachate treatment facility. 
. Condensate flow ra t9  are expected such that small inexpensive tubing or 

inexpensive commercial hoses (costing ca. Rs.100lmeter) should suffice 
for conveying condensate to treatme-nt. 

(v) Blower Size: There are uncertainties in the gas generation rate due to 
factors including waste inflow rate, weather factors, waste composition, 
and other variables. To be conservative in light of uncertainties, the 
blower should be sized to handle the highest default rate of landfill gas 
generation stated above. Blower housing and all parts contacting gas 
should be corrosion resistant The blower should be capable of providing a 
total pressure drop (essentially the ktal vacuum) of at least 100 cm water 
gauge (10.000 Pa). The blower should be located just before the gas flare 
station (or energy use if this should be installed later). 

(vi) Flame Amstoc The flame amstor should be of any standard type 
recommended for landfill gas service. Arrestors suitable for pipeline 
"natural" gas service will also be satisfactory. The arrestor size should be 
suitable for the maximum landfill gas flow calculated above. 

(vii) Accessories: The inlet and exit lines from the blower should be equipped 
with temperature sensors. A high temperature shutoff is strongly 
recommended. This is incorporated in case gas flow to the compressor 
becomes completely or nearly completely blocked. In such a case, the 
compressor energy expended on the gas in the compressor can quickly 
elevate temperature to the point of scLere damage unless there is such a 
high-temperature shutoff mechanism. 

An inlet pressure sensor should also be included giving automatic blower 
shutoff if inlet pressure to the blower falls below a predetermined set 
point. This precludes the hazardous situation where a pipe break upstream 
of the blower leads to a combustible airlgas mix entering the blower 
station and flare. 



An oxygen sfnsor, activating blower shutdown. is also rccommeadcd 
This shuts down the blower if oxygen rmches as much as 5%. a level 
indicating a serious leak in the landfill gar piping system. which can l a d  
to explosive bps mixes in the system burn back in the landfill gas Buc. 
etc . 

(viii) Flare: For initial operation a shielded. candlestick flare is rccornmcndtd. 
One significant uncertainty is posed by the fact that gas recovered and 

- -conveyed to the flare station, initially quite small on stan of operamns. 
may vary, increasing over time by an order or more of magnihde. 
Because the variation in capacity of flam is limited, it is rrconnnmdal 
that the initial flare be small - about 10% of the calculated maximan 
default gas recovay capacity - and that a second flare of tenfold this 
capacity be installed in panllel. Gas flow should be enabled to eitha or 
both flares by manual valving. The flare(s) should be quippod with 
automatic igniter(s). 

(ix) Inshumentation Control: It is mommended tht tfte coatrol of dr syrtaa 
be manual during initial operation ( f k t  s e v d  years) .ad tha~ pemmd 
become experienced in all manual o p t i o n s  of the system. 

(x) Electrical Eqldplmt Supply: E l d t y  rmst be ~~pp l i ed  a to 
m a n u f m '  rapkrmts for each elechidy p o w a d  equipmeat itan 
(such as the blower, condensclle pumps md my ' . 

~ ) . ' ~  
electrical sqply  marit be quipped with Mndud brakes, md otba 
control switches as seeded It is essmhl that the electrical coatrok 
including switches along with other sensitive inslnrmmts md maas (for 
example trmpmhlre readout) be located in a shed or rbelur which Laps 
equipment dry. 'Ibe shelter should, howcyer, be well ventilated to linit 
heat buildup. 

(xi) Condensate Handling System md Air Conprraar: Ibc EOqdp3tCC 
system was described rbovc, and aced for m air conpressor, u leal  8s 
part of the landfill gas control/recoray syrtem. i s  oot lnticipued 

OPERATIONS AND MAINTENANCE REQUIREMENTS FOR LANDFILL 
FACILITY 

(i) Methane / Cq Content Monitoring: Gas composihn monitoring will be 
essential. Monitoring may be clrried out by either of two types of meters. 
The rnon accurate meten for field use arc the bmdheld infrared (IR) 
based measuring units such as sold by M e c b  or Mine Safety 
Appliances (in the United Stata). For well adjustment and monitoring 
purposes. thermal conductivity based meters such as sold by Gasah.  
California, USA an often satisfactory. These units cost less than the IR 
based units. The "Gastech" model, like the iff b a d  instrument. can also 
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>,&q. (ii) - 
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(iii) 

detect low levels of methane using a catalyst-based detector. Equivalents 
of these units a n  sold worldwide and either of these types of unit would 
be satisfactory. 

-Startup and Wellhead Gas Extraction Control: Once the gas system is 
installed. the individual gas wells must be adjusted ("tuned") to maxtmlze 
methane recovery. Typical tuning involves bmdually increasing extractton 
form wells over time, by gradually opening wellhead valves. This 
continues until falling wellhead methane levels indicate that air 
entrainment through the landfill surface, and into the collected gas, is 
significant. (Too much air entrainment limits gas extraction since it can 

- alter methane generation rates unpredictably and undesirably, reduce gas 
usability for energy because of dilution, or even cause the landfill to catch 
fire. usually a disaster). If methane content falls too far, such as below 
45%. the well is throttled. The lag time between adjustment and 
attainment of the final equilibrium composition is significant, and 
"overshoots" and "undershoots" are common enough, that tuning must 
continue until sevcral interstitial void volumes of gas are extracted, or for 
several months. 

Monitoring WellslRobes: The monitoring wells are simply vertical or 
near-vertical sampling pipes inserted into the ground ( d e s c n i  earlier). 
These allow methane content sampling through tubing extending from 
their lower terminus to the surface. The monitoring may be either by IR or 
thermal conductivity type meten, but the meters should be capable of 
detecting levels of methane down below 1% by volume to catch undesired 
methane migration. Monitoring wells can assure that offsite migration is 
not occurring. Monitoring checks may initidly be frequent (weekly). If 
methane migration is absent, as demonstrated by'absence of methane in 
the monitoring wells, the measurement frequency may be reduced to 
monthly, then even less often as deemed acceptable by landfill operators 
andlor their regulators. 

BlowerIFlare Station Cornponenti; Most major problems should be 
forestalled by the high temperature controlled and low-pressure controlled 
and oxygen content cutoff mechanisms. Generally, blower maintenance 
instructions should be followed carefully. The blower should be monitored 
initially at least twice as often as recommended for "known" (i.e. 
European and US) landfill gases for which blowers have been operated for 
many yean and corrosion behavior is known. 

Gas Detection System Components: Several gas-monitoring components 
were mentioned above. One component that has not been mentioned is a 
flame ionization detector that is capable of monitoring the landfill surface 
to assure that the surface concentration does not exceed a set standard 
(assumed above to be 500 PPM). While sensors are sold specifically to 
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