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| SECTION A. General description ofproject activity. |
| Al Title of the project activity : |

Title: The Colombasuabal Landfil Gas Project

Version:0405

Date:2+0#20611156/12/201
| A.2. Description of the project activity : |

The purpose of this project activity is to effidigncapture the landfill gas (LFG) emitted by 1 - [ Formatted: English (U.S.)

ColombaGuabal Landfill (hereafter referred as “Landfillcated i the rural area of the Municipality
Yotoc6 in Cali, Colombia and to destroy methane, gasich is a harmful greenhouse gas (Gt
contained in the LFG witla global warming potential (GWP) of 21, that hasadnerse impact on tt

environ men;. - { Formatted: English (U.S.)

Interaseadel Valle S.A. E.S.P. (“Interaseois the owner and operator of the sThis landfill started
operations in June #52008 and it is expected have an operational life of .2 years. The Municipal
Company EMSIRVA collects the waste and takes # ttransfer station”, from there on Interaspicks
up the waste and deposittén the Landfill. Interaseo received a concesdimm the Municipality for the
operation of the Landfill for total period of 20 years starting from Ji898.

Interaseo as beirthe owner of the LF(opened in Octobe2009 a public tend for the development of a
CDM project in the YotocdBuabal Landfill. Green Gas participated and wonté¢meler on Decembe™
2009 to develop a CDM project with 3 crediting pes The contract between Green CYotocé SAS
andInteraseo was signed on Juné" 2010.

The landfill site has an active area63.7 ha from which 20 hare expected to rece waste. Per day this
landfill receivesan average of,800 tonsand has the capacity to receive up,000 t/d of waste coming
from the following Muncipalities Yotoco, Santiago de Cali, Yumbo, Candelaria, Jam.Florida, La
Cumbre, Dagua, Caloto, Pda, Villarica, and CorintoApproximately 230 trucks arrive to the land
duringits 24 hours of operati;; Interaseo estimates to receive a yearly averaggeninput of 62,000
tons. From the beginning of the landfill operatiamtil the end of July 210 an accumuted amount of
1,294,743 tons havgeen depositet

The areas designated for the disposal of solidevhave HDPE geomembrar (1.5 mm thickness)
bottom layerand have a synthetic daily cover to protect thetevetrem rain and to avoid ttpresence of
birds at the bottom of each section a series of pipsliare placein a way of fish bonewith the

intention of capturing the generated leachthese transport the leachabut of the landfill into thi

Leachate Water TreatmenkaRt (“LWTP”). The LWTP started its operation in June 2010 and hasva

capacity of 16(l/s) if necessary, at the moment Interaseo expecte&t & flow of &(l/s). The leachate
starts its treatment in an anaerobic pool, aftesde@oes through physicalehemical treatment, throuy

anaerobic filterand reactors, aeration tanks, aerobic filters @amally gets in contacts with Chlorine f

final disinfection.All the sludge produced is conducted to some ahéedigesters and then to a pr

cornveyor belt to extract the extra humidity from thetfme dry sludge is brought to the landfAt the

moment there are kkachate collection pools; once the plant is folherational, one of these pools (n

to Zone A) will be dried out and waste will deposited in this area too.
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The final cover of the landfill will be done wittD&entimeters of the natural soil typical from thega,
which is clay soilthen the HDPE geomembrane of mm, then some saélgain, and finally black ear
with the purpose of planting gra:

Withoutthe proposed project activity, the LFG would oné/dwllected by the wells and released into
atmosphere. This scenario is consistent with thetified taseline scenario of ACM0001 version
Therefore, the business-astial scenario would be the continuation of ineffic LFG treatment. A
such, the majority of the LFG from the site woutitl be emitted to the atmosphere and conditionsitel
remain poor in terms of the local environmening into account the od@and the risk of explosior

The project activity will be divided into 2 main @ées, only flaring will be considered as phased
electricity generationncluding flaringas phase ;2the high efficiency flares will be kept on sie be
operative inoccasions where the installed gensetsnot operational or are undergoing mainten.

Phase 2 is estimated to start only a year aftesegphan order to determine the quality and d¢ity of the
gas.If during the first year of operation the qualitgdaquantity of the landfill gas does not satisfg

requirements for operating a power plant, the state of electricity generation will be postponedilt
the conditions (gas qualitgnd quantity meets the requirements of the genDuring total project
lifetime, 21 years, Green Gas plans to implementreneasing installed capacity until reaching
approximately 11 MW.

Apart from the collection of LFG required by thevennmenal license of the landfill, there is 1
legislation requiring the efficient destructionldfG from landfill sites in Colombia and the goverm
has no plans to introduce such regulations in titeré According to the national regulations
Colombia, m additional environmental impact has to be caroietfor the proposed project activity sir

- {Formatted: Font: 11 pt, English (U.S.) J
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these types of projects are already included addeaded properly in the EIA of the landfill its
Baseline Scenario

The baseline scenario is ard at after considering;
« Alternatives for the disposal/treatment of the wastthe absence of the project acti.
- Different technologies prevalent or planned inréagion for heat and power generat

The current situation before the project implemeotais the atmospheric release of landfill ¢
generated at the landfill site with high contentadthane without any treatment or control. Theasitun
before project implementation coincides with theddime scenario, with ractivelandfill gas capture and
destruction. The National Regulation of the Drinking Water Secamd Basic Sanitation (RAS
Reglamento Técnico para el Sector de Agua Potalffaneamiento Bésico) Title requires simple
passive flaring of the landfill gas bu does not define the degree of gas that should dedfnot
elaborates on the technology that should be 1On the other hand, the Environmental License fi&
project mandates for the landfill gas to be flatbdough the application of a Clean Deopment
Mechanism project implementatic

How the proposedProject Activity reduces GHG emissions

Methane is a strong greenhouse gas, thus the tuelease of landfill gas contributes to globairzie
change. It also implies a potential fire and esion risk as well as bad odors. Moreover, landfds
contains trace amounts of volatile organic compsumdich are air pollutants. The capture and ftaoh
landfill gas would greatly reduce all these riskel ghereby contribute to reduce GHG emins by
replacing the former system through an active nmetheollection and flaring system. The proj
developer anticipates reducing greenhouse gas iemisstwo different ways. Firstly by destroyithe
methane contained in landfill gas by flariin one or more high efficiencyafres. {econdly, by producing
electricity through the combustion dandfill gas, and the emission reduction being heiteed by the
emission factor of the interconnected power griééngtthe landfill is locate

In the projectscenario most of the LFG released is captured amdtbthus considerably reducii
methane emissions.

Sustainable Development

Besides Climate Change mitigation, the project Wdudve important local environmental bene All
the landfill gas is currently released into the @éphere without any treatment. This implies a pie
fire and explosion risk as well as bad odors. Tdygtwre and combustion of LFG through high efficie
flare and electricity generator would atly reduce these risks and thereby contributeustagable
development.

The project will capture the already conducted gas destroy thegas generated by the land
improving the quality of the environment, locallydaglobally This project willcontribute not only with
the quality of the environment but will also dinshiall the bad odors that are gened by the landfill
gas which is, under the current situativented.

The project will create employment ancvelop local technical expertise; local material digrs will be
required throughout the lifetime of the projecAll this is consistent with the national sustaire
development criteria identified by the Colombian ANccording to the Resolution 0551 from
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19/03/2009 whichelaborates on tl requirements and criteria for the approval of Cl&svelopmen
Mechanism projects in Colomb

To summarize the benefits mentioned above, this Cpgect activity would clearly lead to
improvement of economi@nd social conditions in Cali, Colombia. It woulds@a encourage th
development of alternative and sustainable enasgycss. Taking these social, economic, environnh
and technological benefits into account, the ptgpecticipants involved in thiproject are convinced of
the positive and lonterm contribution of the CDM to sustainable devehept in Cali and, more widel
in Colombia.

| A.3.  Project participants:

Please list project participants and Party(iesplived and provide contact inmation in Annex I.
Information shall be in indicated using the follogitabular forms.

Kindly indicate if
the Party involved
Name of Party involved(*) Private and or public entity(ies) wishes to be
(host) indicates a Host project participant (*) considered as
Party) (as applicable) project
participant
(yes/no
Colombia (host) Green Gas Yotoco SAS (private No
entity)
United Kingdom of Great Britai | Green Gas International B.V. No
and Northern Irelar (private entity

(*) In accordance with the CDM modalities and pidicees, at the time of making the CI-PDD public
at the stage of validation, a Party involved maynay not have provided its approval. At the time
requesting registration, the approval by the Pa) involved is required.

Note When the PDD is filled in suprt of a proposed new methodology (form C-NM), at least the
Host Party(ies) and any known project participaa.(those proposing a new methodology) sha
identified.

| A.4. Technical description of theproject activity : |

| A.4.1. Locationof the project activity : |

| A4.1.1. Host Party(ies): |
Colombia

| A4.1.2. Region/State/Province etc.: |
Valle del Cauca, Cali

| A4.1.3. City/Town/Community etc.: |
Yotoco
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A4.14. Details of physical location, including informationallowing the

The landfill is located in the rural area of the Mitipality of Yotocd, in Cali, at 32.5 km from the roui
point of Sameco, at B.km after the pay booth of Mediacanoa in the réadth Cali to Buga.The
| geographical coordinates of the landfill site’46212" N and 76°25305'~ W (3.77°; -76.4180°). The

landfill is located approximatelat 950 m. asl.

Figure A.4.1.1: Map of Colombia

Valle del
Cauca
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FigureA.4.1.2 Map of the Cauca Valley, Colomi

DEPARTAMENTO DEL VALLE DEL CAUCA
DIVISION POLITICO ADMINISTRATIVO

RISARALDA

QUINDIO

Municipality
of Yotoco

QCEAND
PACIFICO
TOLIMA

© PALMIRA

FUENTE IGAC - CVC myriam s, -2000
Carografia Basica IGAC 1:300000
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Figure A.4.1.3Colomb&«Guabal Landfill location & close by Municipaliti

. HACIENDA p

& EL ESPINAL

According to the “Sectoral Scope” Classificatidme project category it
Sectoral Scope 13: Waste handling and dis|

The degasification systeffor this projectwill start by being builtin Zone A of the landfill which i
already completed and not operational anyi.

Purpose of the Project activity
The objective of the project is effectively capture landfill gas (LFG) and initially used féaring, phase

1 of the project Once LFG capture has been established, andoluene of LFG captured is know
phase 2 will start where thepllectedlandfill gas may be used as fuel for electricityngetion. The
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feasibility of electricity generation will be reitisd once the prect is fully operational. The princip
components of landfill gas are methane ,) and Carbon dioxide (C{ both of which are green hou
gases listed as such in the Kyoto Protocol. Flanrglves methane destruction leading to GHG eroie
reductions.

Scenario existing prior to the start of the projectactivity

Current practice in the country is the uncontrollel@ase of landfill gas. At ttColomba-Guabal Landfill
project will have 3 different zones with waste: zone A,@,Zone A is the firszone of the landfill that
started operation, at the moment it is alreadyedosecause it already reached the desired heifl

meters of waste height; zone A is -divided into 4 sections: Al, A2, A3, A4. At the peait time, zon

B is in operation, ote this one has reached its capacity zone C \aift 8inctioning. Once the 30 mett

height has been reached in all the zones, the wiagtesal activities will continue in an area |l@zhin

front of Zone A in between the slopes of the moumstaurroinding the landfill. Interaseo as an oper:

of the landfill has installed some passive ventivals to conduct the LFG out of the landfill; thelg

are constructed with PVC perforated pipeline with”adiameter surrounded by stones and by a r

These are built from the bottom of the landfill andemd until the highest point of the landfill bodw.

Zone A, the venting wells are placed every 50 nseed in Zone B and the future Zone C, wells wél

placed every 25 meters.

Figure A.4.3.1: Majof the Landfill(including zones A, B and !

VS ™
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Phooe: (54] 'VALLE DE YOTOCO a
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Activities/measures implemented within the projectctivity - {Formatted: Space After: 0 pt

In order to maximize LFG recovery rates and thusGG¢inission reduction, an active LFG collect
system will need to be installed. The capturingesyswill consist of utilizing the existing passiwells
built by Interaseo, cover and seal them in a vhat any gas leakage can be avoid, the captureditic
then be conducted to enclosflares with the help of a blower station which wdgikeate the sufficier
negative pressure to ensure the gas condu

Interaseo as being the landfill operator hailt wells, all over Zone A with the intention of néng the
generated LFG, these wells are located every 5@rmydbreen Gas will utilize these wells for the\ac
collection of the LFG. Each well is constructednfrehe bottom of the landfill with a rforated PVC
pipeline with diameter 6 inches surrounded by dravel by a metal mesh; the total diameter of ¢

During the project activity, the wells will be ckxwith HDPE we-heads to avoid significant escape
methane. Each one of these +heads comes with a flexible pipeline, 4 inchesiafretter, and with

closing valve tohave a better control of the system, by means oédaction this pipeline will b
connected to a secondary HDPE pipeline with a dianmaf 6 inches and then through another redur
will be connected to the primary HDPE pipeline watldiameter of 12 ches.

The distribution of both types of pipelines was mandl a way that a slope of 5% to avoid the clogt
from the condensate will be ensured. The secorlpglines are considered as collection pipeliniese
they will collect the LFG from the we and transport it into the primary pipelines whichi tye situatec
strategically to cover all the perimeter of ZoneThe same planning and engineering will be apple
the other zones.

Figure A.4.3.2: Passive well located at the Zon€élomb&Guzbal Landfill

- { Formatted: German (Germany)
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The project activity will be first limited to theedtruction of the collected LFG through high e#fiaty
flares within phase 1, however as described ini@e&.2, the possibility of generating electriciynd
delivering it to the locafyrid is considered as a second stage of the pr{ghese 2). Within the first ye.
of operating phase 1, the gas quality and quaniityoe monitored. If the gas quantity and gas du:
meets the technical requirements and the generatielectricty is economically viable, the first gens
should be installed in the second year of the ptgetivity. Furthermore since the commissioninghef
gensets, the LFG will be fedto the gense. The high efficiency flarewill be retained in operatinorder
for the combustion of the LFG in occasions wheregensetsre not operational or in maintenance o
case the LFG flow overcomes the capacity oigensets.

In case the gas has a high content of Sulphurréefotering to thgensetsthe gawill be cleaned. The
gensetwwill be containerised units, allowing the additiohfurther capacity in the event that sufficic
methane is available, but also in the removal dapac another project in the event that insuffiti
methane is available.

In order to estimate eante theemission reductions resulting from energy displaaetyfollowing
assumptions were taken into considera

Table A.4.3.1: Technical data of the scheduled ef=

Manufacturel CATERPILLAR
Generator power 1,600 kW
Engine efficienc 41.3 %
Methane content 50%
Consumption of LFG @ 50% (, 775 Nm3/h
Scheduled amount of gens 7
Gensebperation hours per ye 7500 h/year
Totalinstalled capacit 11,200 kW

The first high efficiency flare will be commissiahin an area in front of the Zone A, close to
Leachate Water Treatment Plant (LWTP) (please gped-A.4.332 below), crossing the road where
delivery trucks pass in a daily basis; therefoeepipeline which conducts the LFG from the Zoneanél
B to the high efficiency flare has to be reinfor¢sda concrete pipeline. The location of the seduigti
efficiency flare will be set at a later stage o firoject activity
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Figure A.4.3.3} eachate Water Treatment Plant at the Colc-El Guabal Landfil <. - { Formatted: Font: Not Bold

N ‘[ Formatted: Centered

A

[ Formatted: Font: Bold

I ‘[Formatted: Left

A.4.4. Estimated amount of emission reductions over the dsencrediting period: |

The total emission reductions for this project\attiare calculated for the first crediting periad,7
years.

Table A.4.4.1Estimation of erission reductions

Year Annual estimation of emission reductions i 4~ { Formatted Table
2012 (Es;;erglr)uea:;y -31st 217,040

2013 263,331

2014 286,034

2015 307,766

2016 326,383

2017 341,632

2018 349,507
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2019 (1st January 31st

29,116
January)
Total estimated reductions .
in tonnes of CQe =zl il
| | Total number of crediting years 7

Annual average over the
crediting period of estimated 302,973
reductionsin tonnes of Cte

The projectactivity will not receive any public fundii whatsoever for the development of the pro
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| SECTION B. Application of a baseline and monitoring methodoloyg

The baseline and monitoring methodology to be eppfor the proposed project activity is appro
consolidated baseline methodology ACMO0001, verditrfrom the EB 47‘Consolidated baseline an
monitoring methodology for landfill geproject activities”

The methodology also refers to the following tc

- “Tool for the demonstrationnd assessment of additionalityVersion 05.2, EB39, Annex

- “Tool to determine project emissions from flaringsgs containing methar EB28 Annex 13;

- “Tool to calculate baseline, project and/or leakaggssions frorelectricity consumption” -
version 01 EB3%Annex7;

- “Tool to calculate project or leakage CO2 emissifstom fossil fuel combustior- version 02
EB41Annex 11,

- “Tool to determine methanemissions avoided from disposal of waste at a seéidte dispos:
site” - version 05L.C EB6155 Annex1018;

- “Tool to calculate the emission factor for an dliedly system' - version 0..2.0 EB61 Annex
12;

The selected methodologkCMO001, version 1llspecifies to be applicable for landfill gas capt
project activities, where the baseline scenaribéspartal or total atmospheric release of the gas an
project activities include situations such

a) The captured gas is flared; anc

b) The captured gas is used to produce energy (egrielty/thermal energ

¢) The captured gas is used to supply consurhrough natural gas distribution netwo

The proposegbroject activity corresponds to alternative a) and b). Captunethanewould be flared at
its first stagejater on, during a second stage of the projedt,i economically and technically feasit
the captured methane will be used to produce e and any remaining gas would be fl.

a) Gas is captured and flai

b) Gas is used to produce ene

The baselie scenario is the complete atmospheric releaieedfas; the gas is collected by means o
passive wells and vented into the atmosphere. Nsiy&a or active flaring is conceived without
implementation of the project activit

B.3.  Descriptionof the sources and gases included in tiproject boundary: |

As per he approved methodology ACMO0001, the project booniethe site of the project activity whe
the gas is captured and destroyed/u
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ACMO0001, Versionll states:If the electricity for the project activity is sourced from the grid
electricity generated by the LFG capture would hdeen generated by power generation sou
connected to the grid, the project boundary shadlude all the power generation sources conneae
thegrid to which the project activity is connecte

The initial project activity would comprise LFG dape and its flaring. Once the project is operalp
Project proponent may decide to generate elegtusing LFG, subject to additional authoriza. In all
cases project boundary includes the landfill sitevall as the interconnected power ¢

Waste production
{households,
commerce, etc. )

!

Waste collectionand

transportation

Electricity grid

Leachate Water
Treatment Plant

Figure B.3.1: Project Boundary

I C02e

v

LFG generati

y

LFG collection system ‘

Flaring facilities
{phase 1}

Landfill site ‘

cn ‘

Flaring + Genset
facilities {phase 2)

—— Phase 1l
----- Phase 2

The following project activities and emission sagare considered within the project boundz

Table B.3.1: Sumary of gases and sources included in the projaatdbar

Source

Gas

Included

Justification/Explanation

Baseline

Emissions fron

at the landfill sit:

decomposition of wasl

CH,

Yes

Uncontrolled release of landf
gas

NO

No

NO emissions are smk
compared to C, emissions from
landfills. Exclusion of this gas
conservative

Co,

No

CGQO, emissions from th
decomposition of biomass is r
counted as a GHG emiss
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CO, No Electricity may be consume
from the grid or generated
onsite/offsite in the baselir
Emissions fron scenarit
electricity consumptic | CH, No Excluded for simplification. Thi
is conservative
N,O No Excluded for simplification. Thi
is conservativ
Emissions fron CGo, No Not applicabl
thermal energ' CH, No Not applicabl
generatio N,O No Not applicabl:
On-site fossil fuel CO, No Not applicabl
consumption due to tF| CH, No Not applicabl
project activity othe | N,O No Not applicable
> than for electricity
2 generation
< CGo, Yes Important emission sour
‘g CH, No Excluded for simplification. Thi
> Emissi . emission source is assumed tc
2 missions from c-site
o electricity us very smal e -
N,O No Excluded for simplification. Thi
emission source is assumed tc
very smal

B.4.  Description of howthe baseline_scenarids identified and description of the identified
baseline scenario:

As described in Section A, the project will involtree following project activitie:

The capture and combustion of LFG, thereby convgmiethane into CO2 arreducing the emissions of
greenhouse gases;

The generation and supply of electricity from LFGHhe regional grid, causing the displacement s$ift
fuels used for electricity generati

The project will replace the existing system ofgdes LFG vering at Cali Landfill with an active LF(
collection and flaring/utilization system. Passuenting of LFG is common practice at most lans/fiti
Colombia, and the proposed project activity is aotobligation under the current and expected ft
reguldory framework for the operation of landfills in Bmbia (see Section B.5 for additional deta

The required procedure for the selection of thetrptaisible baseline scenario is given by methagio
ACMO0001 (v. 11), which describes a series of <to be undertaken using the latest version of theot’
for the demonstration and assessment of additigh&liersion 5.2— EB 39). This process was follow
as described below in Section B.5 to identify alégive baseline scenarios and eliminatee which are
not credible or plausible given current regulatiand economic consideration
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The demonstration of additionality in Section Bi®ws that, taking into account national and/or ced
policies and circumstances, as well as economisiderations,in the absence of the project the R
regulation will be applicable and passive ventirilj @ontinue to be in plac

B.5.  Description of how the anthropogenic emissions of G by sources are reduced belo\
those that would have occurred in th absence of the registered CDM project activity (agssment
and demonstration of additionality):

The following steps describe the approach usedssess the project’s additionality, approach give
methodology ACMO0001 / Version 11, and ihe “Tool far the demonstration and assessmen
additionality” (Version 05.2).

STEP 1: Identification of alternatives to the praje activity consistent with current laws ar
regulations

Sub-step la: Define alternatives to the project actw

As stated in the “Tool for demonstration and agsess of additionality - Version 05.2, the alternativ
to both the landfill gas and the electricity comeots of the proposed project activity are consitlefde
identified alternatives are listed bel.

Alternatives to the landfill gas component of thieject activity:

0 LFG 1: The project activity (i.e. capture of landfill gasid its flaring and/or its use
undertaken without being registered as a CDM proogativity;

0 LFG 2: Atmospheric releasof the landfill gas or partial capture of landfijas anc
destruction to comply with regulations or contraatuequirements, or to address saf
and odour concern

In principle, Solid waste could be disposed off dther ways besides landfills, e.ncineration,
composting, and conversion to Rel-derived fuel (RDF), thermo chemical gasificatiororé of thest
are realistic alternatives for the project propdaewho have the concession to dispose solid vedgtee
specific landfill, and there isnough space and capacity to use landfill for maegry in the future
Moreover, these alternatives all involve advancextgsses for treatment of solid waste; they alliirec
very large investments and high operating costs pesed to landfillin®. There is only limited
experiences with these alternative processes instridlised countries (Annex 1), and almost non
developing countries, except for handful of prajdmting submitted through the CC

Therefore, options LFG1 and LFG2 are the onalistic alternatives for the disposal/treatmenttod
waste.

The project activities also includes possible useRG for generating power and feeding to locald
and/or nearby industry or used onsite, realistid anedible alternative should also beparately
determine for power generation in the absence@épr activity

For power generation, the realistic and crediltierahtive(s) may includinter alia:

P1: Power Generated from landfill gas undertaken witth@ing registered as CDM prct activity;

2 http://www.unep.or.jp/ietc/ESTdir/pub/MSW/sp/spHsp.as
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P2: Existing or construction of a new -site or offsite fossil fuel fired cogeneration ple
P3: Existing or construction of a new -site or offsite renewable based cogeneration p
P4. Existing or construction of a new -site or offsite fossil fuel fired captive power pla
P5: Existing or construction of a new -site or offsite renewable based captive power p
P6: Existing and/or new gr-connected power plants.

As the project activity does not aim at producireathfor neeby industry or o-site use, existing or
construction of a cgeneration plant is not a part of the baseline @éenHence, alternative P2 and
are not taken into consideration in the presentaestnation of additionalit

There is no existing on-sitar off-site renewable based or fossil fuel fired captige/gr plant nearby th
site of the project activity. There is no plan tmstruct a new c-site or offsite renewable based (other
than phase 2 of the proposed project activity)ossil fuel fired captive power plant as renewable enc
sources or fossil fuels are not available nearpitogect site. Apart from this, fos-fuel based captive
power plants have high investment and operationsis¢c would require to purchase and transpor
fuels to the site and a great effort to install the emept for a plant of this magnitude. As g
connection already exists near the project sittheaonstruction of new on site fossil fuel fireaptive
power plant is not a plausible option as purch: electricity from the grid. In addition, renewableeegy
and fossil fuebased sources are not considered as alternativiissiitase as the project participai
core business and expertise is in LFG destructimhpewer generation from landfills. Hee, alternative
P4 and P5 has not taken into consider..

Sub-step 1bConsistency with mandatory laws and regulatic

In Colombia, there are no national or regional teguy requirements to burn landfill g
The following regulations are relatedthe construction and operation of Landf
« National Regulation of the Drinking Water SectordaBasic Sanitation, Title F (RAS
Reglamento Técnico para el Sector de Agua PotaBkngamiento Bésic
e Law 142 of 1994:Law on Public Utiliti
¢ Law 99 of 193:Creation of the ministry of Environmu
« Decree 1713 of 2002 amended by decree 838 of R@Fulation on the final disposal of sa
waste
e Decree 1220 of 2005 amended by decree 500 of

Still none of these rules establishes the obligatiobuild ¢ system of forced extracti, transport, use of
thermal destruction of the biog

Consequently, the Colombian regulation does nobsepchanging the current practice-site: venting
landfill gas to the atmosphere
All alternatives above are in comgnce with mandatory applicable legal and regulateguirement:

Step 2: “Identify the fuel for the baseline choioaf energy source taking into account the natior
and/or sectoral policies as applicable

For power generation the following two sceios remain:
Alternative P1 —Power generated from landfill gas undertaken withbbeing registered as CD!

project activity;
Alternative P6 —Existing and/or new gricconnected power plants.
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ACMO0001 states that the PDD must demonstrate lteaitientified baseline fuel is available in aburm
in the host country and there is no supply constr

Electricity in Colombia is available at all time<Colombia is a large coal exporter. A gcquality coal is
extracted in Colombia and consequently it is largefailable. There is no sec-based or national policy
in regards to the use of fossil fu

With respect to the baseline fuel use, no energyl ble used in the LFG2 as it is the couation of the
business as usual scenario. Also, under P6, there project power generation and hence there wae
a continued use of the grid based electricity leyghtential power consume

Thus the options listed above (LFG1 and LFG2; Pd Bf are the only realistic alternatives to
considered as possible alternative base

STEP 2. Investment analys

The additionality of the project is going to beadsished by conducting step 2 (investment analy$is¢
purpose is to determinehether the proposed project activity is econoryjaal financially less attractiv
than other alternatives without the CDM revenue&scdnduct the investment analysis, the followinig-
steps are followed:

Sub-step 2a. Determine appropriate analysiethod:

As defined in the “Tool for demonstration and aseent of the additionality”, if the alternati
generates financial or economic benefits other BB related income option Il or Il of s-step 2b
shall be used. Alternative P1 to the projectivity involves generating income from the saleetectricity
to the grid. Because the project activity woulthgrate nc-CDM income, all alternatives must

evaluated using the investment comparison ana{@sion Il) or the project alternative thout CDM
revenues (Alternative P1) must be evaluated usirg bhenchmark analysis (Option Ill). Beca
Alternative LFG1 (flaring only project) generates revenues, it is less financially attractive tl
Alternative P1, and additionality cannot be destrated using Option Il. Therefore, for this eation
the benchmark analysis (Option Il) will be appl

Sub-step 2b. -©Option IIl. Apply benchmark analysi

Alternative P1 (proposed project without CDM revegucan be evaluated by applying the bmark
analysis. The likelihood that this project woulel developed without CDM revenues, as opposedet
continuation of current activities (passive ventisigmethane), is evaluated by comparing its pic
internal rate of return (IRR) with the behmark of Commercial averagending rates availabfrom the
National Bank of Colombia.

The analysis is based on the following assumpt
- The Capital cost (for 21 year21,207,900 USOffor 7 power gensets for 11.20 MW
electrical production, cil costs relevant piping, flares, electrical connection spstc
- Total operational and maintenance costs (for 2tsye105,439,62¢107,195,643JSD.
- The electricity sale pri¢; 0.083 USD/kWh
- Corporate tax for Colombia: 32

% Please note that this is only an indicative nunmiméran agrement for the purchase of power as such. The ah
tariff is stated in the Law 142 from 1994 and fr&M CALI Electrical Tariff from July 2010
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The detail economic analysis is shown in the ebeitrworkbook. For the assumptions stated aboy
the absence of the CDM revenue, IRR is negativeThe break up costs are the following as showe
Table B.5.1.

Table B.5.1Project Lifetime cos

Project
ProjectCosts (USD) | _ Lifetime (21 _

years)
Gas Treatment Syst¢ 2,791,58
Flaring Facilie: | _ 1557,73
Aqe,n,s,et,s,,,,,,,,,,,,,,,,,,,,,,,,,,,1,2',7,3,7’,23,,,
Others 4,121,34.
Total Capital Expenditure 21,207,90
Jotal Operational Expenditures (O&M | 105;439:62 |
admin, insurance, power cos etc.) 107,195,64,
Total investment cost in US 128.403 54

The electronic worksheet also includes the seiisiti@nalysis with respect to the key assumptis
electricity price, O cost, and investment requirement. The resulthef $ensitivity is shown in tr
table below. For the entire range of assumptidrsIiRR remains negative, which means that the prc
is not profitable without CERs reven

Table B.5.2: Project Sensitfies without CERs revenue
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Electricity Price $/kWh

ﬁgfr 20% 15% [ -10% | -5% +5% | +10% | +15% | +20%

RR 0066 0070 | 0074 | 0079 |0.083 |0087 0091 |0.095 |0.099
negatlve returns

ftor. OPEX $/kWh

Tax | -20% | -15% [-10% | 5% +5% | +10% | +15% | +20%

AR 0.024 | 0.025 | 0027 | 0028 | 0.030 | 0031 | 0033 | 0.034 | 0036
negatlve returns

After- Capex $m

Tan | -20% [-15% [-10% | 5% 159 [ +10% | +15% | +20%

R 16966 | 18,027 | 10087 | 20148 | 21,208 | 22,268 | 23,320 | 24,389 | 25449
Negative returns
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In conclusion the IRR is not substantial enoughwarrantinvestmentin this project even with &
increase in electricity price or a decrease in shwent or operation and management The
installation of landfill gas to energy project lietefore ot viable without considering carbon fina.

Based on the aboveformatior (see Table B.5.2he IRR of the project without any carbon revenise
negative and below the benchmark for Colombia 1%; therefore the additionality for the project
again proven.

Step 4: Common Practice analys
Step’4 comprises two susteps, which are discussed bel

Sub-step 4a: Analyze other activities similar to theoposed project activity

Provide an analysis of any other activities thae aperational and that are similar to the propo:
project activity. Projects are considered similathey are in the same country/region and/or retya
broadly similar technology, are of a similacale, and take place in a comparable environmert
respect to regulatory framework, investment climatecess to technology, access to financing.
Other CDM project activities (registered projectti@dies and project activities which have be
published on the UNFCCC website for global stakebdobnsultation as part of the validation proce
are not to be included in this analysis. Provideumented evidence and, where relevant, quanst
information. On the basis of that analysis, dibe whether and to which extent similar activitres/e
already diffused in the relevant regior

As shown in the table below, there are some ottegt activities currently operating in Colombieat
are similar to the project activity but all are poped through the CDM, which may be disregar
according to the AdditionalitTool, version 05.2

Table B.5.3Landfill gas projects registered or requestingrémistration under CD|

Lrejoero. rojosbnom LEConcrgruse Pecistrten-tole .
Crromab oo e 204
P
2554 Doboduonodondille | Erorpcconomtan 10/e0 o009
to-energy-projer
2794 Elenneiaonddl Sk eedas Q2 m0ng
L
3332 - . - - y
Bees'slcl C-projec GSSBE. eneg
3995 ElCumenlloncdlloay | Onbetedng Lejonioo
. e
2183 CupeoccoPedosone] | SpboElorag Q2/on0ng

“ http://www.banrep.gov.co/seri-estadisticas/see_tas_inter5.htm#2010
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B e
3656 Elepcrsis mCeeiosl | Sakeloring 2402000700
Celombin I Cuenlo oy
Manizales
3745 Bionersis LFG Project | Only Flaring 25/42/2010
Colombia3
Havi .
Project no. Project name LFG energy use Registration date
(until 14/12/2011
2554 Dofia Juana landfill g- | Energy generation 10/09/2009
to-energy projec
2794 Bionersis Landfill Only Flaring 03/11/2009
Project in Pastc
Colombiz
3332 Bionersis LFCproject Possible energy 04/08/2010
Colombia : generation
3995 El Guacal Landfill Ga: | Only Flaring 23/02/2010
Flaring projec
2183 Curva de Rodas and | | Only Flaring 06/02/2009
Pradera Landfill ga
management proje
3656 Bionersis LFG Project | Only Flaring 24/12/2010
Colombia 4 (Cucuta ar
Manizales
3715 Bionersis LFG Project | Only Flaring 25/12/2010
Colombia 3
(Villavicencio)
4424 Pirgua Landfill gas Flaring and possible 27/07/2011
recovery and flarin energy generation
4423 Monteria Landfill gas Flaring and possible 25/08/2011
recovery and flarint energy generatic
4324 Montenegro Landfil Flaring and possible 02/09/2011
gas recovery and flarii | energy generatio

Sub-step 4b: Discuss any similar Options that coccurring: doesnot apply since no similar proje
activities exist. There are no other similar prtjesf gas collection and energy generaneither in the
municipality nor in the country, which was implenteh without the CDM incentives. Since sim
activities cannot be observed, the proposed prajtétity is additiona

>> Starting date of the project activity
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After seriously considering the benefits of the Civthe decision to proceed with the project atti
the company developed continuing and real actiomsseécure CDM status in parallel to
implementation. In the following table is showededailedtimeline for the project.

Table B.5.4 Project Key Events Timelil

Date Key Events Documents
10/2006 Tender for the Solid Waste Dispc Base for the Public Tenc
Environmental Impact Assessment (E | EIA chapter 1 until
for the landfil
09/08/2007 Environmental Licens Resolution 0377 from 20!
18/12/2007 Environmental License Amendmi Resolution 0612 from 20!
11/06/2008 Environmental License Amendmi Resolution 0314 from 20!
03/12/200: Environmental License Amendme Resolution0659 from 200
19/06/2009 Environmental License Amendmi Resolution 0349 from 20!
09/10/2009 Start Tender Process for CC Public Documentation of the tenc
developmer availablé
02/11/2009 Preparation of the Landfill gas generat| Gas prognosis from S(
and recoverreport for Colomba-Guabal
Landfill site by SCS engineers whi
relates to landfill gas capture and
04/12/2009 Tender Results: Strategic Parti Tender Results Communication Le
Selectiol
25/06/2010 Contract Signature betwe Green Gas | Copy of the contra
Yotoco & Interaseo for th
implementation of CD}!
13/08/201! Quotationfor flaring syster Price information about the fle
21/09/2010 Notification on prior CDM consideratic | Communication Lett
of the project activity is received by t
Colombian DN/
28/09/2010 Notification on prior CDM consideratic | Communication Lette
of the project activity is received by t
CDM Executive Boar
01/12/2010 First PDD draft is prepar: PDD version 0
24/11/2010 Article publishecon the consideration of| Copy of the article in the Newspag
the proposed project activi “Diario Occidente
01/12/2010 Local Stakeholders presental Minute of the Presentati
03/12/2010 Request for LoA from host count LoA Letterfrom May 2(" 2011.
(Colombia Registration number 2000 2 42:
07/12/2010 Orsite visit by the DOE as part of tl
Validation procedul
13/07/2011 Order the John Zink fla Purchase agreem:

® hitp://interaseosaesp.web.officelive.com/defauix
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B.6. Emission reductions
| B.6.1. Explanation of methodologicalchoices: |
BEy: (MDprojecl,,y' MDBL,y) *GWPCH4 + ELLFG,y *CEFeIec,BL,y+ ETLFG,y* CEFIher,BL,y (1)

Where:

BEy = Baseline emissions in yey (tCO.e)

MDprojecty = The amount of methane that would have been destfoy@busted during th
year, in tonnes of methane (ty) in project scenario

MDegy = The amount of methane that would have been destfoymbustec
during the year in the absence of the project duegulatory and/c
contractual requirement, in tonnes of methane ,)

GWP:hs = Global Warming Potential value for methane forfire commitment period
21 tCGeltCH,

ELircy = Net quantity of electricity produced using LFG, ainin the absence of ti
project activity would have been produced by poplants connected to the g
or by ar on-site/offsite fossil fuel based captive power generationindueary,
in Megawatthours (MWh)

CERuec,aLy = CO2 emissions intensity of the baseline sourcdeaftigcity displaced, i
tCO2e/MWh

ETirey = The quantity of thermal energy produced utilizihg tandfill gas, which in th

absence of the project activity would have beroduced from onsite/offsit
fossil fuel fired boiler/air heater, during the ygan T

CEFRer,Ly = CO2 emissions intensity of the fuel used by bailetieater to generate therr
energy which is displaced by LFG based thermalgnegeneration, in tCO2e/T
This is estimated as per equation (10) be

Since the proposequroject activity is a landfill gas flaringnd electricity generaticproject, the project
activity does not includthermal enerc generationFurthermore within the baselithe electricity was
purchased from the grid. Therefore the baselinsgions arealculated with the follovng simplified
formula:

BEW = (MQroject,,) - MDBL,y) * C';WPCHA‘. +EL LFGy * EFgrid,y, (1,)

Where:

BEy = Baseline emissions in yey (tCO.€)

MDprojecty = The amount of methane that would have been desttoymbusted during tF
year,n tonnes of methane (tGHin project scenario

MDgLy = The amount of methane that would have been desttoymbuster
during the yeein the absence of the project due to regulatoryaar
contractual requirement, tonnes of methane (tGH

GWP-ys = Global Warming Potential value for methane forfire commitment period
21 tCGe/tCH,

Eliray = Net quantity of electricity produced using LFG, ahin the absence of ti

project activity would have been produced by poplants connected to the g
or by an or-site/offsite fossil fuel based captive power generationinduyeary,
in Megawatthours (MWh)

EFgridy = BEmission factor for the grid iyeary (tCO,/MWh)
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1. Methane destroyed by the project activity MD groject,y):

MDprjectyWill be determined ex post by metering the actuardity of methane captured and destro
once theroject activity is operational. The methane dg&idoby the project activityMDyroject,) during a
year is determined by monitori.

a) Ex post:
MDprojecl,y = MDﬂared,y + MDeIectricily,y + MDlhermaI,y + MDPL,y (8)

As the proposegroject activitydoes not include thermal energy generation or LEG ifito pipeline
MDproject,y Can be simplifiedhrough following equatic:

MDprojecl,y = MDﬂared,y + MDeIectricily,y (8’)

Where:

MDprojecty = The amount of methane that would have been desttoymbusted during tF
year,n tonnes of methane (tGHin project scenario

MDsared,y = Quantity of methane destroyed by flaring duringykar (CH,)

The quantity of methane destroyed by flaring iselated using the following equatic

MDﬂared,y = (LFGﬂare,y * WCH4,y *D CH4) - (PEﬂare,y / GWF)CH4) (9)

Where:

LFGiarey = Quantity « landfill gas fed to the flag) during the year measured in cu
meters (m°) ©

Wera,y = Average methane fraction of the landfill gas as suead during the year a
expressed as a fracticin m® CHy/ m*LFG)

Dcha = Methane ensity expressed in tonnes of methane per cubic meterethane
(tCH4/M’CH,)

PEfiare,y = Poject emissions from flaring of the residual gieeam during the yedn one
flare (tCQy)

GWP-ys = Gobal Warming Potential value fanethane for the first commitment perio
21 tCCe/tCH,

MDelectricity,y = LFGelectricity,y* WCH4,y* DCH4 (10)

Where:

LFGelectricity.y = Quantity ¢ landfill gas fed to the flafgs) during the year measured in cu

meters (m°®)

6 LFGpare,yis considered to be equivalent to the variablFVge n(volumetric flow rate of the residual gas)
described in the “Tool to determine project emissiérom flaring gases containing metha
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WeHa,y = Average methane fraction of the landfill gas as sueed during the year a
expressed as a fracticin m® CHy/ m*LFG)

Methane ensity expressed in tonnes of methane per cubic meterethane
(tCH4/M’CH,)

DCH4

As the sum of quantities fed to the fl and power planmust be compared annually with the tc
quantity of methane generated in order to adoplaivest value 0MDpect,, the following estimation
must be carried out:

b) Ex-ante
Ex-ante estimation of the amount of methane which ddwdve been destroyed/combusted during
year is calculated as followir

MDproject,y = BECH4, SWDS,y/ GWPcha (13)
Where:
BEchs, swosy = Methane generation from the landfill in the abseoicthe project activity at ye:

y (tCQ.€), calculated as per the “Tool to eéiehine methane emissions avoi
from disposal of waste at a solid waste disposal site”.

The tool estimates methane generation adjustedisorg an adjustment factor (f) to account for ARG
in the baseline that would have been captured a&stral«d to comply with relevant regulations
contractual requirements, or to address safetycatwdir concerns. As this is already accounted fc
ACMO0001 equation 2, “f" in the tool shall be assgrwith a value (

BE qsunsy =@+ (1—£)- GWP,, {(1-0X): 2-F. DOC, -MCF- Y Y W, -DOC, ™4™ (1—¢%)

o x=l |

Where:
Table B.6.1: Parameters for the calculation

Parameter Value Unit Description

Model correction factor to account 1

¢ 09 ) model uncertaintie

Fraction of methane captured at
f 0 - SWDS and flared, combusted or u:
in another mann

Global WarmingPotential (GWP) o
GWPcha 21 tCO/tCH, methane, valid for the releva
commitment perio

7 LFGpare,yis considered to be equivalent to the variablFVge n(volumetric flow rate of the residual gas)
described in the “Tool to determine project emissiérom flaring gases containing metha
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Oxidation factor (reflecting th
amount of methane from SWDS tt

OX 01 ) is oxidized in the soil or other mater
covering the wast
F 05 - Fraction of methane in the SWDS
) Fraction of degradable organic cart
DOG 05 (DOC) that can decompc
MCF 1 - Methane correction fact
Total amount of organic waste tyj
Wi x t prevented from disposal in the SWI
in the yeaix
DOC ) Fraction of degradable organic cart
G (by weight) in the waste tyfj
ki - Decay rate for the waste tyj

j - Waste type category (ind¢

Year during the crediting period:
runs from the first year of the fir
X 1 years crediting period (x = 1to the year y
for which avoided emissions a
calculated (x =y

Year for which methane emissions

y 1 years calculate

The above specified default values were taken filoen“Tool to determine methane emissions avo
from disposal of waste at solid waste disposal site” (Version 05) where tbel fprovides differen
values to choose from, the chosen values are suiseddrelown
- OX: 0.1 as set for managed solid waste disposes sitat are covered with oxidising mate
such as soil or compa At the Colomba-Guabaandfill site, whenan area or section closes
permanently, it is covered by clayed sc
- MCF: 1.0 the landfill site belongs to the categofyanaerobic managed solid waste disposal
This factor is only applicable if the sihas got controlled placement of waste (i.e., w
directed to specific deposition areas, a degremofrol of scavenging and a degree of cor
of fires) and will include at least one of the évlling: (i) cover material; (i) mechanic
compacting; ofiii) levelling of the waste. At the landfill site Colom-Guabal, the waste is
directed to the specific section of the depositoea, there is no scavenging on the site
through the wells reaching from the bottom to thye of the landfill, there good control of
fires. The landfill area whe the daily disposalork is taking place is covered with synthe
tarp on a daily basiAfter an area closes permanently and reachespeity, it is covered b
clayed soil.
- DOG;: Values are choseconsidering that the waste is veet per the information stated in
Environmental Impact Assessment prepared by EM/
- ki The tropical, wet default values aapplicableas per the “Tool to determine methe
emissions avoided from disposal of waste solid waste disposal site” (Versioi5). In the



@ PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 0 3 UNFCCe A
] y

CDM — Executive Board

page 29

Cali area, the mean annual temperatur23 °C and the averagennual precipitation 11473
mm.
The GWRy,is the global warming potential of methane, whiglsét at the default value 21 t,e/tCH,.
This value is valid for the relevant commitment perioddashall be updated according to fut
COP/MOP decisions.

2. Methanethat would have been destroyeccombusted in the absence of the project activity duto
regulatory and/or contractual requirements (MDgy ):

For the amount of methane destroyed in the basstieeario, the following equation is us

MDBL,y: MDproject,y * AF (2)
Where:
MDeg y = The @mount of methane that would have been destroyedyaeted during th

yeary in the absence of the project due to regulatoryarabntractus
requirements, in tonnes of methane (4)

MDprojecty = The amount of methane thwould have been destroyed/combusted durinc
year, in tonnes of methane (tQkh project scenar
AF = Adjustment factor expressed as a percentag

The CVC Resolution 0100 No. 07— 0612 from 18/12/2007 states that the obligafor passive flaring
the landfill gas has been removed from the requergs of the Environmental License under
condition that the landfill operator would develapCDM project. Furthermore the most recent C
Resolution 0100 No. 07400531 from 23/09/2010 also ©firms that no flaring is required, unless it
done by means of the implementation of a CDM pto

Therefore, no passive flaring occurred since theratpn start of the landfill site due to the fttwat the
landfill owner was considering a CDM pect on the landfill site. After several studiese ttandfill
operator opened a public tender in October 200¢hfadevelopment of a CDM project at the landf:
in order to meet the requirements as per the ameBdeironmental Licese.

As no passe flaring was required and therefcno destruction of methane occurred since beginafi
the operation of the landfilh 2008, the adjustment factor (AF) fproposed project activity was set
0% (fixed exante value) project implementati

As thethe adjustment factor (AF) was set |, MDg_, can be simplified as belo
MD BLy =0 (2’)

This value will be considered for «calculation methods as ex-a@gimation, e-post estimatiomnd the
ex-post calculation during the whole crediting peri

STEP 1. Determination of the mass flow rate of theesidual gas that is flared

This step calculates the residual gas massrate in each hour h, based on the volumetric flate anc
the density of the residual gas. The density ofrésdual gas is determined based on the volunr
fraction of all components in the g
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FM RG,h :PRG,n,hX FVRG,h (1)
Where:
Variable S| Unit Description

FMeen kag/h Mass flow rate of the residual gas in hour h
PrG.nh kg/m3 Density of the residual gas at normal conditionsdnr h

= 3 Volumetric flow rate of the residual gas in dry isest norma

RGh m/h conditions in the hour h
and:
J.F_'l
Prenn = &7" @)
MMy, "

Where:
Variable S| Unit Description

Pre.nn kg/m3 Density of the residual gas at normal conditionsdnr h

P Pa Atmospheric pressure at normal conditions (101 :

R, Pa.nslkmol.K Universal ideal gas constant (8 314)

MM kg/kmol Molecular mass of the residual gas in hot
T, K Temperature at normal conditions (273.15)

and:

MM g, =3 (f,, * MM ) 3)

1
Where:
Variable S| Unit Description
MM kg/kmol Molecular mass of the residual gas in hol
fv Volumetric fraction of component i in the residgals in the
ih i hour h
MM, kg/kmol Molecular mass of residual gas component i

I The components CHCO, CQ, O,,H,, N,

As simplified approach, project participants mayyomeasure the volumetric fraction of methane
consider the difference to 100% as being nitrod¢,)

The above simplification was only used for thereation of emission reductiol but in the proposed
project activity the volumetric fraction of methanearbor-dioxide and oxygen will be continuous
monitored.
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STEP 2. Determination of the mass fraction of carbwm, hydrogen, oxygen and nitrogen in the
residual gas

Determine the mass fractions of carbon, hydrogemgen and nitrogen in the residual gas, calcul
from the volumetric fraction of each componi in the residual gas, as follov

> fv,, -AM, -NA ,

fin., = 4
" MM . @

Where:

Variable Sl Unit Description

fm, - Mass fraction of element j in the residual gasanrth

fv Volumetric fraction of component i in the residgals in the

ih ) hour h

AM, kg/kmol Atomic mass of element j

NA,; - Number of atoms of element j in compone

MM kg/kmol Molecular mass of the residual gas in hol

i The elements carbon, hydrogen, oxygen and nitr
i The components C{CO, CQ, O,H,, N,

STEP 3. Determination of the volumetric flow rate éthe exhaust gas on a dry basi

This step is applicablsince the methane combustion efficiency of the flawill be continuously
monitored.

Determine the average volumetric flow rate of tkhagist gas in each hoh based on a stoichiometric
calculation of the combustion process, vh depends on the chemical composition of the resigas,
the amount of air supplied to combust it and thepasition of the exhaust gas, as follo'

TVaren = Vo eonx FMeg (5)
Where:
Variable S| Unit Description
TV een m3/h Volumetric flow rate of the exhaust gas in dry baat
normal conditions in hour h
3 .
Vi ren m /kg residual ga Volume of the exhaust gas of the flare in dry bas
normal conditions per kg of residual gas in ho
FMge h kg residual gas/ Mass fow rate of the residual gas in the hot
Vn,FG,h =Vn,COZ,h + Vn,OZ.h +Vn,N2,h

(6)

Where:
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Variable SISUnit
Vareh m /kg residual ga
Vv y i

n,Co2,h m /kg residual ga
Vv y i

nN2,h m /kg residual ga
% ° i

no2,h m /kg residual ga

page 32

Description

Volume of the exhaust gas of the flare in dry bas
normal conditions per kg of residual gas in therto
Quantity of CQvolume free in the exhaust gas of
flare at normal conditions per kg of residual gathie
hour h

Quantity of N volume free in the exhaust gas of the fl
at normal conditions per kg of residual gas inhibar h
Quantity of Qvolume free in the exhaust gas of the fl
at normal conditions per kg of residual gas inttbar h

Vhozh= NoznX MV, (7)

Where:

Variable S| Unit Description

V. ozn mslkg residual ga Quantity of QVg!ume free in the e?<haust gas of the fl
at normal conditions per kg of residual gas inhibar h

Nozn kmol/kg residual ga Quantity of moles Qin the exhaust gas of the flare |
kg residual gas flared in houl

MV . Volume of one mole of any ideal gas at nor|

n m /kmol
temperature and pressure (22.4 L/n
. e |/ Sy,  (1-MF, |, L
nayn =MV, 120040, T\ MF,, 7, +”‘“]j =

Where:

Variable Sl Unit Description

ViNzn mslkg residual ga Quantity of I\LV(.)I.ume free in the e?<haust gas of the fl
at normal conditions per kg of residual gas inhibar h

MV mslkmol Volume of one mole of any ide3a| gas at nor|
temperature and pressure (22.4Kmol)

fmy - Mass fraction of nitrogen in the residual gas ia ttiour
h

AM kg/kmol Atomic mass of nitrogen

MF, - O, volumetric fraction of air

F, kmol/kg residual ga  Stochiometric quantity of moles of,@quired for &
complete oxidation of one kg residual gas in ho

Nozn kmol/kg residual ga Quantity of moles Qin the exhaust gas of the flare |

kg residual gas flared in hour h
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b ..ﬁ” i r
’n.C'O:.h = ; ‘t:-} * ﬂ;{l’u (9)
AM .

Where:

Variable Sl Unit Description

V., cozn mslkg residual ga Quantity of CQvolume free in the exhaust gas of
flare at normal conditions per kg of residual gathie
hour h

fme, - Mass fraction of carbon in the residual gas inttber h

AM_ kg/kmol Atomic mass of carbon

MV m3/kmol Volume of one mole of any ide?’al gas at nor|
temperature and pressure (22.4Kmol)

, _ To, } . S, N Sy, *‘ 174-‘||JFO] g 5 sl
At (—(ty, 4/ MF,)) | AM, 24M, | MF, | *

Where:

Variable S| Unit Description

Noon kmol/kg residual ga  Quantity of moles Qin the exhaust gas of the flare |
kg residual gas flared in hour h

toan - Volumetric fraction of Qin the exhaust gas in the hc
h

MF, - Volumetric fraction of Qin the air (0.21

F, kmol/kg residual ga  Stochiometric quantity of moles of,@quired for &
complete oxidation of one kg residual gas in ho

fm,, - Mass fraction of element j in the residual gasanrth
(from equation 4)

AM. kg/kmol Atomic mass of element j

]
j The elements carbon (index C) and nitrogen (irN)

F = Jing, . Sing . Jing,
" AM.  44M, 24M,

an

Where:
Variable S| Unit Description
F, kmol O/kg residual ga  Stoichiometric quantity of moles of, required for a

complete oxidation of one kg residual gas in ho
fm, - Mass fraction of element j in the residual gasoon
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h (from equation 4)

AM. kg/kmol Atomic mass of element j

i The elements carbon (index C), hydrogen (inde:
and oxygen (index O)

STEP 4. Determination of methane mass flow rate ithe exhaust gas on a dry bas

This step is applicablsince the methane combustion efficiency of the flawill be continuously
monitored.

The mass flow of methane in the exhaust gas isdbasehe volumetric flow of the exhaust gas and
measured concentration of methane in the exhasstgdollows

TV, v

7 #fyr
™ — 0. FG.h CH4.FG.h ’
Fon 1000000 a2

Where:
Variable Sl Unit Description
TMegh kg/h Mass flow rate of methane in the exhaust gas @

flare in dry basis at normal conditions in the hbi

3 7 i ,

TV, ren m /h exhaust ga Volumetric flow rate of the exhaust gas in dry bi

at normal conditions in hour h

3 . :

Venaren mg/m Concentration of methane in the exhaust gas ¢

flare in dry basis at normal conditions in hot

STEP 5. Determination of methane mass flow rate ithe residual gas on a dry basi
The quantity of methane in the residual gas flowintg the flare is the product of the volumetriow
rate of the residual gas (Ey ), the volumetric fraction of metha in the residual gas (,,, zc ) and the

density of methanepf,,, ) in the same reference conditions (normal conasitiand dry or wet basis

It is necessary to refer both measurements (flow o the residual gas and volumetric fractior
methane in the residual gas) to the same reference tondhat may be dry or wet basis. If the resic
gas moisture is significant (temperature greaten #0°C), the measured flow rate of the residusitigat
is usually referred to wet basis should brrected to dry basis due to the fact that the nreasent of
methane is usually undertaken on a dry basiswater is removed before sample analy

TMreh= FVreh X VeharehX Popan (13)
Where:

Variable Sl Unit Description

TMeen kg/h Mass flow rate of methane in the residual gasé

FVeen m3/h t]/?)lljl:rzetric flow rate of the residual gas in dry ise

at normal conditions in hour h
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NVenaren Volumetric fraction of methane in the residual gas
dry basis in hour h (NB: this corresponds tQ v,
where i refers to methane).
Pchan kg/m3 Density of methane at normal conditions (0.7

STEP 6. Determination of the hourly flare efficieng

The determination of the hourly flare efficiencypgeds on the operation of flare (e.g. temperattine
type of flare used (open or enclosed) and, in cdsenclosed flares, the approach selected by pgr
participants to determine the flare efficiy (default value or continuous monitorin

In case ofenclosed flares and continuous monitorineof the flare efficiency, the flare efficienwill be
calculated as follows:

TA
7 paree = 1= = == (14)
M g
Where:
Niare.n - Flare efficiency in the hour
TMegp kg/h Methane mass flow rate in exhaust gas average:
period of time t (hour, two months or ye
TMeeh kg/h Mass flow rate of methane in the residual gasér
' hour h

However, for the estimations of emission reductiang if no records for monitoring exist, the def:
value for enclosed flare is selected and the ##fieiency in the houh is:

e 0% if the temperature in the exhaust gas of the {[&,¢) is below 50C°C for more than 20
minutes during the hoth.

* 50% if the temperature in the exhaust gas of tire f{Tq.e) is above 50(°C for more than 40
minutes during the hoth but the manufacturer's specifications on properaifms of the flare
are not met at any point in time during the hh.

«  90% if the temperature in the exhaust gas of #re f{Ty,¢) is above 50(°C for more than 40
minutes during the hoth and the manufacturer’s specifications on properatios of the flare
are met cotinuously during the hoth.

STEP 7. Calculation of annual project emissions frm flaring
Project emissions from flaring are calculated as 4bim of emissions from each hch, based on the
methane flow rate in the residual gas () and the flare efficiency during each hch (n,,. ), as

follows:

8760 C‘f H"P(_“H"g

PE_IIa:'e.j' = hzﬂ“]’]'irﬂﬁ-.k x (I' » I?ﬂm'e.}l )x 1000

Where:

s)



@ PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 0 3 UNFCCe A
] y

CDM — Executive Board

page 36

Variable S| Unit Description

PEey tCOe Project emissions from flaring of the residual
stream in year y

TMeen kg/h Mass flow rate of methane in the residual gasé
hour h

Niare.n - Flare efficiency in hour h

GWF,,,, tCOe/tCH, Global Warming Potential of methane valid for
commitment period

1) Determination of project emissions from electricityconsumption

PEy = PEEC,y+ PEFC,y (16)

Where:

PE, = Project emissions in yey (tCO,/y)

PEecy = Emissiors from consumption of electricity in thegjectcase (tCO2/y)

PErcy = Emissiors from consumption of heat in the projease(tCO2/y)

Since the proposegroject activity is a simple landfill gadlaring projectand does not include heat
consumption, theroject emissior are calculated with the followingimplified formula:

PEy = PEzc, (16°)

Where:
PE, = Project emissions in yey (tCO,ly)
PEecy = Emissiors from consumption of electricity in thegpectcase (tCO2/y)

For this project there will be no use of thermagrgly. Furthermore, no ba-up fossil fuel generator wi
be associated with thioject. Therefore the project emissions will baado the project emissions frc
electricity consumption which will be calculatedcading to equation (1) of the “Tool to calculi
baseline, project and/or leakage emissions fronctrédédy consumptin”, justified by Scenario A
electricity consumption from the gr

PEgcy = (ECPJ,ﬂare,y +ECPJ,eIec.1)* EFgriay * (1+TDLy)

Where:

PEecy = Project emissions frorelectricity consumption by theroject activity during the
year, (tCGly)

ECe; ftare.y = Quantity ofelectricity consumed by the fladeiring the yeay (MWh)

ECej clecy = Quantitiy of electriity consumed by the gensets during the 'y (MWh)

EFgriay = BEmission factor for the grid iyeary (tCO,/MWh)

TDLy = Average technical transmission and distributioséssin the grid in year y fi

the voltage level at which electricity is otned from the grid at the project ¢
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According toa published document from 2009, the Ministry of igyeand Mining calculated tt
emission factor for the Colombian ¢®. The stdy resulted an emission factor for combined magaji
0.2849 tCO2/MWhFurthermore this value wpublished in the Resoluticdt8-0947 from 04/06/201%).

According to the webpagemww.nationmaster.co (a database for statistics done by the Austr:
company Rapid Intelligence), thelectric power transmission and distribution los$as Colombia
(position 23 in the list) were calculated in 200#hw19.32% grid losses. However, since the data is
recent and its accuracy and reliability cannot &eficmed, in order to be consetive, the default value
for TDL, was applied (20%&bout gric-related transmission and distribution losses folofbia. At the
time of PDD submission no -to-date data was available.

Leakage

No leakage effects need to be accounted for uhéentethdology.

Emission Reductions

ER, = BE, - PE, 17)
Where:

ER, = Emission reduction in yeiy (tCO.ely)

BE, = Baseline emissions in yey (tCO.ely)

PE, = Project emissions in yey (tCO,/y)

The above formula shall be modified in order toadle differentiate between project emissions ft
flaring (PBiarey) and electricity consumptic (PEcc,). Project erissions from flaring are already includ
in the calculation of MRqy (equation (9) of ACMO0001 version 11) and thereforéD et and BE,.
Hence, they shall not be deducted once more irotieeall emission reduction calculation in equa
(17) above.

The modified equation is as follov
ER, = BE, — PEc, @an)

All ex-ante calculations for obtaining the emission reidastfrom the project activity are listed
Section B.6.

8 Republica de ColombiaMinisterio de Minas y Engia, Calculo del factor de emisién de CO2 deksist
eléctrico interconectado colombiano, issued by elakmaranto Sanjuén, Versién 2009.3; Value on pag
http://www.siame.gov.co/Portals/0/Factor CO2/Caiet?0del%20Factor%20de%20Emision_2008_ &

9 Resolution 180947 Emission Factor Grid in Colorr
http://www.minminas.gov.co/minminas/kernel/usuagxterno_normativicd/form_consultar_normas.jsp?parar
0=2266&site=18

10 Electric Power transmission and distribution lodseSolombia
http://www.nationmaster.com/red/graph/ene_ele_poavand_dis_los_of c-powertransmission-distribution-
losses-output&b maps1
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B.6.2. Data an

d parameters that are available at validatio:

Data / Parameter:

Regulatory requirements relating to landfill gas

Data unit:

Description:

Regulatory requirements relating to landfill

Source of data used:

Publicly available informatioof the host country’s regulatory requireme
relating to landfill ga

Value applied:

Justification of the
choice of data or
description of
measurement methods
and procedures actual
applied :

]

y

Any comment:

The information though recorded annuall used for changes to tl
adjustment factor (AF) or directly Mg, at renewal of the credit perio
Relevant regulations for LFG project activitieslsha updated at renewal
each crediting period. Changes to regulation shbaldonverted to the amct
of methane that would have been destroyed/combdsiieag the year in th
absence of the project activity (N\s,y). Project participants should explain h
regulations are translated into that amount of

Data / Parameter: GWPcha

Data unit tCO,/tCH,

Description: Global Warming Potential of C,
Source of data use IPCC

Value applied: 21

Justification of the
choice of data or
description of
measurement methods
and procedures actual
applied:

Value of 21 is set for the first commitment pd. Shall be updated accordi
to any future COP/MOP decisior

y

Any comment:

The applied value is valid for the first commitmeetiod. It shall be update
according to any COP/MOP decisic

Data / Parameter: Dopa

Data unit: tCH,/m°CH,

Description: Methane densii

Source of data used: | Methodology ACM0001 version 11, adopted by EB 4@ 1
Value applied: 0.000716

Justification of the
choice of data or
description of
measurement methods
and procedures actual
applied:

At Standard temperatuand pressure (0 degree Celsius and 1,013 bat
density of methane is 0.0007168 t,/m°CH,

Any comment
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Data / Parameter: BEcha.swos,
Data unit: tCOse
Description: Methane generation from the landfill in the absevicéhe project activity &

yeary

Source of data used:

Calculated as per the “Tool to determine methaniestoms avoided fror
disposal of waste at a solid waste disposal

Value applied:

Applied values are listed in table B.6.

Justification of the
choice of data or
description of
measurement methods
and procedures actual
applied:

As per the “Tool to determine methane emissionsdeebfrom disposal ¢
waste at a solid waste disposal ¢

]

y

Any comment:

Used for ex ante estirtion of the amount of methane that would have k
destroyed/combusted during the y

Data / Parameter: [0}
Data unit:
Description Model correction factor to account for model unaieties

Value to be applied:

0.9

Any comment:

Oonk et el. (1994have validated several landfill gas models baseti%
realized landfill gas projects. The mean relativereof multi

Oonk et el. (1994) have validated several landéil models based on
realized landfill gas projects. The mean relatifrereof muti-phase models
was assessed to be 18%. Given the uncertaintiesiates] with the model ar
in order to estimate emission reductions in a caagge manner, a discount
10% is applied to the model resu

Data / Parameter @

ool

Data / Parameter: oX

Data unit: -

Description: Oxidation factor (reflecting the amount of meth&men SWDS that is oxidize

in the soil or other material covering the wa:

Source of data:

Conduct a site visit at the solid waste dispogelisi order to ssess the type of
cover of the solid waste disposal site. Use thedR006 Guidelines fc
National Greenhouse Gas Inventories for the chafitke value to be applie

Value to be applied:

Use 0.1 for managed solid waste disposal sitesatieatoverd with oxidizing
material such as soil or compc

Any comment:

Data / parameter: F
Data unit: -
Description: Fraction of methane in the SWDS gas (volume fragt

Source of data:

IPCC 2006 Guidelines for National Greenhouse Gasritories

Value to be applied:

0.5

This factor reflects the fact that some degradatganic carbon does n

Any comment:
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degrade, or degrades very slowly, under anaeralniditions in the SWDS. ,
default value of 0.5 is recommended by IP!

Data / parameter: DOC,
Data unit: -
Description: Fraction of degradable organic carbon (DOC) thatdscompos

Source of data:

IPCC 2006 Guidelines for National Greenhouse Gasritories

Value to be applied:

0.5

Any comments

Data / parameter: MCF
Data unit: -
Description: Methane correction factc

Source of data:

IPCC 2006 Guidelines for National Greenhouse Gasritories

Value to be applied:

Use the following values for MClI

« 1.0 foranaerobic managed solidvaste disposal site. These must have
controlled placement of waste (i.e., waste diretbesbecific deposition areas
degree of control of scavenging and a degree dfaloof fires) and will
include at least one of the following: (i) coverteréal; (i) mechanical
compacting; or (iiifevelindevelling of the waste;

Any comment:

The methane correction factor (MCF) accounts ferfétt that unmanage
SWDS produce less methane from a given amount sfeithan manage
SWDS, because a larger fraction of waste decompmesesically in the to|
layers of unmanaged SWD

Data / Parameter: DOC;
Data unit: -
Description: Fraction of degradable organic carbon (by weighthe waste typj

Source of data used:

IPCC 2006, Guidelines for National Greenhouse @wasritories. Volume &
Waste. Page 2..

Value applied:

The following values for the different waste tyjj are appliec

Waste type j DO % wet waste
Pulp, paper and cardbo. 40
Food, food waste, beverages and15

tobacct

Textiles 24
Wood and wood produc 43
Garden, yard and park waste 20

Glass, plastic, metal, other inert| 0
waste

Justification of the
choice of data of
descriptions of

measurement methods
and procedures actual

applied:

In accordance with the “Tool to determine methamessions avoided fror
disposal of waste at a sowaste disposal site” (version 05, EB55, Annex
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Any comment:

According to the “Tool™ “If a waste type, prevedtdrom disposal by th¢
proposed CDM project activitear-netannotclearly be attributed to one of tl
waste types in the table above, ect participants should choose among
waste types that have similar characteristicswzate type where the values
DOC; andk result in a conservative estimate (lowest emis$jomsrequest |
revision of / deviation from this methodology.” this case, the classificatig
provided in the tool is used, and no deviation fitblen methodology is need:

Data / Parameter: k
Data unit -
Description Decay rate for the waste ty

Source of data used:

“Tool to determine methane emissions avo from disposal of waste at a so
waste disposal sit (Version 05) which applies IPCC 2006 Guidelines
National Greenhouse Gas Inventories (adapted froharkle 5, Table 3.

Value applied:

The following values are applied for the differgraste typs:
Waste type j k
Slowly Wood, wood products ar 0.035
degrading straw
Pulp, paper, cardboard 0.07

Moderately | Other (nonfood) organic 0.17
degrading putrescible garden and pz
waste

Rapidly Food, food waste, sewa 0.40
degrading sludge, beverages and
tobacct

Justification of the
choice of data of
descriptions of
measurement methods
and procedures actual
applied:

The above mentioned “Tool” provides default valf@sdifferent waste type
as a function of climate, specifically meannual temperature (MAT, °C) a
mean annual precipitation (MAP, mm per ye According to the informatio
from the Environmental Impact Assessment preparedEMAPA, the mear
ytemperature is 23°C, and an annual precipitatic 1,473 mm per year. Th
values that were selected and applied to the estimat@respond to th
conditions of wet climate (MAP>1000 mm) with trogictemperature
(MAT>20 °C)

Any comment:

According to the “Tool™ “If a waste type, prevedtdrom disposal bythe
propose CDM project activity, camot clearly be attributed to one of the we
types in the table above, project participants khahoose among the was
types that have similar characteristics that wggie where the values DOG
andk result in a conservative tdnate (lowest emissions), or request a revi
of / deviation from this methodolog

Data / Parameter: EF gridy
Data unit: tCO.e/MWh
Description: Emission factor for the electricity consumed frdre grid during the proje:

activity

=)

D
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Source of data used: | Resoluciérl80947 del 04/06/201Ministerio de Minas y Eneia and
calculation of emission factor from the ColombiaiugVersion 2009.

Value applied: 2849tCO,/MWh
Justification of the There is no captive power plant installed at tiee ahd no o-site captive
choice of data or power plant exists. Therefore the electricity isgmased from the grid onl

description of
measurement methods
and procedures actuall
applied:

Any comment: The electricity consumption of the project is geedhan the electricit
consumption of the baseline (no electricity constiompin baseline)

Data / Parameter: Witotal
Data unit Tons
Description: The amount of waste disposed in the landfill sitegear >

Source of data used: | Historical and predicted waste data frinteraseas beincthe operator of the
landfill
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Section North

Year Wioal (Mly)

2008 318,61
2009 608,67.
2010 621,49
2011 634,59.
201z 647,96
201z 661,61
2014 675,55!
2015 689,78¢
2016 704,32
2017 719,16:
201¢ 734,31
2019 749,78¢

Justification of the
choice of data or
description of
measurement method
and procedures
actually applied :

For the years 2008 and 2009 historical data fraerahdfill operator wa

received. Since 2009 (last full set of data), amregtion for the follwing years

was taken into consideration. The yearly incredse1®7% isbased on the
sEnvironmental Impact Assessment Sti

In the Resolution 0100 No. 07-0659 from 2008, in Article Fourth it is stat
“Maximum Capacity: The maximum capacity of opern, this is determined by
the logistical and operational capacity, which nheproven; therefore EMAP
S.A. E.S.P. can receive a larger volume of solidte/¢han the initiall
authorized in the Resolution which granted the Emrental License, as lol
as technical, logistical and operational capaciigts”.

The document which granted the Environmental Liegnghe Landfill is the
Resolution 0100 No. 07-0377 from 2007, which in section 4.2 Techni
Evaluation, Capacity for Final disposal stahe following “The landfill EI
ColombeGuabal has the approval for the disposal of domsslid waste with
maximum capacity of 1,654 tons per day accordintp¢éaDecree 838 from 20(
issued by the Ministry of Environment, Housing &raohd”.

Any comment:

Data / Parameter: CE
Data unit %
Description: LFG collection efficienc
Source of data use As per project sett
Value applied: Year Collection System Efficiency
%
May-2011 65%
February 2012 65%
2013 66%
2014 66%
2015 67%
2016 67%
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2017 67%
Aprik2018 68%
January 2019 68%

Justification of the
choice of data or
description of
measurement method
and procedures
actually applied :

In 2010, experts from the US based company SCShEag were contracted

elaborate a gas prognosis of the landfill site. @kgert used the collectic

efficiency as shown abovThe average collection efficiency is calculatec
S566-3767%.

Any comnent:

Factor needed to quantify the amount of landfi§ §ared (MCqarec)

Parameter | Sl Unit Description Value
MM cha Kg/kmol Molecular mass of methane 16.04
MM ¢ Kg/kmol Molecular mass of carbon monoxide 28.01
MM co; Kg/kmol Molecular mass of carbon dioxide 44.01
MM o; Kg/kmol Molecular mass of oxygen 32.00
MM 42 Kg/kmol Molecular mass of hydrog 2.0z
MM Kg/kmol Molecular mass of nitrogen 28.02
AM¢ Kg/kmol Atomic mass of carbon 12.00
(g/mol)
AMy Kg/kmol Atomic mass of hydrogen 1.01
(g/mol)
AMo Kg/kmol Atomic mass of oxygen 16.00
(g/mol)
AMy Kg/kmol Atomic mass of nitrogen 14.01
(g/mol)
Pn Pa Atmospheric pressure at normal 101,325
condition:
Ru Pa nkmol K | Universal ideal gas constant 8,314.472
Tn K Temperature at normal conditions 273.15
MFo, Dimensionles | O2 volumetric fraction of air 0.21
MVn m/kmol Volume of one mole of any ideal gas at 22.414
the normal temperature and pressure
PCH4.n kg/nt Density of methane gas at normal 0.7168
conditions
Naij Dimensionles | Number of atoms of element j in

component |, depending on moleculal
structure

Source of data: “Tool to determine project emissiémom flaring gases containing metha
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B.6.3. Exante calculation of emission reduction: |

The exante emission reductiocalculation requires the estimation of several esluMost of the
estimated parameters can be found under Sectio.Bn@luding inter alia the estimation of landfiihs
production from the waste at the site, the proghoSthe waste deposit for ticrediting period, the LFG
collection efficiency and the adjustment fac

According to the proposed project activity, theledled LFG would be destroyed a-high efficient
flaring facilitfacilitiesy.

For conservativeness, the estimations assuidefault flare efficiency of 90% as recommendedhia
“Tool to determine project emissions from flaringsgs containing methane” (EB28, Annex !
However, as from the moment when the entire meeasent equipment for continuous measuremer
the fractionof methane in the exhaust gas is installed andbésational, the flare efficiency will k
monitored continuously egest and the default value only applies accordm&tep 6 of the Tool t
determine project emissions from flaring gasesaioirtg metlane (EB 28, Annex 1:

For the estimation of emission reductions, in oridebe conservative, it was assumed that the f
facility will operate 7,884 hl/year leaving 10% adn-operational time on a yearly basis for neces
maintenances or unschediilevents

Based on the formulae given in section B.6.1., #rel parameters presented in section B.6.2.

estimated emission reductions due to the projeitigcare calculated as below, giving the follogi
results:

Baseline emissions:

BEy: (MDprojecl,,y' MDBL,y) * GWF)CH4 +EL LFGy * EFgrid,y, (1’)

1. MD project,y

a) Estimated amount of methane destroyed by the graivity — Sum of quantities fed to the fla

MDproject,y = MDflared,y + MDelectricity,y (8)

Table B.6.3.1: MQgject,y (€X-POSt estimation) — / \

N I | Formatted: Font: (Default) Arial, 10 pt |

Year MD goreay MD ciecrcnyy MD projecty ‘ “ Sl { Formatted Table J
(tCH,) (tCH,) (tCH,)
Feb 201 7,76¢ 2,27¢ 10,03¢
2013 8,125 3,930 12,05¢

201¢ 9,01% 4,12/ 13,13¢ S

201< 8,62¢ 5,38¢ 14,00¢
2016 9,314 5,582 14,89¢
2017 8,761 6,861 15,62
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201¢ 14,70 1,131 15,83¢
Jan 2019 1,270 49 1,31¢
| Total 67,575 29,335 96,91(

Where the quantity of methane destroyed by flawag calculated using the following equat

MDﬂared,y = (LFGﬂare,y * WCH4,y *DCH4) - (PEﬂare,y / c':‘WPCH4)

Table B.6.3.2: MIyeq i!

Feb201  24.070,96 18,11 7,76¢
2013 25188052 18958 8,12t
201¢ 27.940,46 21,02¢ 9,01
201¢ 26,738,21 20,12 8,62t
2016 28874212 21,732 9,31
2017 27.160,98 20,44 8.761
2018 45585200 34,309 14,70
Jan 201 3,936,558 2,96: 1,.27¢

| Total 200,494,687 157,674 67,578 |

(Default values: \cy = 50%; Deig = 0.0007168 tCHA/ACHA; GWEcy, = 21)

MD electricity.y = LFGelectricity,y * Wcra,y * D cra

Table B.6.3.3: M&lcmcn“

Feb 201 6,347.86. 2.27¢
2013 10,964,487 3,930
201¢ 11,506,05 4,12¢
201¢ 15,021,79 5,38¢
2016 15,573,850 5,582
2017 19,142,85 6,861
2018 3,155,771 1,131

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o= {Formatted: Font: Italic ]

)
N -- { Formatted: Subscript ]
o ‘[ Formatted Table ]
- ‘[ Formatted: Not Superscript/ Subscript ]
(10)
“ ‘[Formatted Table ]
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| Jan201 137,20 49 |

| Total 81849879 29335 |
(Default vaiues: \oe = 50%: Doe = 0.0007168 tCHA/FCHA)

o ‘[ Formatted: Centered

. ‘[ Formatted: Left

)
)

b) Ex-ante estimation of the amount of methane thathweiltlestroyed/combusted during the y
(MDproject,y)

MDproject,y: BEcha, SWDs,y/ GWPcha (13)

Table B.6.3.4: M gject (€X-ante estimation)

Year BEcis. swos, WP MD pojects -« - { Formatted Table
(tCO2e)  (tCO/tCH,) (tCH,)
Feb 201, 352,222 21 10,90
201¢ 418,61 21 12,95
2014 449,834 21 14,138
201¢ 476,21¢ 21 14,96
201€ 499,30 21 15,93(
2017 520,151 21 16,59¢
201¢ 539,47" 21 17.46¢
Jan 201 45,09( 21 1,46(
| Total 3,300,906 ) 104,41¢

The comparison of MRy from Table B.6.3.1 and Table B.643.shows that MCpygject,y from Table
B.6.3.1 gives lower values, as it includes the project eimiss from flarin. Therefore, the lower
MD projecty Values from Tabl®.6.3.1will be adopted for the ex-anéstimatior of the emission reductions.
The methane actually destroyed by the project idy is determined epost by monitoring the quanti
of methane flared.

2. MDgyy
For the amount of methane destroyed in the basstieeariothefollowing equation is appliec

MDgLy= MD pojecty * AF 2

“ ‘[ Formatted: Left
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Table B.6.3.5: MI3,

= B {Formatted o ]

Feb 201. 10,03¢ 0.00¢ 0
201% 12,05¢ 0.00¢ 0
201¢ 13,136 0.000 0
201¢ 14,00¢ 0.00(¢ 0
201¢ 14,896 0.000 0
2015 15,622 0.000 0
201¢ 15,83¢ 0.00(¢ 0
Jan 201 1,319 0.000 0
Total 96,910
N - {Formatted: Not Superscript/ Subscript ]
BEY= (MDproject,y- MDgLy) ¥ GWPchs +EL 1rcy * CEFeiecLy, ®)

Table B.6.3.6: B

Feb 201 10,039 0 21 21,999 0.2849 217,088
2013 12,055 0 21 35,999 0.2849 263,404
2014 13,136 0 21 35,999 0.2849 286,107
201F 14,009 0 21 47,999 0.2849 307,860
2016 14,896 0 21 47,999 0.2849 326,484
2017 15,622 0 21 47,999 0.2849 341,733
201¢ 15,835 0 21 59,998 0.2849 349,629
Jan 2019 1,319 0 21 5,000 0.2849 29,127
Total 96,910 0o 302,992 ] 2,121,432 |
A o | - = ‘[ Formatted: Not Superscript/ Subscript ]

Project emissions

To calculate the emission reducis achieved due to the project activity, the emissioaased b
electricity consumption during the project activitys to be taken into account. The project act
requires electricity fooperating the flare booster station, inter aliathe blowerso extract the gas from
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the landfill and boosit further to the flar, the control units, some of the monitoring equiptaeand the
data logging system.

876(
I:)Eﬂare,y = Zh;]TM RG,hX (1"Iflare,h) X fgggCH4 (15)

TMgg nis calculated with théollowing equation:
TMgeh= FVren X fVCH4,RG,hXPCH4’n (13)

Table B.6.3.7: Pke,

Feb 201 24,070,960 8,627,032 18,11°
2015 25,188,05 9,027,39 18,95¢
2014 27,940,469 10,013,864 21,02¢
201¢ 26,738,21 9,582,997 20,12
201¢ 28,874,21 10,348,51 21,73:
2017 27,160,987 9,734,498 20,44:
201¢ 45,585,20 16,337,73 34,30¢
Jan 201 3,936,589 1,410,873 2,96:
| Total 209,494,687 75,082,896 157,67:
R - { Formatted: Not Superscript/ Subscript ]

‘I ‘[Formatted: Left

)

Theseproject emissions are already included in the dafimn of equation (¢. Therefore, they shall not
be deducted again in the overall emission reduci#culation.

PEy = PEcy (16)
PEEC,y = ECPJ'y* EFgrid,y * (1+TDL y)

The 20% default value is applied for the techntcahsmission andistribution loses. The grid factor
(EFgria,y) used for the calculation 0.2849 tCQ/kwh.

Table B.6.3.8: P&

“ il ‘[Formatted Table

Feb 201 29 111 48
201¢ 31 181 73
201¢ 31 181 73
201¢ 31 242 94

201¢ 52 242 101
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| 2017 52 242 101
| 201¢ 52 302 122
| Jan 201 5 25 11
| Total 283 1,526 623 |

(Default valuesEFgrid,y = 0.2849; TDLy= 0.2)

- =~ ‘[Formatted: Left

Leakage:

No leakage effects need to be accounted undeetbeted methodology, ACMO0001 version

| B.6.4 Summaryof the ey-ante estimation of emission reduction: |

ER, = BE, - PE, (13)

Table B.6.4.1: Estimatioaf emission reductiorresulting from methane destruct

. tead g ‘[ Formatted Table
|

|

|

||  Feb2012 10 210,821 0 210,811
| 2013 11 253,148 0 253,137
| 2014 11 275,851 0 275,840
| 2015 11 294,185 0 294,174
| 2016 18 312,809 0 312,791
| 2017 18 328,058 0 328,040
| 2018 18 332,536 0 332,518
| Jan 2019 2 27,703 0 27,701

| Total 99 2,035,111 0 2035012 |

Table B.6.4.2Estimation of emission reductions resulting frorergy displaceme

T ‘[ Formatted Table

| Feb 2012 38 6,268 0 6,230
| 201¢ 62 10,256 0 10,194



@

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 0 3

OvEee
~

CDM — Executive Board

page 51
| 201 62 10,256 0 10,194
| 2015 83 13,675 0 13,592
| 201¢ 83 13,675 0 13,592
| 2017 83 13,675 0 13,592
| 2018 104 17,093 0 16,989
| Jan 201¢ 9 1,425 0 1,416
| Total 524 86,323 0 85,799 |

Hence, estimation of total emission reductionshefgroject activity over the period (comprising haete
destruction and energy displacementerne®,120,809 tonnesf CO.e.

[ B.7.

Application of the monitoring methodology and desdption of the monitoring plan:

| B.7.1 Data and parameters monitored

Data / Parameter: LFG oty
Data unit: m
Description Total amount of gas captured at Normal TemperatncePressu

Source of data to be
used

Measured by the flow meis placed directly on the installatic

|| Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.!

Average value 035;24,.950 41,620,652Nm3over the crediting perio

Description of
measurement methods
and procedures to be
applied:

The flow meter will express gas w in cubic meters (m3The proportion of
the data to be monitored is 100% and the data ggeegated monthly ar
yearly.

There will be continuous monitoring frequer

QA/QC procedures to
be applied:

The flow meter will be subject to a regular maisece and testing regime
ensure accuracy. The flow meter will be calibratedording to manufacturer
specifications

Any comment:

Data / Parameter: LFG fiarey
Data unit: m
Description: Amount of landfill gas flared éNormal Temperature and Press

Source of data to be
used:

Measured by the flow meter placed directly on tistdllation

|| Value of data applied

for the purpose of

Average value (27958885 29,927,812Nm3 over the first crediting perio
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calculation expected
emission reductions in
section B.5

Description of
measurement methods
and procedures to be
applied

The flow meter will express gas flow in cubic metém3). The proportion of
5 the data to be monitored is 100% and the data ggeegated monthly ar
yearly

There will be continuous monitoring frequer

QA/QC procedures to
be applied:

The flow meter wll be subject to a regular maintenance and testggne to
ensure accuracy. The flow meter will be calibradedordingto manufacturer’s
specifications

Any comment:

The amount of landfill gas flared equals to the am®f landfill gas sent to tt
flares as the project activity will contain two high ieféncy flares.Methane
fraction of the landfill gas and LFG flow has to ineasured othe same basi
(either wet or dny.

Data / Parameter:

Data unit:

LFG electricity,y
m

Description:

Amount oflandfill gas combusted in power plant at Normal penature an
Pressur

Source of data to be
used:

Measured by the flow meter placed directly on tisadllation

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

Average value 0110666067 11,692,840Nm3 over the first crediting perio

Description of
measurement methods
and procedures to be
applied

The flow meter will express gas flow in cubic metém3). The proportion of
the data to be monitored 100% and the data are aggregated monthly
yearly

There will be continuous monitoring frequer

QA/QC procedures to
be applied:

The flow meter will be subject to a regular mairtece and testing regime
ensure accuracy. The flow meter will be brated accordinto manufacturer’s
specifications

D

Any comment:

Methane fraction of the landfill gas and LFG flowshto be measured the
same basis (either wet or ¢.

Data / Parameter: PEBarey
Data unit: tCQe
Description Project emissionfrom flaring of the residual gas stream in ye

Source of data to be
used

Calculated as per the “Tool to determine projectssions from flaring gase
containing methant

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

Annual average of the first crediting perio204< 22,525tCO.e

Description of

The parameters used for determining the projecsgions from flaring of th
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measurement methods
and procedures to be
applied:

residual gas stream in yey will be monitored a per the “Tool to determir
project emissions from flaring gases containinghraege’. The parameters use
for the determination of Fyare are F\eg r, Weria, fVin, Verarat, 102 and Tare

2d

QA/QC procedures to
be applied:

As per the “Tool to determine project emissionsrfrilaring gases containir
methane and regular maintenance and testing regime in lvith the
manufacturer’'s recommendations will ensure optwpearation of the flar

Any comment:

Data / Parameter: Wena
Data unit: MCH,/ n’LFG
Description Methane fraction in the landfill g

Source of data to be
used

Gas quality analys

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.!

An estimation of 0.50 was taken into account accordiagIPCC 200¢
Guidelines for National Greenhouse Gas Inventc

Description of
measurement methods
and procedures to be
applied

]

The gas analysing system is a modular construetimhdesigned for stonary
operation for measuring directly the fraction ofthame in the landfill gasThe
gas analyser provides three analogue signaly, CC, and Q. The values ar
measureccontinuousl. The proportion of the data to be monitored is 1(

QA/QC procedures to
be applied:

The gas analyser will be subject to a regular reaigce and testing regime
ensure accuracy. The gas analyser will be calidratecording tc
manufacturer’s specificatiot

Any comment:

Methane fraction of the landfill gasd LFG flow has to be measured the
same basis (either wet or di

Data / Parameter: T

Data unit: °C

Description: Temperature of the landfill g
Source of data to be | Thermomete

used:

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

No value was estimate

Description of
measurement methods
and procedures to be
applied:

Measured to determine the density of methacya.
The monitoring frequencwill be continuous.

QA/QC procedures to | Thethermometer will be subject toregular maintenance and testing regto
be applied: ensure accura.

Any comment:

Data / Parameter: P

Data unit: Pa
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Description:

Pressure of the landfill g

Source of data to be
used:

Manomete

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

No value was estimate

Description of
measurement methods
and procedures to be
applied:

]

Measured to determine the density of methacys,
The monitoring frequencwill be continuous.

QA/QC procedures to
be applied:

Themanometer will be subject toregular maintenance and testing regto
ensure accura.

Any comment:

Measurement instruments may rePa or mbawalues. To convert fro Pa
(N/m?) to mbar simply multiply by 0.01 mbar.

- { Formatted: Superscript

Data / Parameter: PEc,
Data unit: tCOe
Description: Project emissions from electricity consumption g project activity durin

the yealy

Source of data:

Calculated as per the “Tool to calculate basefingject and/or leakac
emissiongdrom electricity consumption”

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

An average 09789 tCO,e (approximately281-258 MWh) was estimated for
the first crediting peric due to the scheduled implementation of the gss
within phase 2 as from the seccyear of the project activit

Measurement
procedure (if any):

Calculated as per the “Tool to calculate basefingject and/or leakac
emissions from electricity consiption”

Monitoring frequency:

Calculated as per the “Tool to calculate basefingject and/or leakac
emissions from electricity consumptic

QA/QC procedures:

Calculated as per the “Tool to calculate basefingject and/or leakac
emissions from electricity consumptio

Any comment:

The required electricity will be consumed from thierconnected grid until tr
implementation of phase The consumed eledtity invoiced by the loce
utility provider will be taken into consideratios the electricity consumed |
the project activity

Data / Parameter: ELirc,y
Data unit: MWh
Description: Net amount of electricity generated using L

Source of dati

Power meter installed at tifacility

Value of data applied
for the purpose of
calculation expected
emission reductions in

section B.5

An average 03%142-37,874 MWhwas estimated for the first crediting per
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Description of
measurement methods
and procedures to be
applied:

The power meter will express total net amount etticity which was fed int
the interconnected grid. The vallare aggregated monthly and yea
There will be continuous monitoring frequer

QA/QC procedures to
be applied:

Power meter will be subject to regular (in accomtawith stipulation of tF
meter supplier) maintenance and testing to ensia@ac

Any comment:

Required to estimate the emission reductions friatticity generation frol
LFG, if credits ae claimed.

Data / Parameter:

Operation of the electricity generating equipm:

Data unit: Hours

Description: Operation of the electricity generating equipr
Source of data: Project participan

Measurement

procedures (if any):

Monitoring frequency:

Annually

QA/QC procedures:

Any comment:

This is monitored to ensure methane destructiafaisned for methane used
electricity generating equipment when it is openrzgi

- ‘[ Formatted Table ]

Data / Parameter: TDLy «
Data unit: %
Description: Averagetechnical transmission and distribution losse$egrid in year y for th

voltage level at which electricity is obtained frohe grid at the project si

Source of data:

One of the following options will be ust “

a) Recent, accurate and reliable 1available within the host count
b) A default value of 209

Roman

ol

Formatted: Font: (Default) Times New}

Formatted: Indent: Left: 0 cm, First
line: 0 cm, Keep with next, Adjust
space between Latin and Asian text,
Adjust space between Asian text and

Value of data applied

20%The default value is chosen, i.e., 20%.

for the purpose of

calculation expected
emission reductions in

section B.5

numbers, Tab stops: Not at 0,63 cm

Description of
measurement methods

For a): TDLy should be estimated for the distribotand transmission netwo
of the electricitygrid of the same voltage as the connection wher@tbpose

and procedures to be

CDM project activity is connected to. The technidakribution losses should t

applied:

take into account other types of grid losses @mmercial losses/theft). T
distribution losses can eitt be calculated by the project participants or bet
on references from utilities, network operatorsther official documentatic

QA/QC procedures:

In the absence of data from the relevant year, necsint figures should be us

but not older tha5 years.

Any comment:

Technical distribution losses do not take into actmther types of grid loss
(e.q. commercial losses/thel
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rs will be monitored to detire the flare efficiency using the “Tool to deténs
flaring gases containinghraeé.”

lies a high temperaturdased flare. For the estimations of ission reductions

the conservative 90% default value is applied tdkam the above mentioned Tc

However, continuous
calculations of emissio

monitoring of the flare dediiarc efficiency will be employed for the ex pc
n reductio

Data / Parameter: FVreh
Data unit: nvh
Description: Volumetric flow rate of the residual gas at normahditions in the hoth

Source of data to be
used:

Measured by the flow meter placed directly on tistdllatior.

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

Average value 027,958,8839,927,812Nm3 over the first crediting perio
(See parameter LFiare,y)

Description of
measurement methods
and procedures to be
applied:

The flow meter will express gas flow in cubic metém3). The proportion of
the data to be monitored is 100% and the data ggeegated monthly ar
yearly There will be continuous monitoring frequer

The same basis (dry or wet) is considered for measurement and th
measurement of volumetric fraction of all composentthe residual gafv;)
when the residual gas temperature exceec°C.

QA/QC procedures to
be applied:

The flow meter will be subject to a regular mairstece and testing rege to
ensure accuracy. The flow meter will be calibradedordingto manufacturer’s
specifications

Any comment:

Please note: the volumetric flow rate and the amofitandfill gas sent to flar
(LFGrare,) is measured by one flow me for each flar.

Data / Parameter: v
Data unit: -
Description: Volumetric fraction of componeii in the residual gas in the hour h whet

i =CH, CO, CQ, O, Hp, N,

Source of data to be
used:

Gas quality analys

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

An estimation of 0.50 was taken into account f& ¥blumetric fraction of C,4
according to IPCC 2006 Guidelines for National Glemise Gas Inventorit
(See parametercny)

Description of
measurement methods

The gas analysing system is a modular construetimhdesigned for stationa
5 operation for measuring directly the fraction ofthame in the landfill gasThe




@

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 0 3

ovEee
~

CDM — Executive Board

page 57

and procedures to be
applied:

gas analyser provides three signals,, CO, and G. The values are measur:
continuousl. The proportion of the data to be monitored is 1(
The same basis (dry or wet) is considered for thisasurement and tl

measurement of the volumetric flow rate of thedeal gas FVgg ) when the

residual gas temperature exceed C.

QA/QC procedures to
be applied:

The gas analyser will be subject to a regular reagrice and testing regime
ensure accuracy and will be calibrated accordingaaufacturer’s
specification< A zerocheck and a typical value check should be perforiy
comparison with a standard certified .

Any comment:

Please noteA separate gas analyser will be used for each ftareeasurethe

volumetricfraction offer CH,, CQ, and Q in the residual gadv; ) is-measured

|- [ Formatted: Subscript

NG ‘[ Formatted: Subscript

{ Formatted: Subscript

(D

by-encgas-analyser
Data / Parameter: tOy,h
Data unit -
Description: Volumetric fraction of Q in the exhauggas of the flare ihour

Source of data to be
used:

Gas analysi

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.5

No value was estimate

Description of
measurement methods
and procedures to be
applied:

]

The gas analysing system is a modular construetimhdesigned for stationa
operation for measuring direy the fraction of methane in the landfill giThe
gas analyser providd¢wo signals, Ciiand Q.

The point of measurement (sampling point) will hethe upper section of tt
flare (80% of total flare height

The values are measurecontinuously. The mportion of the data to t
monitored is 100

QA/QC procedures to
be applied:

The gas analyser will be subject to a regular reaegrice and testing regime
ensure accuracy. This device will be calibratedatiog to manufacturer
specificationsA zero check and a typical value check should beopagd b
comparison with a standard certified .

Any comment:

The used high efficiency flare is enclosed flard &re flare efficiency will b
monitored continuously

A separat©negas analyser wilbe implemented for monitorii_of the exhaus
gasat each flare

Data / Parameter: cHaFG.h
Data unit: mg/n®
Description: Concentration of methane in the exhaust gas ofldne in dry basis at norm

conditions inhour

Source of data to be
used:

Gas analyst

Value of data applied
for the purpose of

calculation expected

No value was estimate
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emission reductions in
section B.5

Description of
measurement methods
and procedures to be
applied:

The gas analysing system is a modular construetimhdesigned for stationa
5 operation for measuring directly the fraction ofthame in the landfill gasThe

gas analyser providd¢wo signals, Chland Q.

The point of measurement (sampling point) will hethe upper section of tt

flare (80% of total flare height

The values are measurecontinuously. The proportion of the data to |

monitored is 1009

QA/QC procedures to
be applied:

The gas analyser Il be subject to a regular maintenance and teséggne to
ensure accuracy. This device will be calibratedeatiog to manufacturer
specificationsA zero check and a typical value check should bopeed by
comparison with a standard certified .

Any comment:

— AT

e'useel gn-e ee)ey are-is-enclosed-flara-ire-are-eficiency-wil-b
A separat©negas analyser will be implemented for monito_of the exhaus
gasat each flareThe nonitoring of this parameter only applicable in case g
enclosed flares and continuous monitoring of theeflefficiency. Measureme
instruments may read ppmv or % values. To convernfppmv to mg/r’
simply multiply by 0.716. 1% equals 10 000 pp

Data / Parameter: Thare

Dafa unit °C

Description: Temperature in the exhaust gas of the
Source of data to be | Thermocoupl

used:

Value of data applied
for the purpose of
calculation expected
emission reductions in
section B.!

1,000 °C is set as estimated va

Description of
measurement methods
and procedures to be
applied:

Measures the temperature of the exhaust gas sinctdue flare
A temperature above 5(°C indicates that significant amount of gases #ille
being burnt and that the flare is operat

]

Monitoring frequenc!

Continuousl

QA/QC procedures to
be appliec

The thermocouple will be replaced yearly or calibdzaccording t
manufacturer specificatic

Any comment:

The temperature in the exhaust gas is measurghi®rmocouple located

each flare

B.7.2. Description of the monitoring plan:

The monitoring parameters proposed in section Bhif PDD are consistent with ttconsolidated
baseline and monitorin methodologyACMO0001 version 11 and its applicable tools (pleaster to

Section B.6.1).
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The monitoring plan is set to give opportunity feal measurements of achieved emission reduc
These emission reductioreshieved by the project activity in each ), will be assessed -post through
direct measurements; therefcthe amount of landfill gas captured and flawill be measured directly.
The following parameters shall be collected andnaed for calculation of emission reductic

Figure B.7.2.1Monitoring plar for phase 1

Cod LT

Landfill .d Flare(s)

Total landfill gas (LFGygtay)

Figure B.7.2.2: Monitoring plan for phase 2 - "[Formatted: Centered
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Landﬂ"

q>

Total landfill gas (LF Gigtary)

Table B.7.2.1Parameters monitored in the project act

“ 2l ‘[ Formatted: Left

/| Left

[ Formatted: Left, Tab stops: 1,67 cm,

|
|

Parameter Description Measurement equipme
LFGiotary Total amount of landfill captured at Flow meter installed at the flar
Normal Temperature and Press measuring LFG,., and flow meter
installed at the gensets measut
LFGelectricity,y
LFGiare,y Quantity of landfill gas fed to flare(:| Flow meter at thinstallation

during the year measurédn cubic meters
(m3)

I—FGeIec’Lricity,y

Amount of landfill gas combusted
power plant at Normal Temperature
Pressure

Flow meter at the installati

WeHa Average methane fraction of the land| Gas quality analys
gas measured during theear and
expressed as a fraction (in m3 CH4
LFG

T Temperature of the landfill g Thermometer

p Pressure of the landfill g Manometer

Toare | Temperature in the exhaust gas of | Thermocouple | _ -~ { Formatted: subscript
flare

top Volumetric fraction of O2 in the exhar| Gas analyser
gas of the flar

fVehare Concentration of methane in the exhe| Gas analyser

gas of the flare in dry basis at norr
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conditions

Ohgenset Operation hours of each electricity Operation hours counter at the fac
generatofgensel

ElLircy Net amount of electricity generated us| Power meter installed at the faci
LFG

ECry,y Electricity consumed by the proje| Power meter
activity in MWh

To achieve a constant monitoring of imeasured values by the relevant measurement equipisted
under B.7.1, the operating personnel is requiregrdceed with the maintenais and inspections of the
accordant measuremegguipments in order to have a high functioneand reliability.

Furthermore the operating personnel proceed withattadysis of the measured values in order to er
the quality of themeasured da.

The operational and management structure resperfsibproject monitoring is as follov
Figure B.7.2.30rganisation cha

Host Project Participant Investor Project Participant
Green Gas Yotoco SAS Green Gas International BV

A s

Project Operation

Operation CDMManagement

Maintenance
Monitoring

Datalogging Reporting

Documentation e
Training

Reportin
B g Consultancy

The project operator will beesponsible fothe day-to-day operation of thendfill gas collection syster
and the flaring facility. This team will also besponsible for the calibration and maintenance el
monitoring equipmentequired for meeting the CDM monitoring requirens

All units installed in the project are designedua fully automatic, so that the operating persbmaee
only to supervise the correct operation of the fpdamt the plausibility of the collectecnd monitored data
through the data logging syst. However, in order to assure accuracy of receidath, physica
inspections are periodically required from the aegiag personnel which shall be documen
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Calibration, inspectiorand maintenancrepots will be stored both in paper copies and in sed
electronic format. The collected data should loeest and archivetogether with the scanned reports
the central data baser quality contrc.

The team of the project operator include the FManager and Field Engineer who will be respons
for the day-daday operation on si

The key responsibilitiesf the Plant Manager are, inter &

— Supervision of all required internal calibratiompedures as well as reference measuren

- Interface between the Field Engineer and the CDM Monitpparsonn

- Identification of sufficient and efficient procedurfor troubleshooting in case of failure
equipment with the support of the CDM Monitoringgmnnel

- Arrangements of the accordant mainince of the gensets (periodical interventi

— Ensuring accurate documentation of the Field Erggiseinterventions according to t
requirements of the CDM Monitoring person

— Preparation of site related reports according josgecial events

— Monthly and yearly reports for the Project Participe

- Coordinating the yearly audit and training; resppety additional trainings (if requirec

— Collecting and integrating utility (e.g. electricittconsumption) data from external serv
providers.

The keyresponsibilities of the Field Engineer are, infié:e

— Proceeding with scheduled and unscheduled intéorent(e.g. inspection and maintena
reports according to weekly, monthly, kyearly or yearly routine) according to the Openat
Monitoring and & Maintenance Schedule (OM&N

— Documentation of all interventions (scheduled csalreduled

— Proceeding with all required internal calibraticared document the intervention in a calibral
report;

— Preparation of visit reports at each site \

- Proeeding with reference measurements to check theamcof the measurement equipm

— Storing all reference measurement certificati

— Downloading and archiving the raw data electrohjcahd also entering it into a database thi
set for the analysisf the collected dat

- In case of malfunction or failure of any equipmeat proceed as per the troubleshoor
procedures and documenting all activiti

The CDM Monitoring personnewill supervise the monitoring activities aris responsible for the
correctness of logged datRegularquality assurances of the electronically recordeth dvith the
handwritten samples are conducthrough checking the stored datapdausibility, errors, deviations at
non-conformity. All inconsistencies will be deawith as necessary, so the plant operation ca
optimised which will result in a more accurate ntoring.

The preparation of the periodical Monitoring Repanhd the analysis of tldata received and stored
the central data base together with cdculations of the emission reductions are also agabthe key
responsibilities of the CDM Monitoring personi The emission reductions will be calculated accar
to the selected methodology and its applicablest
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For quality control, aldata should be continuously checked for consisteomypleteness and integr
Therefore, e calculations of emission reductions and the kboinig Reports will be revised and cr-
checked during the internal audits by the respomséviser.

The tiaining of the operating personrwill occur according to a set training programmkirtg into
consideration the requirements of the facility &M requirements. The first training will occur exf
the commissioning of the fle-booster-station. Additical trainings will take place during operati

The key responsibilitiesf the CDM Monitoring personnel are, inter ¢

— Ensuring that thealibration and/or reference measuremeafitmeasurement equipms are
dealt with according tQA/QC procedureglisted in section B.7.. and to manufacturers”
recommendatior, if necessary, respectively whenever it is reql)

— Crosschecking the reference measurements anddbedaat accuracy leve

— Crosschecking the scheduled and unscheduled inspenid mentenance reports with the
raw data (if applicable

— Collecting all relevant documentations during thenitoring period (special events) a
attaching all external calibration certificateshie monitoring repor

— Ensuring that the internal calibratiorports are available;

— Crosschecking internal calibration reports with ¢igét reports and the stored monitored 1
data;

— Preparing the periodical Monitoring Repc

- Ensuring that the yearly training and audit occur site; respectively collecting tt
certificates of training and audit

— Calculating the achieved emission reducti

The above mentioned responsibilities and proceduiéde part of the standard operating procedur
the project activity and documented as part oftieaitoring supprting materials
Data collection and archiving

The following procedures apply for the data colatt archive and data analysis to ensure qu
assurance and quality cont

Figure B.7.2.3Data logging and data us: (for both phases similar)
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Cross-check/analysis
Data of collected data

loegin Central
e data base
system

Flaring +
Power
Station

CER Calculation

onsite  [Sou ]

Extern (QC of data)

—_— Data flow

Storage:  Data storage

All measurement equipment is connected to a dajgiig system. All data are sent permanent!
binary codes to this specific data logging systehictv is installed on site. The data are stored
storage device within the data logging syst

The daha logging system visualizes the logged values wther@perating personnel can assure the gt
of logged data. Through a defined procedure astiperOM&M Schedule, the logged data will
transmitted electronically the central data bassthBthe prject operator and the personnel respons
for the CDM Monitoring have access to the storethaen the central data base. Through the restr
access to the data, any unauthorized access framesponsible personnel can be avoic

The CDM Monitoring personnel will afterwards anayand cros-check all collected data with ti
collected reports which are stored by the projgerator on the central data base. The collecteddeda
will be furthermore used to proceed with the cation of achieved emission reductions. ~
calculations and the accordant raw data will beusstply stored

Data that are recordenll be archived in electronic form a kept in digital fornat. All data are kept for
at least two (2) years aftédre end of crediting period or until the last issuan€€ERs happens for th
project activity (if that occurs late

Troubleshooting procedure:

In case of any power outages the complete langH#l extraction systerincluding booster and flare,
out of operation as there is no ergency power supply installed.

Therefore, all measuremedevices would be out of operaticThe project operatowill analyse the
situation as soon as possible and solve the fafltine problem is located internall

In the unlikely event of any malfunction of the dlasv meter,the gas quality analyser, the gas anal
and the data logger, theseasurement devis and/or any other relatedjuipmer will be taken care of
according to the defined procedures listethe OM&M Schedule.

As from the moment where gensets are implementéd@ammissioned on site, the Operator will -
contract or use own personnel to intervene in oésealfunction of the gensets or the wiring ¢
electricity part.
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In the unlikely eent of emergency cases that can cause unintendisdi@ns the following procedur:
will apply:

If fire, gas leak or explosion at the landfill shas occurredhe affected area should be identified

isolated. Personnel are to abandon the affectea immediately and be evacuated. If actions take
control the emergency are insufficient, the firepaiément should be notified and further acti
coordinated with the fire departme

If LFG leaks aredetectedfrom collection system, piping or wellduring system inspections a
monitoring tourghe affected systeishould be determinednd the leak repaire If it is required that the
entire system is shut, thegpect operator will be notified and the systewil be shut off until repairs are
completed.

B.8. Date of completion of the application of the basele study and monitoring methodology anc
the name of the responsible person(s)/entity(ie:

Date of completing the final draft of the baseli05/11/2010

Name of person/entity determini the baseline

Organization Green Gas Yotoco Services S
Addres: Avenida 82 # 1(-62, Piso
Postal ZIP/city Bogota

Country Colombia
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| SECTION C. Duration of the project activity / crediting_period

| C.1. Duration of theproject activity :

| C.1.1. Starting_date of the project activity:

The start of the project activity is set for 25/06/2010, which represents fthate of the signature of the
contract between Green Gas and Interaseo for treapement of a CDM project in the Colon-Guabal

Landfill.

| C.1.2. Expectedperational lifetime of the_project activity:

| The operational liféme of the project is 21 ye: starting onMay-2011September 20-.

| C.2.  Choice of thecrediting period and related information:

is registeredinder the Clean Development Mechan

The start of the first crediting period is assurt@tie the 01/25/201120120r the date when the proj

| c.2.1.2. Length of the first crediting_period:

7 years

| c.2.21. Starting date:

Not applicable

| c.2.2.2. Length:

Not applicable
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SECTION D. Environmental impacts

The active collection and destruct of uncontrolled methane emission from solid waste & positive
effect on the local and global air quali

D.1. Documentation on the analysis of the environmentainpacts, including transboundary
impacts:

The project activity that will be develog in the Colombasuabal landfill will increase in a significa
manner the efficiency of thexistin¢ landfill gas collection system by installing anieetcollection
system and a LFG combustion systi

It is expected that the project, will not have amgative impacts, the high quantity of methanectvig
considered to be a very harmful Greenhouse galshaflared in a high temperature flare which \
efficiently destroy the methan

All the badodours and nuisances will decrease, causing aymBsiipact to the population surroundi
the landfill site. The general sanitary conditievil improve.

The project has few noise impacts on the localrenment coming from the flare and the blov.
However, the strategic location of the site prosideperfect isolation of the project; the most intgat
generation of noise will come from the daily opimaal activities of the landfill done by Interas

In December 2006, tiempresa de Aguas yseo del Pacifico S.A. E.S.P. (“EMAP) developed the
Environmental Impact Assessment (“EIA”) and the iEEmvmental Minagement Plan (“PMA” as per tl
name in Spanish) for the construction and operatifdhe landfill site Colomt-Guabal.

Based on EIA an®MA documentation, the Corporacién Autbnoma RedideaValle del Cauc
(“CVC"), entity responsible of the activities takiplace in the Cauca Vallegranted the Environmental
License on the 09/08/2007 by means of the Resal@®0 No. 0740377 de2007.

The Environmental License will belid during the project lifetimand has been modifi 5 times:
- Resolution 0100 No. 0740-0612 from 18/12/2007
- Resolution 0100 No. 074(-0314 from 11/06/2008
- Resolution 0100 No. 074(-0659 from 03/12/2008
- Resolution 0100 No. 074(-0349 from 19/06/2009
- Resolution 0100 No. 074(-0531 from 23/09/2010

As per the Environmental License and its amendmémdandfill must fulfil the following condition

- The ue of forestry and vegetal cover is allowed; he used and cut trees will have to
replaced by Interaseo in a rate of .

- Leachate must be treated and continuously moni

- Landfill activities and operation must be done ado@ly to the RAS 20C

- The area for depositing the waste must be cowith geomembrane and filters for t
leachate capture must be placed at the bottonedatidfill.

- The utilized material for the leachate collectiorhee bottom of the landfill and for the bioc
collection will be PVC Novafort

- The installed passiwvells can be installed every 50 meters.
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- There is no obligation to flare the gas, the ldhgfiGuabal will have to implement a CD
project in order to control the environmental impeaused by the LFG. The gas shall be fle
only through the implemertion of a CDM project.

No additional environment impact study has to brei@d out for the specific proposed project acyiv
according to the national regulations of Colombia granted Environmental License applies for th
Colomba-Guabal Landfilifetime operations, which include the closure god-closure period. A letter
from the Ministry of Environment (Ministerio de Angnte, Vivienda y Desarrollo Territorial) w.
received on the 05/11/20&0nfirming that no additional permits and licer are required.

D.2. If environmental impacts are considered significanby the project participants or the host
Party, please provide conclusions and all references sapport documentation of an environmenta

There are no significant impacts expected for tioget activity.
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SECTION E. Stakeholders comments |

| E.1. Brief description how comments by locastakeholdershave been invited and compilec |

An information flyer with important information abhbthe Global Warming Greenhouse Gases ani
project was distributed during the local Stakehofatesentation which took place in the Municipaltity
Yotoco on the 01/12/2010. Durithe meeting Inter&s del Valle S.A. E.S.P. and Green Gas informe
all the stakeholders who are more directly affedtgdhe project about its main characteristicshaf
development and operation.

The public was informed about the project actiityough a newspaperrticle published on the
24/11/2010 in the newspapeDiario Occidentg for the Valle del Cauca. The article announcedh®
general public the objective of the project andvigted with the necessary contact data to raisetiqueas
express ideas and réee more information if requeste

Figure E.1.1Published article iDiario Occidente on the project activity

Diario () cCiDENTE

e
fe

Cali, miércoles, 24 de noviembre de 2010 - 12 pags.

LA INFORMACION NO TIENE PRECIO N.° 3.820 - ISSN 0124-5171

Green Gas Yotoco S.A.S.

Tiene el honor de anunciar, en nombre del grupo Green Gas,
gue empezd a desarrollar el proyecto de guema de gas de
vartaedero en el relleno sanitario Colomba - El Guabal, en eI
municipio de Yotoco. El proyecto se esta desarrollando bajo
el Mecanismo de Desarrollo Limpio, con el objetivo de miti-
gar el cambio climatico. La actividad del proyecto contribuira
al desarrollo. sostenible de Colombia al evitar emisiones de
gas metano, disminuir los malos olores vy mejorar la situacion
sanitaria general en el area del relleno v sus alrededores.

El plazo propuesto para |la ignicion de la antarcha es mayo de
Z2011. El proyecto evitara la emision de gas metano a la
atmosfera hasta el 2032 al poner en opeaeracion una antorcha
de alta eficiencia en el sitio, para guemar los nocivos gases
de efecto invernadero.

Green Gas recibira con agrado todas sus preguntas y comen-
tarios en la siguiente direccion postal: Carrera 434 MNo. 1Sur
- 188, oficina 904, Torre Empresarial Davivienda, NMedellin

The translated text in English reads as be

“GreenGas Yotoco S.A.S is proud to announce that undeiGteen Gas group name it has starte
develop the project for flaring the landfill gastire landfill Colombe El Guabal in the municipality ¢
Yotoco. The project is being developed under thea@Development Mechanism, with the aim
mitigating against the climate change. The pragetivity will contribute to the sustainable develognt
of Colombia by reducing methane gas emissions,alisas reducing bad odours and improve the gel
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hygienein and around the landfill area. The time propdsedhe beginning of combustion is May 20
The project will avoid the emission of methane igas the atmosphere until 2032 as two high efficie
flares will be installed to burn the harmful greenk¢ gas.

Green Gas will be happy to answer any questiomanuents or advises at the following address: Ca
43A No. 1 Sur -188, office 904, Torre Empresarial DaVivienda, Méde

The meeting that took place in the offices of thenldipality of Yotocowas conducted by Interaseo «
Valle SA ESP and Green Gas frQh00 until 10h3@vhere the following key aspects where discus

- Kyoto Protocol(scope of the CDM mechanis

- Green house gas effect on the environi

- Presentation of the project activ(including environmentadnd socie benefits)
- Green Gas and the experience in Colol

- Q&A session

- Closing of the meetir

The following stakeholders to this project werenitified and invited to take part in the Proj
presentation:
- The government of Combia at municipal, subegional, departmental and national le
- The private sector
- The general public

A detailed list of the members and the entity whitody represented is presented aattachment to this
document.

E.2.  Summary of the commentsreceived: |

Prior to the end of the meeting the stakeholdersevirevited to raise their questions, concerns
feedback referring to the discussed parts of withim stakeholder meeting. Only 1-project specific
questions were raised concerning the Cmechanism and the experiencéssreen Gas with projects
Colombia.

E.3. Report on how due account was taken of any commentsceived |

No negative comment has been received during tbal Istakeholders’ consultation. People sho
interest in the project and its environmental ancla benefits

=~ { Formatted: Centered
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Annex 1

CONTACT INFORMATION ON PARTICIPANTS IN THE PROJECT ACTIVITY_
Host country ProjecParticipant

Organization: Green Gas Yotoco S/
Street/P.O.Box: Avenida 82 #1-62, piso 6
Building:

City: Bogoia

State/Region:

Postcode/ZIP:

Country: Colombie

Telephone: Phone; + 57 317 657 9381
FAX:

E-Mail: duncan.cox@greengas.
URL: www.greengas.n
Represented by:

Title:

Salutation: Mr

Last name: Cox

Middle name:

First name: Duncat

Department:

Mobile: +1561322 8011

Direct FAX:

Direct tel:

Personal e-mail: duncan.cox@greengas.

Investor (Foreign) Project Participant

Organization: Green Gas International B.
Street/P.O.Box: Jachthavenweg 10
Building:

City: Amsterdan
State/Region:

Postcode/ZIP: 1081 KM

Country: The Netherlanc
Telephone: +31 20 570 22¢

FAX: +31 20 570 22z

E-Mail: chris.norval@greengas.|
URL: www.greengas.n
Represented by:

Title:

Salutation: Mr
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Last name: Norval
Middle name: Michiel
First name: Christiaal
Department:
Mobile:
Direct FAX:
Direct tel: +4420 8614 7310

Personal e-mail:

chris.norval@greengas.|
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Annex 2
INFORMATION REGARDING PUBLIC FUNDING

This Project will not receive any public funding.
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Annex 3
BASELINE INFORMATION
TableB.7.2.3.Calculation of Bloys swos
WASTE 2006 — 2017
Years j Wix
Green . .
Fraction Food Wood Paper Waste Textile | Plastics Inert
W(—t};’)ta' Refusein | 0729 | 0015| 0069 0067 0007 | 0032 | 0.081
2008| 318,619| 318,61' | 232273| 4,779 | 21,985| 21,347 | 2,23( 10,196 | 25,808
2009| 608,672| 927,29. | 443,722| 9,130 | 41,998| 40,781 | 4,261 19,478 | 49,302
2010| 621,497| 1,548,781 | 453,07: | 9,327 | 42,887 | 41,64( | 4,35( 19,88¢ | 50,34:
|| 2011 634,592| 2,183,37' | 462,617| 9,519 | 43,787 42,518 4,44: | 20,307 | 51,402 <« -~ { Formatted Table )
| 2012 | 647,963| 2,831,34. | 472,365| 9,719 | 44,709 | 43,413| 4,53¢ | 20,735 | 52,485
| 2013| 661,615| 3,492,95 | 482,317 | 9,924 | 45,651| 44,328 | 4,631 21,172 | 53,591
|| 2014| 675,555| 4,168,51 | 492,48( | 10,13 | 46,61 | 4526 | 4,72¢ | 21,61¢ | 54,72(
| 2015| 689,789 | 4,858,30. | 502,856 | 10,347 | 47,595| 46,216| 4,82¢ 22,073 | 55,873
| 2016| 704,323 | 5,562,62' | 513,452 | 10,565| 48,598| 47,190| 4,93( | 22,538 | 57,050
| 2017| 719,163| 6,281,78! | 524,27( | 10,78 | 49,62: | 48,18 | 5,034 23,01 | 58,25:
| 2018| 734,316| 7,016,10. | 535316| 11,015| 50,668| 49,199| 5,14( | 23,498 | 59,480
2019| 749,788 7,765,89. | 546,595| 11,247| 51,735| 50,236| 5,24¢ 23,993 | 60,733 {
Formatted Table J
Green g Formatted: Indent: Left: 0 cm, First
'l'line: 0 cm, Right: 0 cm, Tab stops:
Food Wood Paper | Waste | Textile | Plastics Inert s/// lllr;et at 823 clgw 1o Siops
DOCj 0.15 0.43 0.40 0.20 0.24 0.00 0.00 ’,",/ {Formatted: Right: 0 cm, Tab stops: J
ki 0400 | 0035| 0.070 | 0.170| 0.07C | 0.000 | 0.000 s 1 Notat 0,63 cm
) //{ Formatted: Right: 0 cm J
Without Collection Efficiency With Collection Efficiency ””’,”,/% Formatted: Right: 0 cm %
: f . ) i,/ | Formatted: Right: 0.cm
Years BECH4,SWDS MDpro;ect,) Years C?II'eFtlon BECH4,SWD\ Mme]ect,) ,"//”////{ Formatted: Right' 0om J
(tCO2¢) (tCH,) efficiciency  (tCO2e) (tCHJ,) W ,///// / e
Feb201 352,222 16,772 Feb 201 65% 228,944 10,902 «/,////{F°"“a“e"’R'9h“OC'“ )
2013 418,613 19,934 2013 65% 272,098 12,957 «////{Formatted:Right: Ocm )
201« 449,834 21,421 201¢ 66% 296,890 14,138 </ [ Formatted: Right: 0 cm )
201% 476.216 22,677 2015 66% 314.303 14,967 */////// {Formatted: Font: Not Bold J
2016 499,304 23,776 2016 67% 334,534 15930 </ /( ormatted: Font: Not Bold )
2017 520,151 24,769 2017 67% 348,501 16,595 «///’// —
2018 539,477 25,689 2018 68% 366,844 17.469  +/ /{E;r“;if:ttﬁ:;,C%”ﬂe‘:{'isﬂgegtcfﬂ: 0 J
Jan 2019 45,090 2,147 Jan 2019 68% 30,661 1,460 < ' - : - -
J /{Formatted: Font: Not Bold J
| Total 3,300,906, 157186 | | Total ] | 2192776 104,418, J
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Annex 4
MONITORING INFORMATION

Table B.7.2.4: Table of theanitoring equipmel

Measured (m, Internal

Ref-ID Variable Unit | Calculated (c AUy g Responsible QC Comments
X ! registration

Estimated (e procedure

1 Total amount of landfill| m3 m Continuously (values to | Plant yes Total amount of landfill gas captured is the|
gas captured (LFGay) be averaged hourly or at| Management sum of all flow meteres installed at the flares

shorter time intervals) and the gensets.

2 Total amount of landfill| m3 m Continuously (values to | Plant yes Methane fraction of the landfill gas and LFG
gas flared (LFGye,) be averaged hourly or at| Management flow has to be measured on the same basis

shorter time intervals) (either wet or dry).

3 Total amount of landfill| m3 m Continuously (values to | Plant yes Methane fraction of the landfill gas and LEG
gas sent to power plant be averaged hourly or at| Management| flow has to be measured on the same basis
(LFGelectricity.,y) shorter time intervals) (either wet or dry).

4 Methane fraction m3 m Continuously (values to | Plant yes Methane fraction of the landfill gas and LRG
contained in the landfill| CH4/ be averaged hourly or at| Management flow has to be measured on the same basis
gas (Wha,) m3 shorter time intervals) (either wet or dry).

LFG

5 Temperature of landfill °C m Continuously (at least Plant yes The thermometer will be subject to a regular
gas (T) each hour) Management maintenance and testing regime to ensure

accuracy.

6 Pressure of landfill gas| Pa m Continuously (at least Plant yes The manometer will be subject to a regular
(p) each hour) Management maintenance and testing regime to ensure

accuracy

7 Hours of operation of h m Daily Plant no The real hours of the operation of the gensets
thegenset Managemet will be registerec

8 Net production of MWh m Continuously Plant no The power meter will be subject to a regular
electricity Management maintenance and testing regime to ensure

accuracy

The following variables corresponds for the Profgtissions from flaring gases containing mett(PEga.y) in the enclosed flar
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X 6 registration
Estimated (e procedure

9 Volumetric flow rate of | m3h m Continuously (values to| Plant yes Please note: the volumetric flow rate and
the residual gas | dry be averaged hourly or af Management the amount of landfill gas sent to flare
basis at normal shorter time intervals) (LFGtare y respectively LFGyay) is
conditions (F\e ) measured bgneaflow meterlocated at

each flare

The same basis (dry or wet) is considered
for this measurement and the measurement
of volumetric fraction of all components ir
the residual gagy ) when the residual gas
temperature exceeds 60.

10 Volumetric fraction of | Vol.- m Continuously (values to| Plant yes The gas analyser will be calibrated
component in the % be averaged hourly or af Management according to manufacturer’s specificationg.
residual gas in the hour shorter time intervals) The same basis (dry or wet) is considered
h (fvi) where for this measurement and the measurement
i = CH,, CO, CQ, O, of the volumetric flow rate of the residual
Ha, N gas FVren) When the residual gas

temperature exceeds 60.

1’1 Volumetric fraction of | Vol.- m Continuously (values to| Plant yes The used high efficiency flase are-is
O, inthe exhaustgas of % be averaged hourly or af Management enclosed flare andthe-flargheir efficiency
the flare inhour (toz,r) shorter time intervals) is continuously monitored.

One gas analyser will be implemented for
monitoring the exhaust gas. The gas
analyser will be subject to a regular
maintenance and testing regime to engure
accuracy and will be calibrated according to
manufacturer’s specifications.

1F Concentration of m Continuously (values to| Plant yes The used high efficiency flasés-are
methane in the exhaust be averaged hourly or af Management enclosed flareandthe-flargheir efficiency
gas of the flare in dry | mg/m3 shorter time intervals) is continuously monitored. One gas
basis at normal analyser will be implemented for

| conditions inhour monitoring the exhaust gas each flare
(fVeharey) The gas analyser will be subject to a regular
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maintenance and testing regime to ensur,
accuracy and will be calibrated according
manufacturer’'s specifications.

13

Temperature in the
exhaust gas of the flare

(Tﬂ are)

°C

m Continuously (values to

shorter time intervals)

Plant

be averaged hourly or af Management

yes

The thermocouple will be replaced yearly|
or calibrated according to manufacturer

specification.

—
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