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‘A.l Title of the project activity : ‘

>>

Project Title: CYY Biopower Wastewater treatment plant including biogas reuse for thermal oil
replacement and electricity generation Project, Thailand

Version no. and Date: Versighl*, dated31 January2012

*PDD modified according ta notifcation of changes from the project activity as described in the registered PDD.

A.2. Description of the project activity : ‘

>>

The proposed project entails the installation of an upflow anaerobic sludge blanket technology (UASB)
biogas reactor and up td2a72* MWel gas engines at an existisrch manufacturing plant for:

a) the extraction of methane (biogas) from the wastewater stream through the biogas reactor,

b) the reuse of biogas as fuel in existing thermal oil boilers within the plastaiarh dryingand

¢) the reuse of biogas as fuel for power generation (using By 8{1.36 x 2)MWel gas enginesto
beconstructeji

The project introduces a new biogas reactor with methane capture and utilisation for energy purposes int
the existing open anaerobiagoon based wastewater treatment system. As a consequence of the new
anaerobic reactor, the organic load entering the lagoon system is drastically reduced because most of t
organic matter is converted to biogas in the reactor. The project activitys dkieidelease of methane into

the atmosphere, which would occur due to the anaerobic digestion of the organic content in the open lagoc
based wastewater treatment system (anaerobic conditions, leading to methane generation within the lago
are the resulbf a lagoon depth greater than 1m and an average atmospheric temperature of about 28C).

In addition, the biogas reactor produces sufficient quantities of biogas to fuel thermal oil boilers for starch
drying, replacing the use of heavy fuel oil, anduelfa gas engine for the production of power for both in
house use and sale to the electricity grid. This will replace the production of power from the Thai national
grid. Two 1.36 MWel biogas gensets (total 2.72 MWel) will be installed in June 2008eflaeement of

heavy fuel oil in the thermal oil boilers and displacement of electricity from the national grid, which is
generated byossil fuel fired power plants to a large extent, will lead to further reductions of greenhouse
gases.

In accordance wit the project owner plans, the electricity generated will be sold t&® BEder a firm
power purchase agreement under the Very Small Power ProdM®PP) program. However, the

! In the first version of the PDD hosted at the UNFCCC website for the global stakeholder consultation, the
installed capacity of the gas engine was 2\W&ll (assuming two engines of 1.3 MWel each). In the second

version of the PDD, the exact installed capacity of each engine has been corrected to 1.36 MWel, adding up to a
total installed capacity of 2.72 MWel.



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFCCE }

CDM i Executive Board

page 3

requesting period for the VSPP program might take arod®drionths to be congted. Thus, until the
VSPP program registration is formalized, the electricity generated by the project activity will be used for
in-house consumption at the tapioca starch processing plant, displacing electricity that would have bee
drawn from the grid.

The proposed project will be implementedtheChok Yuen Yong IndustrZo Ltd Industry facility with a
total expected wastewater flente of 2400 m3/day and an average COD concentration of 30,000 mg/l.

Sustainable Development Benefits of the Project
According to the definition of sustainable development criteria for CDM propctShai DNA', the
project will directly contributéo sustainable development in Thailand in several ways as shown below:

Natural Resources and Environmbenefits
1 Reductionof greenhouse gas emissions through the avoided electricity generation by other grid
connecteghower plats;
1 Reduction of offensive odour;
1 Reduction in usage of naenewable energy, i.e. fossil fuel for grid electricity generation;
1 Improvement of the quity of water discharged into the environment

Social benefits
1 Involvement of local communities through a public participation meeting, in which people accepted
the project;
71 Increased employment by employing 12 full time staff to operate the system;

Techrology transfer benefits

1 Promoting technological excellence in Thailandhich could be replicated across Thailand and the
region;
9 Necessary training on the management of the power wiliibe provided to staff;

Economic benefits
1 Reduction in dependeypon fossil fuel for electricity generation while at the same tmigancing
energy security by increasing diversity of supply;
1 Generating incomes to the local community through additional local employment;

2 The Provincial Electricity Authorityisagoer nment enterprise under the Min
responsibility is primarily concerned with the generation, distribution, sales and provision of electric energy
services to the business and industrial sectors as well as to the gebbcahpurovincial areas, with the

exception of Bangkok, Nonthaburi and Samut Prakran provinces.

% A Very Small Power Producer (VSPP) can be any private entity, government eovstege enterprise that

generates electricity either (a) from nconventionasources such as wind, solar and rfigdro energy or fuels

such as waste, residues or biomass, or (b) from conventional sources provided they also produce steam through
cogeneration. As per the VSPP program, the VSPP is limited to sell no more thandfGtg\lectrical power

output to the designated distribution utility, such as Metropolitan Electricity Authority (MEA) and/or Provincial
Electricity Authority (PEA).

4 http://mww.tgo.or.th/english/index.php?option=com content&task=view&id=15&Itemid=1
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1 Demonstrating the use of CDM as an incentivebfimging about an energy efficiency project;

\ A.3.  Project participants:

>>

Name of Party involved Private and/or public Kindly indicate if the Party

(*) ((host) indicates a host entity(ies) project involved widhes to be

Party) participants (*) (as applicable| considered as project

participant (Yes/No)
Thailand (host) CYY Bio PowerCo Ltd No
Switzerland South Pole Carbon Asset No
Management Ltd
Austria Kommunalkredit Public No
Consulting GmbH

‘ A.4.  Technical description of theproject activity : ‘
\ A.4.1. Location of theproject activity : \
‘ A.4.1.1. Host Party(ies): ‘

>>

Thailand
‘ A4.1.2. Region/State/Province etc.. ‘

>>

Khamtalesor District, NakhorRatchasima Province
‘ A.4.1.3. City/Town/Community etc: ‘

>>

Amphur

A.4.1.4. Detail of physical location, including information allowing the
unique identification of this project activity (maximum one page):
>>

The proposed project is site locat@ km east of Nakhorn Ratchasima, about 6 km north of the main road
connecting Nakhorn Ratasima with Bangkokn Nakorn Ratchasima Province in the northeast of
Thailand. Nakorn Ratchasima, about 250 km away from Bangkok, is one of the five biggest cities in
Thailand. Most of the tapioca starch plants in Thailand are located in this province.

The coordinates of the project, ateat i t ude 14A596550N and Longitud
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\ A.4.2. Category(ies) oproject activity : \
>>
The projectds sector al s co-Waste handlingédrdispaosald by t he
\ A.4.3. Technology to be emplged by theproject activity : \
>>
Process and technology description
The wastewater flows from the factory by gravity sewer into a storage lagoon (made from an existing
lagoon, retention time-2 days). The influent first passes through a new screen exiractorder to
remove coarse particles (roots, pulp, peels). After the screening the wastewater flows into an equalizatio
and settling lagoon (in concrete, sloped) for removal of settleable solids. This lagoon is divided in two
parts, one in operationne in standby or cleaning.

Water from the equalization lagoon flows into an adjacent pump pit, equipped with submerged pumps,
pumping the wastewater continuously to the next stage. The acidic wastewater has to be neutralized wit
lime and/or caustic sodgor fine tuning, standby). Lime powder is directly added in a lime mixing basin,
which receives the wastewater from the-reatment.

In a third adjacent basin, grit (including impurities present in the lime) is trapped and removed periodically.
Thereare two grit traps. One is in operation, while the other one is being cleaned or ehyst&nom the
grit trap the effluent flows into a pump sump.

The wastewater is then pumped into the methane reactors through an influent distribution system at th
batom of the reactor. The methane reactors are of the UASB (Upflow Anaerobic Sludge Blanket) type,
with a special "3 phase separator” device at the top of the reactor.

In the UASB, the wastewater rises through an expanded bed of anaerobic active methahuwlgen(the

so called "sludge blanket") and an internal device at the top of the reactor, which results in a separation ¢
the mixed liquor into clarified wastewater, biogas and sludge. The absence of any mechanical agitatior
allows a natural selectidowards heavy flocs of active methanogenic sludge.

Excess sludge can eventually, from time to time, be withdrawn from the bottom of the reactor. This exces:
sludge is extremely thick {60% DissolvedSolids), stable, and can be dumped without problennsit s

widely sought after to stattp new reactors elsewhere. The effluent of the anaerobic treatment will be
further treated in some of the existing lagoons, receiving only 2% to maximum 10% of the original COD
load.

A gas storage is install2dt thte project site in order to optimize the biogas utilization ratio by ensuring a
better match between biogas generation and energy demand at the thermal oil boiler and gas engines, tt
avoiding unnecessary flaring of biog&art of the resulting biogas Wile used in the factory as fuel in an
existing thermal oil boiler used for starch drying. A Schedter fuel burner able to fire oil and gas will be
employed to burn biogas instead of heavy fuelTdile biogas meter will be equipped to record the lsoga
consumption of the burner.

® The gas storage was installed in 2010 during the second CDM monitoring period and was not part of the initial
design of the project activity.
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The rest of the biogas will be used as fuel in two power generators (gensets) consisting of a biogas fire
engine and an alternator each, with a total installed capacity of 2.72 MWel. Before use in the power
generators, thbiogas has to be treated to reduce the sulphur content of the biogas from tapioca starct
factory effluent using a biogas fAsweeteningo pl
does not use chemicals (except for pH control in the oxidatiase). In practice min. 90% removal is
obtained. The scrubber is placed on top of the aeration basin, so as to allow gravitational flow of the
washing water back into the inlet of the aeration basin. From the aeration basin, water is continuously
pumpednto the scrubber tower.

The effluent of the scrubber is treated by intense aeration in an aeration basin, in order to reduce th
sulphide concentration. Intense aeration reduces the sulphide concentration by chemical + biologica
oxidation. The sulphidesre slowly oxidised (mainly chemically) by dissolved oxygen, resulting in a
mixture of elementary sulphur, thiosulphate, sulphite and sulphate. A small part is also stripped out of the
wastewater. Due to the high pH of the wastewateé8.§3, the amounttgépped out is quite low. Only very

small amounts of sulphide are left in the aerated effluent at concentratitfsnig/l) low enough to be
reused as scrubber inlet liquid.

After the scrubber the biogas goes to an optional proprietary biogas driedut®most of the moisture
content of the biogas, because some generator engine suppliers impose limits (not known at this momer
on the % humidity of the biogas, whereas when it comes from the anaerobic reactor it is (over) saturate
with water vapour.

The biogas drier package unit used consists of a stainless steel biogas/refrigerant heat exchanger, anc
refrigerant cooling group with a compressor, a condenser, a storage tank, and an evaporator. The biogas
typically 3040 °C is cooled to :25°C, afer which ca. 667/0% of the water vapor (35 g/m3) condenses

to water, which is separated from the gas in and after the heat exchanger. The remaining moisture in tf
biogas is about @5 g/m3, and acceptable, considering the fact that the biogas is hgatadn the

biogas compressor and then cools off to an ambient temperature which is higher than 20 °C.

After the biogas drier the biogas is sent to thermal oil boiler and to the power generators with biogas

blowers. H2S and CH4 content of the biogas @matinuously measured in line. For safety and stprt
reasons a flare is also foreseen.

Figure: System boundaries
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System boundary
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*The connection to the grickquires approval by local authorities, which has been delayed during the initial phase of the
project ativity. It is clear though that any electricity generated prior to grid connection willsbd for inRhouse consumption
at the tapioca starch production plant omfyboth scenarios, the project activity displaces electricity from the grid.

Figure: Pictires of thermal oil boiler that will use biogas plus existing wastewater treatment lagoon system
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Table 1: Estimated amount of emissions reductions

Annual estimation of
Years emission reductions
in tonnes of CO2e
Year 1 97,468
Year 2 97,468
Year 3 97,468
Year 4 97,468
Year 5 97,468
Year 6 97,468
Year 7 97,468
Year 8 97,468
Year 9 97,468
Year 10 97,468
Total estimated reductions
(tonnes of CO2 e) 974,681
Total number of crediting years 10
Annual average over the crediting
period of estimated reductions
(tonnes of CO2 €) 97,468

Year 1 starts after successful registration of the prafeUNFCCC, which is expected in October 2008.

‘ A.4.5. Public funding of theproject activity : ‘
>>
No public funding is involved in the project.

‘ SECTION B. Application of a baseline and monitoring methodology ‘

>>
AMO0022 Avoided Wastewater and &ite Energy Use Emissions in the Industrial Sector, Version 4.
(AMO0O022 version 04). It is hereafter referred to as the baseline methodology.

Within AM0022 following tools/methodologies are used for this project activity:
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T h €l ofo | to determine project emis s(EB28sersibn) om
is used tacalculate project emissions from flaring of a residual gas stream dogtaiathane
The ATool to calculate the emission factor

calculate the Carbon Emission Factor (CEF) of the electricity grid, required for determination of
baseline emissions due to displacement of gridretey.

B.2  Justification of the choice of the methodology and why it is applicable to thgroject activity:

AMO0022 version 04 has been chosen because the Project activity involves the installation of an anaerobi
treatment system in an existing opemdanbased wastewater treatment facility and meets all the
applicability conditions stated in the baseline methodology as follows:

Requirement 1: Project is implemented in existing lagmmsed industrial wastewater treatment facilities
for wastewater wit high organic loading;

Project: The Project is implemented in an existing lagmmsed industrial wastewater treatment facility in a
tapioca starch manufacturing plant. The wastewater in the Project plant treats high organic loading
materials (compounds)

Requirement 2: The organic wastewater contains simple organic compoundsséooharides).

A The primary organic compound contained in the tapioca processing wastewater is starch, which i
a polysaccharide, a more complex organic compound comparetbnosaccharides, whicks
expected to vyield a higher CH4 emissions factor per kg of COD digested.

As the baseline methodology stipulates, an alternative CH4 emission factor is estimated and
applied for the project activity. The maximum CH4 producingacip (BO), 0.21 kg CH4/kg
COD, stated in approved baseline methodol o
organic wastavat er treatmento is selected for the |
based on the default IPCC value faf, B.25 lg CH4/kg COD, taking account of the 5AL00%
uncertainty range, and it is applicable to all organic wastewater types. Considering that this value
has been established as the result of comprehensive discussions among the methodology panel
well as the ©M Executive Board, it is a conservative and transparent approach for the project
participant to adopt this value for the methane emission factor. The choice of this value is also
justified by the research conducted for the tapioca starch wastewaterrding to the results

from the research, CH4 emissions factor is estimated as a range of 0.22 ~ 0.24 kgCH4/kgCOD.
The selected value of 0.21 kgCH4/kgCOD for CH4 emission factor is lower than the lowest range
of the results from the research.

Requirement 3The methodology is applicable only to the improvement of existing wastewater treatment
facilities. It is not applicable for new facilities to be built or newly built to extend current site capacity;

CpjitP.Annchhatre and Prasanna L. Amatya (2000), AUASB
of Environmental Engineering, December 2000, 1149 ~ 1152
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A The Project is implemented in existing wastewateatinent facilities, not in new facilities to be
built or newly built to extend the current site capacity of the tapioca starch manufacturing plant.

Requirement 4: It can be shown that the baseline is the continuation of a current lagoon system fo
managingwastewater. In particular, the current lagoon based system is in full compliance with existing
rules and regulations;

A As described in section B.4 below, the baseline is the utilization of the current lagoon system for
managing wastewater. Also, the cunréagoon based system is in full compliance with existing
rules and regulations of Thailand.

Requirement 5: The depth of the anaerobic lagoons should be at least 1m;

A The depth of the of all lagoons within the lagoon based treatment system is alveags tiyan 1
m.

Requirement 6: The temperature of the wastewater in the anaerobic lagoons is always ategsets
Celsius

A Annual minimum temperature of the wastewater in the anaerobic lagoon varies between 25 and 3!
degrees Celsius

Requirement 7In the project, the biogas recovered from the anaerobic treatment system is flared and/or
used orsite for heat and/or power generation, surplus biogas is flared,;

A The Project utilizes the biogas recovered from the UASB system for heat generation, power
production and surplus biogas is flared.

Requirement 8: Heat and electricity needs per unit input of the water treatment facility remain largely
unchanged before and after the project;

A Before and after the Project implementation, heat and electricitg meedunit input of the water
treatment facility remain largely unchanged. Water flows in the lagoon systems are operating on
gravitational flow basis, the installed electric capacity of the UASB reactors is below 100 kW. Not
only is the required amount electricity for wastewater treatment relatively small, but also the
electricity produced by the Project activity surpasses the electricity requirements. Therefore, it can
be considered that the energy needs per unit input of the water treatment fawitifip targely
unchanged before and after the Project.

Requirement 9: Data requirements as laid out in the related Monitoring Methodology are fulfilled. In
particular, organic materials flow into and out of the considered lagoon based treatment sydieen and
contribution of different removal processes can be gquantified (measured or estimated)

A As described in section B.7 below, data requirements will be fulfilled. Organic materials flow into
and out of the considered lagoon based treatment system aswhttibution of different removal
processes will be measured and quantified.
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The baseline methodology will be used in conjunction with the approved monitoring methodology AM0022
Version 04.

\ B.3. Description of the sources and gases included in tipeoject boundary \

Source Gas | Included? | Justification / Explanation
CH. Included The ‘major source of emissions in t
baseline.

Direct emissions from th

waste water treatment procesy CO, Excluded CO, emissions from the decomposition

organic wage are not accounted.

N,O Excluded | Negligible and excluded.

co, Included EIectricity is coqsumed from the grid in th
baseline scenario.

' Emissiong from e!ectricit; CH, Excluded Excludeq for simplification. This i

Baseline | consumption / generation conservate.

Excluded for simplification. This i

conservative.

Emissions from thermal energ CGO, Included | Thermal energy is generated in the proj

consumption activity.

CH, Excluded | Excluded for simplification. This i

conservative.

N,O Excluded | Excluded for simplification. This i

conservative.

Emissions from nomwombusted methan

and leakage from anaerobic digesters

CH, Included included. Emissions from dewateg and

Direct emissions from th land application are insignificant.

waste water treatment process co, Excluded CO, e_missions from the decomposition

organic waste are not accounted.

Excluded for simplification. Not an

important emission source.

Emissions from electricity generation fro

biogas are included.

Emissions from electricity generation fro

biogas are included.

Excluded for simplification. This emissig

source is assumed to be veryall.

Emissions from thermal energ CO, Included | Emissions from continued use of heavy f

consumption oil are included for crosshecking.

CH, Excluded | Excluded for simplification. This emissig

source is assumed to be very small.

N,O Excluded | Excluded for simplification. This emissio

source is assumed to be very small.

N,O Excluded

N,O Excluded

Project CO, Included

Activity Emissions from electricity
consumption feneration

CH, Included

N,O Excluded

The figure provided under Section A.4.3 provides an overview of the project emission boundaries.

Both decision trees 1 and 2 were usedlémtify and determine baseline balanies and emission sources
to be quantified in baseline emission calculations.
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According to decision tree 1 the baseline boundaries are set around the discrete site of the existin
anaerobic lagoons at the project site. The flow of organic materiahwitald be directed into and out of

the baseline system boundaries in the absence of the project activity, is represented by the flow of organ
material that flows into the installed anaerobic reactor and can be quantified after implementation of the
project activity. The amount of organic material being degraded through oxidative processes and remove
through deposition/sedimentation is estimated based on specific wastewater characteristics determine
through laboratory tests of wastewater samples cetleat the project site. The justification of the applied
values is provided under Section B.6.1 and B.6.2.

According to decision tree 2 the baseline boundaries include also the HFO fired boilers that would product
heat in the absence of the project attivirurthermore, fossil fuel based power plants supplying electricity

to the Thai national electricity grid are also included in the baseline system boundaries since the projec
activity will displace grid electricity. Further details on the quantificatibteat and electricity baseline
emissions are provided in Section B.6.

B.4. Description of how the _baseline _scenariois identified and description of the identified
baseline scenario:

As discussed in detail below, the continuation of current pesctiexisting anaerobic lagoon based
wastewater treatment system without biogas use of flaring of the biogas) is confirmed as baseline scenar
using the sixstep process defined in AM0022, Version 04:

Step 1: List a range of potential baseline options

Alternative 1: Statusgquo:open anaerobic lagoon based wastewater treatment system

Alternative 2: Methane recovery and utilization for heat generation and flaring of remaining methane
(proposed project without CDM assistance).

Alternative 3: Aerobic wastevater treatment

Alternative 4: Direct discharge

Alternative 5: Methane recovery and flaring

Step 2: Select the barriers from the range of potential barriers

The following barriers that may prevent the implementation of the considered alternativdscaed.se

Legal barriers

Technical barriers
Financial barriers

Social barriers

Business culture barriers

agkrwdpE

Step 3: Score the barriers

Each barrier selected in Step 2 is scored by addressing a range of potential questions.
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1. Legal barriers
Scoring Critera:

A Does the practice violate any host country laws or regulations or is it not in compliance with them?
Performance of alternatives:

Alternatives 1, 2, 3 and 5 are in compliance with current law in Thailand which allows the use of open
lagoon systems a@nother waste treatment technologies that meet effluent standards for the discharge of
treated wastewater into the environment. There is no otgatatory requiremerior the implementation of

a specific wastewater treatment technology such as anaalgister or aerobitreatment system to
tapioca starch processing plants for effluent treatment. Therefore, alternaiv@ and 5 dmot face any

legal barriers.

Alternative 4 is inviolation of the effluent discharge standards set by the laws anldtiegs ofThailand
Thereforeglternative 4 cannot be considered the baseline and is excluded from further assessment.

2. Technical barrier
Scoring Criteria:

Is this technology option currently difficult to purchase through local equipment suppliers?
Are skills and labor to operationalize and maintain this technology in country insufficient?
Is this technology outside common practice in similar industries in the country?

Is performance certainty not guaranteed within tolerance limits?

Is there real, operceived, technology risk associated with the technology?

> > > >

Performance of alternatives:

Alternative 1 has been a common practice of handling wastewater from tapioca starch production in
Thailand. Most of the tapioca starch production facilities inpttegect region (Korat Region) utilize open
lagoon based systems for treating wastewater. The related technology, skills and labour are readil
available in Thailand and there are few risks associated with this technology. Therefore, Alternative 1 doe:
not face technical barriers.

Alternative 2 is currently being constructed at an increasing number of tapioca starch processing facilities
using domestically available as well as imported technology. A high percentage of these projects are bein
developed as BM projects, indicating the existence of barriers that otherwise could not be overcome: in a
usual case, the project operators have to acquire (through contractirgpardging) the skills and labour

to operate and maintain such a facility properly. &amel for the operation of these plants need to go
through extensive training. Early alternative 2 projects have faced substantial performance problems due t
the inexperience with operation. Under baseline conditions, substantial technical barriers remain

Alternative 3 is well established and commonly used for both domestic and industrial wastewater treatmen
in many parts of the world. However, there is no experience with this type of technology in the tapioca
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starch industry in Thailand and no starabtbry operator considers the use of this technology at this point
in time (due to commercial reasonsee financial barrier). Considering lack of interest in this technology,
technical barriers are deemed irrelevant.

Alternative 4 is already excluded.

Alternative 5 is not considered by project operators due to commercial reasons as it creates no incorr
streams and is not required by law. Technical reasons are deemed irrelevant.

3. Financial barriers

Scoring Criteria:

>

Is the technology interventidimancially less attractive in comparison to other technologies (taking
into account potential subsidies, soft loans or tax windows available)?

Is equity participation difficult to find locally?

Is equity participation difficult to find internationally?

Are site owners/ project beneficiaries carrying any risk?

Is technology currency (country) denomination a risk?

Is the proposed project exposed to commercial risk?

> > > >

Performance of alternatives:

Alternative 1 is currently in operation and creates acceptgdaeational costs to achieve compliance with
domestic effluent regulation. It does not face any financial barrier.

Alternative 2 entails high investment and O&M costs and uncertain commercial returns (from the
production and use of biogas). Prior to inmpémtation of the project, the project owner assessed the costs,
potential returns and the risks of the proposed activity and came to the conclusion that, given the higt
investment costs and insecure returns to due to technological risks, the companyatidagdable to
implement the project without the long term financial returns linked to CERs and potential investment from
CER buyers. The proposed project activity could only reach financial closure due to upfront CER
payments released from the CER buyelCtYY Biopower Co. Ltd. The owners of CYY biopower faced
difficulties to attract both equity and debt to finance the project. The credit line of the company with its
commercial bank was exhausted and the project owners saw no other way to financedhexaagje with

the upfront CDM payment provided by Kommunalkredit GmbH on behalf of the Austrian government.
Evidence of the upfront payment and on the financial background of the project has been provided to th
DOE.

Alternative 3 entails high invasient and very high O&M costs. Theaajar reason for high O&M costs for
treating wastewater with high organic content in aerobic systems is the very high electricity demand for
forced aeration and high costs associated to sludge disposal as comparedotiicamaatment systems.

Due to high investment and O&M costs and ldek of commercial returns from energy production or
energy saving (as no biogas is produceadg financial barrier for this type of technology not
surmountable and the alternativeeixxluded from further analysis.

Alternative 4 is already excluded.
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Alternative 5 also entails high investment and O&M costs and no commercial return as the producec
biogas is destroyed without use. The financial barriers are not surmountable aneltiagiadtis excluded
from further analysis.

4. Social barrier
Scoring Criteria:

A Is the understanding of the technology low in the host country/ industry considered?
Performance of alternatives:

Alternative 1 is currently used at the Project site isrmbmmon practice in Thailand, no social barriers are
identified.

Alternative 2 faces certain social barriers associated with the low understanding of the technology. While
there is a lot of talk about the technology, technical understanding of theeithymocesses (biological,
chemical and physical) are poorly understood and therefore degiaking is uninformed, slowing the
uptake of this technology. Furthermore, it is known that many biogas projects in Thailand did not perform
as expected and otlseeven failed. However, there is no market study, which could provide an accurate
analysis of the status quo of installed projects and the perception of the technology in Thailand. With the
increased availability of operational experience, this barriedsis likely to become less relevant in the
future. Given the lack of studies to confirm this barrier, it was decided to judge this barriereagstiog

for Alternative 2 in order to be on the conservative side.

Alternatives 3 to 5 have been excludectatly.
5. Business Culture barriers
Scoring Criteria:
A Is there reluctance to change to alternative management practices in the absence of regulations?
Performance of alternatives:

Alternative 1 is currently used for wastewater treatment and meetgalhtory requirements of Thailand.
Therefore there is no barrier caused by the change of the management practice.

Interest in alternative 2 as an alternative management practice is largely driven by the prospect to genera
and use biogas in conjunctierith the production of carbon credits. There is no foreseeable regulatory
change that could stimulate such change as alternative 1 usually exceeds regulatory requirements for wat
effluent discharge. Therefore, Business Culture barriers exist due tiogexisd future lack of regulatory
pressure to adopt alternative 2.

Step 4: Compare which is the most plausible baseline option
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As discussed above, Alternative 1, continuation of the current situation, does not have any significan
barriers while all oter Alternatives (2 to 5) facgomelegal, technical, financial, social or business culture
barriers, which prevent the implementation of these alternatives under baseline conditions.

Therefore, Alternative 1, continuation of the current situation, isidered to be the only plausible
baseline scenario, and, based on the above arguments, continuation of the current open lagoon bas
wastewater treatment system is considered the baseline scenario in the absence of the CDM project activil

Summary of Barrier Scoring Performance

The table bellow summarizes the results of the barrier analysis conducted above.

Baseline alternatives

T aAneUIB)Y
Z 9ARUIBYY
€ aAneUIB)Y
¥ aARuIB)Y
G SAlRUIBYY

Barrier tested

Legal N N N |Y

Z\Z

Does the practi violate any host country laws or regulations or is it n¢ N N N |Y
compliance with them?

Technical N Y NA | NA | NA

Is this technology option currently difficult to purchase through I{ N |Y NA | NA | NA
equipment suppliers?

Are skills and labor to opetianalize and maintain this technology | N | Y NA | NA | NA
country insufficient?

It this technology outside common practice in similar industries i N | Y NA | NA | NA
country?

Is performance certainty not guaranteed within tolerance limits? N |Y NA | NA | NA
Is there real, or perceived, technology risk associated with the technolg N | Y NA | NA | NA
Financial N |Y |Y NA | Y
It the technology intervention financially less attractive in comparisg N |Y |Y NA | Y
other technologies (taking into account potential subsidies, soft twaas

window available)?

Is equity participation difficult to find locally? NA|Y |Y NA | Y
Is equity participation difficult to find internationally? NA|Y |Y NA | Y
Are site owners/ project beneficiaries carrying any risk?

Is technology currencfcountry) denomination risk? NA|Y |Y NA | Y
Is the proposed project exposed to commercial risk? NA|Y |Y NA | Y
Social N [N |NA|NA|NA
Is the understanding of the technology low in the host country/ ind| N N NA | NA | NA
considered?

BusinessCulture N Y NA | NA | NA
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Is there a reluctance to change to alternative management practiceq N | Y NA | NA | NA
absence of regulation?

Step 5:Investment Analysis

Since there is only one baseline option, this step is not required by the baseline methodology.

Step 6: Conclwsion

Based on the above argumeritei cont i nuati on of opgehanaewlscdagoord based e
wastewater treatment systemhr oughout the crediting periodo
scenario for this projecflThe existing lagoos are sufficient to meet wastewater treatment needs of the
facility, no additional capacity expansion is planned and there is no incentive to change to a more costl
technology nor does the facility need to comply with stricter discharge limits. Theatiugale for the
investment is the availability of additional incentives from the production of power and carbon credits as
well as reduction of energy costs.

B.5. Description of how the anthropogenic emissions of GHG by sources are reduced below thpse
that would have occurred in the absence of the registered CDM project activity (assessment and
demonstration of additionality):

According to AM0022, Version 04 (p. 13), the project is deemed additional since the identified baseline
scenario is differentrbm the proposed project activity not undertaken as a CDM project activity. In the
absence of the project activity, effluent from the plant will continue to be treated by the existing open
anaerobic lagoon based wastewater treatment system, emitting eaalaigunt of methane into the
atmosphere.

As per the AGuidelines for CompRDBY) dndthe Ptoposed IRewo j ¢
Baseline and Monitoring Methodologies (CBIMM) 6, Ver si on 06. 2, it is r
the incentie from CDM was seriously considered in the decision to proceed with the project activity since
the starting date of the project is before the date of validation.

Before the implementation of the project, the project owner analysed the viability of tbet imoearly

2006 and came to the conclusion that the proposed project activity was not feasible without consideratiol
of CDM revenues, which is documented in a decision by the bodttakeyoenyong Industries Co. Ltd.
(CYY Industries Co. Ltd.) from Febary 25", 2006. Also prior to project start, a CDM service agreement

for CDM project development and transaction of CERs has been signed between CDM Solutions and CYY
Biopower Co. Ltd. on March 20 20086.
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\ B.6.  Emission reductions: \

| B.6.1. Explanation of methodological choices: |

As per methodology AM0022, Version 4, emission reductions of the project activity are equal to baseline
emissions minus project emissions. Leakage is considered to be negligible. In order to quantify emissiot
reductions acleived by the project activity, procedures to calculate project and baseline emissions defined
in the methodology (and in thBTool to determine project emissions from flaring gases containing
me t h)aare egplied as follows:

Project emissions

Total estinated project emissions are the sum of fugitive methane emissions from the existingblaggmbn
water treatment system, from possible methane emissions from the new anaerobic waste water treatme
facility, from incomplete biogas combustion and biogasdeak

Formula (1)AM0022 v4, project scenario:

Ep}'o__:'err = ECH 4 _lagoons + ECH4 _NAWTF + ECH4 _IC+Leaks

Where:

E ot are the Total Project Emissions (fCOse)

Ecys 1agoons are the fugitive methane emissions from lagoons from equations 2 (tCO,e)

Ecns vawrr are the fugitive methane emissions from the new anaerobic waste water treatment facility

(TCO:E)
Ecrs_je+iearss are the methane emissions from inefficient combustion and leaks (tCO»e)
The calculations for each component of equation (1) are provided below.

1) Fugitive Methane Emissions from Lagoons in the project scenari@{Fiagoond

The treated digester effluent is discharged th&oold lagoon based system for final treatment. While the
residual organic load of the digester is low and removal of the residual COD in the lagoons is expected to
occur under aerobic conditions, Fugitive Methane Emissions from the lagoons are catsdateithg

mostly anaerobic conditions, which is conservative.

Formula (2)AM0022 v4, project scenario:
Etrrs_tagoons =M +EF y, - G Py, /1000

lagoon _ anaerobic
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where:
Moo amzererse 15 the amount of organic matenial removed by anaerobic processes mn the lagoon system

(kgCOD)

EF . 15 the methane emission factor (kpCH kpCOD). 0. 21ke CHkpCOD of COD o
Methane conversion [actor 15 used.

GWPepn 15 the Global Warming Potential of methane (GWPu= 21)

Amount of organic material removed by anaerobic processes in the lagoon Systgm {Merobi}
Formula (3)AM0022 v4, project scenario:

M

lagoon _anaerobic = ib{e’agaon _total ﬂ’/[e’agoon_aerobfc - ﬂ’/[lragoon_ci?emfcaf_ox - ﬂ’/[e’agaon_a"apasiﬁon

where:

. [A—— 15 the total amount of orgame matenial removed 1n the lagoon system from eguation {3
(ke CODY

Mo sernte 15 the amount of orgamic material degraded serobically in the lagoon system (kg COD).
Surface aerobic losses of orzanc matenial in pond-based syatems equal o 254k COD
per hectare of pond surface area and per day 15 assumed to be lost through aerobic
Processes,

M iooan chemicar o 15 the amount of orgamc material lost throwgh chemical oxidation in the lagoon system
(kg CODY.

Mioran genommen 15 the amount of organic material lost through deposition in the lagoon system from

equation (6} (ke CODY

Amount of organic material removed in the lagoon systegVo)
Formula (5)AM0022 v4, project scenario:

M M

lagoon_total — lagoon _ imput ' lagoon

with Formula (4)AM0022 v4, project scenario:

ﬂ"irfri"grc:v(m_ input = }L{mpm_!o.fa.’ ’ (l o R}\'}{ WITF )
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whera:
Micoon inpu 1% the mmput of orgame matenal from the new project anzerobic wastewaler reatment
facility into the lagoon syvstem (kg COD)
L — 15 the tetal orgame matenal removal ratio of the lagoon. IUis a project speciiic Tactor, and
1% egual to the proportion of orgame matenal removed (through all route) wiathin the
boundanes of the lagoon system under considerabion.
- R 1% the total amount of orgamc materzal fed into the new project wastewater treatment
facility (kg COLDY)
RuawTe is the total organic matial removal efficiency of the new project wastewater treatment
facility. The manufactureds guaranteed C

technical proposal) is used as a project specific value.

The Total Organic Removal RatidR{z.o) factor hasbeen determined according to Appendix 2 of
AM0022, Version 04 by undertaking a series of chemical analyses based on COD samples at the inlet ar
the outlet of the lagoon system boundary. Based on the results of the chemical analysis, the Total Organ
Reamoval Ratio is calculated as average value of the test series as follows:

_écop, - cop,, 0

Rlagoon —cC
Q CODI” +average
where:
COD, is the COD concentration of the wastewater at the inlet of the lagoon system
COD, is the COD concentration of the wastewater at the outkiedailgoon system

The series of collected COD samples at the inlet and outlet of the lagoon system indicate an average Tot
Organic Removal RatitR(xgoor) Of 98.9% (see Annex 3 of the PDD for more details).

Amount of organic material degraded aerddlg in the lagoon system (Mbon_aerobid

The amount of organic material degraded aerobically in the lagoon system is calculated as the product c
the AM0022, Version 04 default value for surface aerobic losses of organic material in pond based system
(254 kg COD/ha/day), total surface area of the lagoons (25.18 ha) and number of days in a year (36
days). Although no explicit equation is provided in AM0022, Version 04, following formula is applied:

I\/Ilagoon_aerobic: CODoss_aerobicX A|agoon_surfac@( ddyear
Where:
CODuss_aerobic is the default value for surface aerobic losses of organic mg@sihkg COD/ha/day)

Alagoon_surface is thetotal surface area of the lagoon based wastewater treatment system (in ha)
dd car is the number of days per yg@n days)
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Miagoon_aerobic= 254 (kg COD/ha/day) x 25.18 (ha) x 365 day/yr = 2,334,438 kg COD/year

As per the methodology, sensitivity analysis was conducted in order to determine the effect of change in th
surface aerobic loss of COD to the emissietuctions. The results of the sensitivity analysis indicate that
the default value of 254 kg COD/ha/day) is appropriate for emission reduction calculations (see Annex 3
for details).

Amount of organic material lost through chemical oxidation in the laggy@tem (Myoon chemical ok

The amount of organic material lost through chemical oxidation in the lagoon system is calculated based o
guidance provided in Appendix 2 of AM0022, Version 04. Although no explicit equation is provided,
following formula isapplied:

— 2- .
Mlagoon_chemical_or WVvin X SQ _Concentratlon X CC)Igs_chem_ox

Where:

WWin wastewater flow entering system boundaries in m3/yr
SOZ_concentration  sulphate (@) concentration in kg Qm3

CODuoss_chem_ox COD removal factor in kg COD/k@ox (0.651 kg COD/kGO;*)

According to a lab analysis conducted on wastewater samples collected at the inlet of the systen
boundaries (untreated effluent), there is only a small amount ¢f BQhe wastewater, amounting to
75.87 mg/l (0.07587 kg/m3)

Amount of organic material lost through deposition in the lagoon systeiadtMepositiod

Formula (6)AM0022 v4, project scenario:
M = M ‘R

4 lagoon_ deposition '+ lagoon _input deposition

Where:

R ieposizion 15 the organic material deposition ratio of the lagoon. It is equal to the proportion of organic
material physically sedimented in lagoons within the project boundaries. It is a project

specific factor derived by assessing the relative ability of COD in the waste water stream to

sediment in the project boundaries, through pre project analysis.

A series of experiments desaib in detail under Annex 3 of the PDD show that the ave@rganic
Material Deposition RatioRgeposiion iS determined based on a conservative approach as 7.05%.

2) Methane emissions from new anaerobic waste water treatment faciligydlRawre)

Methane emissions from the specific anaerobic wastewater treatment facilities that are installed by th
Project, are assessed and estimated based on monitoring measurements, technology supplier data
expert estimates. They may be disregarded if docuthentdence for their insignificance is given.
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The technology provider, GLOBAL WATER ENGINEERING (GWE) LTD., has estimated based on their
experience that the physical leakage from the UASB system is less than 1% for systems with similar siz
and designo the project activity. To ensure conservativeness, physical leakage factor of 1% of total
biogas production is used for the Project activity.

Although no explicit formula is provided under AM0022, Version 04 for calculation of methane emissions
from the new anaerobic wastewater treatment faciity{ nawry, following formula is applied:

Echa_nawte= (Echa_lagoon Bl Ecra_lagoon) X Feakage NawTE

Where:
Echa_lagoon_ 8L are the fugitive methane emissions from lagoons in the baseline scenariceft CO2
EcHa_lagoon are the fugitive methane emissions from lagoons in the project scenario (t CO2e)

Freakage nawTr IS the leakage factor for the new wastewater treatment system (1%)

3) Methane emissions from inefficient combustion emissions{(Fici cakd

The project involves on site heat and electricity generation and biogas flaring (in case of excess bioga
production or technical problems related to the heat and electricity generation equipment).

Formula (7)AM0022 v4, project scenario:
ECH4_IC—Leaks = (Z V ' CCH-—I_;- ' (1 - f; )- GWPCHJ) + PEﬂm'e

Where:

the sum is made over two routefor methane destruction (heating and power generation);

Vr is the biogas combustion process volume in route r (Nm3)

Ccha is the methane concentration in biogas (tCH4/Nm3)

f; is the proportion of biogas destroyed by combustipn (

PEae  are the project emissions from flaring of the residual gas stream (tCO2e) calculated following the
procedures described in the ATool t otainthgge t er
Me t h aPEgHcan be calculated on an annual basis or for the required period of time using
this tool.

The values applied as fdAproportion of bi ogas de

equipmen (fooiler) and 99% for the electricity generation equipménifo-

Among the options for flaring systems, an open flare system is chosen by the project participants. For th
determination of the flare efficiency, the default values for open flaeppm s ed i n t he ATo
project emi ssions from flaring of gases cont ai

" Both AM0022 and the flaring tool suggest different methane concentration measurement methodssaker the

of consistency, methane concentration is calculated as being measured on a dry basis, as suggested in the flaring
tool. Given the low temperature of the biogas at the reactor outlet, methane concentration measurements on a dry
basis seem to be more appiiape. In case of deviations from this approach in the monitoring period (measurement
on wet basis), the methane concentration value shall be adapted.
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emissions from flaring gases. Following equations from the flaring tool are used to determine the project
emissions frm flaring of the residual gas stream.

Calculation of flare emissions R

STEP 1: Determination of the mass flow rate of the residual gas that is flared

FM g 1= Poc s * FVo s
where:
FMega Mass Mow rate of the residual gas in hour h (kg'h)
P s Density of the residual gas at normal conditions in hour h (kgfm™)
FVeon Wolumetrie fow rate of the resadual gas in dry basis at normal conditions in the hour h
(m'/h)
g £
Mrnbe ™ =
R, wl
MM g,
where:
f: Density of the residual gas at normal conditions in hour h (kg/m”)
E, Atmospheric pressure al normal condition (101325 Pa)
E, Umniversal wdeal gos constant (8314 Pa.m” /' kmol K
MMuon Muolecular mass of the residual gas in hour h (kgfkmol)
T, Temperature at normail condition (273,15 K)

MM =2 (fv,, xMM,)

whire:

MMeop Muolecular mass of the residual gas in hour b (kgfkmol)

fvip Wolumetric fraction of component 11n the residual gas in the hour b
MM; Muolecular mass of residual gos component 1

i The components CHy, OO, C0s, O, Ha, N

STEP 2: Determination of the mass fraction of carbon, hydrogen, oxygen and nitrogerresidoel
gas

¥ S AM NA

fm;
' MM .,

where:
fm; s Mass fraction of element | in the residual gas in hour b
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v s Yolumetre fraction of component 1 1n the residual gas in the hour b
AN Atomic mass of element | (kpkmol)

MA; Number of atoms of element § in component 1

MMeop Molecular mass of the residual gas in hour b (kgkmol)

1 The elements carbon, hydrogen, oxvieen and nitrogen

i The components CH., OO0, C0, O, Hz, N2

STEP 3: Determination of the volumetric flow rate of the exhaust gas on a dry basis

This step is skipped since a default value will be used for the determination of the methane combustiol
efficiency of flare.

STEP 4: Determinationf methane mass flow rate in the exhaust gas on a dry basis

This step is skipped since default value will be used for the determination of the methane combustior
efficiency of flare.

STEP 5: Determination of methane mass flow rate in the residisabig a dry basis

The quantity of methane in the residual gas flowing into the flare is the product of the volumetric flow rate
of the residual gas (FVRG,h), the volumetric fraction of methane in the residual gas (fvCH4,RG,h) and the
density of methane CH4,n,h) in the same reference conditions (normal conditions and dry or wet basis).
Considering that the residual gas (biogas leaving the anaerobic UASB reactor) is cooler than 60 degree
Celsius, the measured volumetric flow of the biogas and the velarfreiction of methane in the biogas is
expressed on a dry basis.

™ RGRT "L.]Fr.'r-:.'.- :": -'ﬁ'll".'n';.r'.li.'-. “-l':'lll'n'.‘ .

where:

TMe0i Mass flow rate of methane in the residual gas in the bour b (kg'h)

F¥aon YVolumetric fow rate of the residual gas in dry basis at normal conditions in hour h
(' /hy

Ve nren Yolumetric fraction of methane in the residual gas on dry basiz in hour b

[ Density of methane at normal condition (0.716 kg/m’)

STEP 6: Determination of the hourly flare efficiency

The determination of the hourly flare efficiency depends on the operation of the flare (e.g. temperature), the
type of flare usedopen or enclosed).

In case of open flares, the flare efficiency in the howdnfk() is:

1 0% if the flame is not detected for more than 20 minutes during the hour h
1 50%, if the flame is detected for more than 20 minutes during the hour h
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For exante calculations, the 50% default is applied-pBst calculations will be based tme monitored
period of flare activity as described above.

STEP 7: Calculation of annual project emissions from flaring

Project emissions from flaring are calculated as the sum of emissions from each hour h, based on th
methane flow rate in the resmugas TMrey and the flare efficiency during each hour dpaé ), as
follows:

8760 — il
PFE gy = Zﬂi{m_.ﬂxlil _I?_ﬁaaw..i)x%
el
Where:
Tz n: Mass flow rate of methane in the residual gas in the hour h
Nfar=p. Flare efficiency in hour h
GWPczs: Global Warming Potential of methane valid for the commitment period

It should be noted that, although not explicitly mentioned in the flaring tool, Steps 1 and 2 are not requirec
for calculation of Steps 5 to 7, since all input values required in Steps 5 to 7 are either measured during th
monitoring of the project or are calculated without use of the parameters defined under Steps 1 and 2
Hence, exante and exyost project emissions from flaring are calculated on the basis of Steps 5 to 7
described above.

The project activity has the aim torovert 100% of the generated biogas to energy in the form of heat and
electricity. The flare is used rather as a safety device in order to burn the gas whenever the gas engine
the boiler system cannot use the gas. For the purpose of-tiideegalculaon of flaring emissions, it is
assumed that the volumetric biogas flow to the flare is zero. Fpostxdetermination of flaring emissions,

the amount of biogas sent to the flare and flare activity (flame detection) will be monitored on a continuous
bass.

4) Methane Emissions from Leaks in Biogas System

Leaks in the biogas system include leaks ftbeanaerobic digester and leaks from the biogas pipeline
delivery system. Th&JASB reactor gas collection system consists of atigas concrete, coateghs dome

and thebiogas pipelinds made of stainless steel (AISI 304) and approximately 385 m long. Given the
short length of the biogas pipeline (as compared to the reference value of 2 km provided in AM0022,
Version 04) and the utilisation of high gitlmaterials, emissions from leaks in the biogas system are
assumed to be negligible.

The pipeline will undergo regular maintenance and monitoring in order to ensure that leakage remain:s
negligible.

Baseline emissions
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The baseline scenario, idergifi under Section B.4, is based on what would have happened in the absence
of the projeciactivity. In thiscase, the baseline scenario will be continogeration of the open anaerobic
lagoon system, consumption of HFO for thermal energy generation afetwicity from the grid

Formula (8)AM0022 v4, baseline scenario:
Egr = Ecyy tngoons 31 T Ecor near 52 T Ecor power_ 5L

Where:

Ep; are the Total Baseline Emissions (tCO,e)

E ct4 1agoons_pr are the fugitive methane emissions from lagoons in the baseline case (tCO,e). They are
calculated with baseline data based on equation 2 in the section on project emissions.

E 02 hearpowers g1 are the CO, emissions from on site fossil heat and/or power generation in the baseline
case (tCO,) that are displaced by generation based on biogas collected in the anaerobic treatment
facility.

Eco: gia pr are the CO, emissions related to electricity supplied by the grid m the baseline case (tCO,)
that are displaced by generation based on biogas collected in the anaerobic treatment facility.

1) Fugitive methane emissions from lagoonsd& jagoon B

Methane emissions from lagoons are calmd using equations (2), (3), (5) and (6). In the baseline case,
without the new anaerobic treatment facility, no wastewater material degrades before entering the lagoo
system and all the organic material to be treated enters the lagoons systenor hegegtion (4) has to

be changed for the baseline calculations as shown below:

Formula (11)AM0022 v4, baseline scenario:
M =M,

lagoon_ input _ input _ total

Where:

Migpoen e w15 the nput of orgamc matenal from the new project anaerobic wastewater treatment
facility into the lagoon system (kg COD)

Mot ol is the total amount of organic material fed into the baseline wastewater treatment facility
(kg CODN It s the same amount as fad mnto the project wastewater treatmment facility,

All emission factors for surface aerobic losses of organic material, aerobic degradapiositiah or
removal as well as chemical oxidation are determined in the same way as described for project emissior
calculations.

2) On site heat generation emissions displaced by generation based on biogas collected in the
anaerobic treatment facilityEco, heat 8)

In calculating CO2 emissions from on site heat displaced by biogas collected in the anaerobic treatment, tt
use of fossil fuels (HFO) is considered:
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Formula (9 AM 22 v4, baseline scenario
Ecoy o =F -NCV-EF
Where:
F is the corresponding amount of fdgaiel used for orsite heat generation (tons of HFO)

NCV is the net calorific value of the fossil fuel considered (HFO) in (TJ/t). The default IPCC value of
0.0404 TJ/t from the 2006 IPCC guidelines for National GHG Inventories is applied.

EF is the carbo emission factor of the fossil fuel considered (HFO) in (t CO2/TJ). Accorditig to
2006 IPCC guidelines for National GHG Inventories, this value is ACAD2/TJ

In order to calculate the quantity of fuel that is displaced by biogas, the two fualsbastéuted on the
basis of equivalent delivered ene(@®CV). The following energy densities are used:

- 1 m3 biogas at 65% concentration of methane = 23.2 MJ
- 1 kg of heavy fuel oil = 40.40 MJ
- Therefore: 1 m3 biogas = 0.5743 kg of HFO = 0.0005743dbrg-O

Since biogas is combusted in the same boilers that used HFO prior to the project activity, it is assumed ths
the thermal efficiency of HFO as well as bioga8&9o based oma nuf act ur er 6s spec
boiler. Assuming the same thermalieiiéncy for both fuels, the amount of HFO displaced by biogas can be
calculated on the basis of the values provided above. Therefarededr to determinthe volume of HFO
displaced by biogas, multiply the volume of biogas (measured in m3) by 0.00@584H heavy fuel oil.

For exante estimation of emission reductions the amount of heavy fuel displaced is based on the historic
average annual HFO demand of 1,466 t HFO per®y&ased on the historic average annual HFP
consumption of 1,466 t HFO/yeandhon the historic average dry starch production (44,376 t starch/yr),
the specific heavy fuel oil consumption is determined as 0.03303 t HFO/t dry starch. The historic average
specific heavy fuel oil consumption shall be used as reference value durimgrihering period in order

to avoid an overestimation of baseline emissions.

3) Off-site grid power generation emissions displaced by generation based on biogas collected in the
anaerobic treatment facility (Eoz power B)

Formula (10 AM 22 v4, basdfie scenario

8 According to annual reports the average historic HFO consumption amounts to 1,473,133 litres/year, which
multiplied by the HFO density of 0.995 kg/I (based on national statisti¢fufgroil type 5, extracted from
http://www.dede.go.th/dede/fileadmin/usr/wpd/static/oil_and_thailand_2006/41Table3mpdfpnverted to tons
leads to 1,466 t HFO/year.
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El: 03 _ power EL-CEF |”|.'|:|_:l

where:

EL i5 the amount of electricity displaced by the electncity generation from the biogas
collected from the anaerobic treatment facility. This 15 estimated as product of: (1)
average specific electncily consumption for the output of the fecility, estmated using 3
years historical data: and (2) the annual production.

CEF 15 the carbon emission factor for the electricity displaced by the elecincity generated

from the biogas, (LC0.e/MWh).

Given the fact that the project activity willsplace electricity (either esite usage or supply to grid) from

the Thai national grid EL is determined based on the electricity generation from the gen set installed as th
part of the Projdcactivity (as opposed to the approach based on historic specific electricity consumption at
the starch plant proposed in AM0022, Version 04 as described above).

As the gas engines to generate electricity from biogas at the project site have an oegtaléty of less
than 15 MW, the Carbon Emission Factor (CEF) of the electricity grid is calculated according to the
approved CDM smafcale methodology under category |.DThe most recent version of AMS.I.D.
(Version 13)proposeswo methods to devgiahe CEF of an electricity gricsuch as the Thai national grid:

1. A combined margin (CM), consisting of the combination of operating margin (OM) and build
margin (BM) according to the procedures pre
foran electricity systembé, or

2. The weighted average emissions (in kg CO2e/kWh) of the current generation mix. The data of the
year in which project generation occurs must be used.

In this PDD, the combined margin approach is applied. Both the operatinghraajithe build margin

were calculated according to tiieT o o | to calculate the emission
determined by AMS.1.D, Version L3for details on the calculation of CEF, please refer to Annex 3.

Leakage

As determined in ANI022, Version 04, leakage is considered to be negligible.

Emission reductions

Emission reductions, ER (tCO2e) are calculated as the difference between the total baseline dgj3sions (
(equation (8)) and the total project emissidBs.fc) (equation(1)). Leakage is considered to be negligible.

Formula (12) AM0022 v4
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ER =Ez —E

project

It must be verified this equation delivers a conservative estimate of emission reductions i.e. that
theemissions of CH4 from the lagoons in the baseline situation are not highahéhtotal emissions
ofbiogas from the digester and the lagoons in the project situation. For this purpose, following equation is
applied:

Formula (L3) AM0022 v4

ECHJr_lagoon_BL T (ECH4 lagoon + ECH4_m1\-‘tf + EC]—H_COH )

Where:

E s on 18 the amount of methane expressed in (tCO:e) contained in the biogas collected from the
anaerobic treatment facility (Le. the sum of the blogas sent o heaters, the blogas sent to the gen sefis
and the biogas sent to the flare).

If the result of the equation (13) is positive, it will beddcted from the result obtained through the
equation (12) in order to obtain the final estimation of the emission reductions.

B.6.2. Data and parameters that are available at validation: |

Data / Parameter: EFcha

Data unit: kg CH4 / kg COD

Descriptbn: Methane emission factor

Source of data used: | Estimated based on IPCC default value and available scientific literature
Value applied: 0.21

Justification of the The primary organic compound contained in the tapioca processing wasti
choice of data ol is starch, which is a polyaccharide, a more complex organic compo
description off compared to moneaccharides, which is expected to yield a higher (
measurement methoq emissions factor per kg of COD digested.

and procedures actual
applied: As the baseline methodology stipulates, an alternative CH4 emission faf
estimated and applied for the project activity. The maximum CH4 prodi
capacity (B0), 0.21 kg CH4/kg COD, stated in approved baseline method
AMO0O013 AAvoi deagonsrrent drgamicewastemit er t r
selected for the Project. As discussed in AM0013, this value is based
default IPCC value for B0, 0.25 kg CH4/kg COD, taking account of thé
100% uncertainty range, and it is applicable to all oxavastewater types
Considering that this value has been established as the result of compre
discussions among the methodology panel as well as the CDM Executive
it is a conservative and transparent approach for the project participampto
this value for the methane emission factor. The choice of this value i
justified by the research conducted for the tapioca starch wastewater. Acc
to the results from the research, CH4 emissions factor is estimated as a r
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0.22 ~ 0.24&gCH4/kgCOD. The selected value of 0.21 kgCH4/kgCOD for (
emission factor is lower than the lowest range of the results from the reseal

Any comment:

Data / Parameter: Rlagoon
Data unit: %
Description: Organic material removal ratio

Source ofdata used:

Chemical analysis of effluent samples at inlet and outlet of lagoon s
boundaries

Value applied:

98.90

of the
data o

Justification
choice of
description of
measurement methoc
and procedures actual
applied:

Determined in accordancaith AM0022 using historical COD data |
wastewater entering and leaving the open anaerobic lagoon treatment systy

Any comment:

Data provided in Annex 3

Data / Parameter:

Surface Aerobic Losses Factor

Data unit: Kg COD/ha/day

Description: Surface aefoic losses factor per hectare of pond surface area per day
Source of data used: | Default value AM0022, Version 04

Value applied: 254 kg COD/ha/day

Justification of the Default value proposed by AM0022, Version 04 and confirmed by sensi
choice of data o analysis provided in Annex 3

description of

measurement methoc

and procedures actual
applied:

Any comment:

Sensitivity analysis provided in Annex 3

Data / Parameter:

Chemical Oxidation Losses Factor

Data unit:

Kg COD/m3

Description:

Chemicé oxidation losses factor per cubic meter of effluent entering the la
based treatment system

Source of data used:

Default value AM0022, Version 04

Value applied:

0.07587 * 0.651 = 0.0494 kg COD/m3

of the
data o

Justification
choice of
description 6
measurement methog
and procedures actual
applied:

According to a wastewater sample analysis collected at the inlet of the ¢
boundaries (untreated effluent), the concentration of sulphate ion%)(BQhe
wastewater amounts to 75.87 mg/l, whiccording to Appendix 2 of AM0021
Version 4, translates to a COD loss of 0.0494 kg COD/m3 of effluent ent
the system boundaries (as calculated above).

Any comment:
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Data / Parameter: Rdeposition

Data unit: %

Description: Organic material degsition ratio

Source of data used: | Project developer

Value applied: 7.05

Justification of the Determined in accordanogith AM0022 based on comparison of total C(
choice of data ol concentration vs. soluble COD concentration of wastewater entering the
description off lagoon treatment system.

measurement methoc

and procedures actual
applied:

Any comment:

Data provided in Annex 3

Data / Parameter: Echa nawte

Data unit: %

Description: Proportion of methane emitted from UASB digesters

Sourceof data used: Information provided by technology provider

Value applied: 1

Justification of the The technology provider, GLOBAL WATER ENGINEERING (GWE) LT[
choice of data ol has esthated based on their experience that the physical leakage from the
description off system is less than 1% for systems with similar size and design to the |
measurement methoq activity. To ensure conservativeness, physical leakage factor of 1% ol

and procedures actual
applied:

biogas production is usedrfthe Project activity.

Any comment: NA

Data/Parameter RnawTe

Data unit: %

Description: Total organic material removal efficiency of the new project wastewater fagq
Source of data used: | Technical proposal prepared by technology provider.

Value applied: 90

Justification of the The technology providetGLOBAL WATER ENGINEERING (GWE) LTD
choice of data ol has guaranteed to reach 90% COD removal.

description of

measurement  methog

and procedures actual
applied:

Any comment NA

Data/Paramete fhoiler

Data unit: %

Description: Proportion of biogas destroyed by combustion in the boilers used for

generation.

Source of data used:

Technical literature

INFOee
y
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Value applied: 98.5
Justification of theg Thi s value is based on technical
choice of data o] similar boilers. The factor is assumed to conservative given the fact th
description ofl oxidation default value used for gaseous fuels in #861PCC Guidelines fg
measurement @thods| National GHG Inventories was 100%.
and procedures actual
applied:
Any comment NA
Data/Parameter fengine
Data unit: %
Description: Proportion of biogas destroyed by combustion in the engine used for eleq
generation.
Source of data used: | Technical liteature
Value applied: 99
Justification of the Thi s value is based on technical
choice of data of similar engines. The factor is assumedcbnservative given the fact that t
description of oxidation default value used for gaseous fuels in the 1996 IPCC Guidelin
measurement metho¢ National GHG Inventories was 100%.
and procedures actual
applied:
Any comment NA
Data / Parameter: CEF
Data unit: tCO2/MWh
Description: Carbon emission factor fohe electricity displaced by the electricity genera

from the biogas

Source of data used: | Electricity Generation Authority of Thailand (EGATHiTool to calculate thq
emission factor for an electricity systém

Value applied: 0.52

Justification of the CEF i s cal cul atTedto ekuwaterthd emisgion factor fiorh
choice of data of electricity syste@i as det er mi ned -scale nethalologyda
description of| grid conneted electricity generatioAMS-1.D v.13).

measurement methoc
and procedures actual

applied:

Any comment: NA

Data / Parameter: EF

Data unit: tCO2/TJ

Description: Carbon emission factor of heavy fuel oil

Source of data used: | 2006 IPCC guidelines for National GHG Inventories
Value applied: 77.40

Jugification of the| Default value
choice of data o
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description of
measurement methog
and procedures actual
applied:
Any comment: NA
Data / Parameter: NCV
Data unit: Tt
Description: Net calorific value of heavy fuel olil
Source of data used: | 20061PCC guidelines for National GHG Inventories
Value applied: 0.0404
Justification of the Default value
choice of data o
description of
measurement methog
and procedures actual
applied:
Any comment: NA
Data / Parameter: Density of CH4
Data unit: kgCH4 / Nm3 CH4
Description: Density of methane at standard condition (O degree Celsius, 1,013 bar)

Source of data used: | UNFCCC Methodological tool to determine project emissions from flaring ¢
containing methane, Table 1, page 12

Value applied: 0.716

Justification of the Default value

choice of data o
description of
measurement methoc
and procedures actual

applied:

Any comment: NA

Data / Parameter: Lagoon surface area
Data unit: Hectare

Description: Total lagoon area
Source of data used: | Project owner

Value applied: 25.18

Justification of the Facility operates 22 lagoons. Surface area data from the project owner.
choice of data o
description of
measurement methoc
and procedures actual
applied:

Any comment: Details provided in Anex 3
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Data / Parameter:

Flare efficiency

Data unit: %

Description: Flare efficiency for open flare

Source of data used: | Tool to determine project emissions from flaring gases containing methane

Value applied: 0% if the flame is not detected for mohah 20 minutes during the hour h.
50%, if the flame is detected for more than 20 minutes during the hour h.

Justification of the The project activity uses an open #artherefore the default values descril

choice of data ol above are used.

description of

measurement methoc

and procedures actual
applied:

Any comment:

When the flare is active, a flame can be visibly observed.

Data / Parameter:

Specific heavy fuel oil consumption

Data unit: t HFO/t starch

Description: Historic average heavy fuell consumption per ton of output (ton of dry starc
Source of data used: | Historic fuel consumption of 2006/2007

Value applied: 0.033

Justification of the Value isbased on historic HFO consumption and starch production data
choice of data ol 2006 and 2007. The starch plant started operation in 2005, entering 1
description of| operation only in 2006. Hence, only two complete year records can be u
measurement methoq estimate this value. The average digt HFO consumption amounts |

and procedures actual
applied:

1,473,133 litres per year, whereas the average historic starch productig
44,376 tons of starch per year.
The applied HFO density for conversion of litres of HFO to kg (0.995 kg
based on national oil statistics fioel oil category 5
Sourcehttp://www.dede.go.th/dede/
fileadmin/usr/wpd/static/oil_and_thailand_2006/41Table36.pdf

Any comment:

NA

Data / Parameer:

Specific electricity consumption

Data unit: MWh/t starch

Description: Historic average electricity consumption per ton of output (ton of dry starch]|
Source of data used: | Historic electricity consumption of 2006/2007

Value applied: 0.222

Justificaton of the| Value is based on historic electricity consumption and starch productior]
choice of data ol from 2006 and 2007. The starch plant started operation in 2005, entering |
description of| operation only in 2006. Hence, only two complete year records can be u
measurement methoq estimate this value.

and procedures actual
applied:

Any comment:

This value is not relevant for calculations of emission reductions sinc
electricity is exported to the grid.

VRO
y
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| B.6.3 Ex-ante calculaton of emission reductions:

Project emissions

Formula (1)AM0022 v4, project scenario:

Ep}'o_,r'ecr = ECH 4 _lagoons + ECH4 _NAWTF + ECH4 _IC+Leaks

Formula 1 Yeard | Year2 | Year3 | Year4d | Year5 | Year6 | Year7 | Year8 | Year9 | Year10
EpgecftCO) 1,925 | 1,925 | 1,925 | 1,925 | 1,925 | 1,925 | 1,025 | 1,025 | 1,925 | 1,925
) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ecisnawre(1COz€) 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858
Echaicieas (ICO2€) 1,068 | 1,068 | 1,068 | 1,068 | 1,068 | 1,068 | 1,068 | 1,068 | 1,068 | 1,068
1) Fugitive Methane Emissions from Lagoons in the project scenari@{Fiagoond

Formula (2)AM0022 v4, project scenario:

ECH4_fagooa?.s = ‘11 lagoon _ anaerobic ' EFCHf—I ’ GI’IPCHJr ,r'lll 1000

Formula 2 (project) Year1 | Year2 | Year3 | Yeard | Year5 | Year6 | Year7 | Year8 | Year9 | Year10

E it 1m000s (1COs€) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg e gzc(kg COD) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EFcna(kg CH/kg COD) 0.210 | 0.210 | 0.210 | 0.210 | 0.210 | 0.210 | 0.210 | 0.210 | 0.210 | 0.210
GWP c14(ICO-€/tCH2) 21 | 21 | 21 | 21 | 21 | 21| 21| 21| 21| 21
Amount of organic materiakmoved by anaerobic processes in the lagoon systegastMnaerobi}
Formula (3)AM0022 v4, project scenario:

J']I”‘Iff(i'(_,rmor:_ anaerobic — "?L{e"agoan _total J;'I’i{e"z;"g,n:mr.'_ aerobic ‘ﬁ’{Fagoon _chemical _ox J']l'i{.e"agcm;l'.' _ deposition

Formula 3 (project) Yearl | Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year8 | Year9 | Year10
Megoon anzrondkg COD) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Migeon 1an(kg COD) 2349831 | 2340831 | 2340831 | 2,349831 | 2,349831 | 2,349831 | 2,349.831 | 2340831 | 2340831 | 2349831
Mo ceraic(kg COD) 2334438 | 2334438 | 2334438 | 2334438 | 2334438 | 2334438 | 2334438 | 2334438 | 2334438 | 2334438
Mg creca o (kg COD) 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118
Misgon cepasion(Kg COD) 167,564 167,564 167,564 167,564 167,564 167,564 167,564 167,564 167,564 167,564
Amount of organic material removed in the lagoon systemVo)

Formula (5)AM0022 v4, project scenario:

}Lffagaon_ total J'Il'lfI(ilgc::.:}rz _input  *Magoon
with Formula (4)AM0022 v4, project scenario:

‘1I!agaan_ input }L'ff'a?pur _toral (l o R}\-’A WIF )

Formula 5 (project) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Mizgoon (g COD) 2,349831 | 2340831 | 2,349831 | 2,349831 | 2,349831 | 2,349831 | 2,349831 | 2340831 | 2340831 | 2349831
Mugeon natkg COD) 2,376,000 | 2,376,000 | 2,376000 | 2,376000 | 2,376,000 | 2,376,000 | 2,376,000 | 2,376,000 | 2,376000 | 2,376000
Ragool %) 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90%
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Formula 4 (project) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
[M\2coon kgl COD) 2,376,000 | 2,376,000 | 2,376,000 | 2,376000 | 2.376000 | 2376000 | 2376000 | 2,376,000 | 2,376,000 | 2,376,000
Mipus otk COD) 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000
Ruaw %) 90.00% 90.00% 90.00% 90.00% 90.00% 90.00% 90.00% 90.00% 90.00% 90.00%
Amount of organic material degraded aerobically in the lagoon systemdiVherobid
Mlagoon_aerobic: CoDoss_aerobicX Alagoon_surfacé( ddyear =
= 254 (kg COD/ha/day) x 25.18 (ha) x 365 day/yr = 2,334,438 kg C@D/ye
[ [ Year1 | Year2 | Year3 | Year4d | Year5 | Year6 | Year7 | Year8 | Year9 | Year10 |
[Mlagoon_aerobic (kg COD) 2334438 2,334438 2334438 2334438 2334438 2334438 2334438 2334438 2334438 2334438

Amount of organic material lost through chemical oxidation in the lagoon systeguMemical_ok

— 2- .
Mlagoon_chemical_or WVVin X Sq _Concentratlon X CC)Igs_chem_ox

[ Year1 | Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year8 | Year9 | Year10
Mlagoon_chemical_ox (kg COD) 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118
WW_input (m3) 792,000 792,000 792,000 792,000 792,000 792,000 792,000 792,000 792,000 792,000
Sulphate concentration (kg Qoxm3) 0.0759 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
COD lIoss chem ox (kg COD/kg Qox) 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651
Amount of organic material lost through deposition in the lagoon sy&%#g0on_depositio
Formula (6)AM0022 v4, project scenario:
M oo coposiion = Mingoon ot Riposis
agoon _deposition agoon _input deposition
Formula 6 (project) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Miagoon_depo {kigh COD) 167,564 167,564 167,564 167,564 167,564 167,564 167,564 167,564 167,564 167,564
Mugoon inpkg COD) 2,376,000 | 2,376,000 | 2,376000 | 2,376000 | 2,376,000 | 2,376,000 | 2,376,000 | 2,376,000 | 2,376000 | 2,376000
Racpos ich%%) 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05%
2) Methane emissions from new anaerobic waste water treatment faciligyidlawre)
ECH4_NAWTF: (ECH4_Iagoon_BLI ECH4_Iagom) X I:Ieakage_NAWTF= (ECH4_Iagoon_BL | ECH4_Iagoor) x 0.01
Yeard | Year2 | Year3 | Year4d | Year5 | Year6 | Year7 | Year8 | Year9 | Year10
Ecia nawr{tCOz€) 858 858 858 858 858 858 858 858 858 858
Eqi4 1o o (COz€) 85,771 85,771 85,771 85,771 85,771 85,771 85,771 85,771 85,771 85,771
Ecnaimeos (1COs) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Foralaioge nante (%) 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

3) Methane emissions from inefficient combustion emissiong{Eic+Leaks

Formula (7)AM0022 v4, project scenario:
ECHsI_IC—LeaR—s = (Z V;- ’ CCH4_}' ’ (1 - f; ) ' GWPCHJ) + PEﬂar'e
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Formula 7 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Ecia icues (tCOs) 1,068 1,068 1,068 1,068 1,068 1,068 1,068 1,068 1,068 1,068
Ecia i ne (1COs€) 374 374 374 374 374 374 374 374 374 374
Viea(NM?) 2,551,907 | 2551907 | 2551907 | 2,551,907 | 2,551907 | 2551907 | 2,551,907 | 2,551907 | 2551907 | 2,551,907
frear (%) 98.5% 98.5% 98.5% 98.5% 98.5% 98.5% 98.5% 98.5% 98.5% 98.5%
Eciac eec (1COz€) 694 694 694 694 694 694 694 694 694 694
Veee(NM°) 7,007,083 | 7,097083 | 7,097083 | 7,097,083 | 7,097083 | 7,097,083 | 7,097,083 | 7,097,083 | 7,097,083 | 7,097,083
feiee (%0) 99.0% 99.0% 99.0% 99.0% 99.0% 99.0% 99.0% 99.0% 99.0% 99.0%
PE 12¢(1CO%€) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GWP14(tCOe/tCH.) 21 | 21 | 21 | 21 | 21 | 21 21| 21| 21 21
Cena(tCHJ/NM 5) 0.00047 | 0.00047 | 0.00047 | 0.00047 | 0.00047 | 0.00047 | 0.00047 | 0.00047 | 0.00047 | 0.00047
Project emissions frontaring (based on Steps 7, 6 and5ofihE ool t o det er mi ne pr
flaring of gases containing methaneo)
Faring tool, Step 7, Equation 15:
8760 T
PE o= > TM soysti-  yx- Z Lo
J ¥ Py -+ L Sare,h 1000
Flaring togl: 15 Year1 Year 2 Year3d Year 4 Year5 Year6 Year? YearB Year9 Year10
PE 12e){1C02€ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T eop(kafh) 0.00 0.00 0.00 0.00 000 000 0.00 000 0.00 0.00
Sarap (51 50% 5 0%, 50% 50% 50%, 50% 50% 5 0%, 50% 50%
GWPenatCO28/CH ) 21 21 21 21 21 21 21 21 21 21
Faring tool, Step 5, Equation 13:
. )
™ o h = F¥ gk ..ﬁ"r'u- i i
Flaring tool: 13 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
TM ren(kg/h) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FVren(Nm¥h) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Veumen(%) 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
Deran(Kg/Nm?) 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716 0.716

4) Methane Emissions from Leaks in Biogas System

Given the short length of the biogas pipeline (as compared to the reference value of 2 km provided ir
AMO0022, Version 04) and the utilisation of high quality materials, emissions from leaks in the biogas
system are assumed to be negligible feante calcudtion of project emissions.

The pipeline will undergo regular maintenance and monitoring in order to ensure that emission due to leak
in the biogas system are taken into account in thmoek calculation of project emissions.

Baseline emissions
The kaseline scenario was identified as the contimpegtation of the open anaerobic lagoon system,
consumption of HFO for thermal energy generation and of electricity from the grid

Formula (8)AM0022 v4, baseline scenario:

Egr = Ecyy tngoons 31 T Ecor near 52 T Ecor power_ 5L
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Total baseline emissions are calculated as:
Formula 8 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Es (t1CO) 99,394 99,394 99,394 99,394 99,394 99,394 99,394 99,394 99,394 99,394
Echiaizgoos 8 (1CO2€) 85771 85,771 85771 85771 85771 85,771 85771 85771 85,771 85771
Eco2 heat . (tCO7) 4,583 4,583 4,583 4,583 4,583 4,583 4,583 4,583 4,583 4,583
E o2 pover 8L (1CO>7) 9,040 9,040 9,040 9,040 9,040 9,040 9,040 9,040 9,040 9,040
1) Fuaqitive methane emissions from 1agoonsd& iagoon 8
Formula (2)AM0022 v4, baseline scenario:
ECH4_Iagoons_BE Mlagoon_anaerobic_BlX EI:CH4 X GWF?:H4/1CDO
Formula 2 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Eciaimoons (tCO€) 85771 85771 85771 85771 85771 85771 85771 85771 85771 85771
Miagoqr anae aic 8 (kg COD) 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122
EFcha(kg CH/kg COD) 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210 0.210
GWPc1(ICO-e/tCH,) 21 21 21 21 21 21 21 21 21 21

Amount of organic material removed by anaerobic processes in the lagoon systgm {Merobic_g)

Formula (3)AM0022 v4, baseline scenario:

I\/IIagoon_anaerobic_BL: I\/IIagoon_total_BL' MIagoon_aerobic_BLl MIagoon_checmical_ox_Bl MIagoon_deposiion_BL

Formula 3 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

M iagoon anzrobic 8(Kg COD) 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122 | 19,449,122
Miagoo 1aa 5 (kg COD) 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314
Miagoo aerovic & (kg COD) 2,334438 2,334438 2,334438 2,334438 2,334438 2,334438 2,334438 2,334438 2,334438 2,334438
M iagom cherical ox 8 (kg COD) 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118
M iagoan depasiin 8L (Kg COD) 1,675,637 1,675,637 1,675,637 1,675,637 1,675,637 1,675,637 1,675,637 1,675,637 1,675,637 1,675,637
Amount of organic material removed in the lagoon systegytMiotal 81

Formula (5)AM0022 v4, baseline scenario:

I\/Ilagoon_totaI_BL = I\/Ilagoon_inpuLBL X Ragoon

with Formula (11) AM0022 v4, baseline scenario:

(corresponding to Formula (4AM0022 v4n the project scenario)

‘11(5030011_ input_BL — jffﬂp?r:_ total

Formula 5 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Miagoon_toal kg COD) 23,498,314 | 23498314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314 | 23,498,314
Miagoon input §kg COD) 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000
Riagoo %) 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90% 98.90%

Amount of organic material degraded aerobically in the lagoon systemdiMerobic_s)

I\/II.':lgoon_aerobic_BI_: CODoss_aerobicX Alagoon_surface_BlZ( ddyear =
= 254 (kg COD/ha/day) x 25.18 (ha) x 365 day/yr 332,438 kg COD/year
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baseline) [ Year1 | Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year8 | Year9 | Year 10 |
Mlagoon_aerobic_BL (kg COD) 2,334438 2,334438 2,334,438 2,334438 2,334,438 2,334438 2,334438 2,334,438 2,334438 2,334,438

Amount of organic material lost through chemical oxidation in the lagoon systgg{Vhemical_ox 81

_ 2- .
I\/IIagoon_chemical_ox_BL— WWn_BL X SQ _Concentratlon X COQs_chem_ox

(baseline) [ Year1 [ Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year8 | Year9 | Year10
Mlagoon_chemical_ox_BL (kg COD) 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118 39,118
WW._input_BL (m3) 792,000 792,000 792,000 792,000 792,000 792,000 792,000 792,000 792,000 792,000
Sulphate concentration (kg Qox'm3) 0.0759 0.0759 0.0759 0.0759 0.0759 0.0759 0.0759 0.0759 0.0759 0.0759
COD loss chem ox (kg COD/kg Qox) 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651
Amount of organic material lost through dega@si in the lagoon system (Mhon_deposition_g.

Formula (6)AM0022 v4, baseline scenario:

I\/IIagoon_deposition_BLz I\/Ilagoon_input_BLX I?deposition

Formula 6 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
[Mizcoon deoe sudkg COD) 1675637 | 1675637 | 1675637 | 1,6/5637 | 1,675637 | 1675637 | 1675637 | 1675637 | 1,6/5637 | 1.675637
Miagoon input §kg COD) 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000 | 23,760,000
Raeposiich%0) 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05% 7.05%

2) On site heat generation emissions displaced by generation based on biogas collected in the
anaerobictreatment facility (Eop heat 81

Formula (9 AM 22 v4, baseline scenario

ECOQ

_ heat

=F-NCV-EF

Formula 9 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Ecoz e (1CO7) 4,583 4,583 4,583 4,583 4,583 4,583 4,583 4,583 4,583 4,583
F() 1,466 1,466 1,466 1,466 1,466 1,466 1,466 1,466 1,466 1,466
NCV (TJt) 0.0404 0.0404 0.0404 0.0404 0.0404 0.0404 0.0404 0.0404 0.0404 0.0404
EF (tCO2/TJ) 77.400 77.400 77.400 77.400 77.400 77.400 77.400 77.400 77.400 77.400

3) Off-site grid power generation emissions displaced by generation based on biogas collected
anaerobic treatment facility (Eoz power B)

Formula (10 AM 22 v4, baseline scenario
ECOZ_power: EL x CEF

in the

Formula 10 (baseline) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Ecoz pouftCO,) 9,040 9,040 9,040 9,040 9,040 9,040 9,040 9,040 9,040 9,040
EL (MWh) 17,384 17,384 17,384 17,384 17,384 17,384 17,384 17,384 17,384 17,384
CEF (tCO./MWh) 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52

Leakage

As determined in AM0022, Version 04, leakage is considered to be negligible.
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Leakage =0 (t Cge)
Emission reductions
Emission reductions are calculated using
Formula (12) M0022 v4
ER = EBL - Eprq."ecr
Formula 12 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
ER (tCOze) 97,468 97,468 97,468 97,468 97,468 97,468 97,468 97,468 97,468 97,468
Eg (1COz€) 99,394 99,394 99,394 99,394 99,394 99,394 99,394 99,394 99,394 99,394
EprojetCO2€) 1,925 1,925 1,925 1,925 1,925 1,925 1,925 1,925 1,925 1,925

It must be verified wether the equation above delivers a conservative estimate of emission reductions i.e
that the emissions of CH4 from the lagoons in the baseline situation are not higher than the total emissior

of biogas from the digest and the lagoons in the project situation:

Formula (L3) AM0022 v4

EC[—H_Iagoon_BL T (ECH4 lagoon + ECH4_mu-'tf + ECH4_C011 )

Formula 13 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

= -9,391 -9,391 -9,391 -9,391 -9,391 -9,391 -9,391 -9,391 -9,391 -9,391
Ecusimon e (ICO2€) 85771 85771 85771 85771 85771 85771 85771 85771 85771 85771
Echaimon(tCOz€) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eciia nawre(1CO2€) 858 858 858 858 858 858 858 858 858 858
Eciia cal(tCO2€) 94,303 94,303 94,303 94,303 94,303 94,303 94,303 94,303 94,303 94,303

The result of the equation above is negative, confirming the conservativeness of the emission reduction

calculations.

B.6.4 Summary of the exante esimation of emission reductions:

Estimation of project Estimation of Baseline Estimation of overall

activity emissions (tonnes emissions (tonnes of Estimation of leakage emission reductions

Year of CO2eq) CO2eq) (tonnes of CO2eq) (tonnes of CO2eq)
1 1,925 99,394 0 97,468
2 1,925 99,394 0 97,468
3 1,925 99,394 0 97,468
4 1,925 99,394 0 97,468
5 1,925 99,394 0 97,468
6 1,925 99,394 0 97,468
7 1,925 99,394 0 97,468
8 1,925 99,394 0 97,468
9 1,925 99,394 0 97,468
10 1,925 99,394 0 97,468
Total 19,254 993,936 0 974,681




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1.

CDM i Executive Board

page 41

| B.7  Application of the monitoring methodology and description of the monitoring plan: |
| B.7.1 Data and parameters monitored: |
Data/Parameter AM0022 ID 1
Wastewater flows entering the project treatment facility
Data unit m3
Description Daily wastewater flow entering into the new anaerobic digeg

system

Source of data to be used

Measured by project operator

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

2,400 n3/day @ 330 operating days/year
=> 792,000 m3/year

Description of  measureme
methods and procedures to
applied:

Measured continuously by flow meters.

QA/QC procedures to be applied

Flow meters will undergo maintenance / calibration subjec
appropiate industry standards.

Any comment

The value applied for the purpose of-amte estimation wa
calculated using operating data from 2006.

Data/Parameter AMO0022 ID 2
Wastewater flows leaving the project treatment facility
Data unit m3
Description Daily wastewater flow leaving the new anaerobic digestion syster

Source of data to be used

Established using ID 1 and assuming hydrological balance

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

2,400 m3day @ 330 operating days/year
=> 792,000 m3/year

Description of measureme
methods and procedures to
applied:

Assumed hydrological balance and using metered data from ID 1

QA/QC procedures to be applied

Any comment

The value applied for the puspe of exante estimation wa
calculated using operating data from 2006.

Data/Parameter AMO0022 ID 3
Wastewater organic material concentration entering the project]
treatment facility

Data unit kg COD / m3

Description COD concentration of the wastewatentering the new anaerob

digestion system

Source of data to be used

Measured by project operator

Value of data applied for th

30
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purpose of calculating expectt
emission reductions in section B.

(30 kg/m3 = 30,000 mg/l)

Description  of  measureme
methods and procedures to
applied:

Daily sampling of the UASB reactor effluent. COD concentratio
analyzed daily at the Project sifEhe Reactor Digestion Method
applied for wastewater analysis.

QA/QC procedures to be applied

The Standard Solian Method is used for accuracy check of the
site measurement$eriodic tests will be carried out by accredit
laboratory (ISO/IEC 17025) in order to provide quality assurance

Any comment

The value applied for the purpose of-axe estimation wa
calculated using operating data from 2006.

Data/Parameter AMO0022 ID 4
Wastewater organic material concentration leaving the project
treatment facility

Data unit kg COD / m3

Description COD concentration of the wastewater leaving the new anae

digegion system

Source of data to be used

Measured by project operator

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

3
(3 kg COD/m3 = 3,000 mg/l)

Description of  measureme
methods and procedures to
appled:

Daily sampling of the UASB reactor effluent. COD concentratio
analyzed daily at the Project sifEhe Reactor Digestion Method
applied for wastewater analysis.

QA/QC procedures to be applied

The Standard Solution Method is used for accud®ck of the on
site measurement$eriodic tests will be carried out by accredit
laboratory (ISO/IEC 17025) in order to provide quality assurance

Any comment

The value applied for the purpose ofamte estimation is based
the COD removal efficienncof 90% guaranteed by the technolg
provider.

Data/Parameter AMO022 ID 5

Volume of biogas sent to facility heaters
Data unit Nm3 biogas
Description Volume of biogas sent to facility heaters

Source of data to be used

Measured continuouskinormalizedto take into account pressure g
temperaturepy gasflow meters.

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

2,551,907

Description ~ of  measureme
methods and procedures to
applied:

Measured contimously by flow meter GM3

QA/QC procedures to

be applied:

Flow meters will undergo maintenance / calibration subjec
appropriate industry standards.case of technical problems with t

VRO
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meter, value can be calculated based on a mass balance us
other installed gas meters (biogas sent to heaters = total [
produced biogas sent to flarie biogas sent to engine).

Any comment

The value applied for the purpose of-axe estimation wa
calculated using operating data from 2006.

Data/Parameter AMO0022 ID 7
Electricity generated from collected biogas
Data unit MWh
Description Electricity generated from the biogas collected in the anae

treatment facility and consumed on site or $etie grid

Source of data to be used

Meter readings

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

17,384

Description of  measureme
methods and procedures to
applied:

Continuous measurement using calibrated meter.

QA/QC procedures to
be applied:

Electricity meters would undergo maintenance / calibration subje
appropriate industry standards.

Any comment

Data/Parameter AMO0022 ID 8
Fossil fuel volume equivalent to generate same amount of he
generated from the biogas collected in the anaerobic treaent
facility

Data unit m3

Description Fossil fuel volume equivalent to generate same amount of

generated from the biogas collected in the anaerobic treatment fa

Source of data to be used

Calculated based on amount of biogas sent to ther®oided
crosschecked using historic specific heavy fuel oil consumptio
determined in Section B.6.2.

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

1,473 m3/yr (1,466 t/yr)

Description of measureme
methods and procedures to
applied:

Calculated based on approach described in Section B.6.1]
amount of biogas combusted in the boiler is converted per e
equivalence to the respective heavy fuel oil amount, which divide
the production of dry arch in the respective monitoring peri
provides the specific fossil fuel consumption per unit of output
starch). This figure is then compared to the figure determing
Section B.6.2 in order to check, whether there is a pote
overestimation obaseline emissions.

QA/QC procedures to

be applied:

NA
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Any comment

This value is calculated based on other monitoring parameters s
ID 5 and ID 19.

Data/Parameter AMO0022 ID 9
Biogas sent to flares (V1)
Data unit Nm3 biogas
Description Surplusbiogas sent to flare system (dry basis)

Source of data to be used

Measured continuousiinormalized to take into account pressure
temperaturepy gasflow meters.

Value of data applied for th
purpose of calculating expectt
emission reductions irestion B.5

0

Description of  measureme
methods and procedures to
applied:

Measured continuously by flow meter.

QA/QC procedures to
be applied:

Flow meters will undergo maintenance / calibration subjec
appropriate industry standarda case ofdchnical problems with th
meter, value can be calculated based on a mass balance us
other installed gas meters (biogas sent to flare = total biogas pro
I biogas sent to boilér biogas sent to engine).

Any comment

Data/Parameter AMO0022 ID 10
Biogas sent to generation
Data unit Nm3 biogas
Description Biogas sent to generation facility and used for electricity generati

Source of data to be used

Measured continuousiinormalized to take into account pressure
temperaturepy gasflow meters. In case of technical problems w
the meter, value can be calculated based on a mass balance uj
other installed gas meters (biogas sent to engine = total b
produced biogas sent to flare biogas sent to engine).

Value of data appliedfor the
purpose of calculating expects
emission reductions in section B.

7,097,083

Description of measureme
methods and procedures to
applied:

Measured continuously by flow meters

QA/QC procedures to
be applied:

Flow meters will undergo maintenam / calibration subject t
appropriate industry standards

Any comment

Data/Parameter AMO0022 ID11

Biogas methane concentration
Data unit %
Description Methane concentration in biogas

VRO
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Source of data to be used

Measured using infrared spectrometry.

Value of data applied for th
purpose of calculating expectt
emission reductions in section B.

65%

Description  of  measureme
methods and procedures to
applied:

Continuous measurement will be based on near infrared spectro

QA/QC procedures to
be applied:

A near infrared spectrometryto be installed will undergo
maintenance / calibration subject to appropriate industry standar

Any comment

Ex-ante value based on technical proposal by technology provide

Data/Parameter AMO0022 ID 12

Project emissions from flaring of the residual gas stream (PEflare)
Data unit t CO2e
Description Project emissions from flaring of the residual gas stream

Source of data to be used

Measured/ Calcul ated wusing 1D
detection perid 0 &Pred i od of bi ogas abtha
bottom of this section based on calculation procedure determin
the Tool to determine project emissions from flaring gases conta
met haneo.

Value of data applied for th O

purpose of calculatg expecteo

emission reductions in section B.

Description of measuremejCal cul ated wusing | D 9, I D 11
methods and procedures to ([pr oj ect emissions from flarin

applied:

QA/QC procedurgto
be applied:

Any comment

No gas flaring assumed in-exte calculations.

Data/Parameter AMO0022 ID 13

Amount of chemical oxidising agents entering system boundary
Data unit tonnes/m3
Description Amount of chemical oxidising agents entering sysbemndary

Source of data to be used

Measured by project developer

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

0.07587 * 0.651 = 0.0494 kg COD/m3

Description ~ of  measureme
methods and procedures to
applied:

Continuously monitored whether oxidative chemical species
utilized in the process.

QA/QC procedures to
be applied:

Regular samples will test for concentration of oxidising agents w
they are identified as being likely to be present in ewaater wher
they are part of the process

Any comment

According to a wastewater sample analysis collected at the inlet

VRO
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system boundaries (untreated effluent), the concentration of su
ions (SQ?) in the wastewater amounts to 75.87 mg/l, wH
according to Appendix 2 of AM0022, Version 4, translates to a (
loss of 0.0494 kg COD/m3 of effluent entering the system bound
(as calculated above).

Data/Parameter AMO0022 ID 14
Gen set combustion efficiency (f)
Data unit %
Description Proporton of biogas combusted by generation facility

Source of data to be used

Measured by project developer

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

99%

Description of  measureme
methods and procedure® be
applied:

Measured during regular O&M cycle (minimum annually)

QA/QC procedures to
be applied:

Measurements to be conducted on the basis of standard in
practice.

Any comment

Data/Parameter AMO0022 ID 15
Heating system combustion efficiency
Data unit %
Description Combustion efficiency of boilers using biogas for heat generation

Source of data to be used

Measured by project developer

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

98.5%

Description of measureme
methods and procedures to
applied:

Measured during regular O&M cycle (minimum annually)

QA/QC procedures to
be applied:

Measurements to be conducted on the basis of standard in
practice.

Any comment

Data/Parameter AMO0022 ID 16
Flow of wastewater directly to the current wastewater treatment
system

Data unit m3

Description Volume of flow of wastewater directly to the current wastew.

treatment system and bypassing the new wastewater treatment f|

Source of d&a to be used

Measured by project developer

Value of data applied for th

0
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purpose of calculating expectt
emission reductions in section B.

Description  of  measureme
methods and procedures to
applied:

Bypass flow is measured by an electromagrfeie meter.

QA/QC procedures to
be applied:

Monitoring equipment will undergo maintenance / calibraf
subject to appropriate industry standards. The bypass flow cat
be calculated in a conservative manner as the difference be
total wastewaterléw produced at the tapioca starch plant and
wastewater flow directed to the anaerobic digestor (assuming
the difference is treated 100% in the lagoon system).

Any comment

Used to calculate project emissions. No bypass is expected (
regularoperation.

Data/Parameter AAMO0022 ID 17

Loss of biogas from pipeline
Data unit %
Description Loss of biogas from pipeline

Source of data to be used

Estimated, spot checks using mobile leak detector

Value of data applied for th
purpose of calculatingexpected
emission reductions in section B.

0

Description  of measureme
methods and procedures to
applied:

Integrity of biogas pipeline agianst losses is checked using maobi
leak detector. If necessary volume of losses are then estil
through pressurizing the system and measuring pressure
throughout the pipeline system.

QA/QC procedures to
be applied:

Checks to be carried out according to international standards.

Any comment

Data/Parameter AMO0022 ID 18

Organic material removed from wastewater facility
Data unit t COD
Description Organic material removed from wastewater facility

Source of data to be used

Measured by project developer

Value of data applied for th
purpose of calculating expects
emission reductions in section B.

0

Description ~ of  measureme
methods and procedures to
applied:

Removal of COD after monitoring and prior to entry to the lag
system should be recorded to ensure CH4 emissions ar
overestimated. This may be material screened out after
wastewser concentration is recorded.

QA/QC procedures to
be applied:

Any comment

Such removal is not expected to take place.
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Data/Parameter AMO0022 ID 19

Biogas calorific value
Data unit J/Nm3
Description Calorific value of biogas

Source of data to be ube

Measured/calculated through ID11 and calculation using perfeg
equation, assuming that only the methane content contributes
NCV of the biogas.

Value of data applied for th
purpose of calculating expectt
emission reductions in section B.

23,205,000 (= 23.205 MJ/Nm3)

Description of measureme
methods and procedures to
applied:

The calculation based on the methane content of the g
conservative since it would lead to an underestimation of the N
which will result in lower baseline ndssions. Ossite NCV
measurement of gaseous fuels would be very cost intensive
complicated to arrange since not many laboratories have the
equipment for such measurements. Therefore, the conser
alternative approach is proposed.

QA/QC pro@dures to
be applied:

NVC of biogas can be crosschecked by carrying out an ej
balance based on the amount of biogas combusted, the efficie
the engine (according to manufactures specifications) and the a
of electricity supplied to the grid.

Any comment

Data/Parameter Flame detection period
Data unit min
Description Amount of minutes per hour where a flame is detected, whel

biogas is sent to the flare. If flame is detected for less than 20 m
in an hour (whenever biogas is sdnt flare), flare efficiency ig
assumed to be 0%. Otherwise flare efficiency is assumed to be 5

Source of data to be used

Measured based on flame detection signals by flare.

Value of data applied for th
purpose of calculating expects
emission redu@ns in section B.5

100% (for exante calculations of flare emissions it is assumed
the flare operates normally whenever biogas is sent to the flare.

Description of measureme
methods and procedures to
applied:

The flame detection period shall bempared to the period of biog
being sent to the flare. The flare efficiency is determined based ¢
ratio of these two values in analogy to the default value determin
method described above.

QA/QC procedures to
be applied:

Any comment

Data/Parameter Period of biogas being sent to the flare
Data unit min
Description Amount of minutes per hour where biogas is sent to the flare.

Source of data to be used

Measured/calculated based on SCADA records of biogas flow |

VRO
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at the entrance ohe flare.

Value of data applied for th - (for ex-ante calculations it is assumed that the biogas is used
purpose of calculating expect{ in the boiler and engine)
emission reductions in section B.

Description of measureme| Whenever biogas flow is registered by the SCADA system of
methods and procedure® be| biogas plant, the time will be also recorded, which allows fq
applied: calculation of the time period of biogas being sent to the flare.

QA/QC procedures to
be applied:

Any comment

B.7.2 Description of the monitoring plan:

1. MonitoringManagement

The required monitoring equipment is installed by the technology provider. Flow meters are regularly
calibrated according to recognized procedures by the plant operator and gamglinried out by the
onsite chief of thevastewater monitoring departmextcording to appropriate industrial standards.

Data acquisition for the gas and waste water flow meters is executed through the process control unit of th
biogas plant and thelgnt operations software. Lab data is fed into the operations software through a
manual data entry user interface.

The plant is operated by two trained operators for shifhwho also collect data under the supervision of
thechief of the Q.C. departmewho is in charge of filing and processing data.

2. Quality Assurance and Quality Control

The chief of the Q.C. department monitors overall performance of the plant, ensures proper and timely
calibration, data acquisition and storage.

3. Onsite Procdures

The operations software creates daily logs of plant performance which are printed out and recordec
electronically for periodic download onsite or remote transfer for further processing.

Procedures for Calibration of Equipment
The plant operator ceaes out calibration according to international standards.

4. Data Storage and FiliigElectric Workbook

All relevant data is stored electronically with the process control computer unit, external storage media ant
transferred. A daily log is printed.

The monitored data shall be kept as hard copies and electronic documents for two years after the end of t
crediting period or the last issuance of CERs, whichever occurs later.
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B.8  Date of completion of the application of the baseline study and moniiag methodology and
the name of the responsible person(s)/entity(ies)
>>

Completion date30/072008

by

Patrick Burgi

South Pole Carbon Asset Management Ltd.
Technoparkstrasse 1

CH-8005 Zurich, Switzerland

‘ C.1  Duration of the project activity : ‘

‘ C.1.1. Starting date _of the project activity: ‘

04/08/2006

\ C.1.2. Expected operational lifetime of the project activity: \

30 years

‘ C.2  Choice of thecrediting_period and related information: ‘

‘ C.2.1. Renewable crediting period ‘

‘ Cc.2.1.1. Starting date of the first crediting period: ‘

‘ Cc.2.1.2. Length of the first crediting_period: ‘

10 years

‘ SECTION D. Environmental impacts ‘
>>

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

The project does not lead to any additional emissions, since the sludge from the new biogas plant is fe
back into the existing lagoons.
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The proposd project is not required to undertake an Environmental Impact Assessment according to
Thailand regulationghftp://www.onep.go.th/eig/

However,under the rules of the Thai DNA an initial environmental extitun (IEE) has to be conducted

and is to be submitted together with the PDD for apprd®aked on project particulars and existing
environmental conditions, potential impacts have been indentified that are likely to result from the proposec
project actity, and where possible, these have been quantified. The positive and negative impacts are
listed below:

Positive Environmental Impacts

Wastewater is treated in a more efficient and robust way.

The water resources are unlikely to be contaminated dteetproposed wastewater treatment
structures and foundation.

1 The project contributes to reduce GHG emissions that would otherwise be released into the
atmosphere, and reduce undesirable odors by collecting and combusting biogas.

Generating incomes to tihacal community through additional local employment

Reduction in usage of naenewable energy.

il
il

1
1
Negative Environmental Impacts

1 Noise: the main source of noise from the operation is the engine noidB(AD However, due to
the project being locateadf way from the community, the noise level at the closest community will
be below the standard of the Department of Industrial Works (DIW).

9 Accidental Hazards: in view of the potential hazards involved due to system failure or accident, on
and offsite energency measures have been formulated and will be implemented.

D.2. If environmental impacts are considered significant by the project participants or thehost
Party, please provide conclusions and all references to support documentation of an enviromad

>>
According to theinitial environmental evaluation (IEE) described abowe, significant environmental
impacts are expected as a consequence of the tpaojadty.

SECTIONE. St_ak e h ecdmmhents s 6 |
>>

\ E.1. Brief description how comments by locaktakeholdershave been invited and compiled: \
>>
CYY Bio Power Co., Ltd (CYY) invited a number of stakeholders to attend a public participation event,
conducted at Khamthaleso Wittaya School, Nakorn Ratchasima, near the project activity, on July 26, 2007.
The invitation letters were sent out to local people impacted by the project, local and national NGOs, loca
policy maker, and others. The main purpose osthea k e hol der 6 s meet i ng was |
project and its environmental impacts and mitigation measures.
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The meeting was preceded according to the following agenda:
Opening

Purpose of the consultation

Greenhouse gas and Clean Developmerghdiism
Description of projects and environmental impacts
Answering of questions

Completing checklists

General feedback

=4 =4 =8 -8 -4 -4 -9

Annex 5 presents a description in more details.

‘ E.2. Summary of the comments received:
>>
The overall response to the project, frathinvited stakeholders, was encouraging and positive. Most of
the questions from the participant are more concern on the environmental impact regarding the bad odot
from the current open lagoon which was clarified during the meeting.

In all, no advers reaction/comments/clarifications have been sought/received during the Initial Stakeholder
Consultation process. The participants of the meetings and Gold Standard supporting NGOs have nc
raised any significant concerns related to potential impact® & ribject.

Summary of comments received during forum:

A Q&A session wasonductedat the event, where questions were invited from the related parties. The
guestions were answered by the AEP, CYY owner with additional explanation on technical detadls by t
technology supplier, R€ech. The questions and answers are listed in the following sections:

U After the projects finished,will the odourfrom the waste water breducel?

Yes, it will. Because of the new system; UASB is a closed system and the Ipiaithgced is utilized for
electricity and heat generation, so there is no biogas released to the environmental and the odour is reduct
There will still be an odour sometimes from the wastewater from UASB system that releases to the opel
lagoon, but the a@our will be less than the past because the COD in wastewater is eRGf40f the
wastewater input.

U0 How can wehaveconfidence in the performance thie hogas system? Are there any site referance
for this technology?

Biogas systemhave beerdevelopedand implementedincel0 years in many sectors. For biogas in starch
plant: out of theB3 starch plants in Thailand, 3 plahizve installed this technology with a positive track
record.

U In the future when the villagers move to live near the starchnpl wil they have a dust problem
from the starch plant?
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There is no risk of dust problem from the starch plant, because we have the house for packaging an
keeping the starch. We try to do the best to protect the starch dust flow out of the keepingduause it
is our product and it is our money. So the dust problem from the starch plant is very low.

E.3. Report on how due account was taken of any comments received: \

>>
No negative comments have been The comments received do not create the oedg pyoject design.
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PROJECT ACTIVITY

Organization: CYY Bio Power Co Ltd
Street/P.O.Box: 100 Moo 5 Tambol Pongdaeng
Building:

City: Amphur Khamtalesor
State/Region: Nakhorn Ratchasima
Postfix/aP: 30280

Country: Thailand

Telephone: + 66 44 397 33B

FAX: + 66 44 397 339
E-Mail:

URL:

Represented by:

Mrs. Parinthom Yuenyong

Title:

Managing Director

Salutation:

Last Name:

Middle Name:

First Name:

Department:

Mobile:

Direct FAX:

Direct tel:

Personal BVail:

Organization:

Kommunalkredit Public Consulting GMBH

Street/P.O.Box:

Tuerkenstrasse 9

Building: /

City: Vienna

State/Region: /

Postfix/ZIP: A-1092

Country: Austria

Telephone: +43-1-1316310

FAX: +43-1-131631104
E-Mail: Kyoto@kommunalkredit.at
URL: wWww.ji-cdmaustria.at
Represented by: MMag. Birgit Haberl
Title: /

Salutation: MMag.

Last Name: Haberl

Middle Name /

First Name: Birgit
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Department: /

Mobile: /

Direct FAX: +43-1-1316310
Direct tel: +43 (0)1/31 6 31293

Personal BMail;

Kyoto@kommunalkredit.at

Organization: South Pole Carbon Asset Managemetok L
Street/P.O.Box: Technoparkstrasse 1
Building:

City: Zurich

State/Region:

Postfix/ZIP: 8005

Country: Switzerland
Telephone:

FAX:

E-Mail: i.puhl@southpolecarbon.com
URL:

Represented by: Ingo Puhl

Title: Managing Partner
Salutation: Mr.

Last Name: Puhl

Middle Name:

First Name: Ingo

Department: -

Mobile: + 66 86 778 2869
Direct FAX:

Direct tel: + 41 44 63378 70

Personal BVail:



mailto:Kyoto@kommunalkredit.at

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFCCE }
P

CDM i Executive Board

page 56

Annex 2

INFORMATION REGARDING PUBLIC FUNDING

No public funding is involved in the project.
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Annex 3

BASELINE INFORMATION

Detail of calculation for grid emission factor

According to the methodology selected, AMB v.13 Grid connected renewable electricity generation, the
baseline case regarding the electricity displacement will be the GHtBedry the Electricity grid of
Thailand to generate the electricity. The method of option (A) of item 9 of-ABI$.13, the combined
margin (in kg CQe/kWh) of the weighted average of the operating margin (OM) and build margin (BM)
according to the prodeur es prescribed in the O0Tool to cal
syst embd, is chosen for this purpose and its val

Identifying the relevant electric power system

As mention in section A.2.xhe eletricity generated by the project activity will be sold to the Provincial
Electric Authority (PEA) wunder fthe Very Smal/l
activity can be classified a8 &6 pr oj ect electricittyctybtiemy, sgs
6national electricity systemb, where the Thai [
electricity system.

Selecting an operating margin (OM) method

For the Operating Marginctomobbrtancel eatateit:
four different methods:

(a) Simple OM,

(b) Simple Adjusted OM,

(c) Dispatch Data Analysis OM,

or (d) Average OM.

For this proposed project activity, (a) the Simple OM is applied.

However, accordingtbo he o6 To ol to calcul ate the emission f
method can only be sued in case that the Low Cost Must Run resources constitute less than 50% of tl
total grid generation in average of the 5 most recent years. Towifall table illustrates that the LCMR
resources has been counted for the 5 years average at 5.6 % of the grid.
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Table: National grid generation by energy sources and-tost/must run constitution
National Grid Generation By Energy Sources
Unit : GWh
Year Hydro Fuel Oil Diesel Oil Coal & [Natural Gas| Others |SPP, VSPP VSPP Total Net import Grand
Lignite (a) (b) (c) Total
2002 7,471 2,616 168 16,652 69,538 2 12,566 - 109,013 2,539 111,552
2003 7,299 2,941 180 16,807 76,332 2 13,422 - 116,983 2,183 119,166
2004 6,040 7,138 551 17,993 80,489 2 13,513 1 125,727 3,016 128,743
2005 5,798 8,244 414 18,334 85,703 2 13,700 2 132,197 3,777 135,974
2006 8,125 8,350 143 22,051 86,339 3 13,721 10 138,742 4,409 143,151
Remark @ @ @ @ @ @ @ @ ®

1. Source: Electric Power in Thailand 2006 Report, DEDE, Table 17 page 21

2. Source: Electric Power in Thailand 2006 Report, DEDE, Table 16 page 20

3. Source: Electric Power in Thailand 2006 Report, DEDE, Table 21 page 25

a. Including geothermal, solar cell and wind turbine, etc.

b. Fuel used in SPP, VSPP (Co-generation): NG., coal, lignite, fuel oil, diesel, renewable & others
c. Fuel used in VSPP: Gas engine: Renewable & biogas

Low-cost/must run resources

Unit : GWh
Year Hydro Other |Total LCMR| Total LCMR |
(a) constitution
2002 7,471 2 7,473 109,013 6.9%
2003 7,299 2 7,301 116,983 6.2%)
2004 6,040 2 6,042 125,727 4.8%
2005 5,798 2 5,800 132,197 4.4%)
2006 8,125 3 8,128 138,742 5.9%
Average of LCMR constitution 5.6%

Besides, for the simple OM, the simple adjusted OM e average OM, the emission factor can be
calculated using one of the two methods mentioned in the tool. The first method is chosen which is:
- Ex-ante option: A 3year generatiomeighted average, based on the most recent data available at
the time of sbmission of the CDMPDD to the DOE for validation, without requirement to
monitor and recalculate the emissions factor during the crediting period.

Calculating the operating margin emission factor according to the selected method
According to the tool ohow to calculate (a) Simple OM, option A should be preferred and must be used if

fuel consumption data is available for each power plant/unit. Thergiotion Ais used the simple OM
emission factor is calculated as follows:

EI:grid,OMsimpIe,y =
Z FCo oy 'NCVL}- 'EFCOEJ.}-'

ZEG,H_}.
Where:
EFyidovsimpley = Simple operating margin G@missiorfactorin yeary (tCO,/MWh)
FCm,y = Amount of fossil fuel type consumed by power plant/umitin yeary, (mass or volume
unit)
NCViy = Net calorific value (energy content) of fddsiel typei in yeary (GJ/mass or volume

unit)
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EFcoziy = CO, emission factor of fossil fuel tyden yeary (tCO./GJ)
EGn.y = Net electricity generated and delivered to the grid by power plant Aruimityeary
(MWh)
[ = All fossil fuel types corusted in power plant / umbin yeary
y = Either the three most recent years for which data is available at the time of submission of

the CDM-PDD to the DOE for validation (eante option) or the applicable year during
monitoring (expost option), follving the guidance on data vintage

For this approach (simple OM) to calculate the operating margin, the subscrgfers to the power
plants/units delivering electricity to the gird, not including doc@st/must run power plant/units, and
including electicity imports to the grid. Electricity imports should be treated as one powemplant

Simple OM data used and calculations

Power sources delivering electricity to the grid, not including LC/MR, including imports

Unit : GWh
Year Fuel Oil Diesel Oil Coal & |Natural Gas| SPP, VSPP VSPP Net import Total
Lignite (b) (c)
2004 7,138 551 17,993 80,489 13,513 1 3,016 122,701
2005 8,244 414 18,334 85,703 13,700 2 3,777 130,174
2006 8,350 143 22,051 86,339 13,721 10 4,409 135,023
Sum (2004 - 2006) 387,898

The amount of fuel consumed by the relevant power plemtFG .y

Fuel consumption for electric generation to national grid

Year Fuel Oil Diesel Oil Coal Natural Gas| SPP, VSPP VSPP Net import
Lignite (b) (c)
(million (million (thousand (MMscf)
litres) litres) tons)
2004 1,697 120 16,537 724,560
2005 1,996 83 16,571 764,118
2006 2,030 41 17,166 857,103 - -
Remark 4 4 (] 4) (5) (5)

4. Source: Electric Power in Thailand 2006 Report, DEDE, Table 19, page 23
(excluding fuel consumption from SPP and VSPP)

5. As the amount of fuel consumption in SPP and VSPP is not available, therefore it is not taken into account. This is conservative.

Fuel consumption for electric generation to national grid (tons)

Year Fuel Oil Diesel Oil Coal & Natural Gas
Lignite
(tons) (tons) (tons) (tons)
2004 1,578,210 100,800 16,537,000 14,774,376
2005 1,856,280 69,720 16,571,000 15,580,996
2006 1,887,900 34,440 17,166,000 17,477,037
Remark: density of fuel
Fuel oil 0.93 kg/l source: DEDE, IEA
Diesel oil 0.84 kg/l source: DEDE, IEA
NG 0.72 kg/m3 source: PTT PCL, Thailand

NCV and Eflo, of fueli
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CO2 emission coefficient of fuel 'i', COEF i
Parameter Fuel Oil Diesel Qil Coal & Natural Gas
Lignite
NCV i (TJIGg) 40.4 43.0 11.9 48.0
EF CO2,i (kg/TJ) 77,400 74,100 101,000 56,100
COEF i (tCO2/ton) 3.13 3.19 1.20 2.69
Remark
As no local CO2 emission factor per unit of energy is available, 2006 IPCC default values are used.
The Simple oM EFarid,OMsimpley
Calculation of (FCi,m,y * NCVi,y * EFco2,i,y)
Year Fuel Oil Diesel Oil Coal & Natural Gas Total
Lignite
(tCO2) (tCO2) (tCO2) (tCO2) (tCO2)
2004 4,935,000 321,179 19,875,820 39,784,438 64,916,437
2005 5,804,513 222,149 19,916,685 41,956,505 67,899,852
2006 5,903,388 109,736 20,631,815 47,062,164 73,707,103
Sum 16,642,901 653,064 60,424,321 | 128,803,108 | 206,523,393
Simple OM emission factor (EF OM,y)
Year Total Total EF OM,y
(GWh) (tCO2) (tCO2/MWh)
2004 122,701 64,916,437 0.529
2005 130,174 67,899,852 0.522
2006 135,023 73,707,103 0.546
Sum (2004 - 2006) 387,898 206,523,393
EF OM,y (2004 - 2006) 0.532
Identifying the cohort of power units to be included in the build margin
According to the O0Tool to calculate the emissi

power wit m used to calculate the build margin consists of either:

- (&) The set of five power units that have been built most recently, or
- (b) The set of power capacity additions in the electricity system that comprise 20% of the system
generation (in MWh) andhait have been built most recently.

The following table shows the list of most recently built five power plants which also comprise more than
20% (at 20.2 %) of the system generation (in KWh). Besides, all these five power plants are not registere
as CDM project activity and not built more than 10 years ago from the date that the proposed project
started to supply electricity to the grid.
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Commercial Generation

(sample group m) Operation Capacity in 2006

Date

COD (MW) (GWh)
Krabi Aug 2003 340.0 1,126
Ratchaburi, Cogeneration April 2002 2,041.0 15,002
EPEC Mar 2003 350.0 2,385
Glow Jan 2003 713.0 5,425
BLCP Aug 2006 673.3 4,024
[Total 27,962
Total grid generation 138,742
Generation of group m is part of total grid generation 20.2%

Calculating the build margin emission factor

The Build Margin is calculated as the generatiaighted average égsion factor of a sample of power
plant m, as follows

EFgrid,BM,y:

Z EGm_}_- X EFEL.m\}'
S EG,,

Where:

EFgidamy = Build margin CQ emission factor in year tCO,/MWh)

EGny = Net quantity of electricity generated and delivered to the grid by powemimiyeary
EFeL my = CO, emission factor of power unihin yeary (tCO,/MWh)

m = Power unit included in the build margin

y = Most recent historical year for which power generation data is available

The CQ emission factor of each power plant unit m §EF, ,) shoutl be determined as per the simple
OM.

Option B2 is used to calculate it, as we have data on electricity generation, fuel types and the efficiency o

the power unit:

EFL:L.HLY = EFCUlmJ-Y >0

Tlm.y

Where:

EFeLmy =CO2 emission factor of power unihin yeary (tCO,/MWh)

EFcoz, miy = Average CQ emission factor of fossil fuel typein power unitm in yeary
(tCOJGI)

Nmy = Average net energy conversion efficiency of power nomiit yeary (%)

y =Either the three most recent years for which data is available & of submission

of the CDMPDD to the DOE for validation (ex ante option) or the applicable year
during monitoring (ex post option), following the guidance on data vintage in step 2
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Plant name Commercial Plant Generation Type of Efficiency efficiency EF gL Emissions EF BM,y
(sample group m) Operation Capacity in 2006 Fuel

Date

COD (MW) (GWh) (Btu/kWh) % (tCO2/MWh) (tCO2) (tCO2/MWh)
Krabi Aug 2003 3400 1,126 Fuel oil 8,918 38% 0.73 819,817
Ratchaburi, Cogeneration April 2002 2,041.0 15,002 | Natural Gas 7,214 47% 043 6,404,103
EPEC Mar 2003 350.0 2,385 | Natural Gas 7,020 49% 0.42 990,737
Glow Jan 2003 713.0 5425 | Natural Gas 6,979 49% 0.41 2,240,402
BLCP Aug 2006 673.3 4,024 Coal 8,910 38% 0.95 3,819,682
Total 27,962 14,274,740 0.51
Total grid generation 138,742
Generation of group m is part of total grid generation 20.2%

From the tableEFgyig gvsimpiey= 0.51 tCO,/MWh

Calculating the combined margin emission factor
The combined margin emissions factor is calculated as fellows:

EFgid.cmy= EFRgra,omy™ Wom + EFgigemy * Wawm

Where:

EFsmy = Build margin CQ emission factor in year tCO2/MWh)
EFoumy = operation margin C£emission factor in year tCO2/MWh)
Wom = Weight of operating margin emission factor (%)

wem = Weight of build margin emission factor (%)

The following default value should be used fanvand vy:

- Wind and solar power generation project activitigsyy = 0.75 and wy = 0.25 (owing to their
intermittent and nowlispatchable nature) for the first crediting period and for subsequent crediting
periods.

- All other project: wy = 0.5 and wy = 0.5 for the first crediting period, andbw= 0.25 and
= 0.7 for the second and third crediting period, unless otherwise specified in the approved
methodology which refer to this tool.

For this project activity, which 10 year crediting period non renewable, where the electricity is generated
from biomass residuesion = 0.5 and wy = 0.5 is chosen.

The Baseline Emission Factor EFy

Emission Weights
Parameter Factor
(tCO2/MWh)
Simple OM EF OM,y 0.53 0.50
Bulid Margin EF BM,y 0.51 0.50
Combined Margin EFy 0.52

Therefore, the baseline emission factoy EB.52 tCO2/MWh
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Laboratory results and calculation of project specific parameters required to determine baseline and
project emissions related to anaerobic COD removah the lagoon based wastewater treatment

system
Total Organic Removal Ratio
Table 3 Organianaterialremoval ratio
Sample . . Waste water Organic mat_.
No. Parameter Unit Method Waste water inlet outlet Removal ratio Remarks
(Rlagoon)
1 COD total mg/L Open Reflux, Titrimetric 16286 201 98.77% sample16/11/07
2 COD total mg/L Open Reflux, Titrimetric 17048 201 98.82% sample17/11/07
3 COD total mg/L Open Reflux, Titrimetric 17303 201 98.84% sample15/11/07
4 COD total mg/L Open Reflux, Titrimetric 18168 207 98.86% sample 13/11/07
5 COD total mg/L Open Reflux, Titrimetric 35385 393 98.89% sample 04/06/08
6 COD total mg/L Open Reflux, Titrimetric 33846 374 98.89% sample 02/06/08
7 COD total mg/L Open Reflux, Titrimetric 34359 377 98.90% sample 31/05/08
8 COD total mg/L Open Reflux, Titrimetric 36410 397 98.91% sample 06/06/08
9 COD total mg/L Open Reflux, Titrimetric 37949 374 99.01% sample 29/05/08
10 COD total mg/L Open Reflux, Titrimetric 22510 205 99.09% sample14/11/07
Average |COD total mg/L Open Reflux, Titrimetric 26926.4 293 98.90%

Average Total Organic Remval Rati4.0r) based on the test series above:
R|agoon = 98.9 %

COD lost by deposition
The proceduréor the measurement of COD lost by deposition is as follows:

(1) Samples of untreated effluent are collected at the inlet of the system boundaries.

(2) COD is measured for each sample taken before any deposition occurs.

(3) The wastewater is put in a funrsilapd flask and left until the level of sediment does not change.

(4) After removing the sediment, COD is measured again.

(5) The difference between COD before the sedimentation and after the sedimentation is considered a
the COD lost by deposition.

This approah is considered to be conservative since thesatuble COD content of the effluent is allowed

to sediment without any disturbance in the flask, leading to an ideal deposition rate. In reality, anaerobic
pond dynamics would lead to mixing within the lagp which would disturb he sedimentation process
keeping the organic material in the anaerobically active zone of the lagoon. Quote from AMO0022,
Appendi x 2, p . 32: Aln parallel the conditions
to characterise the pond dynamics in relation to mixing. Some ponds will be so anaerobically active as fc
keep alls material that would sediment in a state of permanent suspension, this material is thet
anaerobically degraded. 0

The Organic Material Deposiim Ratio Rieposiion has been determined based on the test results provided in
the table below:
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COD lost by deposition
Table 4 COD lost by deposition
Sample %OD bgf.ore CoD a.ft.er COD lost by deposition CO.D deposmqn Remarks
No. eposition | deposition ratio (Rdeposit)
mg/L mg/L mg/L %
1 23738 22349 1389 5.85% sample 22/10/07
2 20265 19445 820 4.05% sample 23/10/07
3 22727 19886 2841 12.50% sample 24/10/07
4 22349 20707 1642 7.35% sample 25/10/07
5 22917 20707 2210 9.64% sample 26/10/07
6 17303 16285 1018 5.88% sample15/11/07
7 16286 15522 764 4.69% sample16/11/07
8 17048 16285 763 4.48% sample17/11/07
9 37949 35385 2564 6.76% sample 29/05/08
10 34359 31154 3205 9.33% sample 31/05/08
Average 23494 21773 1721.6 7.05%

Test by : Test Tech Co.,Ltd

Average Organic Material Deposition RatR,osiiop based on the test series above:

Rdepositicn =7.05%

Aerobic COD removal at the lagoon surface

As suggested in Appendix 1 of AM0022, Version 04, a sensitivity analysis is conducted in order to

analyze the impact of the chosen default value (254 kg COD/ha/day) for aerobic decomposition of COD a
the lagoons surface. The results of the sensitivity analysis are provided in the table below:

Surface aerobic Error factor Project Sensiitivity Baseline Sensiitivity Emission Sensiitivity
losses applied emissions from emissions from reductions
lagoons lagoons

kg COD/ha/day % (tCO2e) % (tCO2e) % (tCO2e) %
127 -50% 4,303 na 90,918 6% 98,301 1%
190 -25% 1,730 na 88,344 3% 98,301 1%
229 -10% 186 na 86,800 1% 98,301 1%
254 0% - - 85,771 - 97,466 -
279 10% 0 0% 84,741 -1% 96,447 -1%
318 25% 0 0% 83,197 -3% 94,918 -3%
381 50% 0 0% 80,623 -6% 92,370 -5%

It can be observed that a variation of the parameter towards a lower aerobic removal efficiency does nc
have a significant impact on the emission reductialculations. A variation of plus 50% in the default
value leads to a slight decrease in emission reductions in the ra#ié.dEven though, a discount of 5%

in emission reduction calculations is not negligible, the project participants are of then apeiicthe
standard default value of 254 kd COD/ha/day) is appropriate and conservative due to following reasons:

1 The major reason for the results displayed in the table above is the lack of project emissions from he
lagoons for all positive variations dfie default value. When analyzing the parameters behind the
equation to estimate the aerobic decomposition route and comparing the numbers to the other tw
registered starch effluent treatment projects (Korat Waste to Energy Project, CDM Ref. 1040 and PT
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Budi Acid Jaya Tapioca Starch Project, CDM Ref. 1176), it becomes evident that the very large
surface area of the 22 ponds at the CYY project site is the main cause for the results displayed abov
As opposed to the other two projects, CYY Starch Ltd. doefave a license to discharge the treated
effluent in local wastewater streams. Hence the project owner needs to operate the effluent treatmer
system as a zero discharge system, always building new lagoons whenever the flow rate of the
incoming effluem into the lagoon system surpasses the water evaporation rate. Therefore, many of the
ponds at the end of the flow line are rather reservoirs of clean treated water with negligible quantities of
COD. Hence, the active anaerchierobic treatment in the lagns takes only part in a fraction of the

22 existing lagoons.

As described in Appendix 1 of AMOO22, Ver si
conservativeo estimate and is comparable oo v
2.5 m, which fosters the aerobic decomposition process. The average depth of the existing lagoons :
the project site is 5 m, with a clear tendency towards anaerobic processes. Given the long residenc
time of the effluent in each lagoon and the depttheffirst lagoons, it s very likely that most of the
COD entering the lagoon system is decomposed mostly anaerobically in the first lagoons along the flow
line. This is confirmed by the high activity (bubbles and foam formation typical of anaerobicdagoon

of the first lagoons at the project site.
General Wastewater Characteristics

Table 5 Wastewater characteristics

COD removal efficiency of new waste water treatment %

system 90.00%

COD (before WWT) 30,000 |mg/liter
COD (after WWT) 3,000 |mg/liter
Effluent flow rate 2,400 [m3/day
Annual COD load to lagoons before UASB system Kg COD/a
implementation 23,760,000

Annual COD load to lagoons after UASB system Kg COD/a
implementation 23,760,000

Sulphate concentration 75.87|mg/liter
Plant operation 330 |Days/a

Table 6 Lagoon characteristics & organic removal ratio for lagoons (historical data)




