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Jiratpattana Biogas Energy Project

14/07/08
Version 03.1

A2

>>

The Jiratpattana Biogas Energy Project (hereafter, the Project) developed by Thai Biogas Energy
Company Ltd (hereafter referred to as “TBEC, ”or the Project Developer) is an anaerobic digestion

project, which treats wastewater from the cassava processing factory owned by Jiratpattana Agriculture

Limiteds (hereafter referred to as the Facility) in Kalasin, Thailand. In the baseline scenario, the
wastewater flows from the factory through a series of 9 low-maintenance anaerobic and aerobic lagoons.

As the wastewater flows through the lagoons, organic material is broken down and resulting methane is

released to the atmosphere.

In the Project Activity, a Covered In-Ground Anaerobic Reactor (CIGAR) will be installed before the
lagoon series; the CIGAR remove the organic material in the wastewater, thus reducing the Chemical
Oxygen Demand (COD) and subsequent fugitive CH, emissions. Biogas produced in the CIGAR will be
used in the Jiratpattana Agriculture Limited factory to dry the wet starch cake to the final dry starch
product, thereby displacing the over 6 million litres of fuel oil currently employed to dry the starch
product. Excess biogas will be utilised in generators to produce electricity and will displace electricity
from the Thai National Grid. Two gensets of 1.05 MW capacity will be installed. Further generation
capacity may be added, with excess generation to be exported to the grid when Power Purchase
Agreements (PPAs) can be negotiated with the local utility. Surplus biogas, where produced, will be
flared rather than released to the atmosphere.

Baseline Scenario

Project activity

Wastewater Wastewater, high in COD, is treated via | A Covered In-Ground Anaerobic
Treatment a lagoon system, producing methane- Reactor-CIGAR- will be used to treat
rich biogas this wastewater, reducing the water’s
COD prior to release to the current pond
system
Industrial Use of fuel oil to dry wet tapioca starch | Use of renewable, sustainably produced
Activities cake biogas in dual fuel burner system to

ensure heating energy self-sufficiency

Use of grid electricity

Generation of electricity from surplus
biogas

The project is helping the Host Country fulfil its goals of promoting sustainable development.

Specifically:
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The project will act as a clean technology demonstration project, which could be replicated across
Thailand and the region;

It will act as an important capacity building project, nationally and locally, especially demonstrating
the use of a new financial mechanism for funding of the renewable energy and waste management
sector via the CDM;

It increases diversity and security of energy supplied through energy self-sufficiency, reducing the
import of energy from overseas - with a positive effect on Thailand’s balance of payment;

The project creates temporary employment opportunities during construction and permanent
employment opportunities during operation;

It provides additional value for cassava production through energy production;

The project will make use of material currently considered a waste material that gives rise to a
considerable hazard i.e. the flammable methane rich biogas emitted,

Technology will be sourced locally where possible, or transferred from overseas where required.

‘ A.3. Project participants:

>>
Project participants
Name of party involved (*) Private and/or public Kindly indicate if the party
((host) indicates a host party) entity(ies) involved wishes to be
Project participants (*) considered as project
(as applicable) participant
(Yes/No)
Kingdom of Thailand Thai Biogas Energy Company No
United Kingdom of Great Britain | EcoSecurities Group plc No
and Northern Ireland

‘ A.4.  Technical description of the project activity: ‘

>>

A4.1.1. Host Party(ies): ‘
>>

Thailand (the “Host Country™)

A4.1.2. Region/State/Province etc.: \
>>

Kalasin Province

A4.13. City/Town/Community etc: \
>>

Phudin, Muang

A4.l4. Detail of physical location, including information allowing the
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>>
Jiratpattana Agriculture Limited Project, 208 39 Moo 4 Kalasin-Sahasakhan Road, Phudin, Muang,
Kalasin, 46000, Thailand. The GPS coordinates: 16°37'01.02"N 103°30'45.86"E

\ A.4.2. Category(ies) of project activity: \
>>

‘ A.4.3. Technology to be employed by the project activity: ‘
>>
The project will involve three important components, each requiring the transfer of technology, each at
different stages of characterisation in the region and worldwide.

1. Fugitive Methane Mitigation: The primary emissions reduction component stems from
capturing fugitive methane emissions through a Covered In-Ground Anaerobic Reactor, a type of
anaerobic digester, which consists of a series of baffled reactors connected only by overflow
weirs. The CIGAR may include a final settling unit. The CIGAR was first developed by Waste
Solutions Ltd. in New Zealand. In addition to the anaerobic digester itself, the CIGAR consists
of a piping system that moves the biogas from the digester to the flare, gen sets and dual fuel
burner, as well as a state-of-the-art monitoring system.

2. Fuel Switching to use Biogas: In the project activity, heat will be generated in two boilers — a
Wiesloch and Bertrams Konus. Each of the boilers have a capacity of 3,663 kW thermal. The
burners are RGMS50/2-A Weishaupt burner.

3. Electricity Generation to use Biogas: Two 1046kW JGC 320 GS B.L GE Jenbacher gensets
will generate electricity onsite. The GE Jenbacher is specifically designed to run on methane-rich
biogas.

Any excess biogas will be sent to a flare. The flare is an Organics Ltd. Flare with a capacity of 2000 Nm®
per hour. The flame is detected by a UV sensor.

A.4.4. Estimated amount of emission reductions over the chosen crediting period:

>>
The table below sets out the emissions profile of the project over the ten-year crediting period.

Total Emissions Reductions throughout the Crediting Period (tCO.e)
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Annual estimation of

Years emissions reductions
(tonnes of CO.e)

2009 24,726
2010 24,726
2011 24,726
2012 24,726
2013 24,726
2014 24,726
2015 24,726
2016 24,726
2017 24,726
2018 24,726

Total Estimated Reductions

(tonnes of CO,e) 247,264
Total Number of Crediting 10

Years

Annual average of the
crediting period of emissions 24,726
reductions (tonnes of CO,e)

o )
o ’

\ A.4.5. Public funding of the project activity:

>>
The project will not receive any public funding from Parties included in Annex I of the UNFCCC.

\ SECTION B. Application of a baseline and monitoring methodology

>>

AMO0022 Avoided Wastewater and On-site Energy Use Emissions in the Industrial Sector, Version 04
(EB 28). AMS L.D. version 12 (EB 33) was used to calculate the grid emission factor. The “Tool to
determine project emissions from flaring gases containing methane” (EB 28) will be used to calculate
project emission from flaring.
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AMO0022 specifically focuses on wastewater fugitive methane abatement through anaerobic digestion in
an industrial context. AM0022 sets out the following applicability criteria, and evidence for the Project

meeting those criteria is listed below:

Methodology Conditionality

Condition Applicable? Justification / Project Condition
Project is implemented based upon a Jiratpattana Biogas Energy Project currently
baseline of existing lagoon-based uses an anaerobic lagoon system to manage the
industrial wastewater treatment Yes high organic load of the wastewater.
facilities for wastewater with high
organic loading;
The methodology is applicable only to The lagoon system at Jiratpattana Biogas
the improvement of existing Energy Project has been in operation for
wastewater treatment facilities. It is several years, since the factory began
not applicable for new facilities to be Yes operation. The project activity will not lead to
built, or new build to extend current an increase in production capacity.
site capacity;
The organic wastewater contains The facility processes cassava which by nature
simple organic compounds Yes contains simple organic compounds'.
(monosaccharides);
It can be shown that the baseline is the The existing lagoon system is in full
continuation of a current lagoon compliance with all current regulations in
system for managing wastewater. In Yes Thailand®.
particular, the current lagoon-based
system is in full compliance with
existing rules and regulations
The depth of the anaerobic lagoon Yes The depth of the anaerobic lagoon is greater
should be at least 1 m than 1 m (approximately 4-5m).
The temperature of the wastewater in The average ambient temperature in the region
the anaerobic lagoons is always at Yes is 25 °C’; the wastewater temperature is at least
least 15 °C this as it is not cooled in any manner.
In the project, the biogas recovered Biogas is used onsite in the facilities’ heaters
from the anaerobic treatment system is and for the purpose of electricity generation.
flared and/or used onsite for heat Yes Surplus biogas is flared.
and/or power generation, surplus
biogas is flared
Heat and electricity needs per unit The project will not require any significant
input of the water treatment facility Yes increase in heat or electricity needs. The energy

remain largely unchanged before and
after the project;

requirements for the project activity are
minimal.

! Reducing sugar testing was completed to demonstrate that the wastewater contains simple organic compounds.

% A certificate from the Provincial Government certifying compliance with regulations and COD testing results were

made available to the validator.

3 www.weather.co.uk

o )
~
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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
system and the contribution of
different removal processes can be
quantified (measured or estimated).

Yes

The monitoring plan based on the Monitoring
Methodology has been implemented onsite. All
data - including the monitoring of wastewater
volume, organic content at the inlet and outlet
of the digestor, and contribution of removal
processes - required to be tested is accurately
measured or estimated, in accordance with
AMO0022, version 04. For further details, refer
to section B.7.

B.3.

>>

According to AM0022, project boundaries should be drawn encompassing:

e Methane emissions from the existing lagoon-based waste water treatment system up to, and
including, the point at which organic material flows can be quantified or estimated into and out of
the wastewater treatment facility;

e Potential methane emissions from the newly introduced anaerobic waste water treatment facility;

e (CO,emissions from displaced fuel oil historically used for on site heat generation at the

Jiratpattana Agriculture Limited Partnerships facility;
e (O, emissions from displaced fuel oil used for generation of grid electricity that would otherwise
have been consumed from the Thai National grid;
e Methane emissions from incomplete combustion of biogas in heat and/or power generation or in
flare systems, or from leakage in piping.

In accordance with AMO0022, emissions that are not considered include: nitrous oxide from the waste
treatment system, and nitrous oxide from biogas combustion and/or destruction.

The following project activities and emission sources are considered within the project boundaries:

Sources and gases included in the project boundary

Source Gas Included? Justification/Explanation
Existing lagoon- | CO, No CO, is not considered in the
based waste lagoon-based wastewater
water treatment treatment.
system CH, Yes In accordance with AMO0022,CH,
is the only gas considered in the
© lagoon-based wastewater
c
5 treatment.
& N,O No Not applicable
@ Emissions from | CO, Yes In accordance with AMO0022, only
displaced fossil CO; is considered in the emissions
fuel wuse for from displaced fuel oil.
onsite heat | CH,4 No. CH,; is not considered in the
generation emissions from displaced fossil
fuel.

ovece A
~
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N,O No Not applicable
Emissions from | CO, Yes In accordance with AM0022, CO,
displaced fossil is the only gas considered in the
fuel use for grid emissions from displaced fossil
generation of fuel used in the electricity grid.
electricity  that | CH,4 No CHy is not considered in the
would otherwise emissions from displaced fossil
have been fuel used in the electricity grid.
produced N,O No Not applicable
Existing lagoon- | CO, No CO, from the lagoons is not a
based waste source of project emissions.
water treatment | CH, Yes In accordance with AM0022, CHy
system from the lagoons is the only gas
considered as a source of project
emissions.
N,O No Not applicable
Emissions from | CO, No Not applicable
leakage in piping | CH,4 Yes CH, emissions from leakage in
piping will be considered as
according to AM0022.
N,O No Not applicable
CO, No CO, from combustion is not
2 Fugitive accounted for in Project Emissions.
E Emissions from | CH, Yes In accordance with AMO0022,
< the Flare methane  emissions  due  to
g incomplete combustion are
=) accounted for in Project Emissions.
T N,O No Not Applicable
CO, No CO, from combustion is not
accounted for in Project Emissions.
CH, Yes Methane  emissions due to
Fugitive incomplete combustion are
Emissions from accounted for in Project Emissions.
the Gen Set N,O No Not Applicable
CO, No CO, from combustion is not
accounted for in Project Emissions.
CH, Yes Methane  emissions due to
Fugitive incomplete combustion are
Emissions from accounted for in Project Emissions,
the Dual Fuel as according to AM0022.
Burner N,O No Not Applicable

e A
A ’
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B.4.  Description of how the baseline scenario is identified and description of the identified
baseline scenario:

>>

As according to AM0022, a six step process was used in order to define the baseline and to
demonstrate the continuation of current practices (existing lagoon based waste water treatment
system without biogas use or flaring of the biogas).

Step 1: List a range of potential baseline option:

Continuation of current practices (BAU);

Direct release of wastewaters to an offsite water way;

Anaerobic digestion of wastewater streams;

Aerobic treatment of wastewaters (activated sludge or filter bed type treatment).

NS

Step 2: Identify significant potential barrier:
Legal;

Technical,

Financial;

Social;

Business culture;

Step 3: Score the barrier:

Legal

e s this practice regulated by Host Nation law or regulation and therefore legally allowed?

Are there legal barriers to alternative baseline practices?
e Current practice: No.
0 This activity is not regulated by national law, and is therefore legal.
e Direct Discharge to water bodies: Yes.
0 This option is not allowed under Thai law. There will be no further discussion of this
option in the barriers analysis.
e Anaerobic digestion: No.
0 No law exists to drive an alternative waste management practice. This activity is not
regulated by national law, and is therefore legal.
e Aecrobic treatment: No.
0 No law exists to drive an alternative waste management practice. This activity is not
regulated by national law, and is therefore legal.

There are no laws or regulations regulating the use of pond systems, the current practice (BAU),
anaerobic digestion of wastewater streams or aerobic treatment of wastewaters in Thailand. However, the
Enhancement and Conservation of National Environmental Quality Act of 1992 prohibits direct release
into water bodies (rivers, lakes etc). As an option that contravenes the law cannot be considered realistic,
the regulation for the purposes of this project can be considered an absolute barrier. Hence, the option of
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directly releasing wastewaters to an offsite water way is not discussed further throughout the barriers
analysis.

In the case of the Project, there is an extensive lagoon system that functions in COD removal and,
ultimately, evaporation of the wastewater flow. Therefore, under the BAU scenario, there is no need for
discharge to the environment. No permit is required for this system (as there is no discharge).
Furthermore, Thailand does not require the monitoring of CO,, CH,, or any other GHG emissions and
thus fugitive methane emissions from the lagoon system are not held to any standard of compliance.

Current practice, anaerobic and aerobic treatment of wastewaters would represent legal management
options and would not be subject to additional regulation, apart from that they need to achieve the same
effluent release standards as in the current pond systems.

Legal issues are therefore not considered a barrier to any of the scenarios, other than the direct discharge
of water bodies.

Technical
o s this technology option currently available through local equipment suppliers?
Are there sufficient skills and labour to operate and maintain this technology in country?
Is this technology a regional or global standard, or technology of choice?
Can performance certainty be guaranteed within tolerance limits?
Can real or perceived technology risk associated with this technology be discounted?

Are there technical barriers to alternative baseline practices?
e Current practice: No.
0 This technology is the technology of choice in Thailand and the region.
e Anaerobic digestion: Yes.
0 This is perceived as a risky, novel and locally unavailable technology. Few AD plants
existed in Thailand prior to the implementation of the Project.
e Aerobic treatment: Yes.
0 In the industrial sector regionally, little aerobic treatment is employed on a commercial
scale.

Pond based wastewater cleansing systems have low capital and O&M costs and are a low maintenance
solution. These types of systems are used extensively both in Thailand and world wide (Parr, Smith and
Shaw 2000). Ponds are the technology of choice in tropical situations and any other area where regulation
does not require more engineered solutions. They are seen as very low risk, and utilise low-tech pond
redundancy to ensure that final releases of wastewater effluents are within regulated tolerances.

Anaerobic systems are novel, not only in Thailand, but the wider region and globally. Neither the
technology, nor the requisite skills to build and operate such systems are generally available locally. The
majority of the equipment used in the Project activity had to be purchased from overseas as it was not
available in Thailand. Additionally, due to the lack of utilization of anaerobic digestion technology in
Thailand, there is a lack of skilled labourers to operate and maintain this technology. Furthermore, it is
hard to attract interest to work in the field (Prasertsan, Sajjakulnukit 2005).



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

CDM — Executive Board

page 12

Skilled labourers must be trained on the O&M procedures of digesters, especially CIGARs. This training
was conducted by Waste Solutions Limited, a New Zealand based company”.

Furthermore, at the time of writing, there are only SMW of electricity being generated in Thailand from
biogas and this is from a registered CDM project activity and two other proposed CDM activities
(Biopact 2007).

AD systems are perceived as relatively high risk, being based upon the function of a biological system
that is neither 100% characterised, nor performance guaranteed. The biological system is at constant risk
of changes in the chemical composition that can harm the anaerobic bacteria and biological activity and
subsequently the waste management and energy production regimes. These harmful changes can be
caused by a host of problems such as mismanagement of the CIGAR or mixing pond, improper recycling
of the wastewater or the introduction of chemical agents into the system. AD systems require constant
and ongoing precise management of a variety of elements, water flows, pH etc. Overall they are perceived
as a risky solution.

Aerobic management systems are similarly a novel choice in Thailand; the majority of wastewater
treatment systems are anaerobic lagoons, as demonstrated above. Aerobic treatment systems are not very
common. They are complicated to control and costly due to the high energy requirement (oxygen needs to
be supplied) and a large volume of sludge is produced (Parr, Smith and Shaw 2000). Oxygen is supplied
to the system through a mechanical process; the necessary operating and maintenance of this mechanical
system is much greater than that of the use of anaerobic lagoons. Furthermore, the significant amount of
sludge generated by aerobic systems must be disposed of.

Technology issues are therefore considered a major barrier to the anaerobic scenario and mid-range
barrier to the aerobic alternative and no barrier to the current pond based management system.

Financial

Is this technology intervention financially attractive in comparison to other technologies?
Is this the most financially viable option?

Is equity participation easy to find internationally?

Is equity participation easy to find locally?

Are site owners/ project beneficiaries carrying any risk?

Is technology currency (country) denomination a risk?

Is the proposed project subject to commercial risks?

Are there financial barriers to alternative baseline practices?
e Current practice: No.
0 This technology, where currently installed, requires no further financing.
e Anaerobic digestion: Yes.

O This is perceived as a high risk, novel project. No successful commercial AD plants exist
in Thailand at present that have not been developed outside the CDM. In this project, no
risk is being taken by Thai nationals or the facility management, the risk being left to
niche foreign investors.

e Aecrobic treatment: Yes.

* Please refer to Annex 6 for proof of training by Waste Solutions Ltd
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O Similar risks (although perhaps lower) may be observed for aerobic treatment.

In discussing financial analysis of any project that involves — or could involve - multiple parties with
distinct roles, a key variable to consider is the relative division of risk and reward between those parties.

For the facility, the current system is financially attractive, given that it complies with current regulation
and requires virtually no management input to achieve the key parameter. For the facility, ponds
represent the lowest cost of all three scenarios i.e. making it the most financially viable option since even
the most productive land in developing countries is reasonably priced, which ensures the feasibility of
waste stabilization ponds as a sustainable alternative for wastewater treatment (Pefia Varén 2003). The
current system requires no further costs while the implementation of the project activity incurs significant
costs’. Under this scenario, the facility’s unit energy costs would remain on par with the rest of the
industry, leaving it at no relative competitive disadvantage.

Commerecial risk is a very significant barrier to adopting waste to energy AD technology. The commercial
risks include 1) complete non-performance or dissatisfactory biogas yield insufficient to offset the high
Operation &Maintenance costs and depreciation® 2) cost overruns to already high capex budgets 3)
biological shocks that harm or kill the bacteria interrupting cash flows 3) business risk of host company
that can’t be controlled by project developer, directly affect the CIGAR 4) lack of control of the starch
produced by Host Company as even small changes in the starch product may affect the biogas yield
significantly. This is exemplified by the comparison of the overall risks associated with maintaining the
business as usual scenario (no risk) against the risks associated with project implementation even if the
risk, which is high, is borne by a number of different entities. There is further investment risk due to the
risk associated with the vulnerability of the Thai baht. Sentiment towards the baht is undermined by
domestic political instability and signs of slower economic growth (Economist Intelligence Unit 2006).

The project activity was not able to get funding from any Thai sources; it is only able to proceed due to
being financed exclusively by equity from foreign investors specializing in high-risk projects. For
example, Al Tayyar Energy is a private equity investor with several years experience working on high-
risk energy investments in developing countries. Local investors are unwilling to take on the risks of
such a novel project with an unproven technology. Hence, bioenergy project developers face more
difficulty in getting finance. Without the subsidies, it is almost impossible to produce a bankable
document for the loan proposal (Prasertsan, Sajjakulnukit 2005). In order to be incentivized to invest in
the project with a technology unknown in Thailand, the foreign investors looked towards the added
benefits from CDM’. The benefits from the CDM were an integral part of the investors’ decision to
proceed; benefits from CDM were considered with the other benefits from the project from the very start.
Had carbon credits not been one of the benefits associated with the project, the investors would have been
in a similar situation as local investors; they would have lacked the encouragement to invest. The benefits
from carbon credits provide even further encouraged the investors to invest as revenue from carbon
credits is in stable US dollars while all other revenues associated with the project activity are in the
fluctuating Thai baht.

> A study was conducted comparing the Net Present Value of alternative wastewater treatment systems. It was
demonstrated that the NPV of anaerobic lagoons is 45% lower than that of aerobic systems (Arthur 1983). One of
the key aspects about anaerobic ponds is that that their main capital (land) is recoverable (Pefia Varon 2003).

6 e.g. Another project by the same Project Developer replaced an old failed biogas reactor for this reason

7 Proof of this was provided to the validator.

OvRe
~
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In addition to the risk from the project activity, there was the very significant risk associated with the
operation of the factory which produces the wastewater in the project activity. One example of this is, in
2005, there was a prolonged droughts that crushed cassava crop output (Partos 2005), harming the Thai
cassava industry. Further demonstrated this risk is the fact that a number of cassava starch producing
companies have experienced severe financial turmoil and bankruptcy®.

The commercial risks associated with anaerobic technology also apply to aerobic treatment systems as
they are an unknown, risky and costly technology. There have high upfront costs associated and the
O&M is costly and complicated due to the necessity of constant mechanical aeration (Parr, Smith and
Shaw 2000). Additional costs are incurred by aerobic systems with the need for electricity for the
aeration and removal of the production of large amounts of sludge.

Financial barriers are perceived to be major barriers to the project scenario of adopting AD technology
and major barriers to the aerobic waste management alternative. Conversely, they do not pose barriers to
the continued prevailing practice of pond systems.

Social
o s this considered a well understood and accepted technology in the Host Nation and among
local constituencies?

Are there Social barriers to alternative baseline practices?

e Current practice: This technology is an accepted technology, and continued operation of
existing facilities presents no real social barriers. NO.

e Anaerobic digestion: There is the risk of social perception being against a novel technology,
however none have been observed in relation to this project, as a result of public engagement
and the support of the facility management. Yes.

e Acrobic treatment: There is the risk of social perception being against novel technologies.
Yes.

Where ponds are currently employed, few social barriers may be observed. They are accepted within the
local environment and are the most popular operating practice in Thailand (FAO 2001). Anaerobic, and
even aerobic facilities, present social barriers of perceived risk (explosion from biogas collection, smell
etc), even where not merited, as the local community does not have knowledge of or experience with the
anaerobic digestion technology. Although there still exists the potential for some perceived social risks,
public engagement with regard to the Project activity have decreased this risk for the Project.

Social issues are therefore considered a minor barrier to the latter two scenarios and no barrier to the
current pond based management system.

Business Culture

e [s there a willingness to change to alternative management practice in the absence of
regulation?
e s this technology considered ‘standard practice’ in the industry?

8 As demonstrated to the validator.
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e [s there experience of applying the technologies?
e s this technology considered a high management priority, as a result of its familiarity?

Are there business culture or other barriers to alternative baseline practices?
e  Current practice: This technology is an accepted technology, and continued operation of
existing facilities presents no real barriers. No.
e Anaerobic digestion: There is no experience of implementing such technologies in a Thai
context and no strong drivers to become energy self-sufficient. Yes.
e Acrobic treatment: There is no experience of implementing such technologies in a Thai
context. Yes.

As discussed in previous sections, the current pond based treatment is considered standard operating
practise in Thailand and the region for wastewater treatment. The project activity, on the other hand, is
not the standard operating practise. There is little experience of utilising aerobic or anaerobic technologies
in a Thai context, and therefore these are not considered a high management priority. Additionally, there
is a low level willingness to change from the current practice as it is efficient, low cost and in compliance
with regulation.

The highest priority for most in the cassava sector is the management of waste discharges by simply
maintaining compliance with local regulation at the lowest cost possible. Energy production, which is
capital intensive and requires even greater management resources than the simple digestion process, is not
a priority as electricity prices in Thailand are reasonable due to the government charging a uniform retail
price throughout the country, with residential and industrial customers paying similar prices.
Subsequently, this results in significant cross-subsidies between the industrial and residential sectors
(World Energy Council 2001).

Business culture issues are therefore considered a barrier to the latter two scenarios and no barrier to the
current pond based management system.

Step 4: Compare which is the most plausible baseline option:

The barriers analysis above has clearly shown that the most plausible baseline scenario is the prevailing
practice of pond systems. In the situation where both anaerobic and aerobic wastewater treatment are
considered, the most significant barriers are technology familiarity, perceived risks and the relative lack
of investment interest among the key business constituency. The lack of experience with AD in the
cassava industry in Thailand leaves most potential participants perceiving a very high risk.

In addition to the technical and social barriers of the Project activity, there are also associated financial
barriers. As the Project activity is risky while the baseline scenario is safe, well known and inexpensive,
there is little motivation to invest in the Project activity. This is demonstrated by the necessity of
investment by foreign investors specializing in high risk projects.

Therefore, the context of the historical and future circumstances of the underlying asset, there are no
barriers to current pond system wastewater treatment and significant financial and technical barriers to the
alternatives, including Anaerobic Digestion.
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Timeline of events
Event Date
Contract signed with carbon advisor’ 09/12/2004
Start of project activity" 01/03/2005
Approval of AM0022, version 1 13/05/2005
Start of validation"' 29/10/2005
Start of commissioning'” 14/08/2006
Barriers Analysis Results Summary
=g |20 » >
25|59 > @
Plausible Baseline @ g |3 2 B g:_
Alternative g g (#2| 8 | &
oz |S2| 35 |5
Barrier Tested 7 :;—; g8sl 2|8
g (828 |3
@ l»n = 5
8 S -
Legal
e Does the practice violate any host country laws or regulations or is it not in Y N N
compliance with them?
Technical
e Is this option currently difficult to purchase through local equipment suppliers? | N/A | N Y Y
e  Are skills and labour to operationalize and maintain this technology in country N/A| N Y Y
insufficient?
e s this technology outside common practice in similar industries in the country? | N/A | N Y Y
e s performance certainty not guaranteed within tolerance limits? N/A | N Y Y
e Is there real, or perceived, technology risk associated with the technology? N/A| N Y Y
Financial
e Is the technology intervention financially less attractive in comparison to other N/A | N Y Y
technologies (taking into account potential subsidies, soft loans or tax windows
available)?
e Is equity participation difficult to find locally? N/A | N Y Y
e Is equity participation difficult to find internationally? N/A| N Y Y
e  Are site owners/project beneficiaries carrying any risk? N/A| N Y Y
e Is technology currency (country) denomination a risk? N/A| N Y Y
e Is the proposed project exposed to commercial risk? N/A | N Y Y
Social
e [s the understanding of the technology low in the host country/industry considered N/A | N Y Y
Business Culture
e s there a reluctance to change to alternative management practices in the absence| N/A | N Y Y

? Contract between EcoSecurities and project developed has been shown to the DOE

' Final budget was provided by the technology provider and so, decision to proceed with the project activity could
be made. Evidence has been shown to the DOE.

' http://cdm.unfccc.int/Projects/Validation/DB/RF2LZ8QUIWUXSVPS8I6TRGY 1 A4K YR29/view. html

12 Proof of the start of commissioning has been shown to the DOE
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| regulation? | | | | |

Step 5: Investment analysis
As specified in AM0022, this step is not necessary as there is only one baseline option result.

Step 6: Conclusion

The baseline determination demonstrates that the current and historic practices (and emissions), the use of
the pond treatment, would continue in the absence of the CDM project activity. No other alternative
baseline option is more likely therefore AMO0022 is applicable.

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

As according to the additionality procedures in AM0022, version 04, given that the baseline
determination in this project (see section B.4.) demonstrates that the baseline is different from the
proposed project activity not undertaken as a CDM project activity, it is concluded that the project is
additional.

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
emission minus project emissions. Leakage is considered to be negligible.

Total Project emissions

Total estimated project emissions are the sum of fugitive methane emissions from the existing lagoon-
based water treatment system, from possible methane emissions from the new anaerobic waste water
treatment facility, from incomplete biogas combustion, biogas leaks.

Eproject = ECH 4 _lagoons + ECH 4 _NAWTF + ECH 4 _IC+Leaks (1)

where:

> Eproject are the Total Project Emissions (tCO2¢)

»  Ecra_jagoons  are the fugitive methane emissions from lagoons from Equation (2) (tCOxe)

»  Echa nawte  are the fugitive methane emissions from the new anaerobic wastewater treatment
facility (tCO,e)

»  Ecraictieas  are the methane emissions from inefficient combustion and leaks (tCO,e)
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To calculate methane emissions from inefficient combustion and leaks, the “Tool to determine project
emissions from flaring gases containing methane” was used for the flaring component. As the project
activity utilises an open flare, the default flare efficiency — as stated by the tool — is 50%.

Total Baseline Emissions

Total estimated baseline emissions are the sum of fugitive methane emissions from the existing lagoon-
based water treatment system and CO, emissions from the generation of heat on site (through the
combustion of fuel oil) and the generation of power off site (from Thailand’s national electricity grid).

EBL = ECH 4 _lagoons _ BL + Ecotheatst + ECOZ,grid,BL (2)
where:

> EgL are the Total Baseline Emissions (tCOye)

> Echa_tagoons BL 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.

» Ecoz heat BL 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.

> Ecoz grid L are the CO, emissions related to electricity supplied by the grid in the baseline
case (tCO,) that are displaced by generation based on biogas collected in the
anaerobic treatment facility.

As stated above, baseline emissions include the CO, emissions from onsite heat generation and electricity
from the grid.

As the gen sets of the Project have a capacity of less than 15 MW, AMS.L.D., version 12, of Appendix B
of the SSC was used to determine an appropriate grid CEF. AMS.L.D. sets out two methods to develop
such a CEF in grids not comprising fuel oil or diesel generation systems:
1. Average of build and operating margin where the operating margin excludes certain
technology types).
2. Weighted average emissions of the generation mix.

In this situation, the combined margin was chosen and both the build margin and operating margin were
calculated in keeping with AMS ID, version 12.

Total Emissions Reductions

ER = EBL - Eproject (3)

Where:
ER: Emission reduction (t CO,e)
EgL: Baseline emissions (t CO,e)
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Eproject: Project Emissions (t CO,e)

It must be verified that the equation 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 emissions of
biogas from the digester and the lagoons in the project situation.

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

(Copy this table for each data and parameter)

Data / Parameter: EFcua

Data unit: kg CHy/kg COD

Description: Methane emission factor

Source of data used: AMO0022

Value applied: 0.21

Justification of the The 2006 IPCC default of 0.25 kg CHs/kg COD has been corrected to 0.21 kg
choice of data or CHu/kg COD to account for uncertainties. This is also the value applied in
description of AMO0022.

measurement methods
and procedures actually
applied :

Any comment:

Data / Parameter: GWP 1,

Data unit:

Description: Global Warming Potential of methane

Source of data used: AMO0022

Value applied: 21

Justification of the IPCC default, as established in the Kyoto Protocol

choice of data or
description of
measurement methods
and procedures actually
applied :

Any comment:

Data / Parameter: M iag00n aerobic

Data unit: kg COD/ha/day

Description: Amount of organic material degraded aerobically in the lagoon system
Source of data used: AMO0022

Value applied: 254

Justification of the As provided by the methodology and tested by the sensitivity analysis

choice of data or
description of
measurement methods
and procedures actually
applied :
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Rlaoon

%

Total organic material removal ratio of the lagoon

Project developer

98.2

Determined in accordance with AM0022 prior to the start of the project activity
through on-site biochemical testing in the lagoon system.

Rdeposition

%

Organic material deposition ratio of the lagoon

Project developer

2.1

In accordance with AM0022, testing was done prior to the start of the project
activity which determined the rate of deposition.

NCV fuel oil

TJ/dm’

Net calorific value of fuel oil

IPCC 2006 and density from Engineer’s Edge

39.996 x 10°°

IPCC default value from Table 1.2 of Chapter 1 of Vol.2 used for the NCV of
fuel oil expressed in TJ/t. This value is multiplied by the density value of
0.99Kg/1 from Engineer’s Edge

(http://www.engineersedge.com/fluid flow/fluid_data.htm).

EF fuel oil

tCO,/TJ

Carbon emission factor of the fuel oil

IPCC 2006

77.367

IPCC default value from Table 1.3 of Chapter 1 of Vol.2 gives an EF for
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residual fuel oil of 21.1kgcapon/GJsuel oil- Applying the coefficient 44 g of CO2/12
g of Carbon gives 77.367 tcoo/TJ.

Grid CEF

tCOze/ MWh

Carbon emission factor for the electricity displaced by the electricity generated
from the biogas

Electricity Generating Authority of Thailand (EGAT)

0.524

The most recent available three years historical data from EGAT at the time of
the start of validation was used to follow the methodological requirements set
out in AMS.I.D. version 12, which follows the calculations of ACM0002,
version 06

Lagoon surface area
hectare

Total lagoon area
Project developer
1.105

Flare efficiency

%

Flare efficiency for open flare

Tool to determine project emissions from flaring gases containing methane

50

This is calculated according to the “Tool to determine project emissions from
flaring gases containing methane” for open flares which consists of using a 50%
default if a flame is detected for at least 20min in the hour and ensuring that
flare is operated properly.
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Data / Parameter: Rso,”
Data unit: Kg/tonne (kgCOD/tSO42')
Description: Reduction factor for SO4* oxidative substance
Source of data used: AMO0022 v4
Value applied: 651
Justification of the AMO0022 v4 states in p.32 under the section Determining losses of Chemical
choice of data or Oxygen Demand through chemical oxidation: “where the concentration of
description of sulphate is observed to be 1 kg/m’ of waste water, 0.651kg/m’® of Chemical
measurement methods | Oxygen Demand will be removed through chemical reaction with the sulphate”
and procedures actually | hence the reduction factor is 0.651 kgCOD/kgSO42' => 651 kgCOD/tSO42'.
applied :
Any comment:

B.6.3 Ex-ante calculation of emission reductions:

>>
As per the equation set out in AM 0022, the following equations are used to estimate project emissions.

Total Project Emissions

Total estimated project emissions are the sum of fugitive methane emissions from the existing lagoon-
based water treatment system, from possible methane emissions, the new anaerobic wastewater treatment
facility, incomplete biogas combustion, and biogas leaks

Eproject = ECH4_Iagoons + ECH 4 _NAWTF + ECH4_ IC+Leaks (1)
where:
> Eproject are the Total Project Emissions (tCO2¢)

> Echa_jagoons  are the fugitive methane emissions from lagoons (tCO,e)

»  Echa nawte  are the fugitive methane emissions from the new anaerobic wastewater treatment
facility (tCO,e)

>  Echaictieaks  are the methane emissions from inefficient combustion and leaks (tCO,e)

Total Project Emissions (TCO,e)
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Year ECH4_Iagoons (tCOZ) ECH4 NAWTF (tCOZ) ECH4 IC+leaks (ICOZ) Eproject (tCOZ)
2009 6,049 - 4,741 10,791
2010 6,049 - 4,741 10,791
2011 6,049 - 4,741 10,791
2012 6,049 - 4,741 10,791
2013 6,049 - 4,741 10,791
2014 6,049 - 4,741 10,791
2015 6,049 - 4,741 10,791
2016 6,049 - 4,741 10,791
2017 6,049 - 4,741 10,791
2018 6,049 - 4,741 10,791
Total 60,494 - 47,414 107,908
Average 6,049 - 4,741 10,791

Fugitive Methane Emissions from Lagoons

Fugitive Methane Emissions from Lagoons are:

ECH47Iagoons =M lagoon _ anaerobic EI:CH4 ' GWPCH 4 /1000 (2)

where:

% Miagoon_anaerobic 1S the amount of organic material removed by anaerobic processes in the lagoon
system (kg COD)

> EFcms is the methane emission factor (kg CH, / kg COD). A default COD to Methane
conversion factor of 0.21kg CH,/kgCOD is used".

» GWPcHs is the Global Warming Potential of methane (GWP CH, = 21)

The total removal of COD from individual lagoons is a function of:
» Aerobic surface oxidation of COD;
» Chemical oxidation in lagoons (where oxidative species such as sulphate are present);
» Sedimentation of material that microbes are unable to degrade before they form a bottom
sediment; and,
» COD degradation as a result of anaerobic micro bacterial activity.

The mass balance in the considered lagoon system provides the amount of organic material removed by
anaerobic processes.

M lagoon _ anaerobic = Mlagoon _total M lagoon _aerobic Mlagoon _chemical _ox M lagoon _ deposition (3)

where:

" The IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
default of 0.25 kg CH4/kg COD has been corrected to 0.21 kg CHy4/kg COD to account for uncertainties, as
described in AM022.
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> Miagoon_total is the total amount of organic material removed in the lagoon system
(kg COD).
> Miagoon_aerobic is the amount of organic material degraded aerobically in the lagoon system
(kg COD). Surface aerobic losses of organic material in pond-based systems
equal to 254 kg COD per hectare of pond surface area and per day and is
assumed to be lost through aerobic processes.
»  Miagoon_chemical ox 15 the amount of organic material lost through chemical oxidation in the
lagoon system (kg COD).
> Miagoon_deposition is the amount of organic material lost through deposition in the lagoon system
(kg COD).
COD Degraded Anaerobically in Lagoon System in Baseline Scenario
Miagoon_total Miagoon_chemical_ox Miagoon_deposition Miagoon_anaerobic
Year Minput_total (KgCOD) Miagoon_input (KgCOD) Riagoon (kgCOD) Miagoon_aerobic (KgCOD) (kgCOD) (kgCOD) (kgCOD)
2009 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2010 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2011 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2012 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2013 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2014 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2015 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2016 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
2017 7,523,520 7,523,520 98% 7,388,849 95,428 217 7,142,734
2018 7,523,520 7,523,520 98% 7,388,849 95,428 217 150,470 7,142,734
Total 75,235,200 75,235,200 98% 73,888,490 954,278 2,173 1,354,234 | 71,427,335
Average 7,523,520 7,523,520 1 7,388,849 95,428 217 150,470 7,142,734

As prescribed by the methodology, a sensitivity analysis has been carried out to determine the suitability
of the surface oxidation factor utilised in this project analysis. This is presented in Annex 5.

In order to assess the amount of COD actually entering the anaerobic system (the lagoons) the amount of
COD removed as a result of the new wastewater treatment facility must be determined.

Project Organic Material Entering Lagoon System from New Anaerobic Water Treatment System is:

M lagoon_input — Minputftotal ) (1 - RNAWTF) (4)

where:

»  Miagoon_input  1s the input of organic material from the new project anaerobic waste water
treatment facility into the lagoon system (kg COD)

> Minput_total is the total amount of organic material fed into the new project water treatment
facility (kg COD)

> Rnawtr is the total organic material removal efficiency of the new project water treatment
facility (-). It is a project specific factor used to estimate how much COD will be
removed from the system.

Total Material Removed In Lagoon System is:
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M lagoon _ total = M lagoon _input ’ RIagoon (5)
where:
> Miagoon_total is the total amount of organic material removed in the lagoon system through
various routes (kg COD)
> Riagoon is the total organic material removal ratio of the lagoon. A project specific factor,

and is equal to the proportion of organic material removed (through all routes)
within the boundaries of the lagoon system under consideration. This factor has
been determined by carrying out a series of biochemical tests prior to project
implementation. This value has been determined to be 98% for this project.

Material Deposition In Lagoon System is:

Mlagoonfdeposition = Mlagoonfinput ’ Rdeposition (6)
where:
> Rdeposition is 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 from pre-project analysis

COD Degraded Anaerobically in Lagoon System in Project Scenario

Miagoon_anacrobic

Miagoon_total (K§COD) | Miagoon_aerobic | Miagoon_chemical| M

X Iagoon_deposition i
Year Minput_tota (KICOD) Ruyawre (%) Miagoon_input (KICOD) Riagoon (kgCoD) o (kgCOD) (kgcoD) (kgCOD)
2009 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2010 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2011 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2012 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2013 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2014 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2015 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2016 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2017 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
2018 7,523,520 80% 1,525,018 98% 1,497,720 95,428 44 30,500 1,371,747
Total 75,235,200 80% 15,250,175 98% 14,977,197 954,278 444 305,004 13,717,471

Average 7,523,520 1 1,525,018 1 1,497,720 95,428 44 30,500 1,371,747

Methane emissions from new anaerobic waste water treatment facility

In accordance with AMO0022, methane emissions from the CIGAR should be assessed and estimated
based on measurements, technology supplier data and expert estimates. They may be disregarded if
documented evidence for their insignificance is given.

Methane emissions from Inefficient Combustion Emissions

The combustion of biogas methane may give rise to significant methane emissions as a result of
incomplete, or inefficient combustion. The three predominant potential routes for the destruction of
methane are:

> Biogas flaring;
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» Biogas use in heating systems;
» Biogas use for on-site electricity generation.

This methane should be quantified through Equation (7).

Echa iciteaks = (ZVr Cona_r (A= 1) -CWR ) + PE faee )

Where:
the sum is made over two routes r for methane destruction (heating and electricity generation);
3

V., is the biogas combustion process volume in route I (Nm )

C
CH4
the methane concentration in the biogas in Nm3CH4/Nm3BiOgas multiplied by the methane density at normal

conditions.

3
is the methane concentration in biogas (tCH,/Nm ) to be expressed on wet basis. It is the product of

f is the proportion of biogas destroyed by combustion (-)
PE,, . are the project emissions from flaring of the residual gas stream (tCO,e) calculated following the

procedures described in the ““Tool to determine project emissions from flaring gases containing
Methane™. PE_ can be calculated on an annual basis or for the required period of time using this tool.

ECH47IC7heat :V heat'Cch'(l_ fheat)'GWPcm

Echa 1c heat= 6,556 * 340days * 58.7% * 0.0007168 * (1-88%) * 21
ECH471C7heat = 2332 tCOz/yr

Echa_ic_etec :Ve|ec'CCH4J'(1_ felec).GWPCH“

Eca 1c elee =910 * 340days * 58.7% * 0.0007168 * (1-98%) * 21
ECH471C7elec = 54.68 tCOz/yr

Ecna 1c flaring= 2,089 tCO,/yr

In the project activity, biogas will be flared only during equipment maintenance periods at the project site
or during times where biogas production exceeds the combined capacity of the electricity gen sets and the
dual fuel burner. Such occasions will be rare, however, and flare use will in fact be sporadic. Project
emissions from the flare will be calculated using the “Tool to determine project emissions from flaring
gases containing Methane”. Since no continuous monitoring takes place, the default flare efficiency
prescribed by the tool is utilized. The calculation steps for project emissions are as follows:

Step 1. Determination of the mass flow rate of the residual gas that is flared
This step calculates the residual gas mass flow rate in each hour h, based on the volumetric flow rate and

the density of the residual gas. The density of the residual gas is determined based on the volumetric
fraction of all components in the gas.

OvRe
~
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FM = Pren XFV ke (Flare: 1)

Where:

FMggn: Mass flow rate of the residual gas in hour h (kg/h)

PrGan - Density of the residual gas at normal conditions in hour h (kg/Nm3)

FVgraoa: Volumetric flow rate of the residual gas in dry basis at normal conditions in the hour h (Nm3/h)

As stated in the “Tool to determine project emissions from flaring gases containing Methane™, a
simplified approach may be taken, in which only the volumetric fraction of methane is measured and the
difference to 100% is considered as nitrogen (N,). Hence, step 2 is not applicable to the chosen
methodological application of the tool and not included here for clarity purposes. As the methane
combustion efficiency of the flare will not be continuously monitored as a default value for open flares
will be used, steps 3-4 are also not applicable and will not be included.

Step 5: Determination of methane mass flow rate in the residual gas on 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 (FVre,n), the volumetric fraction of methane in the residual gas

(fvcHaren) and the density of methane (_cH4anh) in the same reference conditions (normal conditions and
dry or wet basis).

TM RG,h = FV RG,h X fVCH 4,RG,h X pCH 4n (Flare 13)

Where:

FVgan: Volumetric flow rate of the residual gas in dry basis at normal conditions in hour h (Nm’/h)
Fvcnargn: Volumetric fraction of methane in the residual gas on dry basis in hour h

pcuan: Density of methane at normal conditions (kg/m)

TMga = 58 * 58.7%0.7168
TMRG,h =24.377 kg/hr

Step 6: Determination of the hourly flare efficiency
The determination of the hourly flare efficiency depends on the operation of flare and the type of flare
used.

In case of open flares, the flare efficiency in the hour h (nfiareh) is:
e 0% if the flame is not detected for more than 20 minutes during the hour h.
e 50%, if the flame is detected for more than 20 minutes during the hour h

Hence a 50% flare efficiency is assumed during normal operating conditions.

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 the
methane flow rate in the residual gas (TMrc,n) and the flare efficiency during each hour h

(nfiare,n), as follows:

o )
o ’
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8760 GWP
PE flare,y = hZ:TM RG,hX(1 - nflare,h)XTOCHA‘ (FlarE: 15)
=1

Where:

TMgga: Mass flow rate of methane in the residual gas in the hour h

Nnaren: Flare efficiency in hour h

GWPcu4: Global Warming Potential of methane valid for the commitment period

PEfirey = 24.377%(1-50%)*(21/1000)*8160"*
PEf;are.u (ECH471C7ﬂaring): 2,089 t COz/yr

Total emissions from inefficient combustion emissions

ECH4_IC+Leaks = 2,332 + 5468 + 2,089
Echa 1cLeaks = 4,475 tCOy/yr

Methane Emissions from Leaks in Biogas System

Leaks in the biogas system include leaks from any anaerobic digester and leaks from the biogas pipeline
delivery system. A conservative value of 1% was included in the ex-ante emissions reductions
calculations.

Methane emissions from the CIGAR are expected to be zero in this project. Leaks will be monitored on a
daily basis and the pipeline will be pressurized annually, as required by AM0022.

The baseline scenario for the project is based on what would have happened in the absence of the project
activities. In that case, the baseline scenario will be continued:

= Use of the facultative pond system to receive wastewater from the current facility;

= Use of heavy fuel oil to produce heat to dry starch;
= Use of electricity from the Thai national grid system.

Total Baseline Emissions:

EBL = ECH 4 lagoons BL + EC 02 heat+ power BL + EC027 grid BL (8)
where:

> EgL are the Total Baseline Emissions (tCOye)

> Echa_tagoons BL are the fugitive methane emissions from lagoons in the baseline case (tCO,e).

They are calculated with baseline data in the section on project emissions.

' The facility operates 8,160 hr/yr
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»  Ecoz heat+powers L 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.

> Ecoz grid BL are the CO, emissions related to electricity supplied by the grid in the baseline
case (tCO,) that are displaced by generation based on biogas collected in the
anaerobic treatment facility.

Baseline emissions

o )
o ’

Eco2_onsiteheat_BL
Year Echa_tagoons_sL (tCO2) (tCO2) Ecoz gria gL (tCO2)  [Ep (tCO2)
2009 31,499 3,634 384 35,517
2010 31,499 3,634 384 35,517
2011 31,499 3,634 384 35,517
2012 31,499 3,634 384 35,517
2013 31,499 3,634 384 35,517
2014 31,499 3,634 384 35,517
2015 31,499 3,634 384 35,517
2016 31,499 3,634 384 35,517
2017 31,499 3,634 384 35,517
2018 31,499 3,634 384 35,517
Total 314,995 36,342 3,836 355,172
Average 31,499 3,634 384 35,517

On Site Heat Generation Emissions displaced by generation based on biogas collected in the anaerobic
treatment facility

In calculating CO, emissions from on site heat displaced by biogas collected in the anaerobic treatment,
the use of fossil fuels is considered:

Ecor near =F -NCV -EF 9)
where:
> F is the corresponding amount of fossil fuel used for on-site heat (tonnes fuel oil). This is

estimated as product of: 1) Average specific fuel consumption for the output of the
facility and 2) the annual production.

» NCViuloil is the net calorific value of the fossil fuel considered (TJ/unit). A default IPCC
value for NCV is applied in the absence of a site-specific value. This is 0.0404 TJ/t
divided by the density which gives 39.9 x 10° TJ/dm”.

» EFgeon is the carbon emission factor of the fossil fuel considered (tCO,/TJ). This is 77.37t
CO,/T] for this project.

Econmeat = 1,174,144dm’ fuel oil/yr * 77.37 tCO5/TJ * 39.996x10°° TJ/dm’ s,
Ecosmeat = 3,634 t CO/yr
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On site and/or off site Grid Power Generation Emissions displaced by generation based on biogas
collected in the anaerobic treatment facility

Baseline Grid Power Generation Emissions displaced by renewable generation is based on biogas
collected from the anaerobic treatment facility. In this project, only electricity displaced from the grid
through this biogas generated power is considered. The underlying facility is grid connected, and does not
have its own additional electricity generators. The carbon emission factor will be quantified according to
AMSID, Version 12 Renewable Energy Projects for a Grid as installed electrical capacity is expected to
be well below 15SMW. At least 2.1 MW will be installed.

Displaced electricity CO, emissions are determined through:
Ecos gia = EL-CEF (10)
Where:

> EL is the amount of electricity displaced by the electricity generated from the biogas
collected from the anaerobic treatment facility. This is estimated as the product of average
specific electricity consumption, estimated using 3 years historical data and the annual
production (MWh/yr)

» CEF s the carbon emission factor of the grid as discussed above (tCO,e/MWh)

Ecop gia = 2.153 * 340" MWh/yr * 0.524 tCO,/MWh'®
Ecoz gria = 384tCOy/yr

Use of AMS L.D. to determine an appropriate grid CEF sets out two methods to develop such a CEF in
grids not comprising fuel oil or diesel generation systems:
1. Average of build and operating margin where the operating margin excludes certain
technology types).
2. Weighted average emissions of the generation mix.

In this situation, Option 1 was chosen and both the build margin and operating margin were calculated in

keeping with AMS.L.D. version 12 as prescribed in the methodology ACMO0002, version 06. Detailed
spreadsheets can be found in Annex 3.

Operating Margin, Thailand

oM

2002 2003 2004 | Average
0.639 0.615 0.615 0.623

"5 1t is estimated that about 8% of the electricity used will be generated through biogas.
' This is based on the most recent data available at the time of submission of the CDM-PDD to the DOE for
validation, as required by the Tool to calculate the emission factor for an electricity system
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Thai Build Margin

BM
2004
0.425

The data used is taken from the 2004 Thai Power Development Plan (EGAT, 2004), the most recently
available data at the time of submitting for validation. For more information, please see Annex 3. A
weighted grid average CEF for the Thai National Grid of 0.524tCO,/MWh is calculated. The project has
two gensets of 1.05 MW installed.

Baseline Organic Material Entering Lagoon System from Starch Facility:

M lagoon _input _ BL = Minputftotal (11)

where:

»  Miagoon input B 18 the value used to specify the amount of organic material flowing into the
lagoon system from the CIGAR in the project scenario equation (kg COD).

> Minput_total is the total amount of organic material fed into the baseline water treatment
facility (kg COD). It is the same amount as fed into the project water treatment
facility.

In the baseline, organic material (COD) from the facility enters directly into the pond system with no
degradation of the wastewater before entering the lagoon system and all the organic material to be treated
enters the lagoon system. The pond based fugitive methane emissions are quantified by determining;

e How much material enters the pond system;

e How much is lost through aerobic and oxidative processes;

e How much is lost through sedimentation in the pond system; and
e How much is removed through anaerobic processes.

Leakage

As stated in AM0022, leakage is considered to be negligible.

Emissions reductions

ER =E, -E (12)

project

Where:
ER: Emission reduction (t CO,¢)
EgL: Baseline emissions (t CO,e)
Eproject: Project Emissions (t CO,e)

It must be verified this equation delivers a conservative estimate of emission reductions i.e. that the
emissions of CH, from the lagoons in the baseline situation are not higher than the total emissions of
biogas from the digester and the lagoons in the project situation. Therefore calculate:
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Econservativeness = ECH4_Iagoons_BL - (ECH4Iagoon + ECH4_nawtf + ECH4_C0||) (13)

Where:

Echa con 1s the amount of methane expressed in (tCO.e) contained in the biogas collected from the
anaerobic treatment facility (i.e. the sum of the biogas sent to the heaters, the biogas sent to the gen sets
and the biogas sent to the flare.)

In accordance with AM0022, as this number is negative, it will not be deducted from the results obtained
from equation 12. Please see section B.6.4 for a summary of the project activity and baseline emissions
and the total emissions reductions.

| B.6.4 Summary of the ex-ante estimation of emission reductions:

Estimation of Project Estimation of Estlm_atl'on of
L o . - emission
Activity emissions Baseline emissions .
reductions (tonnes
(tonnes CO4e) (tonnes CO.e)

Year COye)
2009 10,791 35,517 24,726
2010 10,791 35,517 24,726
2011 10,791 35,517 24,726
2012 10,791 35,517 24,726
2013 10,791 35,517 24,726
2014 10,791 35,517 24,726
2015 10,791 35,517 24,726
2016 10,791 35,517 24,726
2017 10,791 35,517 24,726
2018 10,791 35,517 24,726
Total 107,908 355,172 247,264
Average 10,791 35,517 24,726

| B.7 Application of the monitoring methodology and description of the monitoring plan:

B.7.1 Data and parameters monitored: |

Data / Parameter: WWinput
Data unit: m’
Description: Daily wastewater flows entering system boundary
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Measured

1,844

Will be measured continuously with a cumulative flow meter located at the
incoming pipe to the CIGAR and reading recorded daily

Flow meters should be subject to a regular maintenance and testing regime to
ensure accuracy.

Wwoutput

m3

Daily wastewater flow leaving project treatment facility.
Measured

1,705

Will be measured continuously with a cumulative flow meter located at the pipe
leaving the CIGAR and reading recorded daily.

Flow meters should be subject to a regular maintenance and testing regime to
ensure accuracy.

CODinput

kg COD/ m’

Wastewater organic material concentration entering the project boundary
Measured

12

Wastewater is sampled and analysed onsite at the facility’s laboratory daily.
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Weekly samples are sent to an accredited analytical laboratory for cross-checking
with on-site data i.e. to assure accuracy.

CODoutput

kg COD/m’

Wastewater organic material concentration leaving the treatment facility.
Measured

2

Wastewater is sampled and analysed onsite at the facility’s laboratory daily.

Weekly samples are sent to an accredited analytical laboratory for cross-checking
with on-site data i.e. to assure accuracy.

EL

MWh

Electricity generated from the biogas collected in the anaerobic treatment facility
and consumed on site or sent to the grid

Measured

2.153

This is measured continuously with a power meter and the reading will be
recorded daily.

Regular maintenance on GE Jenbachers includes maintenance on the Project
Logic Control (PLC). The meter is calibrated regularly and generation is cross
checked against invoices.

Vheat

Nm’

Volume of biogas sent to facility heaters.
Measured
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6,556

Volume in Nm® will be measured continuously by a flowmeter and a reading
recorded daily.

Biogas meters should be subject to a regular maintenance and testing regime to
ensure accuracy.

Vitare (als0 FVrap)
Nm’

Biogas sent to flare
Measured

1,392

Volume in Nm® will be measured continuously by a flowmeter and reading
recorded hourly

Biogas meters should be subject to a regular maintenance and testing regime to
ensure accuracy.

This parameter is equivalent to the variable FVRG,h (volumetric flow rate of the
residual gas in dry basis at normal conditions) as described in the “Tool to
determine project emissions from flaring gases containing methane”

Velec

Nm’

Biogas sent to gen sets
Measured

910

Volume in Nm® will be measured continuously by a flowmeter and reading
recorded daily.
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QA/QC procedures to | Biogas meters should be subject to a regular maintenance and testing regime to
be applied: ensure accuracy.

Any comment;:

Data / Parameter: Ccna (also FVcpay)

Data unit: % of Nm’/Nm’

Description: Biogas methane concentration

Source of data to be Measured

used:

Value of data applied 58.7

for the purpose of

calculating expected
emission reductions in
section B.5

Description of
measurement methods
and procedures to be
applied:

Measured continuously and data recorded daily. In case of a device breakdown, a
portable gas analyser is used and data will be recorded hourly for as long as
biogas is being pumped up until the fixed spectrometer is repaired and fitted.

QA/QC procedures to
be applied:

Any comment:

Also referred as fvepan (Volumetric fraction of component i in the biogas in the
hour h, where i = CH,) in the “Tool to determine project emissions from flaring
gases containing methane”. Only CH4 will be monitored, the remaining part will
be considered as N, (simplified approach according to Tool).

The monitored value will actually have to be multiplied by the CH,4 density of
0.0007168 tepa/m3cps from ACMO001 at normal conditions to obtain the value of
CCH4 in tCH4/Nm3.

Data / Parameter: Cs04”in
Data unit: Tonnes/m’
Description: Amount of chemical oxidising agents entering system boundary.

Source of data to be
used:

Measured

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

0.181x 107

Description of
measurement methods
and procedures to be
applied:

The wastewater contains SO, which is an oxidising substance. Its concentration
in wastewater at the entrance of the treatment facility will be monitored.

Samples are collected daily, mixed, and concentration measured weekly.
For emission reduction calculations the most recent value from testing will be
kept until a new test result is received from the lab.

QA/QC procedures to
be applied:

Any comment;:

This is used for the calculation of the baseline emissions.
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CS042_0ut

Tonnes/m’

Amount of chemical oxidising agents out of the digester.
Measured

0.037 x 10

The wastewater contains SO,> which is an oxidising substance. Its concentration
in wastewater at the outlet of the digester will be monitored.

Samples are collected daily, mixed, and concentration measured weekly.
For emission reduction calculations the most recent value from testing will be
kept until a new test result is received from the lab.

This is used for the calculation of the project emissions.

felec

%

Gen set combustion efficiency
Measured

98

Annually

Gen sets are maintained regularly by GE Jenbachers to ensure optimal
performance.

fheat

%

Heating system combustion efficiency
Measured

88
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Annually

Boiler is maintained regularly by Weishaupt in order to ensure optimal
performance.

There will be 2 boilers used: Bertrams Konus (fi.,=87) and Wieslock (f;,.—=89.5).
The average of the two boilers will be considered as overall fi.,

WWhbypassing
.

Flow of wastewater directly to the current water treatment system, and bypassing
the new wastewater treatment facility

Measured

0

A flowmeter is used to measure the wastewater bypassing the project facility

Regular maintenance and calibration of the flow meter

Even if wastewater bypasses the project activity, emissions reductions will not be
affected as baseline and project emissions will concurrently increase from the
bypassed wastewater. Therefore, a 0 value will be used in emission reduction
estimates.

Biogas loss from pipeline

%

Loss of biogas from pipeline
Measured

Integrity of biogas pipeline for losses of biogas methane will be tested annually
through pressurizing the system and establishing pressure drops through leakage.
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In order to be a conservative, a 1% loss of biogas is used in ex-ante calculations.

MRemoved

t COD

Organic material removed from wastewater facility
Calculated

This parameter will be calculated based on monitored parameters CODj,p, and
CODoutput.

NCVyiogas

J/Nm’

Biogas calorific value
Measured

25,870,000

Samples are taken annually and sent to an external laboratory.

The value used for estimations is the result of the product of an estimated 65% of
biogas methane content with the NCV of methane of 55.53 MJ/kg and the
methane density of 0.7168 kg/Nm’.

PEﬂare

tCO2

Project emissions from flaring of the residual gas stream.
Calculated
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Value applied: 2,089
Justification of the This will be calculated according to the “Tool to determine project emissions
choice of data or from flaring gases containing methane” for open flares which consists of using a
description of 50% default if a flame is detected for 20min in the hour and ensuring that flare is
measurement methods | operated properly.
and procedures actually
applied :
QA/QC procedures to
be applied:
Any comment;:
Data / Parameter: F
Data unit: dm’
Description: Fossil fuel volume equivalent to generate the same amount of heat generated
from the biogas collected in the anaerobic treatment facility
Source of data used: Measured and calculated
Value applied: 3,454.26
Justification of the Calculated from the monitored Vi, multiplied by monitored NCVyeas and
choice of data or divided by fixed parameter NCV iy oit
description of
measurement methods
and procedures actually
applied :
QA/QC procedures to
be applied:
Any comment;:

B.7.2 Description of the monitoring plan: |

>>

This section details the steps taken to monitor on a regular basis the GHG emissions reductions from the
project.

Prior to the start of the crediting period, the organisation of the monitoring team will be established. Clear
roles and responsibilities will be assigned to all staff involved in the CDM project. The Project Developer
will have a designated staff member who will be responsible for monitoring emissions reductions of the
project activity. All staff involved in the collection of data and records will be coordinated by the staff
member in charge of monitoring. In addition to this staff, qualified personnel will be designated to handle
and operate equipment and machinery at the project site.

Monitoring procedures will be established prior to the start of the project. These procedures will detail the
organisation, control and steps required for certain key monitoring system features. This will ensure that
high quality data is obtained. Specifically, data and records will be checked prior to being stored and
archived. Data from the project will be checked to identify possible errors or omissions.
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All data required for verification and issuance will be kept for at least two years after the end of the
crediting period or the last issuance of CERs of this project, whichever occurs later. Data will be archived
electronically and data backup will be maintained. Paper data back up will also be available.

All equipment will be calibrated and maintained in accordance to the manufacturer’s recommendations to
ensure accuracy of measurements. Records of calibration and maintenance will be retained as part of the
CDM monitoring system.

B.8 Date of completion of the application of the baseline study and monitoring methodology and
the name of the responsible person(s)/entity(ies)

>>

The baseline study was concluded in August 2007 following approval of a relevant methodology,
AMO0022. The baseline study was conducted by Courtney Blodgett (Courtney@ecosecurities.com) and
Chanitra Dokmali (Ning@ecosecurities.com) at EcoSecurities.

‘ C1 Duration of the project activity: ‘

| C.1.1. Starting date of the project activity: |
>>
01/03/2005"

| C.1.2. Expected operational lifetime of the project activity; |
>>
25 years

‘ C.2 Choice of the crediting period and related information: ‘

\ C.2.1. Renewable crediting period \

‘ C.2.1.1. Starting date of the first crediting period: ‘
>>
Not Applicable
\ C.21.2. Length of the first crediting period: \
>>
Not Applicable

"7 This is 6 weeks before the date of the invoice for milestone 2 from the technology provider. As stated in the
invoice, at this time, the final budget was provided and the decision to proceed with the project was made.
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| C.2.2. Fixed crediting period: |

‘ C.221. Starting date: ‘
>>

01/01/2009 or on the date of registration of the CDM project activity

| C.2.2.2. Length: |
>>

10 (ten) years

\ SECTION D. Environmental impacts \
>>

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

>>

This project does not require an Environmental Impact Assessment (EIA) under Thai Law. The project
has tight project boundaries, with immediate physical impacts focused within these boundaries. These
include:

e Dramatic reduction in biogas production and fugitive emissions of biogas from current pond
system,;

e Improved water quality in these ponds;

e Improved biodiversity impacts within the pond system environs.

Outside these boundaries, impacts felt at a national level include:

e Reduced demand for fossil fuel intensive grid fed electricity;
e Reduced demand for oil products.

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

>>
The positive environmental impacts mentioned above are considered significant, but by their nature are
improvements on the current situation, and therefore do not require ongoing monitoring and management.

No significant negative environmental impacts have been identified, apart from the development of the
CIGAR, which requires the development of previously unused land. This impact is not considered
significant under Thai law, and does not require an EIA. Apart from the utilisation of this scrub-land, no
other impacts (e.g., on ground water) or other environmental emissions can be determined.

SECTION E. Stakeholders’ comments
>>
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E.1.  Brief description how comments by local stakeholders have been invited and compiled: \
>>

TBEC invited a number of stakeholders to attend the Public Forum including government officials, local
officials, NGOs, members of academia and others. The Public Participation event was publicized via the
following channels:

1) Direct invitations: invitation letters were sent directly to the ONEP, Kalasin
Industrial Estate and Owners of the host company as well as one other cassava
processing company;

2) Adverts in newspaper: adverts, in English and Thai, informing stakeholders about the
Public Participation event were placed in one Thai newspaper, Siang Phupan
Newspaper. The advert ran for 15 days;

3) Word of mouth: TBEC’s team spread the word among the local community.

The stakeholder consultation meeting was held 7 May 2005 at the Rimpao Hotel in Kalasin. The
consultation was attended by 19 people. Presentations were given about the project and TBEC and
climate change and the Clean Development Mechanism. After the presentations, a question and answer
session was held. Audience member asked questions about governmental involvement and other biogas
projects in Thailand. All of the questions were satisfactorily answered.

E.2.  Summary of the comments received: ‘
>>

No comments were received.

‘ E.3.  Reporton how due account was taken of any comments received: ‘
>>

Not applicable, given that no comments were received.
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Annex 1

CONTACT INFORMATION ON PARTICIPANTS IN THE PROJECT ACTIVITY

OvRe
~

Organization: Thai Biogas Energy Company Limited

Street/P.O.Box: 888/173 Ploenchit Road

Building: 17" Floor, Mahatun Plaza Building
Lumpini, Pathumwan

City: Bangkok

State/Region:

Postfix/ZIP: 10330

Country: Thailand

Telephone: +358 40 5267 322

FAX:

E-Mail: GPeteSmith@cs.com

URL: www.tbec.co.th

Represented by:

Title:

Salutation: Dr.

Last Name: Smith

Middle Name: J.

First Name: Granville

Department:

Mobile:

Direct FAX:

Direct tel:

Personal E-Mail:

Organization: EcoSecurities Group plc
Street/P.0.Box: 40 Dawson Street
Building:

City: Dublin

State/Region:

Postfix/ZIP: 02

Country: Ireland

Telephone: +353 1613 9814

FAX: +353 1672 4716
E-Mail: cdm@ecosecurities.com
URL: WWW.ecosecurities.com
Represented by:

Title: Company Secretary
Salutation: Mr.

Last Name: Browne

Middle Name:

First Name: Patrick
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Mobile:

Direct FAX:

Direct tel:

Personal E-Mail: cdm@ecosecurities.com
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Annex 2

INFORMATION REGARDING PUBLIC FUNDING

This project will not receive any public funding.
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Annex 3
BASELINE INFORMATION
Thai National Grid Operating Margin, 2002
CEF of fuel
Generation Fuel usage Unit Conversion Unit Fuel usage CEF €02 emissions [type
MWh Tonnes/fuel tCO2/unit tCO2 tCO2/MWh
Fuel oil 2,616,000 646 |  million litres 646,000,000 | litres 539,540 313 1,995 955 0.764
Diesel 168 000 47 | million litres 47,000,000 | litres 39 480 3.18 125,739 0.748
thousand
Lignite and coal 16,652,000 156035 tonnes 16,035,000 1.20 18,106,350 1.087
Natural gas £9,538,000 BEY 865 mrnsct 18,911,833 025 | cubic meter 13616520 269 36,666 564 0.527
Import 2821 -
Hydro 7 A71.000
Other renewable 2,000 -
Total thermal and -
imports 88,976 521 56,897 B03
Total renewable 7 473000
Total generation 05 449 821
Thai National Grid Operating Margin, 2003
CEF of fuel
Generation  [Fuel usage  |Unit Conversion Unit Fuel usage |CEF C02 emissions |type
MWh Tonnes/fuel [tCO2/unit _ [tCO2 tCO2/MWh
Fuel oil 2541 000 =12l million litres A5 ,000,000 | litres 589,040 3126 2153673 0.7323
Diesel 180,000 a1 million litres 51,000,000 | litres 42840 3.185 136,440 0.758
thousand
Lignite and coal 16,807,000 15,406 tonnes 15,406,000 1.204 18,553,138 1.104
Natural gas 76,332,000 693,132 mrnscf 19,768 899,124 | cubic meter 14,233 507 2693 35,328,258 0.502
Import 2544
Hydro 7,299 000 -
Other renewable 2,000 -
Total thermal and
import 96 262 544 - 59,171 508
Total renewable 7 301,000
Total generation 103 563 544
Thai National Grid Operating Margin, 2004
CEF of fuel
Generation Fuel usage Unit Conversion Unit Fuel usage |CEF CO2 emissions|type
MWh Tonnes/fuel [tCO2/unit |[tCO2 tCO2/MWh
Fuel oil 7,138,000 1,697 | million litres 1,687 000,000 | litres 1,680,030 3126 5261124 0.7357
Diesel 551,000 120 | million litres 120,000,000 | litres 100,800 3185 321,035 0.583
thousand
Lignite and coal 17,993,000 16,537 tonnes 16,537,000 1.204 19915178 1.107
Natural gas 80,489,000 724 560 mmscf 20517 256 836 | cubic meter 14772425 2693 38779,186 0.494
Import 3098
Hydro 5,040,000 -
Other renewable 2000 -
Total thermal and
import 106,174,095 55 266 523
Total renewable b 042 000
Total generation 112,216 098

h T
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Thai National Grid Build Margin
Annual

Plant name Capacity  |Generation Generation |Plant Efficiency pti Carbon Content  |Oxidation Emissions CEF

MW MWh GWhiyr % TJiyear 1CT % tCO2/yr t CO2/MWh
Lamtakhong 264,000 264 i} 0.00
Huai Yamo 2000 2 u] 0.00
Eastern power &
Electricity 2,356,000 2.356.00 50% 16,963.20 15.30 100% 951,636 0.40
Glow IPP 5,314,000 5,314.00 50% 3826080 15.30 100% 2,146 431 0.40
Ratchaburi CC 14291000 | 14,291.00 50% 102,895.20 15.30 100% 5772421 0.40
Ratchaburi
thermal 8137 8.14 32% 91.54 15.30 100% 5135 063
Krabi Thermal 1,386,000 1,386.00 33% 15,120.00 21.10 100% 1,169,784 0.54
Total 23,621,137 10,045,407 | IONES|
Percent of grid 22.25%

Thai National Grid Combined Margin

oM
2002 2004 |Average
0.639 0.615 0.623
BM
2004
0.425
CM
2002-2004

The plant data is taken from the 2004 Thai Power Development Plan (EGAT, 2004) and fuel values are
from 2006 IPCC guidelines. From this analysis a weighted grid average CEF for the Thai National Grid
of 0.524t CO,/MWh is observed.

ONRCCC A
~y
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Inputs
Value Data Unit Data/Parameter Description Source
1,844 mglday Q Daily wastewater volume Historical data
340 dayl/year Operating days per year Developer
626,960 m®/year Q Historical data
12,000f mg COD/I COD;, Historical data
Concentration of oxidative
1.81E-04 t/m® Cs042-i, substance SO, at the entrance of Historical data
the ww treatment facility
Concentration of oxidative
3.70E-05 t/m® Cs042-4t substance SO, at the effluent of Historical data
the digester
2- Specific reduction factor for SOAZ'
AMO0022 v4
L kg COD/t R_SO, oxidative substance v
total amount of org material fed
7,523,520 kg COD Minput_total into the new project water Calculated by COD;, and amount of ww
treatment facility
surface area of anaerobic lagoons
1.105 ha Alagoon_aerobic within project boundary Developer
org material removal efficiency of
79.7% ratio RnawTe the new project water treatment Historical data
facility
org material removal ratio of the Based on COD testing of wastewater
98.21% ratio Riagoon 9 lagoon entering and leaving the baseline
9 anaerobic lagoons
0 . org material deposition ratio of the
2% ratio Raep lagoon
3,011,720 Nm3/yr Viotal Total amount of biogas produced Historical data
1% % biogas,, Loss from leaks in biogas system Conservative assumption
Total amount of biogas produced R
2,981,603 Nm3/yr Viotal adjusted for leakage loss Historical data
biogas combustion process T
473,280 Nm3/yr Viiare volume sent to flare Historical data
2,229,040 Nm3/yr Vpoiler Biogas sent to boiler Historical data
309,400 Nm3/yr Vgenset Biogas sent to genset Historical data
88.2% % efficiencypojier Combustion efficiency Manufacturer
98.0% % efficiencygenset Combustion efficiency Manufacturer
fugitive emissions from new
) tCO,e Ecra_nawTr anaerobic ww treatment facility Assumed to be 0
2,089 tCO,e PEjare PE from PE from flaring tool Calculated as according to flare tool
58.00 méh FVra,h Flow rate of biogas sent to flare Historical data
fv Volumetric fraction of CH4 in the Historical data
58.7% Fraction (CH4.h) biogas
Open| Type of flare Type of flare Developer
50% % Nfiare,h Default flare efficiency In accordance with the flare tool
8160 h h/yr Operating hours per year Developer
3 Maximum amount of fossil fuel
1,860,000 dm displaced by the use of the biogas Developer
63% % Percent to be replaced by biogas Historical data
3 Amount of fossil fuel to be T
1,174,448 dm F displaced Historical data
Maximum amount of electricity
9,221 MWh displaced by the use of biogas Developer
7.939% Percent to be replaced by biogas Historical data
Amount of electricity to be o
732.0 MWh EL replaced Historical data (2007 only)
0.524] tCO2/MWh CEF carbon emjesgrrilcfi?;tor for the Calculated based on ACM0002
Fuel oil Fuel type Developer
3.126] tCO2/t fuel EF emissions factor of the fossil fuel 2006 IPCC
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Annex 4

MONITORING INFORMATION

Data generated by the monitoring of the parameters relevant for the CDM project activity will be
collected on-site and after quality checks transferred to EcoSecurities, who will perform a further quality
check and calculate emission reductions.

In addition to the information contained within the main text of the PDD, to ensure the successful
operation of the project and the credibility and verifiability of the emission reductions achieved, the
project must have a well-defined management and operational system. It is the obligation of the operator
to put such a system in place. It must include the operational procedures and responsibilities associated
with the monitoring activities and adequate record keeping. In order to meet this requirement, the project
developer has implemented ISO 9001 on the site and is now certified.
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Annex 5
SURFACE OXIDATION SENSITIVITY ANALYSIS

Surface Oxidation Factor Sensitivity Analysis

An assessment is carried out here to determine the suitability of the 254kg COD/ha/day surface removal
factor.

Surface Oxidation Factor Sensitivity Analysis

Surface Oxidative Removal Rate Error Factor Applied Baseline Lagoon Sensitivity Project y i
Emissions emissions Reductions
Estimated
kg/ha/day % T CO2e % T CO2e % T CO2e %
254 - 35,517 - 10,791 - 24,726 -
318 25% 35411 0.30% 10,685 0.98% 24,726 0.00
381 50% 35307 0.59% 10,580 1.95% 24,726 0.00
508 100% 35,096 1.18% 10,370 3.90% 24,726 0.00
1,270 400% 33,834 4.74% 9,107 15.60% 24,726 0.00

The purpose of the sensitivity factor is to demonstrate that the surface area oxidation factor does not have
significant or measurable influence on the total project emission reductions. A surface area oxidation
factor of 254 kgCOD/ha/day was chosen based on the literature, but the sensitivity analysis shows that a
higher surface area oxidation factor would not have produced a significant change in the emission
reductions. This analysis clearly shows that the emissions reductions calculated are independent of the
surface oxidative removal of COD in this project, and thus the 254kg COD/ha/day removal factor is
appropriate for this project.

The baseline and project emissions scenarios were calculated using 254 kgCOD/ha/day, as per AM0022.
If, however, the surface area oxidation constant were to be increased, emissions reductions would not
change significantly. Changes that do occur when applying a higher surface area oxidation constant affect
both the baseline and the project emissions such that a decrease in emission reductions is seen in both the
baseline and project emissions, but that the difference between the two - the total project emissions - is
the same as the total calculated using 254 kgCOD/ha/day. The total emissions reductions when the
surface area oxidation constant is increased 100% to 508 kgCOD/ha/day remains constant. In effect, total
emissions reductions show 0% sensitivity to the value used for surface area oxidation.

o )
o ’
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1st Foor, John Wickiiffe House
265 - 249 Princes Street

P.O. Box §97, Dunedin

Mew Zealand

Telephone [44] (3) 477-2375
Fox [44] (3) 479-2249
Email: martin co@wastetechnz.com

5% November 2007

Khun Chanstra Dokmali

CDM Project Manager

EcoSecurities Ventures (Thailand) Lid
888/183 18th Floor Mahatun Plaza
Ploenchit Rd, Lumpini

Pathumwan Bangkok

10330, Thailand

Dear Khun Chamtra Dokmals,

:= Waste Solutions

Biotechnology Group

Biogas Plant Operations Training for Thai Biogas Staff

Thus letter 1s to confirm that our Mr Neramit Arunkhajomsak provided a detailed training course to staff from
the Kiroonruang, Jiratpattana and Chow Khun Agro sites of Thai Biogas Energy Company Ltd on 14

November 2006.

Yours farthfully,
Waste Solutions Ltd

L 7/ ¢ .'.-;/\a'-d'jl/ :lﬁ;_;.r.'..l/

Martin Campbell-Board
Project Manager
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Annex 7
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