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1 Description of Project:

1.1 Project title

Chol Charoen Group Wastewater Treatment with BiogasSystem | (Cholburi)
VCS PD Version: 3.1
Document Completion date:06/11/2009

1.2 Type/Category of the project

The project activity involves recovery of biogaserfr the wastewater released from tapioca
starch processing plant. The recovered biogasesl in a boiler to generate heat for the
starch drying process and used to generate elgciricorder to meet the power requirement
of the starch processing plant and may later belggpto national-owned grid. After
satisfying the above demands, surplus biogas iiedléor safety purpose. The project has a
total electrical generation capacity of less tham\V,,, thermal generation capacity less than
45 MW, and will generate emission reductions less thankBIDO.,e per year. The
type/category of the project is thus according fopéndix B, Simplified Modalities and
Procedures for Small-Scale CDM Project Activitias follow:

Methane avoidance component:

Type Il Other project activities

Category Ill.H: Methane Recovery in Wastewateralment
Sectoral Scope 13: Waste handling and disposal

Version: 13

Electricity generation component:

Type [ Renewable energy projects

Category 1.D: Grid connected renewable eledyrigeneration
Sectoral Scope 1: Energy industries (renewalhefanewable sources)
Version: 14

Fuel replacement component

Type [ Renewable energy projects

Category I.C: Thermal energy production withwithout electricity
Sectoral Scope 1: Energy industries (renewalhefanewable sources)
Version: 15

The project activity is not a grouped project.
1.3 Estimated amount of emission reductions over the editing period
including project size:

Expected VERs per annum: 28,881ton,Ef@ear
VERSs expected over 10 year crediting period: 28818h CQe



The project is neither micro- nor mega-project vilib estimated emission reductions being

in between 5,000 to 1,000,000 ton £ear.

The project proponent has chosen a 10-years argdigriod for the project activity.

Estimated reduction estimation is shown in Tablelbw:

Table 1: Estimated amount of emission reduction ovehe crediting period:

Period Year Annual estimation of emission
reductions in ton of COe
2007 28,881
2008 28,881
2009 28,881
2010 28,881
Ex-ante 2011 28,881
estimation 2012 28,881
2013 28,881
2014 28,881
2015 28,881
2016 28,881
Total estimated reductions
(tonnes of CQe) 288,810
Summary Total number of crediting years 10
Annual average VER over the
crediting period (tonnes of CQe) 28,881

1.4 A brief description of the project:

Chol Charoen Group Wastewater Treatment with Bidggstem | (Cholburi), hereafter ‘the

project activity’, involves biogas recovery andligéition to an existing open anaerobic
effluent treatment system (lagoons). It has beeoperation since7January 2006 (project

start date)at Chol Chareon Co. Ltd., a tapioca starch fadto@holburi, Thailand.

This starch factory has a design daily productiapacity of 240 tonnes of dried starch,
generating 2,400 tnof wastewater per operational day.Under the previous system,
wastewater released from the plant was treatecscarling of 13 open anaerobic lagoons.
With the depth of these ponds being greater thamfBom the water surface, and the mean
temperature of the area being in the region d€23here is a suitable anaerobic environment
within the ponds, with the anaerobic bacteria, thdi result in the breakdown of organic
compounds in the wastewdteiThis consequently lead to biogas generation fitterorganic
content (characterised by chemical oxygen demai@ii) of the wastewater.

The project activity involves modification of thexigting open anaerobic lagoon-based
process into a closed anaerobic system for tredtofdngh organic matter wastewater. This
is based on Anaerobic Fixed Film Reactor (AFFRht@bogy; a product from joint research
between King Mongkut's University of Technology Twri (KMUTT) and the National

! The date in which biogas is first sent to rettefitboiler.

2 Based on design value in proposal with T0offwastewater expected to be generated per toithey starch
production.

3 Data requested from the Thai Meteorological Depernt

4 http://ipcd.go.th/info_serviwater_wt.html



Centre for Genetic Engineering and BiotechnologfO(BEC). The two AFFR based
digesters, together, are designed with volumetjsacity of around 10,000 mThe design
COD removal efficiency and the retention time o gystem is at 80% and around 5 days
respectively. In addition, 3 open lagoons at th#det of the AFFRs were redesigned and
converted to covered lagoons in order to increlasayas storage capacity as well as being an
emergency wastewater treatment system in the ¢asalfunction to the AFFR system.

The implementation of AFFR system enables recowdnpiogas that would have been
released into the atmosphere and utilise it forntlaé and electricity generation; the excess
biogas (if any) is sent to the enclosed flare syst@&he hot oil boiler in the existing plant was
originally designed to burn fuel oil for heat gesttéwn. Under the project activity, the burner
is retrofitted with combination fuel burner suclathhe boiler can be co-fired using both fuel
oil and the biogas collected from the reactors.e pbwer produced by the captured biogas
will not only facilitate the electricity requiremenf the plant; it may in the future be fed to
national grid under the pending power purchaseesgeat with the Provincial Electricity
Authority (PEAf. With such utilisation of biogas, this projectieity will not only achieve
GHG emission reduction through avoidance of methsiag released into the atmosphere,
but also through reduction of fossil fuel consumptivith fuel oil and grid electricity being
displaced

Please note that the biogas generation happeangadern to the starch plant operation, except
for a gap of few hours during the start up. Theghs generated during the normal operation
is used in the boiler, usually co-fired with fuel for stability of heat generation for starch
drying process, as well used for power generatioogss. Biogas is stored in the storage unit
available, and used as per availability in storalecase not enough biogas is available (low
production and low storage amount), the boiler %6 fuel oil and biogas can be stored
till substantial amount is available to start tleficing process.

The quality of the treated wastewater, althoughoisdischarged outside the factory (thus not
subject to effluent standards), will neverthelespriove substantially due to higher efficiency
and improved process control under the AFFR systecompared to open lagoon system. In
fact, such efficiency improvement of the biogascteasystem allows the starch factory to
use the treated effluent of better quality, frone tast open lagoon into the raw tapioca
cleaning process; thus further ensuring the coasiervof water supply. Not only the project
activity contributes to a reduction of anthropogeBHG emissions, it also delivers a number
of benefits in the form of sustainable developmehhe project indeed creates new jobs and
increases income to the region via fostering oftremts to local firms for the construction,
operation and maintenance of the plant.

Furthermore, the implementation of this projectivétgt can reduce odour and nuisance
normally associated with open lagoon wastewateenrys Utilisation of methane for fuel oil
replacement and electricity generation can be dsghas a mean to reduce dependency on
import energy products, which in turn improves #érergy security status of Thailand. In
addition, it can be expected that the proposedeptajctivity will promote technological
excellence and enriching further research in blotetogy in the region.

5 Design value

5 Power purchase agreement between PEA and Chol Ch@meLtd (as a very small power producer) wasenad
on 7" November 2007. The expected start date of sedliectricity to PEA is written as December 2008.
However, as of July 2009, no power has yet been sol

" http:/www2.dede.go.th/cdm/520126_gridemission2p67.



Table 2: Summary of the technology used

Project/Baseline Component

Brief Description

Lagoon System

13 lagoons, commissioned in 1980 along with theatpmn
start date of starch plant.

AFFR

Anaerobic Fixed Film Reactor with 80% design COD

reduction efficiency. The hydraulic retention tinige

approximate 5 days as per design proposal proviged

technology supplier. The AFFR started operation
January 2006, first month of biogas usage. No# tie
two AFFR based digesters, together, are designed
volumetric capacifi/of around 10,000 fn

Boiler

This is a dual fired boiler with thermal capacitytiwa

wi

capacity of 3.78MWy. The boiler has biogas consumption

capacity of 834 Nriihr at full operation capacity. This
much higher than the per hour biogas generati@ab30
Nm%hr,

Gas engines

Altogether, there are electricity gaimr sets, with tota
capacity of 1.952 MW The gas engines have biog
consumption capacity of 926 Nthour at full operation]
capacity. Again, it should be iterated that thésniuch
higher than the per hour biogas generation rat&3f
Nm*hour.

Gas storage device

Two AFFRs and three covered lagoons are used @&
storage system. The dimensions of these devicesheen
submitted during validation.

Flare

Flare has a maximum operation capacity of 250°/Nnas
per the technology description by the supplier.astLday
biogas sent to flare wa$'3une 2006.

Is

I
as

Capacity of auxiliary drives

Total capacity of thexiliary drives amount to 116.07
kW:; the same can be referred in the GHG calculatlmet

5

as well as in the document submitted during valloeat

1.5 Project location including geographic and physicalinformation allowing
the unique identification and delineation of the spcific extent of the project:

The proposed project activity is located at Chola@en Co., Ltd., in Banbung district,
Cholburi province. It is approximately 250 km awiagm Bangkok. The project activity
location is depicted in Figure 1 and Figure 2.

Street address: 204 Moo 3 Nongchak, Banbung, Chplkd 70, Thailand.

Geographic coordinates: 187.736’N latitude 107109.108’E longitude

8 Design value
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1.6 Duration of the project activity/crediting period:

Project start date:™7January 2006(the date when emission reduction began). Ththés
date on which retrofitted hot oil boiler become i@ti®nal with the utilisation of biogas.

Crediting period start date® Danuary 2007. Due to insufficiency of monitoregmuipments,
the operational period in the year 2006 will be leetgd from our claim of emission
reduction. This is in line with the principle adrservativeness as per VCS 2007.1.

The duration of the project activity is estimatedlast 15 yeaf8 as per design documents
from technology supplier. After the initial credtg period of ten years, subsequent renewals
of the crediting time may be considered dependimghe status of the project activity and
baseline revision at that time.

According to gas engine lifetime confirmations framdividual technology providers, a
lifetime of 15 years is assumed.

The lifetime of boiler can be assumed as 25 yearddfault value, and the boiler nameplate
shows the boiler manufacturing year as 2004. Itheaassumed that boiler shall function
normally during the first crediting peritd

1.7 Conditions prior to project initiation:

Methane avoidance component:

Prior to project initiation, the wastewater frone ttapioca processing plant was treated in the
cascade of 13 open anaerobic lagoons (with retefitite of around 300 days), thus emitting
methane into the atmosphere. The open lagoonnsystthough has partially been modified
to incorporate the gas storage system (in the fafricovered lagoons), is still in use at the
project activity as secondary treatment after tifleent has gone through the biogas reactor
system.

Electricity generation component:
Fossil fuels based grid electricity by the Provaétlectricity Authority (PEA), was used for
the operation of the starch factory.

Thermal generation component:
Fuel oil was solely used for thermal generatiorhot oil boiler. The same boiler, after
retrofit, is used also for combustion of methane.

1.8 A description of how the project will achieve GHG enission reductions
and/or removal enhancements:

In the absence of the project activity, wastewht®an the starch production plant would have
been treated in open anaerobic lagoons. Afterirtiementation of a closed anaerobic
digester, generated methane is recovered and wsseaoh alternative to fossil fuel and to
generate electricity. From this, GHG emissionsiotidn can be achieved in 3 ways:

. Avoidance of fugitive methane emissions to the siphere;

9 Based on operation log sheet
19 Based on document from BIOTECH
1 http://cdm.unfccc.int/EB/050/eb50_repanl5.pdiol to determine the remaining lifetime of equint.



. Avoidance of carbon dioxide emissions from replagenof fuel oil with biogas in
thermal generation device and;

. Avoidance of carbon dioxide emissions from gricctdeity through displacement of
fossil fuel based electricity from national grid.

1.9 Project technologies, products, services and the gacted level of activity:

Before the implementation of the project, the waster is treated by an open anaerobic
system, consisting of 13 lagodhs This mode of treatment is the prevalent pradiicthis
kind of industry, particularly where there is aatele abundance of land.

Under the project implementation, the effluent fribra starch factory is instead diverted to an
anaerobic digester system with biogas recoveryitfaci

Technology description

This project entails an installation of “AFFR”, Aer@bic Fixed Film Reactor. This is a
biological system and is designed as a high raéerabic reactor, where the loading rate of
wastewater is a function of the quantity of metlgaroc bacteria in the system. The basic
fixed-film digester design consists of a tank,efill with media on which a consortium of
bacteria attach and grow as a slime layer or “bigfi hence the name fixed film digester.
The media is fully submerged and wastewater flowaither be upwards (up flow reactor) or
downwards (down flow reactor). In this projectigity, an up flow reactor is being used. As
the wastewater passes through the media-filledagabe attached and suspended anaerobic
biomass converts both soluble and particulate acgawatter in the wastewater to biogas, a
mixture of mostly methane and carbon dioxide.

Immobilization of the bacteria as a bio film pretemvashout of slower growing cells and
provides biomass retention independent of the hwidraetention time (HRT). Since the

bacteria are not continuously washed along witheffflaent, a substantial microbial biomass
develops within the reactor. Because there areerbacteria for a given reactor volume
relative to conventional suspended-growth desidess time is needed to degrade the
wastewater, allowing operation at short HRTs. ARhgesters are ideally suited for treating
large volumes of dilute, low-strength wastewateesause large numbers of bacteria can
concentrated inside smaller digesters operatinghatter HRTs than would be needed to
achieve the same degree of treatment with conveadtsuspended-growth anaerobic reactors.

The two AFFR based digesters, together, are dasigih volumetric capacity of around
10,000 m. In addition, synthetic high-density polyuretha(t¢DPE) lining have been
installed to cover 3 existing lagoons in order dovert them into a biogas storage system to
ensure the durability of biogas supply as well asdp an emergency wastewater treatment
system in the case of malfunction to the AFFR syste

Anaerobic treatment

The effluent from starch processing plant flowsafially into two Anaerobic Fixed Film

Reactors through an influent distribution systenin these methane reactors, organic
compounds in wastewater are transformed mainly idgas by anaerobic bacteria system.
Under the design COD removal efficiency of raw ¢api wastewater of 80%, the production

12 The description here is based on design docuni¢hedaseline wastewater treatment system. Feremce,
they all have depth of greater than 2 m, thus thithambient temperature being abovE€ 1they can all be
regarded as anaerobic lagoons.



of biogas is estimated at 12,733 Nper day (with methane percentage being at'85% his
represents the expected level of activity.

Biogas handling

The captured biogas will be routed to the boilethva capacity of 3.78 MWma (that has
been modified to equip as a combination bufiethen onto gas engine with an installed
generation capacity at an approximate of 2 MWThe excess biogas (if any) will be sent to
high temperature enclosed flare to destroy metigaseas it is produced. It should be noted
that the flaring system will only be used in theeaf emergency; in fact over the past 2 years
from the date of writing this VCS PD, an encloskdef system has never been in used.

Secondary treatment and final wastewater

The effluent will continue to flow from the closethaerobic treatment section to the open
lagoon system. After the whole treatment procé®sCOD concentration of the wastewater
will be very low and thus the wastewater is agadeycled to the factory for further
utilisation'®. It must be mentioned that there is no wastewdissharge outside the factory at
all. The method of final discharge remains the esd@fore and after the project activity. A
relatively small amount of sludge will be removeétéquently and will be treated aerobically
by land applicatioH.

1.10 Compliance with relevant local laws and regulationselated to the project:

The proposed project activity is in compliance véathlocal laws and regulations from the
local government section and the Ministry of IndysThailand as following.

Laws and regulations Control on Demonstration of he
compliance

Regulation on the limitation of Limit on COD of 120 | This project did not

discharge wastewater mg/L of wastewater discharge wastewater to

from starch factory that outside of the factory, instead
can be discharged out| the wastewater is used in th
of the factory®® plantation area

D

A valid operation permit ensures the compliancepplicable laws and regulations.

1.11 Identification of risks that may substantially affect the project’'s GHG
emission reductions or removal enhancements:

Major risks that may affect the project’'s GHG enaeseductions are related to the operation
of the biogas reactor system. This could howeeeawnided through staff training and well
outlined operation procedures. Leakage of biogamalfunction of the flare system might
also effect the operation of the project; thus oéaty its emission reduction potential. In this

13 Average methane content of biogas has a broae @ing5-80%; a lower value of 55% is chosen for the

calculation to be conservativiettp://www.oregon.gov/ENERGY/RENEWY/Biomass/biogasrsht

4 A combination burner is installed to allow combaistof both biogas and fuel oil at the same time.

15 Actual generation capacity is at 1,952 kW (2 x 50862),

16 Either for washing cassava roots or use for itibgapurpose of internal farmlands.

" The sludge will be used for fertiliser purpose.

18 Notification by the Ministry of Industry, No. 2, B. 2539 (1996) issued under the Factory Act B.E.5253
(1992); Re: Standard of Discharging Effluent frontteaies. Note that an exception has been mad&atohs
plants that 5-day BOD is not to exceed 60 mg/l andd@©not to exceed 120 mg/L. As well, the maximum
permissible COD content of wastewater discharg®@smg/| for all types of industry.




project, produced biogas is expected to be wdikat in both hot oil boiler and gas engine
so the problem of leakage is estimated to be netgig It should also be noted that the
project activity has been well operated since mgplementation and there are no clear
identified risks that could affect the removal emt@ments of the project.

1.12 Demonstration to confirm that the project was not mplemented to create
GHG emissions primarily for the purpose of its subsquent removal or
destruction:

The baseline scenario described in this VCS PDistmg of open lagoons, fuel oil fired in
boiler and consumption of grid electricity has beenused for many years prior to the
implementation of this project activity. This demstrates that GHG emissions from the
previous system would anyway have been emittechéoatmosphere and thus acts as a
confirmation that they were not created for theppge of its subsequent removal or

destruction.

1.13 Demonstration that the project has not created andter form of
environmental credit (for example renewable energgertificates):

The project has not applied and has no plan toyaggpbny other form of environmental
credit. A letter from project proponents was pdad to certify such statement.

1.14 Project rejected under other GHG programs (if applicable):

Not applicable., the project has not applied to etfier GHG programs.

1.15 Project proponents roles and responsibilities, inciding contact information
of the project proponent, other project participants:

The project participants are listed in the followiables:

Role

Project owner (responsible for implementatod operation of th

project activity)

15%

Organization:

Chol Charoen Co., Ltd.

Address: 1004/200 Rama 3 Road, Bangpongpang, Yanridg20
City: Bangkok

Country: Thailand

Telephone: +66 2 294 5315-6, 2945646

FAX: +66 2 294 3215

Represented by: Ung Mengchua

Title: Mr.

Salutation: President

Role Carbon consultant (responsible for developroépmission

reductions through the Voluntary Carbon Standard)

Organization:

South Pole Carbon Asset Managemeht Lt

Street/P.O.Box:

Technoparkstrasse 1
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City: Zurich

Postfix/ZIP: 8005

Country: Switzerland

E-Mail: i.puhl@southpolecarbon.com
URL: www.southpolecarbon.com
Represented by: Ingo Puhl

Title: Managing Partner
Salutation: Mr.

Mobile: + 66 86 778 2869

Direct tel: + 66 2 678 8979

1.16 Any information relevant for the eligibility of the project and quantification
of emission reductions or removal enhancements, iluding legislative, technical,
economic, sectoral, social, environmental, geograjah site-specific and temporal
information.):

The project and the associated quantification ofssimn reductions are eligible from a
number of perspectives as follow:

Legislative:

The project meets all the statutory requiremeidgidence of permits for the implementation
of the project such as operation permit, propeeld] among others, is provided to the DOE
for the validation process.

Technical:

The advanced biogas reactor system, AFFR, is imgiéed for reusing biogas as fuel for
heat and electricity generation. As compared te Haseline scenario, the installed
wastewater treatment system consists of a highigiait process for wastewater treatment
based on well-researched technology from two vespectable institutions in Thailand

(Biotech and KMUTT University), which brings abatlie promotion of new technology in

Thailand with replication options.

The anaerobic digester requires special trainingkifed staff to operate and maintain the
plant, creating employment and leading to knowlettgasfer to the Eastern region of the
country. The use of this technology in wastewateatment by the project owner will

popularize the technological knowhow in the neasibyas and in plants looking for similar
technologies in the country. Also, this locallyoguced equipment (as well as other
associated technologies) may be put to use in ptmés of Thailand for similar purposes.

Economic:

New jobs will be created during the constructiord aperation phases of biogas reactor
system. As well, regional economic developmentfoater through contracts to local firms.
In addition, not only that partial reimbursement the vast investment cost can be made
through utilisation of captured biogas, the addgiorevenue from the sale of VERs can also
make the project financially feasible.

Sectoral:

The use of CDM approved methodology will be appliedier the framework of VCS; this is
a good example of an effective waste to energyeptoyhich in turn improve the long-term
sustainability of the Thai starch industry

Social:

11



The project activity provides direct and indireatdoyment to the local community during
construction of the project activity, as well asridg operation. During construction,
employment was offered for a lot of local unskilletbours contributing to social well being
and economic well being. The involvement of loeaiployees in the project activity will
help to enhance the skill of the labours in théaedpy training them in different technical
areas. In addition, the close collaboration betwedernal experts and local counterparts is
expected to promote long-term sustainable partipgshenefiting the local stakeholders.

The substitution of fuel oil with biogas from theoject activity will result in increased
availability of these fuels in thimcal market. The noise, arising from pumps arwvers
operating in the biogas plant, is insignificanthefe are no other occupational health issues
identified. The safety aspects of operating tlogés plant will be sufficiently addressed.

Environment:

Due to higher efficiency and improved process ainthe quality of treated wastewater is
expected to improve substantially with the impletagon of the project activity. In fact, the
biogas reactor system allows the starch factoryettycle the treated effluent in a starch
production process; this constitutes sustainabilitywater supply while ensuring that
groundwater shortage should not be a problem foal loommunity. It must be mentioned
that the project activity has zero discharge torther or other natural sources such as soils
and groundwater. Note that wastewater overflowhtigappen during the rainy season if the
precipitation rate is higher than the outflow rafethe final pond for a sustained period of
time. As can be seen from Figure 2, under Sectibntthe starch plant and the pond systems
are surrounded by agricultural land. Wastewaterftow can lead to a variety of problems
that have significant environmental impacts. Exaagrients in the wastewater will stimulate
excessive plant growth which can disrupt normalcfiaming of the ecosystem, known as
Eutrophication. Such problem could lead to socaitflicts within the community. While
wastewater can overflow from any ponds in the oldesiobic lagoon, the overflow can only
happen from the post-treatment ponds in the clase@robic system. Since the average water
quality at the outlet of the project activity isttee than that in the anaerobic lagoon ponds, the
environmental impacts from overflow of wastewatélt e significantly reduced. Overall,
the project will have positive impacts on the loealvironment by improving air quality
through reduction in odour and cleaner emissioRisis can in turn improve the standard of
living of the local population. The capacity ofshechnological process to replace fuel oil
and generate electricity can also be regardedpageatial for reducing dependency on fossil
fuels and for promoting diversification of energysources. Ensuring energy security in this
way can be seen as a contribution to sustainalel@ament, particularly during this era of
growing fuel prices.

Geographic/site specific:

The project can be uniquely identified with no s regarding logistic. In addition, it is not
located in sensitive area such as protected araehere there is any fragile or vulnerable
habitats close by. Thus, there are no issues piiegethe eligibility of the project in this
regard.

Temporal information:

The project will not double count the GHG emissidosing the ten years renewable of the
crediting period.

There is no information relevant for its eligibjlitvhich is not already described in this VCS
PD.

1.17 List of commercially sensitive information (if applicable):

12



Not applicable - no commercially sensitive inforionat has been excluded, and all
information shall be shared during validation af ¥CS PD.

There are no trade secrets, financial, commers@éntific, technical or other information
whose disclosure could reasonably be expectedstdtrim a material financial loss or gain,
prejudice the outcome of contractual or other nagons or otherwise damage or enrich the
person or entity to which the information relates.

2 VCS Methodology:

2.1 Title and reference of the VCS methodology applietb the project activity
and explanation of methodology choices:

The approved CDM methodologies are applied to firgject activity. According to
Appendix B of theSimplified Modalities and Procedures for Small-8c&lDM Project
Activities the Project type and category are defined asvisli

Methane avoidance component:

Type lII: Other project activities

Category Ill.H: Methane Recovery in Wastewateralment
Sectoral Scope 13: Waste handling and disposal

Version: 13

Electricity generation component:

Type [ Renewable energy projects

Category 1.D: Grid connected renewable eledyrigeneration
Sectoral Scope 1: Energy industries (renewalole-fenewable sources)
Version: 14

Fuel replacement component:

Type I Renewable energy projects

Category I.C: Thermal energy production withwathout electricity
Sectoral Scope 1: Energy industries (renewalole-fenewable sources)
Version: 15

2.2 Justification of the choice of the methodology and/hy it is applicable to the
project activity:

Appendix B of the simplified modalities and progedufor small-scale CDM project
activities provides indicative simplified baseline and monitg methodologies for selected
small-scale CDM project activity. As per this downt, the proposed VCS project falls
under AMS IlIl.H., AMS I.C., and AMS |.D.

Applicability of AMS 111.H.
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Applicability Criteria

Project Status

The project activity is in line with the approveetinodology AMS III.H., version 13; specific
features of project and applicability of the metblogy are discussed below:

This methodology comprises measures tHatabsence of the project activity the
recover biogas from biogenic organic mattewvastewater was being treated in open
in wastewaters by means of one, or| lagoons. These open lagoons have
combination, of the following options: depth greater than 2 meters, without
(i)  Substitution of aerobic wastewatef€ration, and the ambient temperature
or sludge treatment systems with anaergt® @ monthly average basis being
systems with biogas recovery ap@reater than 18. In addition, the
combustion: design wastewater generation ratg is
(i)  Introduction of anaerobic sludge2400 nl day and the COD
treatment system with biogas recovery arg@ncentration of the wastewater is| at
combustion to an existing wastewaet3:000 mgiL, i.e. 23 kg/in . With
treatment plant without sludge treatment; | the minimum interval between two
(iiiy  Introduction of biogas recovery arjdconsecutives sludge removal during
combustion to an existing sludge treatmgHté baseline scenario also being
system; greater than 30 days, the baseline
(iv)  Introduction of biogas recovery arjd®Pen lagoons satisfied the anaerobic
combustion to an existing anaeropi€onditions specified under AMS
wastewater treatment system such | #&H. (version 13). With the projegt
anaerobic reactor, lagoon, septic tank or pActivity involving the installation of
on site industrial plant; AFFRs (Anaerobic Fixed Film
(v)  Introduction of anaerobi¢ Reactors) to treat high COp
wastewater treatment with biogas recoveMyastewater generated and methane
and combustion, with or without anaerohiéecovery, it also satisfies the
sludge treatment, to an untreated wastewat@Pplicability criterion (vi).

stream;

(vi) Introduction of a sequential stage

of wastewater treatment with biogas

recovery and combustion, with or without

sludge treatment, to an existing anaerobic

wastewater treatment system without biogas

recovery (e.g. introduction of treatment in

an anaerobic reactor with biogas recovery

as a sequential treatment step for the

wastewater that is presently being treated in

an anaerobic lagoon without methane

recovery)

The recovered biogas from the abgvEhe project activity also involves the
measures may also be utilised for thicility to capture biogas and further
following applications instead ofto utilise for heat and power
combustion/flaring: generation. Hence, the project
(@ Thermal or €lectrical energy | activity satisfies the criterion (a).
generation directly; or

(b) Thermal or electrical energy

generation after bottling of upgraded bioga
or

(c) Thermal or electrical energ

generation after upgrading and distribution:

® Upgrading and injection of bioga
into a natural gas distribution grid with n

1S;

<<

[@2N7))

significant transmission constraints; or
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(i) Upgrading and transportation g
biogas via a dedicated piped network tg
group of end users; or

(d) Hydrogen production.
If the recovered biogas is used for projedthe recovered biogas will be used for
activities covered under paragrap® (a), | heat and power generation |as

mentioned above and that compongnt
of the project activity will use th
category under type 1 methodolog

l.e., AMS I.C and AMS |.D

drhis is neither a Greenfield project
ohor does it result in a capacity
aiddition of the wastewater or sludge
leneatment system compared to the
tliesigned capacity of the baseline

that component of the project activity can
use a corresponding category under typel.

a)

C

1Yy,

New facilities (Greenfield projects) an
project activities involving a change

equipment resulting in a capacity addition
the wastewater or sludge treatment sys
compared to the designed capacity of

baseline treatment system are only eligible teeatment system, thus this
apply this methodology if they comply witapplicability criterion is of ng
the requirements in the General Guidanaelevance.

for SSC methodologies concerning these

topics.
The location of the wastewater treatmg
plant shall be uniquely defined as well as
source generating the wastewater
described in the PDD.

ct
n
e
ris
nd

is

efithe unique location of the proje
treectivity is clearly defined in sectio
ntl5 of this VCS PD. Similarly, th
source of the generating wastewate
well described in section 1.4, 1.9 &
2.3 in this VCS PD. Hence, th
applicability criterion being satisfied
iAnnual emission reductions from
type Il components of the proje
activity will be less than the defined
atap (60 kt C@e). Hence, the project
activity satisfies this applicability
criterion as well.

d

-

all
Ct

Measures are limited to those that result
aggregate emission reductions lebs than
or equal to 60 kt CO, equivalent annually
from all type Ill components of the proje
activity.

[«

Applicability conditions under AMS I.D.

The project activity is in line with the approvecetinodology AMS 1.D., version 14; specific
features of project and applicability of the metblogdy are discussed below:

Applicability Criteria Project Status

This category comprisesenewable energy | The project activity will use biogas as
generation units, such as photovoltaicsfuel to generate electricity. This |n
hydro, tidal/wave, wind, geothermal andurn displaces fossil-fuel based grid
renewable biomasshat supply electricity to | electricity by PEA. Therefore, the
and/or displace dectricity from an | project activity satisfies  this
electricity distribution system that is or | applicability condition.

would have been supplied by at least one

fossil fud fired generating unit.

If the unit added has both renewable gnthe generation sets used in the project
non-renewable  components  (e.g. | activity are used only for the
wind/diesel unit),the eligibility limit of 15| combustion of biogas. The renewable
MW for a small-scale CDM project activity | component has a total generation
applies only to the renewable component. If | capacity of an approximate 2 MW
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the unit added co-fires fossil fuel, t
capacity of the entire unit shall not exce
the limit of 15 MW

Combined heat and power (co-generati
systems are not eligible under this categor
In the case of project activities that invol
the addition of renewable energy generat
units at an existing renewable pow
generation facility, the added capacity of the
units added by the project should be Ioj/er
than 15 MW and should be physically
distinct from the existing units.

Project activities that seek to retrofit ¢
modify an existing facility for renewab
energy generation are included in th
category. To qualify as a small-scale proje
the total output of the modified or retrofitte
unit shall not exceed the limit of 15 MW.

hélence, the project activity satisfigs

etthe applicability condition.

ot applicable
V.
vélot applicable
on
er

biNot applicable
e

is

ct,

2

Applicability conditions under AMS I.C.

The project activity is in line with the approvedatinodology AMS I.C., version 15; specific
features of project and applicability of the metblogyy are discussed below:

Applicability Criteria

Project Status

This category comprisesenewable energy
technologies that supply user with thermal

energy that displaces fossil fuel use. Theseg
units include technologies such as sg
thermal water heaters and dryers, so
cookers, energy derived from renewa
biomass and other technologies that prov
thermal energy that displaces fossil fu
Biomass-based co-generating systems

produce heat and electricity are included
this category.

The project activity also involves th
facility to capture biogas and furth
to utilise for heat generatiol
larherefore the project activity fulfil
athis applicability criterion. In
bkeddition, the project activity does n
idevolve the co-gen facility.

that
in

Biomass-based co-generating systems
produce heat and electricity are included
this category.

tiddt applicable.
in

The total installed/rated thermal capacity
the project equipment is equal tess than

of he hot oil boiler with rated capaci

of 3.78 MWema are part of projec
activity, which is less than 4
MW ihermarthreshold.

y

Hence, the project activity satisfies
this applicability criterion.
For co-fired systems, the total installedhe total installed/rated thermal

thermal energy generation capacity of thenergy generation capacity of t

ne

project equipment, when using both fosgkoject equipment is equal to 3.Y8
and renewable fuel shalhot exceed 45 | MWermas Which is less than 4b
MWthermaj. MWtherma|threSh0|d.

Hence, the project activity satisfies

this applicability criterion.

The following capacity limits apply fg

rNot applicable
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biomass cogeneration units:

a) If the project activity includes emissic
reductions from both the thermal ali
electrical energy components, the tg
installed energy generation capac
(thermal and electrical) of the proje
equipment shall not exceed 45 M
thermal. For the purpose of calculatir
this capacity limit the conversion fact
of 1:3 shall be used for convertir

electrical energy to thermal energy (i.e

for renewable project activities, th
maximal limit of 15 MW(e) is equivale
to 45MW thermal output of th
equipment or the plant);
If the emission reductions of tf
cogeneration project activity are sole
on account of thermal energy producti
(i.e., no emission reductions accrue fr(
electricity component), the total install¢
thermal energy production capacity
the  project equipment of th
cogeneration unit shall not exces
45 MW thermal,
If the emission reductions of tf
cogeneration project activity are sole
on account of electrical energ
production (i.e., no emission reductio
accrue from thermal energy componert
the total installed electrical enerd
generation capacity of the proje
equipment of the cogeneration unit sh
not exceed 15 MW.

b)

N
nd
tal
ty
Ct
W

g9
Dr

g

C.y

e
nt
e

e
ly
on
DM
2d
of
e
d

ne
ly
y
ns
nt),
Y
ct

all

In case electricity and/or steam/he
produced by the project activity is deliver
to another facility or facilities within thg

project boundary, a contract between thprocess of Chol Charoen starch pla

supplier and consumer(s) of the energy
have to be entered into specifying that o

the facility generating the energy can claimmwner, this applicability criterion i

emission reductions from the ener

displaced.

-
"

abMS 1.C. component of this proje
edctivity is only applicable to the fug
0 0il displacement in the starch dryir

el

v

"9

vilince the project activity and th
ngtarch plant belong to the san

e
ne

"2

g&lready satisfied.

Project activities that seek retrofit or modify
an existing facility for renewable energy
generation areincluded in this category.

Under the project activity, the burn
is retrofitted with combination fue
burner such that the boiler can be
fired using both fuel oil and th
biogas collected from the reactors.

er
I
CO-
e

The capacity limits specified in the abg
paragraphs apply to both new facilities a
retrofit projects.

VEotal rated thermal generatic
ndapacity is less than 45 MMWna
thresholds. Hence, the proje
activity being in compliance with thi
applicability criterion.

Charcoal based biomass energy generat

idiot applicable.
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project activities are eligible to apply the
methodology only if the charcoal is produded
from renewable biomass sources.

2.3 Identifying GHG sources, sinks and reservoirs forle baseline scenario and
for the project:

As per the AMS III.LH., AMS I.C. and AMS 1.D., therggect boundary shall respectively
include the following:

“The project boundary is the physical, geographisék where the wastewater and sludge
treatment takes place in baseline and project situa It covers all facilities affected by the
project activity including sites where the procagsitransportation and application or
disposal of waste products as well as biogas tpkese”.

“The physical, geographical site of the renewabhergy generation source delineates the
project boundary”.

“The physical, geographical site of the project gment producing the renewable energy
delineates the project boundary. The boundary aldends to the industrial, commercial or
residential facility, or facilities, consuming eggrgenerated by the system and the processes
or equipment that is affected by the project ativi

There are no physical unit or process that remavesiG from the atmosphere (sink) nor the
physical unit or component of the biosphere, geespbr hydrosphere with the capability to
store or accumulate a GHG removed from the atmaeghea greenhouse has sink or a GHG
captured from a greenhouse gas source (resere@@r)ant in the project boundary. However,
following the methodology: AMS IIl.H., AMS I.C., @hAMS I.D., the associated GHG
sources (physical units or processes that rele&@id@ into the atmosphere) for the baseline
and project activity scenarios are presented ineTaktbelow:

Table 3: Sources of GHGs emission under baseline édproject scenarios

Source Gas | Included | Justification
Emission from| CH, | Included Emission from decomposition of orgahic
the existing matter in anaerobic conditions.
wastewater CO, | Excluded CQ@ emissions from the decomposition |of
treatment organic matter are not accounted for because
system, i.e. biogenic in nature.
open lagoon N,O | Excluded Excluded for simplification.
o | System
£ Electricity CO, | Included Fossil fuel based grid electricity is somed
& | consumption for the operation of the wastewater treatment
o system in the baseline scenario.
CH,; | Excluded Excluded for simplification. This |is
conservative
N,O | Excluded Excluded for simplification. This |is
conservative
Thermal energy| CO, | Included Emission from fuel oil consumption in the
Generation baseline scenario.
CH; | Excluded Excluded for simplification. This |is
conservative
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N.O

Excluded

Excluded for simplification. This
conservative

Wastewater
treatment
system

CH,

Included

The emissions from the wastewater treatr
under the project activity are from:

is

ne

- Decomposition of the organic matter in the

open lagoons
- Physical leakage from the bio-digester
- Incomplete flaring

CO;

Excluded

CQ@ emissions from the decomposition
organic matter are not accounted for becg
biogenic in nature.

N.O

Excluded

Excluded for simplification. This
conservative.

On-site
electricity use

Project activity

CG;

Included

On-site electricity consumed by proj
activity which is not generated from biog
will be accounted for.

CH,

Excluded

Excluded for simplification. This emigsi
source is assumed to be very small.

N20

Excluded

Excluded for simplification. This esitn
source is assumed to be very small.

On-site fossil
fuel
consumption

CG;

Included

Emission from fuel oil consumption in {
project scenario.

CH,

Excluded

Excluded for simplification.

N.O

Excluded

Excluded for simplification.

of
Juse

is

ect
as

The flow diagram of the development of biogas sysi® shown step-by-step in these figures
below (— - — boundary line).

Starch
factory

I
« == == | (13 open anaerobic |
I

Wastewater treatment

lagoons)

Figure 3: The baseline scenario system
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Figure 5: Project activity boundary (after complete implenagion)

2.4 Description of how the baseline scenario is ideniéd and description of the
identified baseline scenario:

Methane avoidance component:

At the project location, open anaerobic lagoon$euit biogas recovery represent the existing
wastewater treatment system and the biogas restem is being introduced as a sequential
stage with methane recovery to the existing lageygstem (as defined under applicability
conditions for project activity measures under Baph 1 (vi) of the applied methodology,
see Section 2.2 above).
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Therefore, according to AMS.III.H., the baselinersario to the project activity is defined as
follows:

“Introduction of a sequential stage of wastewat@atment with biogas recovery and
combustion, with or without sludge treatment, toearsting anaerobic wastewater treatment
system without biogas recovery (e.g., introductidrireatment in an anaerobic reactor with
biogas recovery as a sequential treatment stegh®rwastewater that is presently being
treated in an anaerobic lagoon without methanevergy’

The baseline scenario consists of 13 open lagednish were used to treat wastewater prior
to project implementation. These lagoons had deptaround 6 m, thus they can all be
considered as anaerobic lagoons according to metbgpd AMS IIl.H. It must also be noted
that the baseline condition of the project as desdris already sufficient in meeting all
relevant regulations and legislation.

Table 4: Characteristics of baseline open lagoons at thietstacility™

No. Area Depth Volume
m* m m°
1 2,100 6.0 12,600
2 15,000 6.0 90,000
3 4,800 6.0 28,800
4 4,800 6.0 28,800
5 4,800 6.0 28,800
6 4,200 6.0 25,200
7 6,900 6.0 41,400
8 5,520 6.0 33,120
9 5,600 6.0 33,600
10 5,600 6.0 33,600
11 5,600 6.0 33,600
12 15,000 6.0 90,000
13 4,953 6.0 29,718
Total 84,873 509,238

Thermal energy generation component:

Thermal energy is necessary in the process oflstdrging. In the absence of project
activity, this process would have been done throutiisation of fuel oil. This is thus in
accordance to paragraph 6 in AMS I.C (Version 1%t renewable energy technology is
being used to displace technology using fossil.fu€bnsequently, the simplified baseline
here would be the fuel consumption of the technekghat would have been used in the
absence of the project activity times and emissimgfficient for the fossil fuel displaced. In
this case, IPCC default value for emission coedfitiof fuel oil will be used. Comparison
between fuel oil consumption and starch productieer the period for the year 2002, 2003,
and 2005 (pre-project) is shown in Table 5 below.

19 Reference documentation, baseline lagoon layoutidgs, has been submitted during the validation.
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Table 5: Comparison of fuel oil consumption and starch pm)imzo

Average fuel oll
Year | Starch production | Fuel oil consumption consumption
(kg) (liter) (liters/kg of starch)
2002 63,776,092 2,169,000 0.0340
2003 70,620,232 2,428,000 0.0344
2005 24,394,730 839,000 0.0344

Please note that 2004 fuel oil consumption databessn misplaced and cannot be found.
However, its absence does not mean that the agcafamur emission reductions calculation
has been compromised. To elaborate on this, HFSuoption record is used to determine
parameter @ sarcn @ default value representing litre of fuel oilnsamption per tonne of
starch production, which we use to calculate emissifrom HFO displacement as per the
deviation 1 described in the PD. The applied valug4.3 litres/tonne was deemed taking an
average from historical record over 3 years (i@2 2003 and 2005). With the values in
these 3 years vary very little from 34.01 — 34.B8$ per tonne of dry starch, and the
difference here being as little as 1-2%, it carctecluded that our estimated default value is
realistic and representative despite the unavditiabf data in 2004.

Electricity generation component

In accordance to Paragraph 7 of the methodology AMS(Version 14), with this project
activity being a wastewater treatment project dnedrecovered methane is used for electricity
generation, the baseline shall be calculated U3arggraph 9 in the methodology:

“For all other systems, the baseline emissionstlaeproduct of electrical energy baseline
EG, expressed in kWh of electricity produced by theexgable generating unit multiplied by
an emission factor.

The Emission Factor can be calculated in a traespand conservative manner as follows:

(a) A combined margin (CM), consisting of the combipatiof operating margin (OM)
and build margin (BM) according to the proceduresspribed in the ‘Tool to calculate the
emission factor for an electricity system’.

OR

(b) The weighted average emissions (in kg,€&Wh) of the current generation mix.
The data of the year in which project generatiooucs must be used. Calculations must be
based on data from an official source (where alvl)aand made publicly available.”

The project activity uses combined margin appraecthe same is made available by official
sourcé' by Department of Alternative Energy Development dfficiency, Ministry of
Energy. The approach is selected since the dalaeatimation is made available by a
national authority.

20 Note that 2004 data is missing
2 hitp://mww2.dede.go.th/cdm/520126_GridEmission2pa7
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2.5 Description of how the emissions of GHG by source ibaseline scenario are
reduced below those that would have occurred in thabsence of the project
activity (assessment and demonstration of additiorniy):

Referring the definition stated in the VCS Progr@unidelines (section 2.2), the ‘additional’
criteria rectified that “project-based GHG emissioeductions and removals must be
additional to what would have happened under anlegsias usual scenario if the project had
not been carried out”. Within this scope, the éssaf additionality has already been
demonstrated in section 1.8 of this VCS PD.

The Attachment A to Appendix B of the simplifieddalities and procedures for small-scale
CDM project activitie&, which is referred to in the applied small-sca@MCmethodologies,

In addition, the VCS project test (as per VCS 20G&&ction 5.8) has been used as additional
guidance to structure the additionality discus$ielow.

In order to ensure that assessment of addition@ityobust, alternative scenarios to the
project activity have been identified for comparatassessment:

Alternatives  Plausible alternatives available to the project participant

Alternative (a) Status-quo: operation of anaeraipen lagoon system without the capture
and utilization of biogas

Alternative (b) To develop new anaerobic wastewdteatment facilities with methane
capture and utilisation (proposed project underntadsa VCS)

Alternative (c) To develop new aerobic wastewatsstment facilities
Alternative (d) Direct discharge to nearby river

STEP 1 Regulatory surplus

Alternatives (a), (b) and (c) are in compliancehwiturrent regulations in Thailand which
allows the use of open lagoon systems as wellrees otastewater treatment technologies that
meet effluent standards for the discharge of tceatastewater into the environment (CGD
120 mg/l and 5-day BOD not exceeding 20 mg/I)There is no other regulatory requirement
for the implementation of a specific wastewateatiment technology (such as whether to
apply anaerobic digester or aerobic treatment Byste tapioca processing plants for effluent
treatment. Thus, it is clear that alternatives (@) and (c) do not face any legal barriers, and
is regulatory surpluses to any enforced legal fraomk. Alternative (d) is, by contrast, in
violation of the effluent discharge standards setthe laws and regulations in Thailand.
Therefore, alternative (d) cannot be considered haseline scenario and is excluded from
further assessment.

STEP 2 Implementation Barriers

Investment Barrier

Thailand is one of the largest producers of tapistzach. The starch extraction process
requires a vast volume of water which in turn pemhilarge amount of wastewater. Open
lagoon treatment system i.e., the status quo systenost widely practiced method to treat

22 http:/lcdm.unfccc.int/Reference/Guidclarif/ssc/n&S€C_guid05.pdf

2 Notification by the Ministry of Industry, No. 2, B. 2539 (1996) issued under the Factory Act B.E.5253
(1992); Re: Standard of Discharging Effluent frontteaies. Note that an exception has been mad&atohs
plants that 5-day BOD is not to exceed 60 mg/l.wad, the maximum permissible COD content of wastewa
discharge is 400 mg/l for all types of industry.
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starch processing wastewafef> This practice is low cost and usually least éosboth
capital, and operation & maintenance ¢b$t Moreover, the open lagoon treatment system
requires no further investment because the prgestonent has already in place treatment
facility. Therefore, alternative (a) does not faoeestment barriers.

Due to high BOD/COD contents of wastewater fromide@ starch plant, no operator is
willing to consider alternative (c) as electricispnsumption of the aerator would be
extremely high. This constitutes high operaticaad maintenance cost through the project’s
lifetime with no expected revenue to topple theady high initial investment cost. As well,
there are other means to meet the effluent staadagllated by the government that are
more financially attractive. Therefore, it is piids to conclude that alternative (c) will also
face investment barriers.

As per Energy Conversation and Renewable Energy Division and Energy Policy and
Planning Division of the Ministry of Environment, Government of Tlaaid “Most of the
tapioca starch plants choose to retain wastewatertheir open lagoons because of
insufficient knowledge / confidence in the techgglohigh investment cost compared to
cheap land price, the resulting operating cost thybout the treatment ifé®. Therefore
penetration of other advanced wastewater treatteehnologies is very low in Thailand and
biogas projects are considered as highly riskyhgyfinanciers. Hence, financing of biogas
project in starch industry appears to be consfraifbue to high risks associated with such
kind of projects even, without subsidies, it is a#nimpossible to produce a bankable
document for the loan propo¥al

To further demonstrate the investment barrier ef pinoject activity, a simple investment
analysis has been applied to the project to dematestne additionality of the project. The
analysis has been made to assess the feasibilibhegdroject with and without including the
monetary benefits of VERs. The applied financiadicator used is the Internal Rate of
Return (IRR). For this project activity, an averdginimum Lending Rate (MLR) of local
commercial banks in Thailand on"™2uly 2002 (investment decision date) at 7.21%5%6
taken to reflect a minimum acceptable rate of retof a standard private investment. It
should be noted that the MLR represents the mosisawative choice of financial
benchmarks for a project IRR comparison among theows provided by the CDM
“Guidance on the assessment of investment anglysision 02, EB41, Annex 45)". Given
the lack of well-established sectoral benchmarkpléed by relevant national authorities, the
MLR prior to the investment decision date is chosena very conservative indicator
additionality assessment.

24 Rajbhandari, B.K., Annachhatre, A.P. 2004, Anaergitiods treatment of starch wastewater: case study i
Thailand. Bioresource Technology 95 (2004) 135-143.

% The Promotion of Biogas from Wastewater as An Alative Energy and for Environmental Improvement,
published by the Energy Conservation and RenewaldegirDivision and Energy Policy and Planning Office
(EPPO), 2007.

26 Cinara, 2004 “Waste stabilization ponds for wastew&reatment, International Water and Sanitationt@é
http://www.irc.nl/page/8237

27 Mara, D., 2003, Waste  Stabilization Ponds: Time  forAggressive Marketing
http://www.bvsde.paho.org/bvsacd/agua2003/mar.pdf

2 The Promotion of Biogas from Wastewater as An Akgiire Energy and for Environmental Improvement,
published by the Energy Conservation and RenewaldegirDivision and Energy Policy and Planning Office
(EPPO), 2007 Page no. 47.

2% Renewable Energy in Asia: The Thailand Report. Aergew of the energy systems, renewable energpogti
initiatives, actors and opportunities in ThailaB@05. Australian Business Council for Sustainablergind?age
No. 5.

%0 prasertsan, S. B. Sajjakulnukit (2006). Biomass hiogas energy in Thailand: Potential, opportunind a
barriers. Renewable Energy 31:599-610.

Sthttp://www.bot.or.th/English/Statistics/FinancialMats/Interestrate/_layouts/application/interese/thl_Rate.a
spx
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Applying such a benchmark approach to the IRR a@iglgneans that in the case that the
estimated IRR is lower than the MLR benchmark, phgject is financially additional and
thus acts as a demonstration that the project fagestment barriers.

Investment analysis was undertaken using the tiatarsin Table 6.

Table 6: The basic financial parameters of the project

Based on actual
Total Investment (THB) 87,429,812 payment
Non-labour operating and maintenan 4371 491 Assume at 5% of total
costs (THB/year) T investment cost
Manpower cost (THB/year) 1,896,000 Actual cost
q Calculated - based on
Annual Biogas generated (Nm3/yr) 4,007,788 COD removal
Annual electricity generated (MWh/yr 3,812 Esajgg on planned biogas
Price of electricity sold (THB/kWh) 2.1 it
Fossil fuel replaced Fuel oil Baseline scenario
Amount of fossil fuel replaced 1.054.686 Based on planned biogas
(liter/year) e usage
Weighted average oil
n : " price based on invoice
Price of fossil fuel (THB/liter) 6.89 and ex-refinery price for
2.5 years
" ] Based on document from
Operation period (years) 15 technology supplier
Discount rate 7.21% MLR (Bank of Thailand)

In consideration of discussions carried out duxialidation process, following explanation is
provided on the assumption of fuel oil price in #B. Ideally fuel price indicator shall be
based on a three year average price to take ictmuat the price volatility of the fuel ail. In
the case of the project activity, fuel oil priceh@lesale market price) is available only for a
period of 1.5 years before investment as per agtvalces (from January 2001 to July 2002).
These prices are compared with the publicly avilas-refinery pric® for the same period
and the correlation is used to backpolate the velatdeprice. Since ex-refinery prices in
Thailand are publicly available for the period stay only from January 2000, the average
wholesale price to be applied in the IRR analyais anly be backpolated for a period of 2.5
years prior to the investment decision. The priggagion over the 2.5 year period in the ex-
refinery price is depicted in the graph below iderto show the oil price fluctuation over
time .

32 The cost of project activity based on actual payrigjustifiable as per industrial standards inoimation
available on similar projects. Please note thatpamon of proposal cost and actual cost of twatlsBwole’'s
projects (i.e. or Bangna Starch Wastewater TreatamahiBiogas Utilization Project and Chorchaiwat \Westter
Treatment and Biogas Utilisation project) have bagmmitted to the DOE. It is observed that variatioamount
is maximum up to +3.17%; this range is covered &y in the sensitivity analysis.

33 http://www.eppo.go.th/info/price/P05.xls
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The effect of uncertainty due to variations in fiel oil price is analysed via sensitivity
analysis. In order to estimate likely fluctuatiafghe fuel oil price over time, the variation of
the annual average historic oil prices againstatlerage oil price over a larger period of time
is analysed based on publicly available ex-refimmiges. The basic assumption for same is
that ex-refinery price would have a direct corielatwith market wholesale price. The
development of the wholesale price in the peria@infr2000 to Jun 2002, indicates that a
variation of +/-10% in oil prices is quite apprayg for the sensitivity analysis as the annual
average price fluctuates with maxima of +4% ande-aound the average price of 2.5 years.
For more information, please refer to the IRR claton sheet.

Table 7: Financial indicator showing the feasibility of theoject with and without VER

revenues

Develop project activity without VER IRR (%) 4.65%
revenues

Develop project activity with VER IRR (%) 9.65%
revenues

In the case whereby the benefits of VERs have meenltaken into account, the project
activity is deemed unattractive from a financiatgpective. This can be seen in Table 7,
where IRR is estimated at 4.65%. With the applielicator being unfavorable relative to the
benchmark level, it can be concluded that the ptofaces capital or investment return
constraints. In other words, the IRR indicator rdemonstrated that there are other
alternatives which are deemed more attractive §tagus quo system).

Sensitivity analysis

Purpose of sensitivity analysis is to show whettier conclusion regarding the financial
attractiveness is robust to reasonable variatiortke critical assumptions. The project IRR
could vary significantly when certain parametess elianged. The parameters most likely to
vary are: the initial investment, the price of élety, the price of fossil fuel, the operating
and management costs and level of biogas generdtlmse parameters are thus increased
and decreased by 10%. From this, it can be coaditliat the IRR always remains below the
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benchmark when varying these parameters, disalking any investment in this project
without VER revenues.

Table 8: Sensitivity analysis of important parameters

Sensitivity AnalysiqIRR after IRR after IRR after change ifiRR after change iiRR after change in
IRR mentioned change|mentioned change|biogas volume  |power seling price |investment
-10% 3.27% 5.78% 1.96% 3.27% 6.99%
-5% 3.97% 5.22% 3.33% 3.97% 5.78%
0% 4.659 4.65% 4.65% 4.65% 4.65%
5%) 5.329 4.08% 5.93% 5.32% 3.60%
10%) 5.989 3.49% 7.16% 5.98% 2.60%

Technological Barriers

Lack of skilled and trained manpower

Alternative (a) have been used extensively andorsngonly regarded as a cost effective
solution for wastewater treatment in tapioca stgnaduction plants in Thailand. There are
few risks associated with this option because désdwot involve any advanced technology and
is easy to operate and maintain and need no skiledr’. In addition, the related
technology and the necessary human resource capaeiconsidered to be readily available
in Thailand. From this, it can be concluded th#ieraative (a) does not face any
technological barrier.

The operational and maintenance requirements efaltive (b) include possessing the means
to maintain pond circulation (once they coveredjntaining biochemical equilibrium within
the digesters and a detailed monitoring (includaguipment and material maintenance)
program to maintain system performance levels.h\Wflitch requirements, there is a need for
skilled and experienced operators; the availabilftguch personnel locally is limited as such
biogas systems are still relatively rare in the iTtapioca starch production industty
Therefore, lack of skilled and qualified persongma significant barrier to the success of the
project. Additional investment in training of tloperators and other personnel has to be
borne by the project proponent, particularly in tihéial phase of the project. Expert
intervention from time to time is also requiredtibin-house expertise in the process is
developed. Lack of skilled and trained manpowey fead to more mechanical breakdowns,
decreased process efficiency and inferior biogadityuand quantity, leading to additional
financial burden on the project proponent.

Alternative (c) is a well established conventiopahctice for treatment of domestic and
industrial wastewater. However, there is no exgme of this type of technology being
applied to tapioca starch factories in Thailandl due to commercial reason, no operators are
taking this option into their investment considiemat Acknowledging the lack of interest in
this technology, technological barriers are deennedevant. Alternative (d) has already
been excluded.

Risk of technology failure

3 Mara, D., 2003, Waste Stabilization Ponds: Time féxggressive Marketing Page no 1

http://www.bvsde.paho.org/bvsacd/agua2003/mar.pdf

B, Prasertsan, B. Sajjakulnukit, 2005, Biomass angdsi energy in Thailand: Potential, opportunity and
barriershttp://www.energy-based.nrct.go.th/Article/Ts-
3%20biomass%20and%20biogas%20energy%20in%?20théé2Mplotential,%200pportunity%20and%20barriers.
pdf.
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Alternative (b) is seen as a high risk with limitpdrformance guarantee. The process
depends on the equilibrium among the various miafadpecies activity. Therefore, such
biological systems require constant monitoring ieuge that the system remains in balance.
There are multiple variables that affect the penfmmce of the system, such as incoming
organic load, temperature, pH/alkalinity and retantime. Changes in these variables can
affect the equilibrium among the microbial specidsch in turn can affect the quantity and
guality of the biogas necessary for energy produactiProblems with biogas plants are often
difficult to diagnose, often requiring high levaiderstanding of the biological system. It can
take significant time to readjust the balance artdesve expected biogas yields. Because of
the technical risks associated with alternative tfig) low risk open ponds option is prevailing
practice for treatment of wastewater at tapiocachktgplants in Thailand and that most
manufacturers prefer to retain wastewater fromoistarch plant in open ponds. This is
verified by a report from 2007 by the Energy Comagon and Renewable Energy Division
and Energy Policy and Planning Office of Thailfr&PPO report).

In fact, Chol Charoen Co., Ltd. is one of the fgsarch factories in Thailand in which the
AFFR system is being implemented. Being a pilomdestration project of a newly

introduced biogas system, there is an inherentthiskthe project may see operational failure
and from this, it is justifiable to conclude thaitge technological barriers exist for alternative

(0).

Similarly, alternative (c) is also not a common ioptin Thailand. As well, similar
technology risks are applicable to the aerobicesystdue to common nature of microbial
functioning.

Institutional Barriers

Although there are some slight discomforts to lam@hmunity associated with odour from
the previous anaerobic open lagoon based systdern@ive (a)), it is considered as the
standard operating practice in the Thai tapiocecstandustry. The existing system entails
operation of closed water cycle systems with nehdisge of final effluents to the aquatic
environment, thus there is no regulatory requirenfen facilities to alter their current
practice. With the open lagoon system already abi@eet the desirable quality of treated
wastewater, owners are generally reluctant to $mtitca closed anaerobic system for biogas
recovery. In addition, alternative (b) and (@daertain social barriers in the sense that there
is a low understanding of the technologies invojvaad in particular the safety issues that
surround the collection and storage of biogas egleto alternative (b). This reluctance can
be interpreted as an ability of the local laborcéorat the time of investment to absorb new
technologies. This although is a minor barriers ileemed reasonable considering the local
situation.

While discussions on these technologies are begpmiore noticeable within the industry,
the technical understanding on the involved prazegbiological, chemical and physical)
remains poor, thus uptake on these technologieairestow. With increased availability of
operational experience, this barrier is likely axbme less relevant over time.

STEP 3:Common Practice
According to the GHG Protocol for Project Accougtincommon practice refers to the

predominant technologies or practices in a givemkeia as determined by the degree to
which those technologies or practices have pemetrtte market. In demonstrating the

36 Seminar Document: The Promotion of Biogas fronsiéaater as An Alternative Energy and for
Environmental Improvement, published by the EndZgyservation and Renewable Energy Division and Energy
Policy and Planning Office (EPPO), 2007
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market penetration rate of this project activity“similar” projects’, some background into
the starch production industry in Thailand must digen. At the time of writing
(04/02/2009), there is an average &f Biillion of rais® of tapioca cultivation areas in
Thailand, amount to 85 native starch factdfiemost of which located in the eastern (33%)
and north-eastern (46%) regions. Most of the westier management systems in these
factories are based on open anaerobic laghowhich require little investment, have low
operation and maintenance costs and fulfil theonatiregulations for wastewater discharge.
Out of 85 starch factories, 27 have installed amtsierdigesters. Based on this calculated
market penetration rate of 31.8% alone, a conatusiatement cannot be made as to whether
the project activity is a common practice as per @BHG Protocol for Project Accounting.
The protocol itself is unclear and leaves much rdoninterpretation with such statement as:
“the level of penetration that represents commaactixe may differ between sectors and
geographic areas and may depend on the diversitffierent baseline candidates within a
geographic area”. Nevertheless, it is possibldetmonstrate that compared with projects that
have received no carbon finances; the project stallbe a common practice in the Thai
starch industry. It must be stressed that, acogrth VCS 2007.1, this criterion alone is
sufficient for proving that the project satisfibg ttcommon practice condition.

Referring to the condition that ‘project type shadit be common practice in sector/region,
compared with projects that have received no carbwanue’, it can be demonstrated here
that all the 27 closed anaerobic system projectstioreed have all submitted an application
to acquire environmental credit (either in the foomMCER or VER) in order to assist the

financial burden from the investment of this costt of technologies. Therefore, it is clear
that the project activity is not a common practicéler this definition.

To elaborate on this, out of these 27 projectseam data on G4February, 2009), 8
projects have received the letter of approval friwe Thai DNA and are either registered
(Table 9), under registration (Table 10), undereev{Table 11), or under validation (Table
12) within the CDM program framework. Another ®jacts have recently made request to
receive the letter of approval from the Thai DNAdaare initiating the CDM application
process (Table 13). Moreover, one project has iselctedits in the voluntary carbon market
and another nine are currently undergoing valigatmd initial verification under VER
standard§ (Table 14). These projects intended to registeten CDM; however, due to
delays in the establishment of the Thai DNA andstliesequent standstill of the DNA's work
during the political turmoil surrounding the miliyacoup and the interim government from
2006-2007, these projects could not apply for CDMI @pted for the voluntary carbon
market. Thus none of the 27 installed biogas ptsjare being implemented without taking
additional revenues from carbon credits into actourhis reinforces the credibility in our
statement that the project is not a common praesgeer VCS 2007.1 requirement.

Table 9: Registered project by the CDM Executive Board
No. | Project Title Project Developer

1 | Korat Waste to Energy (KWTE#) égﬁ;ar\xaljts to Energ

87 According to the tool for the demonstration anseasment of additionally, projects are considesiilar” in
the case where they are located in the “same ogtegion”, are of “similar scale”, and “take plaicea
comparable environment with respect to regulataynework, investment climate, access to technolaggess to
financing, etc”.

38 http://www.thaitapiocastarch.org/crop.asp

%9 A rai is a unit of area, which is equal to 1,600&@ meters (40 m x 40m), used for measuring |ael # is
commonly used in Thailand.

40 http://www.thaitapiocastarch.org/article05.asp

41 http://www.thaitapiocastarch.org/article01.asp

42 See http://www.tgo.or.th/english/index.php?optioom_content&task=view&id=17&Itemid=28;

43 South Pole Carbon Asset Management Ltd.

*4 http://cdm.unfccc.int/Projects/DB/KPMG1175141470\88W

29



Table 10: Projects requesting registration by the CDM EB

No. | Project Title Project Developer
CYY Biopower Wastewater treatment plant including
1 | biogas reuse for thermal oil replacement and etétytr CYY Bio Power Co Ltd
generation Project, Thailafrd
5 Cassava Waste To Energy Project, Kalasin, ThailaAdia Modified Starch Co.
(CWTE project}® Ltd. (AMSCO)
Table 11:Projects undergoing review requests
No. | Project Title Project Developer
Siam Quiality Starch Wastewater Treatment and Energ .
1 Generation Project in Chaiyaphum, Thail&nd Siam Quality Starch Co.,Ltd
. . Thai Biogas Energy
2 | Jiratpattana Biogas Energy Prof8ct Company
3 | Chao Khun Agro Biogas Energy Proféct Thai Biogas Energy
Company

Table 12:Projects available for public comments on the UNBGTDM website

No.

Project Title

Project Developer

1

ES Bio Energy Wastewater Treatment and Eng
Generation Project at Sraka8w

rg@astern Sugar Power Cg.,
Ltd.

Biogas from Ethanol Wastewater for Electric

Generationt

t Pornvilai Internationa
%roup Trading

Co., Ltd. (PVL)

Table 13: Projects having requested Letter of Approval fronaiTDNA>?

No.

Project Title

Project Developer

Wastewater treatment with Biogas System in a St
Plant for Energy and Environment Conservation
Nakorn Ratchasima

ar8ma Interproduct Co.,Ltd.
in

Wastewater treatment with Biogas System in a St
Plant for Energy and Environment Conservation
Chachoengsao

arghma Interproduct Co.,Ltd.
in

Northeastern Starch (1987) CO.,Ltd. -- LPG F
Switching Project

udlortheastern Starch (1987
Co. Ltd.

Khon Kaen Fuel Ethanol Project

Khon Kaen alcohol Co.,Ltd

Avoidance of methane emission from the wastew
treatment facility in K.S. Bio-Plus Co. Ltd., Thaild

ateIS. Bio-Plus Co. Ltd.

Advanced wastewater management at Rajburi Eth
Plant

aRajburi Ethanol Co., Ltd.

Blue Fire Bio wastewater treatment and bio
utilization project

y&ue Fire Bio Co.,Ltd

4 http://cdm.unfccc.int/Projects/DB/RWTUV1218617500\68W

4 http://cdm.unfccc.int/Projects/DB/TUEV-SUED1218550506 /view

4 http://cdm.unfccc.int/Projects/DB/SGS-UKL1217944F48view

48 http://cdm.unfcce.int/Projects/DB/DNV-CUK 1218619436 view

4 http://cdm.unfcce.int/Projects/DB/DNV-CUK 1218616488\iew

50 http://cdm.unfcce.int/Projects/Validation/DB/DEEQYRXPF7ARJFO65LN7UQTNK873/view.html

51 http:/lcdm.unfcce.int/Projects/Validation/DB/7UD53RRCFME93NJI31VAUFGAWCI5/view.html

52 hitp://www.tgo.or.th/english/index.php?option=comntent&task=view&id=17&Itemid=29
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Biogas project, Cargill Siam Borabu

Cargill Siam Ltd.

Chantaburi Starch Wastewater Treatment and Big
Utilisation Project

ndalsantaburi Starch Power
Co., Ltd.

Table 14: Projects under VER markét

No.

Project Title

Project Developer

Banpong Tapioca Flour wastewater treatment
biogas utilisation project

Flou

=

aBanpong Tapioca
Industrial Co.,Ltd.

Wastewater Treatment with Biogas production (UAS
and heat utilization at General Starch Co Ltd

’%eneral Starch Ltd.

SD BioSupply wastewater treatment and bio
utilization project

9%H Biosupply Co.,Ltd

VP BioSupply wastewater treatment and bio

utilization project

P Biosupply Co.,Ltd

Chol Charoen Group Wastewater Treatment
Biogas System (Srakaew)

=

V@rakaew Chareon Co., Ltd.

Chol Charoen Group Wastewater Treatment
BiogasSystem (Kampangpet)

<=

V'wean Chareon Co., Ltd,

Chol Charoen Group Wastewater Treatment
Biogas System (Khonkaen)

<=

V'wean Chareon Co., Ltd.,

Chol Charoen Group Wastewater Treatment
Biogas System (Chacherngsao)

=

V@.C. Industry Co., Ltd.,

Chakangrao Starch wastewater treatment and bi
utilization project

0%%kangrao Starch Co.,Ltd.

10

Thanawat wastewater treatment and biogas utiliag
project

tIIPhanawat Biogas Co.,Ltd.

Conclusion of the project test:

The proposed project activity is a regulatory susgs it is not being implemented to respond
to laws or regulations. Our project test has shtva it would not an attractive investment
option unless the revenue from carbon creditsksrtanto account. The project also faces
significant technological barriers in being a pildemonstration plant for the AFFR

technology, therefore, facing great risk of perfante failure especially with the

unavailability of local skilled labour. The projezan thus be concluded as additional in that
it reduces GHG emissions that would have been ethiiy an anaerobic lagoons, fossil fuel
based grid electricity and consumption of fuelioiktarch drying process. Hence, according

to the Attachment A to Appendix B of the Simplifitdtbdalities of the simplified modalities

and procedures for small-scale CDM project actsitand the VCS Program Guidelines, the
project activity would lead to a lower GHG emissimductions below what would have

happened under a baseline scenario.

3

Monitoring:

3.1 Title and reference of the VCS methodology (whichmicludes the monitoring
requirements) applied to the project activity and &planation of methodology

choices:

53South Pole Carbon Asset Management Ltd.
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VCS Program approved methodologies are used totarathie emissions reductions. AMS
Ill.H., “Methane Recovery in Wastewater Treatmeversion 13), is applied to the proposed
project activity for the methane avoidance comptsen In the methane utilisation
components, AMS |.C. “Thermal energy productionhwit without electricity” (Version 15)
and AMS I.D. ‘Grid connected renewable electricity generatiarg applied (version
14). Methodology choices have already been jastiiin section 2.2.

3.2 Monitoring, including estimation, modelling, measuement or calculation
approaches:

Details on the monitoring approaches used in giyamgi and reporting GHG emissions
and/or removals relevant for the project and baseticenario shall be elaborated in section
3.3 and 3.4. However, the overall monitoring prhees include the following criteria:

. Purpose of monitoring — to verify the emission m&@ns using actual data

. Types of data and information to be reported, idicig units of measurement — see
section 3.3

. Origin of the data — see section 3.3

. Monitoring, including estimation, modelling, measment or calculation

approaches — calculation for monitoring will be maldlased on recorded data
required by the applied methodologies availabldeast refer to the diagrams in
section 2.3 for the location of the monitoring gumueéents at each phase. For
reference, at full implementation, there will bg& flow meters in total; one will be
installed at the gas line going to gas enginesthenavill be installed by the boiler
and the last one will be installed by the flaretsgs In addition, there will be 3
wastewater flow meters installed by the three weater lines going into the biogas
systems (i.e. AFFRs and covered lagoons). Eld@gtmeeters are incorporated with
the electricity generation sets. Please note tfatonline gas analyser is also
available for measurement of biogas going into gagines. The plant also has a
portable gas analyser which will be primarily usgdhe boiler. In circumstances
whereby methodology deviations are necessary,wihisbe clearly pointed out in
section 4.1 of this VCS PD and again in the moiritpreport associated with the
verification process.

. Monitoring times and periods, considering the neeflantended users — vary;
depend on the parameters. For more detail, plediseto section 3.3 of this VCS
PD.

. Monitoring roles and responsibilities — project poaents will be involved in
collection of monitoring information.

. GHG information management systems — the acquauiéal shall be kept at the

starch processing plant for a minimum of 2 yeaisrdhe crediting period.

The project proponent shall apply the stated GHGitadng criteria and procedures on a
regular basis during project implementation. Idiadn, related meters and equipments will
be calibrated on a regular basis (generally onca amthree year basis).

3.3 Data and parameters monitored / Selecting relevarGHG sources, sinks
and reservoirs for monitoring or estimating GHG emssions and removals:

Certain parameters are based on default valuesghoait crediting period and others are to
be routinely record as part of the monitoring plémthe following section we shall discuss
about these parameters, starting with parametdainsfixed values.
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Parameters with fixed default values

Data / Parameter: GWP-4

Data unit: -

Description: Global warning potential of methans ga

Source of data used: Default value from AMS IIl.H.

Value applied: 21

Justification of the Intergovernmental Panel on Climate Change, Clin@tange
choice of data of 1995 The Science of Climate Change (Cambridge,
description off Cambridge University Press, 1996)

measurement methods

and procedures

actually applied :

Any comment: -

Data / Parameter: B, ww

Data unit: kg CHkg COD

Description: Methane producing capacity of the Ci@Rvastewater

Source of data used: IPCC default value, correageder methodology AMS IlI.H., i

used for estimation

Value applied: 0.21 kg C¥kg COD
Justification of the IPCC adjusted value
choice of data of

description of

measurement methods

and procedures

actually applied :

Any comment: -

Data / Parameter: URs,

Data unit: Factor

Description: Model correction factor to account feodel uncertainties
Source of data used: AMS Ill.H., Version 13
Value applied: 0.94

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

According to the AMS IlII.H., correction factor wilbe used for
estimation of baseline emissions.

Any comment:

Data / Parameter: Uk

Data unit: Factor

Description: Model correction factor to account fioodel uncertainties
Source of data used: AMS Ill.H., Version 13

Value applied: 1.06

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

According to the AMS lII.H., correction factor witle used for
estimation of project activity emissions.

S
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| Any comment:

Data / Parameter:

M CI:ww, treatment,BL,i

Data unit:

Fraction

Description:

Methane correction factor for the bhiaseanaerobic wastewater
treatment systems

Source of data used:

Table I1l.H.1. of AMS Ill.Nersion 13 page no 6

Value applied:

0.8

Justification of the
choice of data or
description of

and procedures
actually applied :

measurement methoc

The baseline wastewater treatment system consisissuccessio
of deep lagoons (depth more than 2 metres) theréfil@F value is
chosen as 0.8.

Is

Any comment:

IPCC Default values from chapter 6vofume 5 page no 6.2]
Waste in 2006 IPCC Guidelines for National Greemsieozas
Inventories.

Data / Parameter:

MCFWW, treatment, PJ.k

Data unit: Fraction

Description: Methane correction factor for projeetstewater treatment systen
Source of data used: Table Ill.H.1. of AMS Ill.Mersion 13 page no 6

Value applied: 0.8

description

and procedure
actually applied :

Justification of the
choice of data o
of
measurement methoc

The project wastewater treatment system withougdsorecovery
I (secondary treatment) consists in a successioray thgoons, with

depth more than 2 metres, so the value of 0.8 éas bhosen.
IS

S

Any comment:

IPCC Default values from chapter 6vofume 5 page no 6.2]
Waste in 2006 IPCC Guidelines for National Greemsieozas
Inventories.

Data / Parameter:

COD removal efficiency

Data unit:

%

Description:

COD removal efficiency of baseline weagter treatment system

Source of data used:

Measured — Colorimetric aisalys

Value of data applieq
for the purpose o
calculating expecte
emission reductions:

1 87%
f
)|

Justification of the
choice of data o

The COD removal efficiency is based, on COD valisgshaseline
[ system before implementation of project activityheT COD
reduction across the baseline treatment systemuitipfied by a
factor of 0.89 for conservative estimation of bamelemissions
| Actual reduction across the system is approximaaelg9s”.

y

description of
measurement
methods ang
procedures actuall
applied :

54 COD measurement records can be used to substahtimt@lue. Water analysis reports showing thadiguof
treated wastewater during pre-project scenaridbkas submitted to the DOE.
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1 CcCoD mg/L 24,773 278 98.8778
2 COoD mg/L 23,912 472 98.0261
3 CcCoD mg/L 21,173 381 98.2005
4 cCoD mg/L 22,917 160 99.3018
5 CcCoD mg/L 19,232 162 99.1577
6 cCoD mg/L 18,073 260 98.5614
7 CcCoD mg/L 24,168 466 98.0718
8 CcCoD mg/L 23,987 397 98.3449
9 CcCoD mg/L 20,736 735 96.4554
10 cCoD mg/L 25,827 486 98.1182
11 CcCoD mg/L 25,611 704 97.2512
12 CcCoD mg/L 26,976 580 97.8499

Any comment: -

Data / Parameter: CFEuw

Data unit: Fraction

Description: Capture efficiency of the biogas remyv equipment in the

wastewater treatment systems.

Source of data used:

Equation 10 in AMS 1lI.H, \f@nsl3 methodology (page 11)

Value applied:

0.9

Justification of the
choice of data o
description of
measurement
methods
procedures
applied :

and
actuall

Default value as per AMS III.H.
r

Any comment:

Data / Parameter:

ER

Data unit:

t C@MWh

Description:

CQ emission factor for grid power

Source of data used:

“The calculation of emissiantdr for an electricity system
Thailand 2007”, DEDE

Value applied:

0.5057

Justification of the
choice of data o

EF, is calculated according to the “Tool to calcultite emission
r factor for an electricity system” as determinedtlie respective

D

description off small-scale methodology for grid connected eleityrigeneration
measurement (AMS I.D version 14).

methods and

procedures actually

applied :

Any comment: Conservative choice and publicallyllavde data.

Data / Parameter: ERco2

Data unit: tCQTJ

Description: Emission factor of fossil fuel repldce Residual Fuel oil

Source of data used:

IPCC 2006 default value feidual fuel oil, Volume 2, Chapte
1,1.23

Value applied:

77.4 tCO1J
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Justification of the
choice of data o
description of
measurement
methods
procedures
applied :

and
actuall

IPCC default values used for unavailability of patil data. In pre
[ project scenario the residual fuel oil has beennnmsiurce of
thermal energy for the processes.

Any comment:

Data / Parameter:

NCVeo

Data unit:

GJ/tonne

Description:

NCV of fuel oil i.e. fossil fuel dispted by biogas

Source of data used:

‘Thailand Energy Situation5200

http://www.dede.go.th/dede/fileadmin/usr/wpd/stiliai_ene_2005/41Convers.pdf

Value applied:

42.76

Justification of the
choice of data o
description of
measurement
methods
procedures
applied :

and
actuall

Default value from official source in Thailand.
r

Any comment:

Data / Parameter:

NCVbio as

Data unit:

MJ/N

Description:

NCV of biogas

Source of data used:

‘Thailand Energy Situation5200

http://www.dede.go.th/dede/fileadmin/usr/wpd/stiliai_ene_2005/41Convers.pdf

Value applied:

20.93

Justification of the
choice of data o

Default value from official source in Thailand.
r

description of

measurement

methods and

procedures actually

applied :

Any comment: -

Data / Parameter: Jro. starck

Data unit: I/tonne
Description: Liters of fossil fuel required per tenof dry starch historically
Source of data used:| Historic data
Value applied: 34.3 litres/tonne

Justification of the
choice of data o

description of
measurement
methods ang
procedures actuall
applied :

Based on average values compiled from receipt002,22003,
r and 2005

2002 = 34.01 litres/tonne
| 2003 = 34.38 litres/tonne
y 2005 = 34.39 litres/tonne

Any comment:

Data / Parameter:

| Dona
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Data unit:

Kg/m

Description:

Density of methane at normal condiion

Source of data used:

Tool to determine project @oms from flaring gases containir
methane.

Value applied:

0.716

Justification of the

choice of data or

description of
measurement
methods and
procedures actually
applied :

CDM EB as per EB28 Meeting report (Annex 13).

Any comment:

Data / Parameter: Do
Data unit: Kglliter
Description: Density of fuel oll

Source of data used:

http://www.engineeringtoolbom/fuels-densities-specific-
volumes-d_166.html

Value applied:

0.93

Justification of the
choice of data o
description of
measurement
methods
procedures
applied :

[

and
actuall

Publically available information

Any comment:

Data / Parameter:

FE

Data unit:

%

Description:

Flare efficiency

Source of data used:

Tool to determine project emissions from flaring@s containing
methane.

Value applied:

90%

Justification of the
choice of data o

Default value for enclosed as per Tool to determgmeject
r emissions from flaring gases containing methane bhasn

description of| applied.

measurement methods

and procedures

actually applied :

Any comment: -

Data / Parameter: DE

Data unit: %

Description: Destruction efficiency of the electricity generator
Source of data used:| SSC WG

Value applied: 100%

Justification of the
choice of data o
description of
measurement methoc

According to clarification from SSC WGirf the case that th
r biogas is combusted for a gainful use of the reddamnergy as if
an engine or a power plant, a destruction efficien€ 100% carn
Ide used for the portion of biogas that is combustedn applying

9

11°]

and procedure

SAMS IIILH., i.e. use a value of 100% for FE in ego@ 16 in
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actually applied :

paragraph 32 for the portion of biogas that is carsted for al
gainful use™

Any comment:

Data / Parameter: FRw
Data unit: nVhour
Description: Total flow rate capacity of wastewgteamps

Source of data to b
used:

eNameplates of equipments

Value of data applieq
for the purpose o
calculating expecte
emission reductions:

i 150 ni/hour
f
i

Description of| Directly extract from nameplates of the wastewptenps
measurement

methods and

procedures to be

applied:

Any comment:

This parameter becomes irrelevantha project activity once
the wastewater flow meters are installed.

Data / Parameter: P,

Data unit: kw

Description: Total electrical capacity of the equgnts installed in the projeqt
activity

Source of data to bePlant data

used:

Value of data applied 116kW

for the purpose of |Number Name Unit Electrical capacity

calculating expected)] 1 |Sump pump 3 5.5 kW

emission reductions: 2 [Mixer 1 3.5 kW
3 [Pump1 1 75 kw
4 Pump 2 1 11 kW
5 Blower for burner 2 7.5 kW
6 Blower for generator 2 22 kw
7 Pump 3 - for H2S removal 5 35 W
8 Pump 4 4 3.5 kW
9 Pump 5 2 2.2 kw

Description of| Extract from nameplate of the electrical equipments

measurement

methods and

procedures to be

applied:

Any comment:

The following parameters must be monitored throudtloe crediting period

Data / Parameter: Quw. v
Data unit: m
Description: Volume of wastewater treated in tharye

Source of data to b

e Measured — continuously usihgnetric flow meter

%5 http://cdm.unfccc.int/UserManagement/FileStoradéWAGY8MS92ZX DKUHEF5LBO7QICT1P
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used:

Value of data applieq

for the purpose o
calculating expecte
emission reductions:

543,157 m(based on design value)
f
)|

Description of| For T verification period: the wastewater flow is cakmed,
measurement conservatively, as per deviation 2.

methods and

procedures to belater: the volumetric flow meters with an acceptalgvel of
applied: accuracy will be installed at the plant (end of 2@ the latest),

Please note that continuous measurement will beemnmaad
cumulative reading will be recorded daily.

In recording this parameter, plant’s operators|dirat manually
archive the monitored data onto log sheets themsfea to the
computer for electronic storage. The archive shalldone on g
daily basis. Frequency of monitoring is once a dayminimum
basis. In case the flow meter value is not avhilédr a particular
day, the same shall be estimated in a conservaiiveer.

QA/QC procedures t
be applied:

b Once in three years calibrations for flow metetoide conductec
via an external agency according to an approvedstital
condition under VCS program. This calibration ianmed for off
season to ensure data accuracy and sufficiencpération days

accuracy of the flow meters is +/- 0.2% of reading.

Any comment:

From the PO of the wastewater flow meters to betmased, the

154

Data / Parameter: HRw, y
Data unit: Hour
Description: Running hours of the wastewater pumps

Source of data to b
used:

eMeasured — continuously using hourly meter

Value of data applieq
for the purpose o
calculating expecte
emission reductions:

j 7,560 hours (assume at 315 days per year at 24 peuday)
f
d The value is not used for ex-ante estimations.

Description of| Hourly meters are installed for each wastewater pwah the

measurement plant. Please note that continuous measuremeibewihade and
methods and cumulative reading will be recorded daily.

procedures to be

applied: In recording this parameter, plant's operatorsldirat manually

archive the monitored data onto log sheets themsfiea to the
computer for electronic storage. The archive sbalblone on a
daily basis.

QA/QC procedures t
be applied:

D In order to ensure conservativeness of the voluimeastewater
generation, a discount factor shall be used to iptylithe
parameter HR,, y., This in turn will discount our emissig
reductions for the first verification period.

Any comment:

This parameter becomes irrelevantha project activity once
the wastewater flow meters are installed.

Data / Parameter:

CO DNW untreated, v

Data unit:

mg/|
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Description:

COD of wastewater entering the treainpéant

Source of data to b
used:

eMeasured — Colorimetric analysis (measurement irerye
operational day)

Value of data applie(
for the purpose o
calculating expecte
emission reductions:

123,000 mg/l (design value)
f
3

Description of
measurement
methods ang
procedures to b
applied:

The COD content will be analyzed using a colorimetnethod
in the on-site laboratory of the treatment plamte results will
| be logged by the operators in the plant operagpont on a daily
pbasis. In case the COD value is not availablefparticular day
the same shall be estimated in a conservative manrignored
out of emission reduction estimation.

QA/QC procedures t
be applied:

b The colorimetric method is well documented and veeitepted
either by national or international standards (epprove by
United States Environmental Protection Agency - BSE In
addition, to ensure accuracy in our measuremdmsplant shal
periodically send wastewater samples to be tesye@xternal

At least once a year.

laboratory and compare these results with intemedsurements.

Any comment:

More than one collected samples duting day are mixe
together to measure the COD value.

1=

Data / Parameter:

CoDremoved, PJ, k,»

Data unit:

tonnes/m

Description:

COD of water exiting the AFFR treatmprocess

Source of data to b
used:

eMeasured as the difference between inflow COD aedoutflow
COD of the AFFR system — Colorimetric analysis (sugament
in every operational day)

Value of data appliec
for the purpose o
calculating expecte
emission reductions:

10.0184 tonnes/im(design value)
f
d

Description of
measurement
methods ang
procedures to b
applied:

The COD content will be analyzed using a colorimetnethod
in the on-site laboratory of the treatment plarite Tesults will be
| logged by the operators in the plant operation ntepo a daily
pbasis. In case the COD value is not availablefparticular day
the same shall be estimated in a conservative manrignored
out of emission reduction estimation.

QA/QC procedures t
be applied:

b The colorimetric method is well documented and veeitepted
either by national or international standards (&EPA). In
addition, to ensure accuracy in our measurememsplant shal
periodically send wastewater samples to be tesye@xternal

At least once a year.

laboratory and compare these results with intemedsurements.

Any comment:

Water samples are taken for everyatjgeral hours of the da
and mixed together before being tested in an @n-$b
(composite sampling).

Data / Parameter: BG combusted, »
Data unit: N
Description: Amount of biogas combusted for gainfsg

Source of data to b

eCalculated from a summation of total biogas utilige boiler and

used:

generation sets.

40



Value of data applieq
for the purpose o
calculating expecte
emission reductions:

14,007,788 Nm (Calculate from design values — see attad
f calculation sheet).
)|

Description of| BGcombusted, yiS €Stimated by summing the volume of biogas
measurement to the boiler and generation sets.

methods and

procedures to beMeasurements of volume of biogas sent to boilergaslengines
applied: shall be done continuously using gas flow metdrsrecording

these parameters, plant’s operators shall firstuaién archive
the monitored data onto log sheets then transféndaompute
for electronic storage. The archive shall be doma daily basis.

Please note that continuous measurement will beemsat
cumulative reading will be recorded daily. In ctse flow meter
values are not available for reason such as faodtter, the sam
shall be estimated in a conservative manner orregh@ut of
emission reduction estimation.

hed

sent

D

QA/QC procedures t
be applied:

D The gas flow meters at each utilizing facility $Haé subject tg
calibration once in every three years accordindp¢oequipment’s
specifications and applicable industrial standard$his will
certainly help in ensuring that our calculation Iwlle of a
reasonable level in terms of accuracy. Based an tdst
certificate on the newly purchased gas flow meter,calibration
is traceable to the National Institute of Standantid Technology
to an uncertainty of +/-1.0% of reading +/- 0.2%foll scale
measurements traceable to NIST standards in acumdaith
Mil-Std-45662A.

Any comment:

The correction factor applied to atljtesnperature differenc
between Nm conditions and m3 is done conservatively
explained in validation report.

Data / Parameter: BGroFiare. v
Data unit: N
Description: Amount of biogas flared

Source of data to be
used:

Measured using gas flow meter

Value of data applied
for the purpose of

calculating expected
emission reductions:

0 Nnt (biogas is expected to be fully utilized by hok looiler
and gensets)

Description of
measurement
methods and
procedures to be
applied:

The gas flow meter with an accepted level of aayunaill be
installed at the plant (installed at the plant id+2009).

Measurements of volume of biogas sent to flare Ishal
continuously using gas flow meters. In recordinig parameter
plant's operators shall first manually archive thenitored datg
onto log sheets then transfer to the computer fectmnic
storage. The archive shall be done on a dailysbasi

Please note that continuous measurement will beenatd
cumulative reading will be recorded daily.

|

QA/QC procedures t¢
be applied:

b Once in three years calibrations for flow meter &oe be

conducted via an external agency. This calibrasgusian for off
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season to ensure data accuracy and sufficiencyaration days
Based on the test certificate on the newly purathagses flow
meter, the calibration is traceable to the Natiomstitute of
Standards and Technology to an uncertainty of 09l.of
reading +/- 0.2% of full scale measurements traeet NIST
standards in accordance with Mil-Std-45662A. Inecti®e flow
meter values are not available for reason suchwds/fmeter, the
same shall be estimated in a conservative mannignored out
of emission reduction estimation.

Any comment:

An interview with project owner comfis that there has been
flaring for the last two and a half years (at tineetof £' VCS PD
completion date). The produced biogas is of sigfficquality to
all be combusted in boiler and gas engines. Intiadd there is
enough gas storage space in the form of 3 covergobhs to
store excess biogas.

no

Data / Parameter: Wena
Data unit: %
Description: Methane content in biogas

Source of data to be
used:

Measured — Gas analyser system to monitor % ofanetin
biogas

Value of data applied
for the purpose of

calculating expected
emission reductions:

55% (assumed valug)

Description of
measurement
methods and
procedures to be
applied:

1° verification period: periodical measurements uspugtable
gas analyser at 95% confidence level. Readingksrt by the
plant's operators every four hours at three loceatid.e. at
common gas header before cleansing, before theerbaihd
before the gas engine.

Later: the already incorporated online gas analyskrbe used
for continuous monitoring. Data from here will tEcorded ang
stored electronically on a continuous basis.

QA/QC procedures tq
be applied:

b Once in three years calibrations for the gas apalis ensure(
via an external agency. This calibration is plahfer off season
to ensure data accuracy and sufficiency in operatays.

Any comment:

Data / Parameter: Qo.y
Data unit: Litres
Description: Quantity of fossil fuel used in boilaryeary.

Source of data to be
used:

Usage data (monitored from boiler panel). Valueused for
conservative estimation of biogas / methane usedpltacemen
of fossil fuel during an yeary.

Value of data applied
for the purpose of

calculating expected
emission reductions:

that it is equivalent to 981 tonne of fuel oil &ndity of 0.93)

1,054,686 liters (calculated as per GHG calculatbeet — note

Description of
measurement

Fuel oil meter is incorporated to the hot oil boile

%6 Methane — biogas — producti
files/methane-1.pdf

on guide versiohtlp://www.small-farm-permaculture-and-sustainabiarg.com/support-
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methods and
procedures to be
applied:

In recording this parameter, plant's operatorsldirat manually
archive the monitored data onto log sheets themsfiea to the
computer for electronic storage. The archive sbalblone on a
daily basis. In case the oil meter values are awatilable for
reason such as faulty meter, the same shall bmatstl in a
conservative manner.

QA/QC procedures t¢
be applied:

b Usage data is cross-check with fuel oil purchaseords
maintained at the project site.
Energy balance shall also ensure aptness of meditoatal
depending on energy consumption of dry starch pribciu
before project implementation.

Any comment:

Data / Parameter: Qiarch, y
Data unit: Tonnes
Description: Quantity of dry starch produced

Source of data to be
used:

Based on operational log sheet at the plant (daily)

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

54,316 tonnes (based on average values from 200&-2fre-
project start date)

Description of
measurement
methods and
procedures to be
applied:

A proper record of all starch produced shall bentadned at the
project site.

In recording this parameter, plant’'s operatorsidhat manually
archive the monitored data onto log sheets thewsfeato the
computer for electronic storage. The archive dimaltlone on a
daily basis.

QA/QC procedures tq
be applied:

b Production data can cross-checked with sales rétoetessary.
Accuracy in the monitoring parameter can be asssirext it is
the main income source of the starch plant.

Any comment:

Data / Parameter: EG
Data unit: MWhly
Description: Net electricity production by the geaters during year y.

Source of data to be
used:

Measured — Electricity meter built into the generaiets.
Power sale invoices based on net electricity soigrid if power
is exported to grid (PEA- Provincial Electricity fority)

Value of data applied
for the purpose of

calculating expected
emission reductions:

3,812 MWh

Description of
measurement
methods and
procedures to be
applied:

Measured electronically on a continuous basis.ebording this
parameter, plant's operators shall first manualighive the
monitored data onto log sheets then transfer tactimeputer for|
electronic storage. The archive shall be done dailg basis.

QA/QC procedures t¢
be applied:

b Once in three year calibrations to ensure accus&cyonitoring
equipment shall be taken up.

Any comment:
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Data / Parameter: EC
Data unit: MWh
Description: Electricity consumption by wastewdteatment plant in year y

Source of data to be
used:

Maximum rated consumption based on total electiaphcity of
the entire waste water treatment plant and opera&oiod.

Value of data applied
for the purpose of

calculating expected
emission reductions:

1,118 MWh (Maximum rated consumption in a year)

Description of
measurement
methods and
procedures to be
applied:

Calculation based on maximum rated consumptionrisiacted
in a conservative manner (as per paragraph 35 i AMH.,
version 13).

QA/QC procedures tq
be applied:

b In the absence of electric meter for the electricinsumption of
project activity, maximum rated consumption shadl lised tq
calculate the emissions from B, y Since this approach h
taken into account the distribution losses of 10%d d@he
calculation is based on an assumption that the triglakc
appliances will be running at full capacity for thtire year, the
QA/QC aspect has already been assured.

AS

D

Any comment:

Data / Parameter:

Sludge removed and its application

Data unit:

Tonnes / and type of application

Description:

The quantity of organic material /dgle removed from treatme
plant and its application.

Source of data to be
used:

Weighing equipment available at site is used. tRlacord every
time sludge is removed from the system.

Value of data applied
for the purpose of

calculating expected
emission reductions

2007-2008 : 7,512 tones (removed from open lagoons)

For ex-ante estimations from 2009 onwards: O tqassumption
— as sludge will be used aerobically for soil agatiion, this will
not affect the calculation of emission reduction).

Description of
measurement
methods and
procedures to be
applied:

Proper log records shall be maintained for sludgeoval and
disposal.

QA/QC procedures tq
be applied:

b Plant manager’s signature is required on the record

Any comment:

Data / Parameter: Q biogas, flarch
Data unit: Nn¥hr
Description: Biogas sent to flare during a partaciour h

Source of data to be

Log record shall be maintained on an hourly basestertain ne

used:

amount of biogas has gone to flare unit duringréiqadar hour.
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Value of data applied
for the purpose of

calculating expected
emission reductions

For ex-ante estimations the value is assumed €oioservative
estimation of IRR.

Description of
measurement
methods and
procedures to be
applied:

Biogas flow meter is used.

In recording this parameter, plant's operatorsldirat manually
archive the monitored data onto log sheets themsfiea to the
computer for electronic storage. The archive sbalblone on a
daily basis.

QA/QC procedures tq
be applied:

b Periodic calibrations (Once in three years) fonflmeter are

ensured via an external agency. This calibratiarsisally
undertaken in off season to ensure data accuratyata
sufficiency. If the reading for a particular hasinot available,
the same is estimated on a conservative basis.

Any comment:

Data / Parameter: T fare.t
Data unit: Deg C
Description: Temperature at the flame of flare

Source of data to be
used:

Flame detection shall be logged from measuremgngstype N
(or its equivalent) thermocouple

Value of data applied
for the purpose of

calculating expected
emission reductions

500°C -

Description of
measurement
methods and
procedures to be
applied:

The thermocouple with an accepted level of accunatly be
installed at the plant for the second verificat@miod.

Measurements of this parameter shall be done aanisly using
thermocouple. In recording this parameter, if matic data
logging is not available, plant’s operators shadinmally archive
the monitored data onto log sheets then transféneacompute
for electronic storage. The archive shall be dome daily basis
(or when there is biogas sent to flare..

Please note that continuous measurement will beensd
cumulative reading will be recorded daily (or whtrere is
biogas sent to flare.

be applied:

QA/QC procedures to Periodic calibrations (once in three years) is daaean externa

agency.

Any comment:

—

In the absence of thermocouple (teatpez gauge) in the firg
verification period, the project proponent shallnservatively
assume that the flame temperature is less thanC50@id a
default flare efficiency of 0% shall be applied.eTissue will be
transparently addressed in first monitoring report.

3.4 Description of the monitoring plan
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1. Monitoring Management

The project will hire people to operate the biog@meration and utilisation plants. The
required monitoring equipment is installed in cdtaion with the equipment supplier under
supervision of the QC officer as well as the Mangdbirector.

Data acquisition for the gas and wastewater flovtenseis executed through the manual
process control unit of the biogas plant and timserit into the plant operation software. Lab
data is fed into the operations software throughaaual data entry user interface. The plant
is operated by trained operators who also collatd dnder the supervision of the QC officer
who is in charge of filing and processing data.

2. Quality Assurance and Quality Control
Together with the Managing Director, the QC offieronitors overall performance of the
plant, ensures proper and timely calibration, datguisition and storage.

3. On-site Procedures

The operations software creates daily logs of pperformance which are printed out and
recorded electronically for periodic download oa®it remote transfer for further processing.
Procedures for Calibration of Equipment are inctude GHG performance protocol. The
plant in-charge/operators are responsible to eregidukly calibration as per the specification
from equipment supplier or at least once in thregry.

4. Data Storage and Filing — Electric Workbook

All relevant data is first stored manually in og@raal log sheets, then electronically with the
process control computer unit, external storageiaraad transferred. A daily log is printed.
All parameters monitored under the monitoring phah be kept for a period of two years
following the end of the crediting period or thetléssuance of VERs for the project activity,
whichever occurs later.

5. Emergency preparedness
The project activity does not result in any unidfgad activity that can result in substantial
emissions from the project activity.

However, the leakages, if any, in the piping oredigr shall come under notice of plant
operator either instantly on the control screerse et the time of data logging, due to
mismatch between expected biogas generation frostewater quantities processed or other
way around.

Managing Director

v

QC officer
v v
4 Gas engine operators (2 per 4 Biogas operators
shift) (2 per shift)

Figure 6: Organisation chart showing the persons involvetthis project activity

4 GHG Emission Reductions:

46



4.1 Explanation of methodological choice:

The project follows the AMS Ill. H. small scale rhetology for Methane Recovery in
Wastewater Treatment, Version 13, to estimate tmouat of GHG emitted into the
atmosphere. The project also uses AMS |. C. sstdle methodology (Version 15) for
Thermal energy emissions as well as AMS |. D. (\¢erdl4) for calculating emission from
fossil-fuel based grid-connected electricity.

Baseline emissions for the systems affected by thmject activity may consist of:

Baseline Emissions for AMS llI.H

) Emissions on account of electricity or fossil fusked BEyower,y);

(i) Methane emissions from baseline wastewater tredtaystemsBE, reatment)s

(iii) Methane emissions from baseline sludge treatmest¢$\s BE; treatment);

(iv) Methane emissions on account of inefficiencieshim baseline wastewater treatment
systems and presence of degradable organic cambothe treated wastewater
discharged into river/lake/seBEw, gischarge ):

(V) Methane emissions from the decay of the final studgnerated by the baseline
treatment system8E; finai,y)-

BEy = {BEpower,y + Bvav,treatmenty + BEs,treatmenty + BEWW,dischage,y+ BES final,y} Equation 1

Where:
Parameter Details
BE, Baseline emissions in year y (t&)
Baseline emissions from electricity or fuel constiomin year y
BE power, y (tCOZG)

BE Baseline emissions of the wastewater treatmenésysaffected by th
ww, treatment,y | nroject activity in year y (tC@)

Baseline emissions of the sludge treatment systaffiected by the

project activity in year y (tCt)

BE _ Baseline methane emissions from degradable orgamion in treated
ww, discharge.y | \wastewater discharged into sea/river/lake in yea€Q.e).

BE. . Baseline methane emissions from anaerobic decdlyeofinal sludge
s, final, y produced in year y (tC@®).

4]

BE s, treatment, y

Baseline emission from electricity and fuel consumptions (BE power y)

As per paragraph 19 of AMS IIl.H., (version 13),sbline emission from electricity
consumption RE v, y) are determined as per the procedures describedMs 1.D. For
emissions from fossil fuel consumption, the emisfator for the fossil fuel shall be used
(tCO:tonne).

BE jowery = (BEqecy + BEicary) Equation 2
Where:

Parameter | Details

BE power, s Baseline emissions from electricity or fuel congtion in year y

BE elec, Baseline emissions from electricity consumptiogear y

BE peat, - Baseline emission from fossil fuel consumptiolyéar y
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There is no consumption of fossil fuels in wasteaw#&reatment system in baseline scenario,
thereby BEcat, y= O.

For BEic,ythe power consumed in baseline case is negligitdeis ignored for conservative
estimation of baseline emissions.

Baseline emissions of the wastewater treatment systems affected by the project activity:

Methane emissions from the baseline wastewatetniexat systems affected by the project
(BEww,reamenty are determined using the methane generation pateof the wastewater
treatment systems as per the paragraph 20 of AMS. Iiversion 13. The following equation
is used.

BEWw,treatmenty = ZQWWJYY * C()Dremoveci Yy DI\/lCFvwv,treatmentBL,i * Bo,vwv |:UFBL * GWF();H4

Equation 3

Where:

Parameter | Details

Qi Volume of wastewater treated in baseline wastewegatment system i in
Ww, I,y

year y (m)
COD Chemical oxygen demand removed by baseline treatsystem i in year
removed, i, y COD in systeni

(tonnes/r)) measured as the difference between inflow CODtheautflow
MCF y, Methane correction factor for the baseline anaerolistewater treatment i
treatment, BL. (MCF values as per table I1l.H.1)
[ Index for baseline wastewater treatment system
B Methane producing capacity of the wastewater (IR@¢&r value for
0, Wi domestic wastewater of 0.21 kg @kt CODY’

UF gL Model correction factor to account for model utaieties (0.94F
GWP cpq Global warming potential (value of 21)

In the absence of wastewater flow meter for tha fierification period, the running hours of
the water pumps sending the wastewater into theR&Fke monitored and used to calculate
the wastewater flow as follows:

Quwiy = FRy, *65%* Hr ., Deviation 1
Where,
Parameter | Details
FR ww Total flow rate capacity of wastewater pump for tAFFR systen
(m*houry”®
Hry ww Running hours of the wastewater pump (hour)

This is a temporary deviation until the new wastew#low meters are install&d A factor
of 0.65 is applied to account for the fact that tisgter pumps are not operating at full

57 The IPCC default value of 0.25 kg @kiy COD was corrected to take into account the uaitgies. Project
activities may use the default value of 0.6 kg,®H BOD, in case the parameter BOJis used to determine the
organic content of the wastewater. In this caaseline and project emissions calculations shallBGD instead
of COD in the formulas, and the monitoring of th@jpct activity shall be based in direct measuremenit
BOD:s ,, i.€., the estimation of BOD values based on CORBsuements is not allowed.

%8 Reference: FCCC/SBSTA/2003/10/Add.2, page 25.

%® The flow of the wastewater pump is at 5&hour.

80 3 new wastewater flow meters are to be instated@¥ verification period
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capacity. As per industry practice and experietioe, discharge of wastewater pumps is
generally close to the rated capacity based orhélael of the pump. With reference to site
visit observations, head of the pump and the rélpggformance curves, it can be concluded
that the assumed 65% discharge factor with regardsted capacity is conservative. To give
further confidence, in the verification period imish this approach is applicable, it shall be
ensured that the wastewater volume estimated ukisagapproach is lower than the default
wastewater volume expected from the starch proolugbirocess during a particular year.
Considering wastewater generation rate at @en tonne of dry starch production (design
value) in a year, and compared this with the valb&in from the deviated approach, it is
clear that the deviated approach would resultlower volume of wastewater generation. In
addition, it should be mentioned that the emissieductions estimate the wastewater
approach will anyway have to be compared with thethane destruction’ or ‘MD’ approach.
This ensures that the GHG emission reductions etr@verestimated and therefore acts as a
confirmation that the deviation is in compliancehwparagraph 5.3, page 13 of VCS 2007.1.

In the baseline scenario, treated wastewater isdischarged into sea/lake/river, therefore
methane emissions from degradable organic carboreated wastewater discharged (BE
discharge, IS taken as zero.

There is no baseline sludge treatment system.ddittian, there is little generated sludge in
the baseline scenario in which it is anyway usadkaeally for soil application. Therefore
baseline methane emissions from sludge treatmeahtaaaerobic decay of the final sludge
(BEs, treatment, yaNd BE finai, y) Produced is also neglected.

Baseline Emissions for AMS I.D.

Baseline emissions from electricity gneration (BE ,)

As per AMS |. D., paragraph 9, the baseline is M&/h produced by the renewable
generating unit multiplied by an emission coeffitias follows:

BE, = BE,.,, =EF,* EG,
Equation 4

Where:

Parameter | Details

BE, Baseline emissions from electricity generationnei@é as BE.n . hereafter
EG The quantity of electricity supplied by the prdjectivity during the year

“y” (MWh)
EFR Thailand National Grid emission factor (tgMWh)

Baseline Emissions for AMS IC

Emissions from steam/heat displacement by the project activity (BEermal,coz, y)
According to paragraph 15 of AMS I.C., the baselmaissions are estimated based on the
amount of heat/steam delivered by the equipif@nper equation below)

The deviation explained in later section of the tBkes into account the baseline efficiencies
and a simplified approach is explained here toregt the baseline emissions, the approach is

based on historical consumption of fuel oil pern®rof starch generation. The deviation
addresses the coherence vgtth, & 10 of the methodology.

BEthermal,COZ,y = (EGthermaI,y /UBL,thermal) * EFCOZ Equation S
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Where:

Parameter | Details

EGinermal The net quantity of steam/heat supplied by tlogept activity during the
yeary (TJ)

MBL, thermal The efficiency of the plant using fossil fuel tieould have been used in the
absence of the project activity.

EFcoz The CQ emission factor per unit of energy of the fueltvauld have been
used in the baseline plant in (t&OTJ), obtained from reliable local or
national data if available, otherwise, IPCC defaultission factors are usedl.

Since the monitoring mechanism is not availablgliermeasurement of baseline input/output
thermal energy, a conservative approach for caioal@f BE inema, coz, ynas been adopted by
the project proponent. For verification, with aaqtity of dry starch that is produced during a
particular year, a minimum required quantity ofdsibguel (fuel oil) can be estimated from
guantity of fossil fuel used per unit of dry statuilstorically. For the same year, if the data
for fossil fuel consumed is available, then the asnmg energy must be supplied by biogas.
This is a conservative approach to estimate thiecilithat, in the absence of project activity,
would be used in the starch drying process.

It must be noted that the efficiency of the boWdren used in dual-fuel mode is lower than at
regular single-fuel conditions (HFO only). This drim efficiency leads to a lower biogas to
HFO displacement rate. Based on the argumenésl Iis¢low (provided by technical experts
on the subject) and energy balance comparisondd basealata available before and after
implementation of the dual-fuel mode in such bofigstems, an efficiency drop resulting in
10% less HFO displacement (than under theoretiGatditions) is a conservative
approximation. This can be substantiated basedlmwing arguments:

- Higher hydro/moisture loss makes boiler efficiencylower with biogas - The
efficiency of a heating equipment depends on sévactors; one of the important
ones being the C:H ratio in the fuel; which is taglor the fuel oil and lower for
biogas. Lower C:H ratio leads to higher quantityH##O as combustion product,
which decreases the thermal efficiency of the boilEhis is typically called
"hydrogen loss". In addition, the biogas has mbaher moisture percentage as
compared to fuel oil, thus increasing the moistasses from the equipment, making
it less efficient fuel for burning. The hydrogerifgle content in the biogas adds to
the hydrogen loss.

- Higher dry flue gas loss reduces boiler efficiencin dual fuel firing mode - Air in
excess of the theoretical calculations (called sxgr) is always added for proper
and complete combustion. In case of dual fuel diridue to the different mixing
properties of the fuel with the air, this quantifyexcess air added is always higher
due to the reduced probability of achieving progeffuel mixing due to varying
fuel properties. At the end of the combustion pssceéhe quantity of unused air is
exhausted through the flue gases thus removing amagable heat in the boiler,
such a loss being partly accounted in the dry §ag loss (the rest is the unusable
heat from the high temperature flue gas itselfisTdan be understood by the fact
that the air enters the furnace at ambient temperabut the flue gases are
typically at a much higher temperature, 200-300@dgr most low-pressure boiler
systems. Thus if the quantity of excess air pumptedthe furnace is higher, which
is the case for most such dual fuel fired systehesdry flue gas loss is also higher,
bringing down the efficiency of the boiler. The exs air quantity adjustment is a
matter of experience and over a period of timedvaperators do understand how
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to do this and achieve better efficiencies than twhay start with. Thus it is
expected that during the initial stages of operatibis loss is higher.

- Variation in biogas quality and quantity influences the air regulation
mechanism thus lowering the efficiency of the system - Magying quantity and
quality of biogas influences the air regulation t@tsm continuously, never
allowing it to achieve a steady state operations tlowering the efficiency of the
system.

The statements above can be confirmed throughviatemwith technical expert and details of
same can be provided. In addition, the energynioaldor a particular year, considering
amount of biogas and fossil fuel used, would egsitfify the assumption that energy input
required in dual fuel system is higher than in basesystem by a value higher than 1%
Assuming an approximate 10% loss in efficiency, éissumption to replace 100% fuel oil
usage is conservative. From this, the deviatiam loa considered as justifiable as it the
requirements as per paragraph 5.3, page 13 of ID3.2 that it does not impact negatively
on the conservativeness of the emission reductaloulation or the additionality of the
project.

On the basis of historical records fossil fuel ugedtonne of starch production is determined.
In future, the starch production in a particulaaryés monitored and used to estimate the
amount of fossil fuel that would be used in abseateroject activity. This represents
baseline consumption of fossil fuel and takes iatgount the historical efficiency of the
fossil fuel heat generating device. In a particylear the actual amount of fossil fuel used is
subtracted from baseline fossil fuel consumptialcidated) value to estimate the amount of
fossil fuel replaced. This assumption is conseveatis all the effect of efficiency loss is
borne by biogas and not by fossil fuel.

BE[hermalCOZ,y = ER1ea1;y = (Qstarchy * QFO,starch - qFO,y) * DFO * I\IC\/FO * EI:002 /106

Deviation 2
Where:
Parameter | Details
Qstarchy Quantity of dry starch produced in year “y” (tonnes
Qro, starct Quantity of fossil fuel per unit of dry starch @ittonne)
Oro. Quantity of fossil fuel consumed at the projeat git year “y (litres)
Dro Density of fossil fuel (kg/litre)
NCVgg Net Calorific value of the fuel oil (TJ/ton)

It must be noted that the deviation does not ostim@tes baseline emissions on the amount
of heat/steam generated by the boiler, it alse talo account COemissions from on-site
consumption of fossil fuels due to the project\asti In other words, it represents the
emission reduction from the heat generation comgone

Project activity emissions from the systems affeatieby the project activity are:

® CO, emissions on account of power and fuel used byptbgect activity facilities
(PEpower,;);
(i) Methane emissions from wastewater treatment systaffected by the project

activity, and not equipped with biogas recoveryha project situation (RE, reatment,

W

51 Comparison of energy required in drying per unistafrch in 2006 and 2008, proves energy used i 208 lot
higher. Data can be cross-checked during theieatibn process.
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Methane emissions from sludge treatment systenextefl by the project activity,

and not equipped with biogas recovery in the ptgéoation (PE yeatment )s

Methane emissions on account of inefficiency of fiveject activity wastewater

treatment systems and presence of degradable orgarfion in treated wastewater
(PENW discharge, )/;

Methane emissions from the decay of the final fudgnerated by the project
activity treatment systems (Pkal, y;

Methane fugitive emissions on account of inefficies in capture systems (Rfzve,

v

Methane emissions due to incomplete flaring{RE ,);

Methane emissions from biomass stored under anaecohditions which does not

take place in the baseline situation {Rkss, ).

(iif)
(iv)

(v)
(vi)

(vii)
(Vi)

PEpower,y + PEWw,trealmemy + PEs,treatmemy + PEww,dischargey + PES final,y -'} Equation 6

P =
EY {PEfugitive,y + PEbiomassy + l:)Eflaring,y

Where:

Parameter | Details

PE, Project activity emissions in the yea{tCO.e)

PEsower. Emissions from electricity or fuel consumptiortlie yeary (1CO.e).

PEw treatment| Methane emissions from wastewater treatment syséffasted by the

v project activity, and not equipped with biogas remg, in yeary
(tCOe).

PEs treamenty | Methane emissions from sludge treatment systerfectall by the
project activity, and not equipped with biogas remgy, in yeary
(tCOse).

PE ww.dischar | Me€thane emissions from degradable organic carbon treated

ge wastewater in yeay (tCO.€).

PEs finaly Methane emissions from anaerobic decay of the fhmige producec
in yeary (tCO.e).

PEugitive,y Methane emissions from biogas release in capysterss in yeay

PEgaring,y Methane emissions due to incomplete flaring irryea

PEjiomass, Methane emissions from biomass stored under anaasobditions.

Emissions from electricity consumption (PE ower. v)

Emissions from electricity consumption by the pmbjactivity facilities are calculated

according to the paragraph 19 of AMS IIl.H., asagivbelow.

PE owery = EF, * EC, Equation 7
Where:

Parameter | Details

EC Electricity consumption by the project activity \(Wh)

EFR Thailand National Grid emission factor (t6&M™Wh)

In the absence of electric meter for the elecyriciinsumption of project activity, maximum
rated consumption shall be used to calculate thesgmns from PEuer, yas per prescribed

method in paragraph 35 of AMS lll.H., as follows:
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3P, *110%* 8,760 EF,

PE owery = 100¢ Equation 8

Where:

Parameter | Details

P Total electrical capacity of the equipments instllin the projec
activity (kW) — for reference, 116 kW will be usédr this project
activity

EFR Thailand National Grid emission factor (t6M™Wh)

Taking into account the distribution losses, 109 lh@en added to the total electricity
consumption. As well, the calculated electricipnsumption is based on an assumption that
the electrical appliances will be running at fudpacity for the entire year.

Emissions from wastewater treatment systems affected by the project activity, and not

equipped with biogas recovery in the project situation (PEw treatment, v)

Methane emissions from wastewater treatment sysédfasted by the project activity are
calculated as per the paragraph 20, AMS Ill.H. Tbléowing equation is used.

PE""""'"eatme”W = QWW’k,y * CODremovedPJ,k,y * MCFww,treatmentPJ,k * Bo,ww *UFg, * GVVI%H4
Equation 9
Where:
Parameter | Details
Quww.ky Volume of wastewater treated in project wastewgatment system k
in year y (m)
COD,, Chemical oxygen demand removed by project wastewetatment

removed, PJ, k

system k in yeap (tonnes/m), measured as the difference betw
inflow COD and the outflow COD in systekn

cen

B oww Methane producing capacity of the wastewater (IRg€@ult value of
0.21 kg CH/kg COD)

MCF Methane correction factor for project wastewateatment system k

treatment, PJ,

UFe; Model correction factor to account for model unaiaties (1.06)

GWP:y4 Global Warming Potential for methane (value ofilised)

Methane emissions from sludge treatment systems (PEs yreatment.y)
The project activity does not include sludge tremitnsystem, therefore the emission from
sludge treatment system are omitted.

Methane emissions on account of inefficiency of the project activity wastewater treatment
systems and presence of degradable organic carbon in treated wastewater (PE ww dischargey.)

In the project activity, the treated wastewatell W discharge in existing open lagoons and
there will be no discharge to river, sea or lakéence, emissions from this component have
not been included in the assessment.

Emissions from anaerobic decay of the final Sudge produced (PE, s fina))

If the sludge is controlled combusted, disposed landfill with methane recovery, or used
for soil application, this term can be neglecteddahe final disposal of the sludge shall be
monitored during the crediting pedo
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In this project activity, the final sludge produdsdsold to local farmers for soil application.
Sale receipts of sludge are kept for monitoringppee. With this term being neglectedPE

final, y =0.

Emissions on account of inefficienciesin capture systems (PE . sugitivey )
Project activity emissions from methane releasedpture systems are determined as per
paragraph 27 of AMS Ill.H., as given below.

PE =PE + PE Equation 10

fugitive,y fugitive,ww,y fugitive,s,y

Where:

Parameter | Details
PEugiive ww, y | Fugitive emissions through capture inefficienciasthe anaerobic
wastewater treatment in the yeait@O,,)
PEugiive,s, y Fugitive emissions through capture inefficienciasthe anaerobic
sludge treatment systems in the year y (tCO2e)

a. Fugitive emissions through capture inefficiencies in the anaerobic wastewater

treatment (PEsugitiveww, v)

These emissions are calculated as follows

I:)Efu(;jitive,vwv,y = (1_ CFEWW) * MEwa,treatmenty * GWF():H4 Equation 11
Where:
Parameter | Details
CERw Capture efficiency of the biogas recovery equipimerthe wastewater
treatment systems (a default value of 0.9 shalldsel)
MEP,w, Methane emission potential of wastewater treatragsitems equipped
treatmer, y with biogas recovery system in ygaftonnes)
Note that:

- * * * *
ME wa,treatmenty - wa,y Bo,ww u FPJ Z CO DremovedPJ K,y M C Fww,treatmentPJ k
k

Equation 12
Where:
Parameter | Details
CODy, removes,| The chemical oxygen demand remo‘i?dmi/ the treatment system k pof
i the project activity equipped with biogas recoverny the year vy
(tonnes/m)
MCF,wreatme | Methane correction factor for the project wastewstatment system
ntPJ.K k equipped with biogas recovery equipment (MCF e&alas per table
[1.H.1)
UFs: Model correction factor to account for model unaisties (1.06)
b. Fugitive emissions through capture and utilisation/combustion/flare inefficiencies

in the anaerobic dudge treatment systemsin the year v (PEfygitives, v)-

52 Difference of inclow COD and the outflow COD
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Sludge will be used only for land application, #éfere no sludge treatment envisaged in the
project activity. Therefore emission from sludggatment is omitted.

Methane emissions due to incomplete flaring (PE fiaringy )

Methane emissions due to incomplete flaring in yeare calculated as per the “Tool to
determine project emissions from flaring gases aiaittg methane” (tCé). The project
proponent has installed an enclosed flare systeRur the determination of the flare
efficiency, the default value of 90% (for enclodéie) will be used for the calculation of
project emissions from flaring gases. Steps 1dbthe “Tool to determine project emissions
from flaring gases containing methane” (hereatter ftaring tool) are used to determine the
project emissions from flaring of the residual gasam.

According to the step 1 of the flaring tool, toadhte mass flow rate of residual gas that is
calculated as per the following equation:

FM cen = Prenn ™ FVren Equation 13
Where:
Parameter | Details
FM re Mass flow rate of the residual gas in hour h (kg/h
P rRenh Density of the residual gas at normal conditionkanr h(kg/n?)
FV ren Volumetric flow rate of the residual gas in dry isest normal conditions in
the hour hif’/h)

Where:
o = Pn Equation 14
RGnh =7 b,
" R
B
MMRGh
Where:
Parameter | Details
PrG.AL Density of residual gas at normal conditions inrogkg/nT)
P, Atmospheric pressure at normal conditions (pa)
Ru Universal ideal gas constant (Pdkmol.k)
MM ke Molecular mass of the residual gas in houkdikinol)
Tn Temperature at normal conditions (K)

As per the Step 5 of the flaring tool, methane nfil@sg rate in the residual gas on a dry basis
is calculated as per following equation:

TMgeh = FVeen * 1\ arGh - Pchan Equation 15
Where:
Parameter Details
TMge,t Mass flow rate of methane in the residual gasénhour h (kg/h)
FVron Volumetric flow rate of the residual gas in drysisaat normal conditions
in hour h
(m3/h)
fVeha, RGU Volumetric fraction of methane in the residual gagdry basis in hour h
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| Petias | Density of methane at normal condition (0.716 kg/m3 \

As per the Step 6 of the flaring tool for deterntioia of the hourly flare efficiency, a default
value of 90% is to be used provided that it cardémonstrated that the flare is operational.
If the flare is not operational, the default vatadoe adopted for flare efficiency is 0%.

According to the step 7 annual project emissionmfflaring are calculated as the sum of

emissions from each hour h, based on the methanerdite in the residual gas (E¥y) and
the flare efficiency during each hourdise, 1), as follows:

8760

PEfaey = 2, TMpcn * =17 are) * GWR,,, /1000 Equation 16
h=1
Where:
Parameter Details
TMreh Mass flow rate of methane in the residual gasénhtbur h (kg/h)
Dflare-h Flare efficiency in hour h
GWPcha Global Warming Potential of methane valid for th@menitment period
(tCOe/tCH,)

Methane emissions from biomass stored under anaerobic conditions (PE piomass,y)-

Biomass storage is not envisaged in the projedtigctTherefore methane emissions from
biomass stored under anaerobic conditions whicls doetake place in the baseline situation
are omitted.

Leakage (LE ,):

The used technology is not equipment transferrech fanother activity, therefore according

to the AMS.III.H, there is no leakage to be congéde All the equipment used in the project

activity for power and heat generation is eitheeadly existing or brought for purpose of

project activity and there is no shifting of olduggment takes place. Therefore, there is no
leakage as per AMS.I.C and AMS.I.D.

Emission Reduction (ER)):

As per the Paragraph 29 of AMS Ill.H, emission iithn are estimated ex-ante in the PD
using formulas mentioned in baseline, project apdk&ge emissions sections above.
Emission reductions are estimated ex-ante as fellow

ERy,ex—ame = BEy,ex—ame - (PEy,ex—ante + LEy,ex—ame) Equation 17
Where:

Parameter Details

ER . eyant Ex ante emission reduction in year y (€8

BE . eyant Ex ante baseline emissions in year y (i€)O

PE,, exante Ex ante project emissions in year y (£8P

LE y ey-ante Ex ante leakage emissions in year y (€O

According to the paragraph 31 AMS IIl.H., emissimduction achieved by the project
activity is limited to the ex-post calculated baselemissions minus project emissions using
the actual monitored data for the project activiggmission reductions achieved on any year
are the lowest value of the following;
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ER/,expost = min((BEy,expost - PEy,expost - LEy,expost)!

Equation 18
(MDy - PEpower,y - PEbiomassy - LEy,ex post))
Where:
Parameter Details
ERYy, expost Emission reductions achieved by the project agtivased on monitored
values for yeay (tCO:€)
BE . expos Baseline emissions calculated as per parageagiosimonitored values
PEy, expos Project emissions calculated as per paragraplvgmponitored values
MD , Methane captured and destroyed/gainfully usedhbytoject activity in
the year y

As per paragraph 32 in AMS lll.Hin case of flaring/combustion MDwill be measured
using the conditions of the flaring process

Iley = Bc-:‘Dumt,y * WCH4,y * DCH4 * FE* c-:'WI%H4 Equation 19
Where:

Parameter Details

BG burnt, Biogas flared/combusted in yeafm®)

W chy Methane content in the biogas in the ygémass fraction)

D cha Density of methane at the temperature and preséitihe biogas in the

yeary (tonnes/m)
FE Flare efficiency in year (fraction)

As per answers to authors of query by the SSC \WM@he case that the biogas is combusted
for a gainful use of the released energy as in agiree or a power plant, a destruction
efficiency of 100% can be used for the portion iofyas that is combusted when applying
AMS lll.H., i.e. use a value of 100% for FE in efipia 16 in paragraph 32 for the portion of
biogas that is combusted for a gainful u¥e”Based on this, the alternative Mbalue is
deviated from the approved methodology and cacalulated as follows:

MD :WCH4 * DCH4 * GWI%H4 * [( BGTOFIare,y * FE) + (BG * DE)] Deviation 3

y combustedy
Where:
Parameter Details
BGrogiare Biogas sent to flare in yegi(N m3/year)
FE Flare efficiency (fraction)

BGcombusted| Biogas combusted for gainful use in ygaz(Nmslyear)

y
DE Destruction efficiency of biogas combusted fgaful use (fraction)

With reference to the clarification made by the S8G, this approach can be considered as
not impact negatively on the conservativeness ef @pplied methodology’s criteria and

8 http://cdm.unfccc.int/UserManagement/FileStoradé?WAGY8MS92ZX DKUHEF5LBO7QICT1P
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procedures to quantify data leading to GHG emissieductions or removals. The

clarification from EB, as referenced above, canded to substantiate this statement.

For the current monitoring period the biogas is vested from m to Nnf using a

conservative factor, adjusting the temperature ofmal conditions and project site

conditions.

As per the gas equation; K V; / T; = B, X V, / Ty, where 1 represents parameters
measured conditions and 2 refers to parametersratah conditions. Now for each of the
parameters, an explanation of range is as shovawbel

P1 would always be higher than 1 atm pressure aialtiere is a positive gauge pressure
gas can flow from gas storage to boiler and gageng Let’'s assume the same to be (1
atm where x is a positive number.

P2 =1 atm as per normal conditions of temperatntepressure.

Since the gas is generated, stored and sent ter laoitl gas engines at ambient conditiong
(average temperature of 29 C as per meteorolodata) and normal conditions as O C.

So if V1 represents volume in®rand V2 represents volume in Rmve have the following
situation.

) 273
V,(NmB) = (1+ X)le(m)xm Deviation 4

If we assume x = 0, we get a conservative factdy.@04 to be multiplied by gas volume
m3 to get biogas volume in Nm3 on a conservatigisba

The approach assumes that no pressure measuren@ortd in the supply pipe and therg

pressure difference is assumed to be zero, estigntitée volume in Nfito be on a lower side.

Temperature for ambient conditions around the igavailable and same is used to calcu
a factor used in estimation of volume at normaldittons. The approach is thus conside
as conservative and it meets the deviation reqntsnas per paragraph 5.3, page 13 of
2007.1.
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The deviations explained above, which are requethe ex-post determination of emission

reductions, are summarized and further explainstiffied in the table below.

Methodology and Formula| Deviated approach  or| Justification for deviation
that is deviated formula

In the absence of wastewateA factor of 0.65 is applied tpThe project proponent ha
flow meter, the running hoursaccount for the fact that thedone this during currer]
of the water pumps sendingvater pumps are notmonitoring period, for
the wastewater into theoperating at full capacity absence of flow meter, b
AFFRs are monitored andPump capacity multiplied byavailability —of operating

1S

ut

<

by
ed

used to calculate theoperating hours and thishours and pump default flo

wastewater flow. This factor gives a conservativerate.

deviates from AMS IIl.H., fig of waste water pumped

version 13 (paragraph 34)nto the reactors. As per industry practice an

that requires monitoring qf experience, generally th

Quw, y. discharge of wastewats
pumps are close to the rat
capacity based on the head

of
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the pump. The approach

are assumed to be operat
at 65% load which is on
lower side.
confidence, in
this approach is applicable,
shall be ensured that t
wastewater volume estimat
using this approach is low

starch  production
during a particular
Considering
generation rate at 10 °nper
tonne of dry starc
production (design value)

proce

the deviated approach, it
clear that the
approach would result in

generation. In addition,
should be mentioned that t

anyway have to be compar
with the
destruction’
approach.

or ‘MD’

the  baseline  nor
additionality  have
affected negatively from th
deviation.

ensure more reliability.
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To give furthe
the
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than the default wastewat
volume expected from th

yea
wastewate
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emission reductions estimaite
the wastewater approach w

ed

Baseline  emissions  fd
estimating the fossil fug
replaced. The methodolog
AMS I.C., version 15

(paragraph 15),the baseling
emissions are estimatd
based on the amount
heat/steam delivered by ti
equipment

rdequirements per tonne
pitarch when only fuel oil wa
neised.

rThe project proponent uses
| conservative approach, bas
yon amount of heat requirg
for starch drying, which ir
turn is estimated on he

The approag
compensates the fuel d
usage from total fuel oi
requirement (in baseline) ar
conservatively estimates th
fuel oil replaced by methan

®ue to incompleteness of t
eohonitoring  equipments,
deviation has been made
the approach specified
amethodology AMS I.C. Th

hdue to dual fired system
ilconservatively adjusted
| baseline emissions.

1doss happens due to dual fir
psystem and the energy

Irrespective of quantity o

f same is supplied by fuel oi

pideviated approach ensur
sthat efficiency lost in systen

Th
dneans that if any efficienc

[

(
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methane burnt. using the given approach|the
loss is accounted in biogas
usage, thereby estimating
lower fuel oil replacement
for baseline emission
estimation. In addition, the
approach does not have any
negative impact on
additionality of the project.
In the case that biogas |[iA destruction efficiency of This approach has been
combusted for a gainful ugel00% is used for the portignconfirmed by the SSC WG
of the released energy, it i©f biogas that is combustedvho also agreed to include
unrealistic to assume |dor gainful use i.e. in boilerthat such approach will be
destruction efficiency of theor gas engines. For thencluded in a future revision
flare  system in  the portion of biogas that is sepof AMS Ill.H. Based on thig
calculation of MDD as|to flare, default flarg reference, it can be
prescribed in paragraph 32 péfficiency is the sameconcluded that the approach
AMS II1.H. according to the prescribeds conservative and does not
value for an enclosed flateimpact negatively on the
system. conservativeness of emission
reduction calculation and the
additionality of the project.
Based on paragraph 36 pStandard gas equation, X | The approach assumes that
AMS llIlLH., version 13, V,/T,=P, XV,/T,is usedl no pressure measurement|is
volume of gas has to heo compare volumes and th&one in the supply pipe and
estimated in Nrh from the| value of temperature arjdthere by pressure difference
volume of gas available ippressure are assumed. The assumed to be zerp,
m’. However for volume approach is explained inestimating the volume in
conversion pressuredetail in the followingl Nm3 on a conservative side.
temperature  values  afesection. Temperature for ambient
unavailable. These values conditions around the year |is
are assumed conservatively available and same is used|to
to estimate volume of gas. calculate a factor used |n
estimation of volume at
normal conditions. The
approach is thus considered
as conservative and it meets
the deviation requirements as
per paragraph 5.3, page 13|of

VCS 2007.1.

4.2 Quantifying GHG emissions and/or removals for the bseline scenario:

The following section gives details of ex—anteraation of baseline emissions for the project
activity. The data sheet of calculations is preddo the DOE with this VCS PD.

The main calculation parameters and results andded below:

Methodology: AMS I1I. H. (Methane avoidance component)

Formula:

BENW,treatmemy = Zwa,i,y * Cc)Demoved,y

LIMCF,

ww,treatmeniBL,i

* BO,VWV |:UFBL * c-:‘WI:C:!,H4
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Based on design value of wastewater treated: 2,400
m*/day (based on design data of 18 ofiwastewate

Quw,iy= 543,157 m generated per tonne of dry starch, and four-year
average annual starch production at 54,316
tonnes/year).

CO_D removed.| 3 0201 /A Based on'historical monthly readings multiply b9

iy = conservative factor

CODy, = 23,000 mg/I Design value

Boww= 0.21kg CH/kg COD | Default value

MCF " 10.8 Default value for anaerobic deep lagoons

treatment, BL, —

UFgL 0.94 Model correction factor from AMS IlI. H.

GWPeps = 21 Default value

Calculation:

543,157 X 0.0201 X 0.8 X 0.21 X 0.94 X 2136,171 tCQe

Methodology: AMS I. C. (Fuel replacement component)

Formula: BEthermaI,COZ,y = (EGthermaI,y /HBL,thermaD * EI:COZ

BE[hermalCOZ,y = ER1ea1;y = (Qstarchy * QFO,starch - qFO,y) * DFO * I\IC\/FO * EI:002 /106
Quantity of Residual fuel oil is back calculatedrfr
the amount biogas expected to be utilised for thérm

Qro= 981 tonnes production i.e. 2,003,894.13 N (50% of total
biogas production) i.e. Biogag: X NCVpiogad NCVeo
= (2,003,894.13 X 20.93)/42.76/1000

NCV o 42.76 GJ/tonne DEDE - Thailand Energy Situation
Calculated from amount of HFO displaced:oQX

EGuema,y | 41.94TJ NCVio = (980.78 X 42.76)/1000 i °

Mo, thermal 100% Assume at 100% for conservativeness

EE Emission factor of fossil fuel replaced

coz 77.4tCO2/TJ (IPCC 2006 default value for residual fuel ail,

Volume 2, Chapter 1, 1.23)

Calculation:

(41.94/100%) X 77.4 3,244 tCOe

Methodology: AMS I. D. (Power generation component)

Formula: BE,, = EF, * EG,
Based on info available for gas engines and biggas
3812 MWh used for generation process. Efficiency of gasreng
EG, = ' and NCV of biogas as well as accounting for 10%
losses in power generation =pMgas aeNM® X 20,930
KJ/ nt X 0.364/3600 X 0.9
EF,= 0.5057 tCO2/MWh Grid emission factor
Calculation:

» 3,812X 0.5057 4,927 tCQe

4.3 Quantifying GHG emissions and/or removals for the poject:

The following section gives details of ex — antgnaation of project emissions for the project

activity. The data sheet of calculations is preddo the DOE with this VCS PD.

The main calculation parameters and results andded below:
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Methodology: AMS 1. D. (Power generation component)

Formula: PE, . = EF,*EC,
EC, 1,118 MWh Based on power capacity installed (116 &¥\8,760 hours
EF, 0.5057 tCO2/MWh |  Grid emission factor of Thailand

Calculation:
1,118*0.5057 566 tCO,e

Methodology: AMS 1ll H (Methane avoidance component)

Emissions in wastewater treatment system without bigas recovery

Formula:
- * * * * *
P Ey,vwv,treated - vav,k, y CO |QemovecPJ,k,y M C vam,treatmenPJ,k Bo,vwv U FPJ GW%H4

Based on design value of wastewater treated: 2y0fay
_ | 543,157 m (based on 10 Pof wastewater generated per tonne of [dry

Q ww, K,y — _ 1
starch, and four-year average annual starch priotuet
54,316 tonnes/year).

cOob 0.004016 Based on COD removal by lagoon system after by|the

removed. PJ. k.| tonne/nd project activity

V=

MCF .,

treatment, PJ. k| 0-8 Default value

_ 0.21kg CH/kg

Boww= COD Default value

UFp; 1.06 Default value

SWPCH“ 21 Default value

Calculation:

543,157 X 0.004016 X 0.8 X 0.21 X 1.06 X 2BA58tCG; e

Fugitive emissions in wastewater treatment systemithi biogas recovery

Formula: PEy fugitive,ww = (1_ CFE\NW) * MEwa,treatmenty * C;V\/PCH4

SFEWW 0.9 Default value
Methane emission potential of wastewater treatment

MEPw, systems equipped with biogas recovery: MERamenty=

treatment,y 11780 tonnes Qy, ww * Bo, ww * Zj CODremoved, PJ, k, ;‘ MCFWW treatment, y W|th

= COD/’ removed_' COD/’ in*nAFFR: COQ/Y in*o.8.; 543,157 X
0.21 X 0.0184 X 0.8 X 1.06

SWPCH“ 21 Default value

Calculation:

1,780 X (1-0.9) X 21 3,737tCGe

Methane emissions due to incomplete flaring

8760

Formula: PEg,., = ZTM roh * =17 are—r) ¥ GWR,,, /1000
h=1

MNflare 0.9 Efficiency of the enclosed flare
Y TMge Ot No biogas flared (only emergency)
Calculation:

0 X (1-0.9) X 21=0 tCOe
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4.4 Quantifying GHG emission reductions and removal enancements for the

GHG project:

Year Emission of Estimation of | Estimation Estimation of
project activity baseline of leakage | overall emission
emissions emissions (tCO2e) reductions
(tCO2e) (tCO2e) (tCO2e)
2007 12,461 41,342 0 28,881
2008 12,461 41,342 0 28,881
2009 12,461 41,342 0 28,881
2010 12,461 41,342 0 28,881
2011 12,461 41,342 0 28,881
2012 12,461 41,342 0 28,881
2013 12,461 41,342 0 28,881
2014 12,461 41,342 0 28,881
2015 12,461 41,342 0 28,881
2016 12,461 41,342 0 28,881
Total
(tonnes 124,610 413,420 0 288,810
CO2e)

5 Environmental Impact:

Being a project based on renewable energy bioggeqby it does not fall under the purview
of the Environmental Impact Assessment (EIA) notifion of the Ministry of Natural
Resources and Environment (MONRE). Nevertheledstief overview of environmental
impacts related to the project activity is sumnedibere.

Odour — air pollution occurred as a result of starchtdac wastewater treatment plant can
generally be limited to undesirable odour. Othsgegts of air pollution such as smoke, dust
etc., are not significant, and therefore can béented.

Wastewater from starch factories generates a tangatity of malodorous gases as a result of
the decomposition of organic matter. In the oldaanbic lagoon treatment system,

wastewater from starch factories is detained irergzes of deep open ponds which allows
organic matters to decompose biologically overralperiod of time. Since these ponds are
not covered, the undesirable odour causes annoyamearby communities.

Odour at low concentration can cause psychologitraks rather than physical harm to the
body. Offensive odours can cause poor appetitefdod, lowered water consumption,
impaired respiration, nausea, vomiting and mengatuobation. These effects can have an
impact on socio-economic condition in the commusitgh as deterioration of human health,
a decline in property value and lowered capitaégtinent.

Considering the use of the new closed anaerobiersysvastewater is routed to the AFFR
system implemented. Most of the gas generated beilcaptured and stored. Due to its
economic value, the biogas will be combusted farrtal and power generation, and not
released directly to the atmosphere. Thereforeerwthe project activity is operating

properly, the odour problem will be reduced sigfitly compared with the anaerobic lagoon
system.
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Wastewater pollution — although Chol Charoen Co., Ltd., has alreadyallest the
wastewater treatment system, there are some aspleetssironmental impacts that should
still be considered, which are:

> Non-standard effluent discharge — although theeda@naerobic systems installed in
the project activity have design COD removal effigiy of around 80%, the effluent from
such systems will nevertheless remain rich in eatd. A post-treatment system is required
before the effluent can be discharged outside #uditfes so as to meet the wastewater
effluent standards. Generally, it is a good pcacto design the system such that the water
quality in the final pond meets the effluent stamdaeven though water is reused within the
factory and not discharged outside. Since bothaold new systems have put in anaerobic
open ponds as post-treatment system and the fgafamng to reuse all the treated wastewater
for washing tapioca and irrigation of internal ghtion, the impact from non-standard
effluent discharge is unlikely under both circumses.

> Wastewater overflow - wastewater overflow might fexp during the rainy season if

the precipitation rate is higher than the outflaterof the final pond for a sustained period of
time. Wastewater overflow can lead to a variety pvbblems that have significant

environmental impacts. Excess nutrients in thetevester will stimulate excessive plant

growth which can disrupt normal functioning of theosystem, known as Eutrophication.
Such problem could lead to social conflicts withire community. While wastewater can
overflow from any ponds in the old anaerobic lagabe overflow can only happen from the
post-treatment ponds in the closed anaerobic syskémee the average water quality at the
outlet of the project activity is better than thiat the anaerobic lagoon ponds, the
environmental impacts from overflow of wastewatdt e significantly reduced.

Safety — since biogas will be stored in large quantite issue of gas safety becomes a
concern. However, the risk of any explosion wal yery unlikely because the biogas, once
leaked from its storage, will disperse quickly upsvand will not build up above ground
surface. This is due to the lower molecular weigfhinethane Ck(main content of biogas)
compared to nitrogen N\(main content of air). Nonetheless, to avoid ask of fire, no
matter how unlikely, ignition sources, includingamg in the proximity of the biogas plant
must be strictly prohibited.

Overall, impact assessment of the new wastewaatnient operation compared with the old
system operation shows a satisfactory result. Mawstironmental aspects are actually
expected to improve after implementing the closedtewater treatment system. Only gas
safety will have negative impacts compared to th@egobic lagoons, but such impact is not
significant and mitigations measures are, therefaserequired except for a no-smoking sign.

6 Stakeholders’ comments:

Initial Stakeholder Consultation was carried out ®iyol Charoen Co., Ltd. Stakeholder
groups were identified and informed through oral amitten means.

Place and date of meeting

Stakeholder consultation was held at a meeting rob@hol Charoen Co., Ltd. (in Cholburi)
on 24 July 2008. Participants were able to exarttiedocation where the proposed project
will take place.

Meeting participants
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Participants in this meeting are local residents Vide within 5 km from the project location.
They include local government officers, local shegbers, among others.

Language
Documentation and meeting were conducted in Thag(llanguage)

Meeting procedures

. Purpose of consultation

. Description of the project and its environmentgbauts
. Description of VCS

. General feedback

Meeting documents and protocols

Registration was held prior to the meeting. Durthg meeting, relevant documents for
project description, environmental impacts andédffects on sustainable development were
delivered to all participants. On completion o timeeting, the following documents were
collected and attested with signatures of the bialkiers attended:

. Presence list with name, address and occupation
. Non-technical description of the project
. Documents on environmental impacts of the project

These documents are available in hard copies amd bea shown to the Designated
Operational Entity (DOE) during validation process.

Summary of the comments received

After the presentations, participants were affortterlopportunity to ask questions regarding
the project activity. The overall response toghgect was encouraging and positive to local
environment and social-economic conditions i.e. dtakeholders appreciate the wastewater
treatment in a more efficient way in which irritelddour can be avoided while creating new
jobs. In all, no adverse reactions, comments, larifications were received during the
Stakeholder Consultation process. The project @paints did not recognize any need to
make changes to the project design or monitoriag.pl
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Meeting document sample with stakeholders’ signatus
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7  Schedule:

Date Event Information and
evidence

11 January980 Operation start date of starch producti@peration permit

plant
16 August2001 Submission date of loan application| tooan application form tg
NSTDA for biogas project (theNSTDA
application here stated that the AFFR
system will be used for wastewater
treatment and for biogas production, |in
which the biogas will be used for fuel oil
displacement and electricity generation).

12 July2002 Investment decision date. A letter from NST
approving a loan
application for biogas
project

1 August2004 Construction start date of the project Cantrawith  Poteam
Builder Co., Ltd.

26 August2004 Finalisation of loan for biogas projedtoan contract with the

changing governments

from NSTDA after long delay due tolndustrial

Finance
Corporation of Thailand.

20 Decembe?004

Installation of biogas utilisation syste
(at this point, only fuel oil displaceme
system is installed due to shortage
funding)

rrgontract for installatior
nand testing of bioga
afystem with Thai Stear

Ltd.

Service and Supply Col

> O

7 January2006

Date of initiating the project. Actu
operation start date of biogas system
fuel oil displacement

aDperation log shee
forovided by the factory.

14 July2006

Purchase of generation set

Contract with Jiattgnal
Energy International Co
Ltd.

22 December 2006

Commissioning date of electri

generation set

D

ciDperational log sheed
provided by the factory.

'

24 July 2008

Stakeholder consultation meeting tetr
VCS requirement (Other activities)

n&xtract of feedback fron
stakeholders.

h

6 January 2021

(date of
terminating the
project)

| Date of terminating the project

Estimate based

years.

operational life time of 1%

D

Frequency of monitoring and reporting:

It is planned that the monitoring period and reipgrbof emission reductions from the project
activity will be done on an annually basis. Thenitaring frequency of each parameter will
vary depending on their types and the requiremehte applied methodology. This is
elaborated in section 3.3 of this VCS PD. In ddditthe acquainted data shall be kept by the
project proponents for a minimum of 2 years afterdrediting period.

Generally speaking, calibration of equipments tldone on at a minimum of once in three

year basis.

Project period:
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The project period constitutes the period fromdhate of initiating the project and the date of
terminating the project i.e™January 2006 —"BJanuary 2021.

The crediting period of the project is of 10 yeft3 January 2007 — 31December 2016).

After the initial crediting period of ten years bsequent renewals. of the crediting time might
be considered according to the status of the gragwity and baseline revision at that time.

8 Ownership:

8.1 Proof of Title:
Documents assessing the ownership of the wastewatsment plant from Chol Charoen

Co., Ltd. will be provided for the DOE during thelidation process. Evidence of proof title
include: company affidavit, operation permit, aadd ownership document, among others.

8.2 Projects that reduce GHG emissions from activitiethat participate in
anemissions trading program(if applicable):

Not applicable in Thailand.
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AFFR
BIOTEC
BOD
CER
CDM
COD
DNA
DOE
EPPO
EIA
GHG
HDPE
HRT
IRR
IPCC
KMUTT
MLR
PEA
UASB
UNFCCC
VER
VCS

Table of abbreviations

Anaerobic Fixed Film Reactor

National Centre for Genetic Engineering and Biotextbgy
Biological Oxygen Demand

Certified emission reduction

Clean Development Mechanism

Chemical Oxygen Demand

Designated National Authorities

Designated Operational Entities

Energy Policy and Planning Office

Environmental Impact Assessment

Greenhouse Gas

High-density polyethylene

Hydraulic retention time

Internal Rate of Return

Intergovernmental Panel on Climate Change

King Mongkut's University of Technology Thonburi
Minimum lending rate

Provincial Electricity Authority

Upflow Anaerobic Sludge Blanket

United Nations Framework Convention on Climate Gjgan
Voluntary Emission Reduction

Voluntary Carbon Standard
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