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Revision history of this document

Version | Date Description and reason of revision

Number

01 21 January Initial adoption

2003

02 8 July 2005 * The Board agreed to revise the CDM SSC PDD toatfle
guidance and clarifications provided by the Boandes
version 01 of this document.

* As aconsequence, the guidelines for completing CE9\¢C

PDD have been revised accordingly to version 2. [atest
version can be found at
<http://cdm.unfccc.int/Reference/Documents

03 22 December « The Board agreed to revise the CDM project design

2006

document for small-scale activities (CDM-SSC-PDiaking
into account CDM-PDD and CDM-NM.
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[A1  Title of the small-scale project activity |
>>

Biopower project at Charoensuk Starch Co. Ltd, Bina

Version history:

Version Date Comment

Number

Version 1 30/05/2010 Version submitted for GSP

Version 2 30/09/2010 Version submitted to DOE feilag Draft Validation Report

Version 3 25/07/2011 Version submitted to DOE failog comments during requesting
for registration

\ A.2. Description of the small-scale project activit:
>>
The proposed project activity shall be implementgd\P Biopower Co.,Ltd. (hereafter referred to as
NP), a company which was established in 2007 toegda energy by treating wastewater from
Charoensuk Staraf2005) Company Limite¢hereafter referred to as CS), which was estaldigh@005
and commenced operations in 2006. The comgamgently produces on average 123 tonnes of native
starch per ddy

The current practice is the treatment of the waatewfrom the starch plant through 8 cascading
anaerobic open lagodnsiithout methane capture. The depth of these pamds0 m. The average
ambient temperature in the region is 27.12These conditions result in an anaerobic envirarritethe
ponds, which lead to methane generation from ttgradiation of organic content (characterized by
chemical oxygen demand or COD) in the wastewateis Methane is released into the atmosphere. The
treated wastewater is utilized as fertilizer innpéions in nearby area and/or evaporated into the
atmosphere. This practice is in compliance witewaht environmental regulation of Thailand.

The proposed project activity involves the instadla of a new stage of wastewater treatment, using

Modified Anaerobic Baffled Reactor (MABR) technologp treat the wastewater generated from the

starch plant. The installation will be sequentathe existing open lagoon system in order to cepnd

use methane. The new treatment will help to reducissions of methane to the atmosphere. Methane is
a greenhouse gas that is generated and emittedtlfrormperation of the open anaerobic lagoon system
which is the prevailing practice of wastewater tmgent in the starch factory.

The captured biogas will be used as fuel in a radizbe burner system to replace heavy fuel oil@HF
consumption for starch drying purposes. Henceptbgect activities utilize 100% of the biogas proed.
In case of surplus biogas, project owner will ilsta electricity gas engine system. An open flailébe
also installed for use in any emergency situation.

! Data from Charoensuk’s production record year 20009

Z The total number of open lagoon is 11 ponds, dEwB ponds are considered in the baseline and 8the
remaining ponds are used as back up ponds.

% Data fromwww.tmd.go.thyear 2008,
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The biogas generation and utilization is illustdaite illustrated below:

Wastewate
— 3| MABR , Ireated wastewater

to open lagoon

100% :
.| Radiant tube _
burner system » Starch drying
process
Surplus  F------------- .
biogas | Gas engine | _ _
"""" . r-----% National grid
o :
Emergency
> Flare

Figure 1. Biogas generation and utilization diagram

The implementation of the proposed project activitywell in line with the policies and strategies
promoted by the Thai Governmériiational policies and strategies foresee targetthe introduction of
renewable energy technologies in various sectoamasstrument for reducing the country’s depengenc
on imports of fossil fuels. The proposed projecl directly support these goals as renewable energy
technology will be introduced and fossil fuels wik reduced directly by the substitution of HFO. In
addition, the project will contribute to other faxt that directly support a sustainable developrient
Thailand. In the following the expected impacts @escribed in relation to three dimensions.

Environmental benefits
- Mitigation of uncontrolled GHG emissions from th&'ment lagoon system,
- Improvement of water quality in these lagoons,
- Reduction of the unpleasant odor caused by thanesd of organic wastewater in open lagoons,
- Reduction of GHG emissions from the use of fosgls.

Economic benefits
- Utilization of the biogas as a new indigenous &mirce in Thailand and hence a reduction in the
import of fossil fuels from overseas,
- Earnings of foreign exchange from sale of CERstaéx | country,
- New business field (energy generation and saldbjmihe agro-industry sector,
- Reduction of the fuel costs within factory.

Social benefits
- Participation of several local stakeholders tholbagnsultation meeting to explain the project,
respond to questions and provide project ownegdlfack on environment and social impacts,

* http://www.ldd.go.th/Thai-html/05022007/PDF/PDF0IPEN10.pdf 22 April 2010
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- Creation of employment opportunities for local idlworkers during construction and

operation,

- Provision of staff training to improve their tecbai skills.

A.3.  Project participants:

>>
Table 1; List of project parti

cipants

Name of party involved(*)
((host) indicates a host
Party)

Private and/or public entity(ies) project
participants(*) (as applicable)

Kindly indicate if the Party
involved wishes to be
considered as project
participant (Yes/No)

Thailand (host)

NP Biopower Co., Ltd.

No

Germany

EnBW Energie Baden-Wirttemberg AG

D

No

A.4.  Technical description of the small-scalproject activity :

>>

A4.1.1.

>>
Kingdom of Thailand

A.4.1.2.

Region/State/Province etc.:

>>
Kamphaeng Phet Province

A.4.1.3.

City/Town/Community etc:

>>

Tambol Phetchompoo, Amphor Kosumpeenakhon

A4.1.4.

Details of physical location, includinghnformation allowing the

>>

The project activity is located as shown belowhia nap:
188 Moo 7 Phraholyothin Road, Tambol Phetchompaopkor Kosumpeenakhon,

Kamphaeng Phet Province
Thailand

, 62000,

The wastewater treatment plant is located at @eit6°37°21.43"N Latitude and 99°24'37.97"E
longitude. The source of generating wastewateryaated at latitude16°38'35.69"N Latitude and

99°24'45.10"E longitude.

AT
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The starch factory is located approximately 380Nontheast from Bangkok.
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Figure 2: Location map of p'r(')'j_éct"s;itté" "

® http://www.moohin.com/thailand-map/thailandmap.j@gNovember 2009)
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Existing Open lagoons
f L ¢

- —

Starch facté‘ry;

K

A.4.2. Type and category(ies) and technology/meas of the small-scaleproject activity: \

>>
1. Type of project categories of the small-scale prog activity

In accordance with Appendix B of the simplified natiies and procedures for small-scale CDM project
activities, the proposed project falls under tHiofaing types and categories:

AMS IIILH

Scope 13 : Waste handling and disposal

Type llI : Other project activities

Category H : Methane recovery in wastewater treatme

AMS I.C

Scope 1 : Energy industries (renewable/ non-rebnsource)
Type | : Renewable project

Category C : Thermal energy production with or withelectricity

AMS I.D

Scope 1 : Energy industries (renewable/ non-rebisource)
Type | : Renewable project

Category D : Grid connected renewable electricégeayation

® www.pointasia.conf9 November 2009)
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Technology of the small-scale project activity

The wastewater will be treated in a Modified AndmcdBaffled Reactor (MABR) reactor supplied by
Premier Energy Co., Ltd. The treatment processagiaes a removal of 85% of the COD in the
wastewatel

In the process of starch production, Charoensulcls{2005) Co., Ltd discharges on average 1,88®&fm
wastewater per day for 249 days in a year. Theemsder is treated in an anaerobic open lagoonrayste
The anaerobic conditions results in release of aretl{CH) into the atmosphere. The treated wastewater
IS used as irrigation water at the plantation.c8&ithe wastewater is not discharged into any waddres.
The current practice is in line with the existingvigEonmental regulations. To reduce the emissitms,
project will install MABR technology for the treaémt of the wastewater in a closed environment hed t
biogas will be captured and used for energy puipo3dée MABR is basically a covered anaerobic pond,
which contains the organic rich effluent water frome starch factory. The absence of oxygen in the
covered pond optimizes the contact with anaerohatdsia to convert the organic matter into bioJdme
wastewater is pumped from the bottom and circlethe system to digest the organic matter then the
treated wastewater will be from the system. Therdwiit retention time (HRT) of MABR system is
longer than the conventional covered anaerobic pond

The MABR is covered by High Density PolyethyleneDfPE). HDPE is an essentially impermeable,
resilient plastic which has high durability in sighit and provides a system to evacuate accumulated
rainwater. HDPE covers are used to provide a gas tee prevent methane from escaping to the
atmosphere.

MABR biogas digester system is shown in figure 4.

- Boiler
- Flare

Pond cover

Wastewater in-let Wastewater out-let

Soil

Figure 4: MABR digester system

The biogas generated from MABR will contain aroltd60% methane. The biogas is then collected in
pipes, cleaned and stripped of hydrogen sulphideisifed to utilizing in the Charoensuk starch dagt

for the starch drying process. In the starch dryraress, the biogas substitutes HFO at new ratliaet
burner from BKE Combustion Controls Co., Ltd.

In case of surplus biogas, the remaining of theydmsowill be used as fuel in a power generator with
installed capacity around 1 MW.

" Proposal from Premier Energy (Biogas Technologyi®ler)
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>>
Table 2: Ex-ante estimation of emission reductions

Years Estimation gf annual emission reductions
in tonnes of CQe
1 21,213
2 21,213
3 21,213
4 21,213
5 21,213
6 21,213
7 21,213
8 21,213
9 21,213
10 21,213
Total estimates reductions (tonnes of C&) 212,132
Total number of crediting years 10
Annual average of the estimated reductions
over the crediting period 21,213
(t CO.€)

>>
The project involves no ODA or public funding frdparties that are Annex | signatories of the Kyoto
Protocol.

large scale project activity:

Annex 13 of EB 54 report, Guidelines on assesswied¢bundling for SSC project activities,
(Version 03), specify de-bundling in a small sdqa@M project as follows:

A proposed small-scale project activity shall berded to be a debundled component of a large project
activity if there is a registered small-scale CDNkbjpct activity or an application to register areth
small-scale CDM project activity:

* With the same project participants;
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* In the same project category and technology/meaaunre

« Registered within the previous 2 years; and

« Whose project boundary is within 1 km of the projeaundary of the proposed smallscale
e Activity at the closest point.

It is confirmed that neither the proposed projexstplies with any of the above listed statements has
the project participants any other ongoing or feitactivity related to this project in anyway anddéethe
project is not a de-bundled activity of a largesjpct.

SECTION B. Application of a baseline and monitorirg methodology

>>
The proposed project activity is in compliance witte criteria of the following methodologies for alin
scale project activities and methodological tools:

() AMS Illl.H for Methane Recovery in Wastewater Treatt) Version 14, Scope 13 with
reference to EB 53, 2010.

(i)  AMS I.C small scale methodology for Thermal enefgy the user with or without
electricity, Version 17, Scope 1 with referenc&® 54, 2010.

(i)  AMS 1.D for Grid connected renewable electricityngeation, Version 16, Scope 1 with
reference to EB 54, 2010.

(iv) Tool to determine project emissions from flaring&s containing methane, EB 28 annex
13.

(v) Tool to calculate the emission factor for an eleityr system, Version 2, EB 50 annex 14.

(vi) Tool to calculate project or leakage £€nissions from fossil fuel combustion, Version 2,
EB 41 annex 11.

(vii) Tool to calculate baseline, project and/or leakessions from electricity consumption
Version 1, EB 39 annex 7.

B.2 Justification of the choice of the project catgory: \

>>
The following tables present applicable applicéptiriteria for each methodology and the relatibthe
project case to each applicability criteria is dlidssal.

The applicability criteria for the methodology AMIBH, are shown in table 3:

Table 3: The applicability criteria for the methéatpy AMS 111.H

Applicability condition Project case

1 This methodology comprises measures [hte project activity involves the installation of a
recover biogas from biogenic organic mafteequential stage of wastewater treatment with
in wastewaters by means of one of theethane recovery (MABR) and combustion of the
following options: generated biogas. The existing open lagoon system
(vi) Introduction of a sequential stage |dias no methane recovery.
wastewater treatment with biogas recovery

and combustion, with or without sludge

10
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Applicability condition

Project case

treatment, to an existing

anaerobic reactor with biogas recovery

lagoon without methane recovery).

anaerol
wastewater treatment system without bio
recovery (e.g. introduction of treatment in

sequential treatment step for the wastew
that is presently being treated in an anaer

Dic
jas
an

s a
ater
bbic

a

The recovered methane from the above
measures may also be utilized for the
following applications instead of
combustion/flaring:

directly; or
after bottling of upgraded biogas;

after upgraded and distribution:

(i) Upgrading and injection of biogas
into a natural gas distribution grid
with no significant transmission
constraints;

(i) Upgrading and transportation of

to a group of end users;

(d) Hydrogen production

(&) Thermal or electrical energy generation
(b) Thermal or electrical energy generation

(c) Thermal or electrical energy generation

biogas via a dedicated pipes netwg

The project activity utilizes recovered methane f
(a) thermal generation.

k

=

and or electrical energy generation, that
component of the project activity can use
corresponding category under type I.

If the recovered methane is used for proje
activity covered under paragraph 2 (a) heat electricity energy generation. The approved

ctThe recovered methane is used for heat and

baseline and monitoring methodologies AMS 1.Q
and AMS 1.D are used for heat generation
component and electricity energy generation of
project activity respectively.

d

he

emission reductions of less than or equ
60 kt CQ equivalent annually.

Measures are limited to those that resul

I Bx-ante emission reductions due to the wastewa
al teeatment were estimated at 18 kt£@nnually.
The result is lower than the 60 kt gCthreshold.

ter

removal events shall be 30 days.

Under this methodology anaerobic lagoons
are considered ponds deeper than 2 metef
without aeration, Ambient temperature abg
15°C, at least during part of the year, on a
monthly average basis, and with a volumet
loading rate of Chemical Oxygen Demand
above 0.1 kg COD.m-3.day-1. The minimu
interval between two consecutives sludge

5 The depth of all lagoons is 5.0 meters. Ambient

stemperature is 27.1°Z. The sludge removal perig

vis more than 3 years. The COD volumetric loadi
is 0.14 kg COD.M.day™.

rc

m

ng

The applicability criteria for the methodology, AME, are shown in table 4:

Table 4: The applicability criteria for the methdalgy AMS 1.C

11

A T
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Applicability condition

Project case

1 This category comprises renewable energ}
technologies that supply users with therma
energy that displaces fossil fuel use. Thes¢
units include technologies such as solar
thermal water heaters and dryers, solar
cookers, energy derived from renewable
biomass and other technologies that provig
thermal energy that displaces fossil fuel.

y The project utilizes biogas collected from the
| wastewater treatment system for heat generation
2 and substitutes HFO currently being used to
generate thermal energy to meet the plant’s heat
demand.

e

2 The total installed/rated thermal energy
generation capacity of the project equipment
equal to or less than 45 M\Wmai

Thermal generation capacity is 3.0 MWha® and
is thus under the 45 MW, mathreshold.

3 For co-firedsystems, the total installed therm
energy generation capacity of the project
equipment, when using both fossil and

alThe biogas heater is installed as part of the ptoje
activity. Furthermore the thermal generation
capacity is 3.0 MWemathreshold.

(D

renewable fuel shall not exceed 45 MW

The applicability criteria for the methodology AM

Table 5: The applicability criteria for the methéal

P are shown in table 5:

iy AMS 1.D

Applicability condition

Project case

1 This category comprises renewable energ)
generation units, such as photovoltaic, hyd
tidal/wave, wind, geothermal and renewab
that supply electricity to a national or a
regional grid.

y The project uses biogas recovered from the
rayastewater treatment system to generate electr
efor export to the national grid.

2 This methodologyis applicable to project
activities that (a) install a new power plant at
site where there was no renewable energy
power plant operating prior to the
implementation of the project activity
(Greenfield plant); (b) involve a capacity
addition; (c) involve a retrofitf (an) existing
plant(s); or (d) involve a replacemerfit(an)
existing plant(s).

The project involves the installation of new gas

a&ngine at sitevhere there was no renewable energy

power plant operating prior to the implementatién ¢
the project activity

3 If the new unit has both renewable and non-
renewable components (egwind/diesel

unit), the eligibility limit of 15 MW for a small-
scale CDM project activity applies only to the
renewable component. If the unit added co-fi
fossil fuel, the capacity of the entire unit shal

If there are surplus biogas, gas engine with cépaci

of approx. 1 MW will be installed by the project
activity. The project is within the 15 MW

threshold. Even if all biogas would be used as fuel
'¢§r the gas engine the project would be within the

| 15 MW threshold.

not exceed the limit of 15 MW.

| B.3.

>>

UNFCCe

AT

city

The physical and geographical location of the mtojgctivity encompasses the project boundary as
specified in Appendix B of the Simplified Modalisieand Procedures. In the present case, the project

8 Technical specification from supplier

1

2
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boundary includes the MABR digester, biogas treatnsgstem newly radiant tube burner system, gas
engine, open lagoons, and the newly established flaxt to the biogas plant. The open lagoonsen th
project refer to the existing lagoons. The treatedtewater in the MABR reactor will be channeleth®
existing open lagoons. The project boundary is shiomthe figure 5 below:

Heat for starch
drying (Backup}

National Grid

Hot oil boiler
system

Radiant tube

4

Starch plant [«

drying

©

v

Equalization
And filtration

Heat for stargh

burner system

()
Bioga

_______

>

Flare

4 Surplus | Backup

@situatio

Biogas treatmen

system
f
MABR <« Open lagoons
reactor —®—' system
""""" Dried sludge
Water —
— Biogas —
Land Application Heat —
Electricity —
Sludge —

Remark;

F = Flow meter (waste water)

G = Gas meter (biogas)

P = Power meter (electricity)

C = COD measurement (wastewater)
CH; = Methane content sampling

Figure 5. Project boundary line diagram

13
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The table 6 indicates the GHG emissions that ameidered in the proposed CDM project activity.

Table 6: GHG emissions in the proposed CDM pragetivity;

Source

Source

Gag

IncIuded/EchudIed

Justificdiquianation

Baseline

Wastewater

CG;

Excluded

CO, emissions from the decomposition g
organic waste are not accounted for. Thi
iS conservation.

treatment
Processes

CH,

Included

Main source of emissions in the baseling
from open lagoons.

N.O

Excluded

Excluded for simplification. This is
conservative.

Thermal

CG;

Included

Main emission source. Biogas captured
used to generate thermal to replace fuel
in starch drying purposes.

Heat
Generation

CH,

Excluded

Excluded for simplification. This is
conservative.

N.O

Excluded

Excluded for simplification. This is
conservative.

CG;

Included

Main emission source. Biogas is used to
generate electricity in order to export
electricity to the national grid.

Electricity
Generation

CH,

Excluded

Excluded for simplification. This is
conservative.

N.O

Excluded

Excluded for simplification. This is
conservative.

Project
Activity

CG;

Included

CO, emissions from the grid electricity
consumption for biogas generation and
distribution are accounted.

Wastewater
treatment
Processes

CH,

Included

Emissions through degradable organic
carbon in treated wastewater are accour
for.

» Fugitive emissions from biogas relea
in capture system,

» Emissions form incomplete flaring ar
accounted for.

» The generated sludge from MABR w
be dried and will be subsequently
applied in land application. This
emission source is assumed to be ze

N —

oil

N.O

Excluded

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

14
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Source Source Gag Included/ Excludled Justificdixplanation

Emissions through fossil fuel consumption
in project activity are accounted for.

* The fuel oil consumption for hot oil
CO, Included boiler which used as backup system.
Thermal * The LPG consumption for start up of
generation radiant tube burner system.

process

Excluded for simplification. This emission

CH, Excluded :
source is assumed to be very small.

Excluded for simplification. This emission

N,O Excluded :
source is assumed to be very small.

The auxiliary load for gas engine will be

CG;, Excluded supplied from biogas generation.

On-site
Electricity Excluded for simplification. This emission
use CH, Excluded source is assumed to be very small.
Excluded for simplification. This emission
source is assumed to be very small.

N,O Excluded

| B.4.  Description of baseline and its development \

>>

The following paragraphs describe the
1) baseline scenario of the project based on theexppiiethodology and
2) values applied to estimate the baseline emissions.

la) Wastewater treatment system (methane avoidance)

The most likely baseline scenario is a continuatbébrthe open anaerobic lagoon-based treatment of
wastewater without methane recovery. Lagoon basedtewater treatment systems involve low
investment and low O&M costs. This type of systemused extensivelin Thailand. Lagoons are the
technology of choice in tropical situations and amlyer area where legislation does not require more
engineered solutions. This prevailing practiceniull compliance with the requirements of the velet
authorities of Thailand.

Hence, there are no obvious reasons for the propdoalternate this prevailing practice, as it ptigs
with the legal framework in Thailand, it was andl $6 the most low-cost technology solution. The
current lagoon system is in good condition forre&t 15 years.

The project activity involves the installation ofequential stage of wastewater treatment througBmR
with methane recovery and combustion of producedids (see section B.2 for detailed justification).
From the MABR the wastewater continues to flowhe existing open lagoon treatment system without

° Thai Biogas Plants- High Rate Anaerobic Fixed Filechnology for Agro Industry Wastewater; ChaipraBe et.
al., KMUTT, 2003

10 http://www.pcd.go.th/info_serv/en reg std water@alis1
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sludge treatment. The baseline of the propose@gtragtivity correspond to AMS 111.H, version 14rp
1, scenario (vi).

1b) Thermal heat generation (fuel switch from HFO b biogas)

The baseline scenario is the continued consumpiio”RlFO for drying purposes within the starch
processing. There are no other less emission interigels available at the same costs and the same
operation risk to the project proponent. The priogativity is in line with. AMS I.C, version 17, pad, as
stated under section B.2.

1c) Power generation (export to the national grid)

The baseline scenario is the generated electiiiedyinto the Thailand national grid. The electiciih
Thailand continued heavily depends on conventidghakmal power generation, such as based on
petroleum, coal and mostly from natural gas foreitergy source. The generated electricity from the
project activity will be exported in order to diapk some portion of the electricity generatiorhia grid
system. The project activity is in line with AM®I.version 16, para 1, as stated under section B.2.

2) Values applied for the estimation of baseline emigm

CS is a family managed business and was establish2@05 and commenced operations in 2006. The
companyhas a production capacity of 200 tonnes of natiaech per day. From year 2007 to 2009 the
plant has been possessing on average 123 tonmaypérOn average the wastewater amount per tonne
starch produced is 14.76°nThe wastewater has a high organic content wiianiaverage 17,639 mg
COD/ litre". The wastewater is treated through 8 cascading tamgoon-based ponding system. The
depth of these ponds is 5.0 m. Methane gener&ibomthe digestion of organic content takes pldce

to the depth of the lagoons, the climate conditidims COD content of the wastewater and the anaerob
conditions in the ponds.

Although the obijective of the plant owner is to the plant with available capacity, during the aadnu
rainy season the starch production is reduced ged stopped for few months per year. Unfortunately
the plant owner was not able to provide full anthidled production and consumption data as CS has no
installed a comprehensive monitoring managemerit, figerefore a 14 days analysis was executed in
order to measure the baseline values. The followaiges were analyzed:

a) wastewater flow

b) COD inflow (wastewater which flows into the firstgoon)

c) COD outflow (wastewater of the lagoon no.8)

Table 7: The data used to determine the baselimgsems

Parameters Variables Value Unit Source

Test report by 'S
party and the plant
production record
from year 2007-

Volume of wastewater Ry 449,639 myr

! Plant operation license
12 Data from Charoensuk’s production record

13 Measurement campaign on 12 -25 February 2010
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Parameters Variables Value Unit Source
2009
The inflow COD of the Test report by '8
baseline system CODinton 17,639 tonnes/m party
14
ggsecl)iﬁ'glzw COD of the CODuutton ot 144 tonnes/i Test report by 'S
ystem party
Table 6.8 default
MCF values for
industrial
Methane correction factor for wastewater, 2006
the wastewater treatment | MCFy,treatment BL.i 0.8 - IPCC Guidelines
system for National
Greenhouse Gas
Inventories, volume
5, p. 6.21, table 6.8
Global Warming Potential of AMS Ill.H version
Methane GWhera 21 tCQICH, 14, para 20
2006 IPCC
Guidelines for
Methane producing capacity National
of the wastewater Boww 0.25 kgCH/kg COD Greenhouse Gas
Inventories, volume
5, p. 6.21.
The net quantity of Calculation shown
steam/heat supplied by the EGinermaly 33.82 TJlyr in annex 3
project activity
table 1.4 default
CO2 emission
factors for
combustion
COzemission factor of the , 2006 IPCC
fossil fuel EFer, coz 75:50 o Guidelines for
National
Greenhouse Gas
Inventories, volume
2, p. 6.23.
Quantity of net electricity Calc_ulatlo_n IS
supplied to the grid EGaLy 1,639.75 MWh/yr growded in annex
. Calculation is
gr% Emission Factor of the EFco2.griay 0.5453 tC@MWh grovided in annex
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Parameters Variables Value Unit Source
Thermal energy from HFO Data from Thailand
replacing by renewable NCViyel 39.77 MJ/Litre energy situation in
energy year 2008

B.5.  Description of how the anthropogenic emissiorsf GHG by sources are reduced below
those that would have occurred in the absence ofélregistered small-scale CDM project activity:

The proposed project intervention will result in GHemission reductions. In section B.4. it has been
demonstrated that in the absence of the propossecprthe current practice of wastewater treatnagént
the plant site, would be the most likely baselinenario. This means, that methane will continubdo
generated in and emitted from the open anaeropomla system to the atmosphere.

The implementation of the proposed project facestaite challenges or barriers, both during
implementation and operation. In line with the égaddle CDM regulation - Appendix B of the simplifie
modalities and procedures for small-scale CDM micgetivities - Attachment A to AppendixB-those
barriers need to be explained and documented.

In line with the requirements of the EB the propans providing explanations to show that the prbje
activity would not have occurred due to at least ohthe following barriers:

(a) Investment barrier: a financially more viable ateive to the project activity would have led to
higher emissions;

(b) Technological barrier: a less technologically adeahalternative to the project activity involves
lower risks due to the performance uncertainty aw Imarket share of the new technology
adopted for the project activity and so would hkeeeto higher emissions;

(c) Barrier due to prevailing practice: prevailing piee or existing regulatory or policy
requirements would have led to implementation wiciinology with higher emissions;

(d) Other barriers: without the project activity, fanadher specific reason identified by the project
participant, such as institutional barriers or tadi information, managerial resources,
organizational capacity, financial resources, grac#ty to absorb new technologies, emissions
would have been higher.

The project proponent has opted to argue for thigiadality of the project due to the investmentrhs.

The investment barrier is elaborated on in thefeithg section.

| nvestment barrier

The treatment of wastewater in anaerobic open lagad® a prevalent and standard industry practice,
being by far the least cost option for wastewatsstment that at the same time meets the legdialige
limit. While other options, such as the installatimf an anaerobic digester (the Project carriednatitout
CDM), require significant investments. To illusrathat the Project is financially unattractive on a

Y“Thailand energy situation 2008,

http://www.dede.go.th/dede/fileadmin/upload/novBbB2/rel pre ener 2551.pdf

'3 Available underhttp://cdm.unfccc.int/Reference/Guidclarif/ssc/n&HC_guid05.pdf, additional information is
available in the guideline “INDICATIVE SIMPLIFIED BSELINE AND MONITORING METHODOLOGIES
FOR SELECTED SMALL-SCALE CDM PROJECT ACTIVITY CATEGRIES”, version 12 (EB41/ Annex 20)
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business-as-usual basis, the project IRR is seleatethe financial indicator to be applied for the
benchmark analysis for the project activity.

For the purpose of CDM additionality assessmertjept developers have considered a conservative
benchmark in terms of CDM. In essence, the prajeseloper used the WACC as the benchmark for
project IRR®. The following formula is used to calculate the G,

WACC:ixRe+ xRdx (L-T)
E+D E+D
Where:
E / (E+D): Equity fraction in the Project
D/ (E+D): Debt fraction in the Project
Re: Rate of expected return by sharehofders
Rd: Rate of expected return by loan provitfers
T: Corporate tax rate

Table 8: WACC Calculation

Parameter Value Comment
) o ) Average D/E ratio of relevant
E / (E+D): Equity fraction in the Projégt 48% industry
D / (E+D): Debt fraction in the Projétt 52% Average DE ration of relevant
industry
Re: Rate of expected return by 17.20% Average ROE of relevant industry
shareholderd
Rd: Rate of expected return by loan Average of Thai commercial bank
. 2 6.95%
providers$ MLR

16 According to para 12, guidelines on the assessofénvestment analysis, Version 3, EB 51 annex 58.

Y Return on Equity (ROE), of the companies listed iargg sector of Stock Exchange of Thailand durinary2907-2009, is
used to represent the cost of equity. This datdtained from the SET’s market statistics. It ikgkted as net profits divided
by the equitieshttp://www.set.or.th/en/market/market_statistiasuht

18 Minimum Lending Rate (MLR), of all commercial banlkgjistered in Thailand during years 2007 - 2009s&d to represent
the cost of debt. This data is obtained from thekBarThailand.
http://www.bot.or.th/english/statistics/financialrkats/interestrate/_layouts/application/interede/tBl_Rate.aspx

19 Equity fraction of the companies listed in energy sector of St&ekhange of Thailand during year 2007-2009, isluse
represent the cost of equity. This data is obtafrmd the SET's market statistics. It is calculasednet profits divided by the
equities http://www.set.or.th/en/market/market_statistiasuht

20 Debt fraction of the companies listed in energy sector of Stexghange of Thailand during year 2007-2009, isluee
represent the cost of equity. This data is obtafred the SET’s market statistics. It is calculasstnet profits divided by the
equities http://www.set.or.th/en/market/market_statistiasuht

%L Return on Equity (ROE), of the companies listed iargg sector of Stock Exchange of Thailand duringry2907-2009, is
used to represent the cost of equity. This daddtgined from the SET’s market statistics. It ikgkted as net profits divided
by the equitieshttp://www.set.or.th/en/market/market_statistiasuht
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Parameter Value Comment
T: Corporate tax rate 30% At the time the decisias made
WACC: Weighted average cost of capital 10.82%

The project IRR calculation was carried out basethe input values below:
Table 9: Data for Project IRR Calculation

Value
Iltem (in million THB unless specified)
Initial investment costs (Million baht) * 85.00
Average annual O&M Costs (Million baht) ** 12.57
Heat selling price (baht/MJ)*® 0.29
Electricity selling price (baht/kWh) ?° 2.90
Project expected lifespan (years) 15
Project IRR 3.54 %87

® |Initial investment costs include cost of all newuignents, modification to the existing
equipments, installation work, civil work constriact for MABR, thermal generation system and
gas engine.

® O&M costs include power consumption, chemical, laboost and maintenance & overhaul cost
for MABR, boiler and gas engine.

Using above assumptions, the project IRR is caledlas 3.54 % and does not reach the benchmark of
10.82%. Thus the Project is not financially attraeiand would not be implemented on a business as
usual basis. The revenues from the sale of the GigRerated by the Project are expected to help
alleviate the investment barrier and increase Rie above the benchmark valléis expectation has

led the project participant to progress furtherhwibe planning of the Project by seeking CDM
assistance.

Sensitivity Analysis
To further demonstrate the investment barriersh groposed project, a sensitivity analysis is also
carried out for the relevant variables, such asrthestment cost, electricity price, biogas genernagtc.

22 Minimum Lending Rate (MLR), of all commercial baregjistered in Thailand during years 2007 - 2009sid to represent
the cost of debt. This data is obtained from thekB#rThailand.
http://www.bot.or.th/english/statistics/financialrkats/interestrate/_layouts/application/interede/tBl_Rate.aspx

23 Based on the proposal from biogas technology pesvid

24 Based on the proposal from biogas technology pesvid

5 Heat selling price is calculated from heating eatti fuel oil at 39.77 MJ/litre, fuel oil price 46.41 baht/litre and discount
rate at 26%. This price also put in the energyrggligreement between NP Biopower and CharoensuéhState 1 August
2010 and 20 July 2011. If converting this priceheating value of biogas at 20.93 M3fimen this price is equivalent to 6.0
baht/nf of biogas

28 Used data from EPPO for VSPP price during yea®28®.60 baht/kWhhttp://www.eppo.go.th/power/data/index.hyrahd
adder of 0.3 Baht/kWh on top of the electricityffag considered for the first 7 years accordinghe renewable electricity
campaign

%"In case NP doesn't implement the power generafistem, the total investment will be reduced to G0idh baht and the
project IRR is -2.92%.

28 |n case NP sell the biogas to CS at 6.0 batamd ignore all costs/expenses related to the hemmial generation system. The
project IRR in the base case is 7.23%

20



PROJECT DESIGN DOCUMENT FORM (CDM-SSC-PDD) - Version 03 UNFCCO

CDM - Executive Board

A summary of the analysis is provided in the foliogvtable. The analysis includes a 15 % increase an
decrease of the relevant variables:

Table:10 Sensitivity calculation

Project IRR @ 15 years
Variables Increasing Decreasing | Breakeven poift
variable by 15%) variable by 15%
Investment cost 5.73% Decrease 38%
Heat selling price 6.34% Increase 439
Electricity price 5.55% Increase 62%
Biogas Generation 7.66% Increase 28%
O & M cost for biogas 6.58% Decrease 42%

Remark

1) Initial investment costs:
It is much more likely for the initial investmenosts to increase than decrease, especially because
of the recent rise in construction materials. Tfeee decreasing at the rate of 38% is quite
impossiblé. Sensitivity analysis using 15% decrease can hesidered as a conservative
assumption

2) Heat selling price:

According to the historical fuel oil price in Thaild during the years 2006-2009, it shows that oil
price increased slowly from year 2006 — 2007 awmdlt $b increase faster from Q 4 2007 to the
highest level in mid of 2008 and then sharply daseein Q3 of 2008 to the lowest level in Q4 of
2008 which is the same price level as in year 20®vn oil price has increased slowly in year
2009 and decrease again in Q2 of 2010. From thetuation, it also shows that oil price is not
likely to remain at the high price throughout threditing period. No business owner could have
predicted this and they would make decision basednounpredictable figure. Therefore the only
way, what business owners could do, is using tlsé lpatorical figure to predict a future scenario.
From this point, NP had used CS'’s actual 3 yeatohcal oil price during the years 2007-2009 at
15.41 baht/litre for its feasibility study. The aage highest price is 17.11 baht/litre in year 2008
which is 111% of the average price during 3 ye@lerefore the sensitivity analysis using 15%
increase can be considered as a conservative assnomp

3) Electricity price:
According to the wholesale price of electricity pshed on Thai Energy Policy & Planning Office
(EPPO)’s website. The maximum electricity unit casis about 0.8% above our estimated price.
Sensitivity analysis using 15% increase in eleityriprice can be considered as a conservative
assumption.

9 The breakeven point is the magnitude for sensjtivi the variable parameters that will make IRRado the
benchmark.

% During validation, NP already signed agreemenhwéthnology supplier in the total amount more ttrenabove
breakeven point.
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4) Biogas generation
It is much more likely for the biogas generationdexrease than increase, especially because no
previous experience of MABR operation at the pkmi steady generation of biogas is subject to
maintenance of the proper operating condition.dasmng of 28% for the biogas generation can't
be applied as the biogas generation is set at #n@nmm potential and there is no room for
increase in biogas generation beyond 15&bove the current assumption. Sensitivity analysis
using 15% increase in biogas generation can bed=yesl as a conservative assumption.

5) O&M costs:
The major components of O&M costs are technicablatand parts/equipment replacement. As
for the initial investment cost, it is much morkelly for the O&M costs to increase than decrease
over time. Therefore, decreasing at the rate &b #&2quite impossible. Sensitivity analysis using
15% decrease can be considered as a conservativaon.

Therefore the sensitivity analysis confirms that pinoject activity is not a business as usual saena

It should also be noted that the level of proj&R Idiscussed above for the project activity cary tel
achieved when the biogas generation is kept abpiienal level throughout the crediting period. The
optimum operation of bioreactor, hence the optibiafjas recovery is subject to many factors such as
wastewater quality (organic loading to the bioreacpH, alkalinity, solid content, and temperature)
operational condition of the bioreactor (retenttome, granule activity, etc) and so on. The biogas
generation rate will be reduced easily when unfaable condition for anaerobic microbial growth in
the bioreactor occurs. Such an adverse conditionbfogas generation could happen anytime,
especially at the starting of the system. In additicorrosive nature of biogas may cause additional
cost requirement for unexpected equipment replasemdich is not accounted in the financial
analysis. To overcome such uncertainty, CDM agssigtés necessary to realize this Project.

With the CDM revenue accounted, the project IRRIa¢doe significantly improved to 15.01%,
surpassing the benchmark of 10.82%. Having thi$¢GBvenue in mind, NP decided to pursue the
development of the project activity using CDM scleenBecause CER revenue is only realized when
biogas is recovered successfully, project develapeput forth every effort to maintain the systen

its optimal operating condition.

Prior considerations of CDM

In accordance with “Guidance on the demonstratimhassessment of prior consideration of the CDM”,
the table below demonstrates the serious prioridersgion of the CDM by the project participantss
indicated below continuing real actions have alserbtaken by the project participants to secure CDM
status for the project activity.

Tablel1: Demonstration of prior consideration & @DM:

Event Timing Evidence

CS and NP signed agreement with ALLIED 26 Aug 2008 Agreement
CARBON (ACC)

%1 based on the assumption of 85% MABR efficiency
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Event Timing Evidence
ACC signed agreement with local CDM consultants 24 Sep 2008 Agreement
to develop documents for applying Thai DNA.
NP organized %l Public Hearing Seminar 9 Oct 2008 Registratiomfor
ACC submitted Lol to Thai DNA 16 Oct 2008 Lol
Thai DNA reply to ACC 20 Oct 2008 Letter from TGO
1*' upload for Global stakeholder'comment Jan 2009 www.unfccc.int
Lol signed by former project participants including 31 July 2009 Lol
the intention to develop the project as a CDM prbje
PIN and form for prior consideration of CDM sent{to 17 Aug 2009 Confirmation by UNFCCC
UNFCCC
PIN and request for Letter of Endorsement from 17 Aug 2009 Letter of Endorsement

German DNA (dehst)

Contract for services for CDM consultancy and fo
required measurements, stakeholder consultation
IEE

r 21 Aug 2009
and

Purchase order from EnB

W

Withdrawal of the CDM project by ACC 12 Nov 2009 Mal cancellation
agreement

NP requested construction permit from Phetchompoo 22 Dec 2009 Letter

administrative organization

NP got proposal from Biogas Supplier 4 Jan 2010 pésal

NP Board decided to implement the project 3 FelD201 Board meeting

NP signed ERPA with EnBW 20 Feb 2010 ERPA

NP signed agreement with supplier to design MABR 22 Feb 2010 Agreement

system

EnBW submittedform for prior consideration of 24 Feb 2010 Email

CDM to UNFCCC

NP submitted newlyLol and the cancelation of 16 9 Mar 2010 Lol

Oct 2008 to TGO

NP organized " Public Hearing Seminar 26 Mar 2010 Public ConsioitaReport

NP signed agreement with radiant tube burner 7 Apr 2010 Agreement

supplier to install the system

The CDM history of the Project started in 2008. Rreject was formerly developed by the company
ACC, NP and CS as project owner. The investor (A€i@jted the CDM development by commissioning
local CDM consultants, development of the PDD amehmissioning of a DOE. The project participants
stopped cooperation since the beginning of 2008.grbject owner CS and NP respectively was not able
to provide all financing by themselves therefore @& looking for an alternative investor. Mid of020
EnBW, CS and other Thai company met each otherdiswlissed cooperation possibilities in order to
develop the CDM project. After several months ofateations the CS decided to provide financing by
himself and asked EnBW to develop the CDM develogme

Conclusion

It can be concluded that the Project faces bartitsmakes the Project additional as a CDM projEat
Project would not be financially viable without thenefits of CDM: The IRR of the Project without
CDM revenues is 4.30% and hence below the sectochioeark of 10.82%. Furthermore, the MABR
technology poses significant risks as all staff ttabe trained, a monitoring and analysis manageémen
plan has to be developed and implemented, and eelnical equipment has to be maintained. The
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project owners within the starch sector have aofotloubts and worries about the new business to
generate energy. As you can find a lot of biogasifsl with bad performances. The benefits from CDM
provide the determining incentive that CS overcothesbarriers. After the registration of the fiGbM
project in Thailand and not till then doubts on CiNdre reduced and a lot of starch factories apfitied
CDM and biogas projects.

B.6. Emission reductions:

B.6.1. Explanation of methodological choices:

>>
The present project activity follows 3 approved Brezale project methodologies and 4 Tools:

1. The AMS IIl.H small scale methodology for MethanedBvery in Wastewater Treatment,
Version 14, Scope 13 with reference to EB 53, 2010.

2. The AMS I.C small scale methodology for Thermalrggegoroduction with or without electricity
Version 17, Scope 1 with reference to EB 54, 2010.

3. The AMS I.D small scale methodology for Grid conteelcrenewable electricity generation,
Version 16, Scope 1 with reference to EB 54, 2010.

4. Tool to determine project emissions from flaringemcontaining methane, EB 28 annex 13.

5. Tool to calculate the emission factor for an eleityr system, Version 2, EB 50 annex 14.

6. Tool to calculate project or leakage £€missions from fossil fuel combustion, Version 2,
EB 41 annex 11.

7. Tool to calculate baseline, project and/or leakagessions from electricity consumption
Version 1, EB 39 annex 7.

Estimating the Baseline emissions:

1. Basdine emissions from wastewater treatment (AMSI111.H)

According to the methodology, the baseline emissioay consist of:

BEy: BEpower,y + BEWW,treatment,y + BEs,treatment,y + BEWW,discharge,y + BES final,y (1)
Where,
BE, Baseline emissions in yepa(tCO.e)
BEpower, y = Baseline emissions from electricity or fuel constiompin yeary (tCO.e)
BEuw, treatment, y _ Baseline emissions of the wastewater treatmenemstaffected by the

project activity in yeay (tCO.€)

Baseline emissions of the sludge treatment systdfasted by the project

activity in yeary (tCO.e)

BE. . _ Baseline methane emissions from degradable orgeawibon in treated
ww.discharge.y wastewater discharged into sea/river/lake in yga€O,€)

BE. . _ Baseline methane emissions from anaerobic decatheffinal sludge
s/final.y produced in yeay (tCO.e)

BES, treatment,y =

The project activity involves the baseline emissian described below:
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BE.w, reament,y  Baseline emissions of the wastewater treatmestesywill be accounted for the project
as baseline scenario is the continuation of thegoelagoon-based treatment of organic
wastewater and release of biogas into the atmospher

The project activity does not involve in baselimeigsions below,

BEgower, y Baseline emissions from electricity consumptioill wot be accounted for project
because the baseline and the project wastewa@imeat plant does not consume
different electricity or fuel.

BEs, treatmenty Baseline emissions of the sludge treatment syssteithnot be accounted for the project
because the project activity does not involve sgludge treatment system.

BEwwdischargey ~ Baseline methane emissions from wastewater digetainto sea/river/lake will not be
accounted for the project because the wastewaier &xisting open lagoon does not
release into the sealriver/lake but partly usddrch factory .

BE; finar; Baseline methane emissions from anaerobic defatheo final sludge will not be
accounted for the project because the sludge frastirg open lagoons will give to the
farmers nearby for using as fertilizer.

The baseline emissions from the open lagoon syaterestimated based on the chemical oxygen demand
(COD) of the effluent and the amount of wastewétem the starch plant that would have entered the
lagoon in the absence of the project activity, theximum methane producing capacity,)(Bnd a
methane conversion factor (MCF) that express whapgation of the effluent would be anaerobically
digested in the open lagoons.

BEWW,treatment,y = z wa,i,y DCC)Drernoved,i,y D'\/lCI:WW,treatment,BL,i DBo,ww ﬂJI:BL DGVVI:)CH4 (2)
i
Where,
Quw,iy = Volume of wastewater treated in baseline wastewadatment system
in yeary (m°®)
COD:emoved,iy = Chemical oxygen demand removed by the baselinéniezd system in

yeary (tonnes/), measured as the difference between inflow CO® an
the outflow COD in systern

MCFuwreamenteLi = Methane correction factor for the wastewater tresnsystemi (MCF
value as per table 111.H.1)

[ Index for baseline wastewater treatment system

Boww Methane producing capacity of the wastewater (IR@&er value for
domestic wastewater of 0.25 kg ¢gktj .COD)

UFg. = Model correction factor to account for model unaigties (default value:
0.89)

GWPcha Global warming potential for CHdefault value: 21)

2. Basdine emissions for fossil fuel consumption (AMS1.C)
The captured biogas will be used for heat genaratictarch drying purposes reducing the consumptio

of the heavy fuel oil at the starch plant. The baseemissions associated with heat generation unst
starch plant is calculated as presented in thevimllg formula, given in AMS I.C.
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BE ermai co2y = EGimermar .y HEFee coz [y r— 3)
Where,
BEihermaicoz.y = The baseline emissions from steam/heat displaceldebgroject activity
during the year in tC@
EGinermaly = The net quantity of steam/heat supplied by thegot@ctivity during the
yeary (TJ)
EFF co2 = The CQemission factor of the fossil fuel that would hde=n used in the

baseline plant; tC& TJ, obtained from reliable local or national difita
available, otherwise, IPCC default emission factoesused
7 = The efficiency of the plant using fossil fuel threduld have been used in
' the absence of the project activity.
According to para 21 of AMS.I.C. option (b) is set=l to find out the efficiency of the plant usiogsil
fuel.

3. Basdlineemissionsfor grid connected renewable electricity generation (AMS|1.D)

The captured biogas will be utilized for generatatectricity in order to export it into the natidrgaid,
thereby reducing fossil fuel consumption for eliedy generation of the Thai electricity grid. The
baseline emission associated with grid connecteewable electricity generation is calculated astper
following formula, given in AMS 1.D.

BEpower,y = EGBL,y * EFCOZ,grid,y 4)
Where,
EGsLy = Quantity of net electricity supplied to the grideasesult of the implementation
of the CDM project activity in year (MWh)
EFco2 gridy = CO, Emission Factor of the grid in year y (t&&Wh)
CO, Emission Factor of the grid = 0.5453 tZidWh for the year 2008 (refer Annex 3)

The project proponent has chosen to follow optiandf the methodology, a combined margin (CM),
consisting of the combination of operating marg®M) and build margin (BM) according to the
procedures prescribed in the ‘Tool to calculate #mission Factor for an electricity system”.
Calculations are based on official sources andeirgshed in Annex 3.

Estimating the Project Emissions:

1. Project emissions from wastewater treatment (AMS111.H)

Emissions arising from the project activity arecaddited using the formula below:

PEy = PE power ,y + PEV\AN,treatment,y + PEs,treatment,y + PEww,discharge,y + PES final ,y +PE figitive,y + PEbiomass,y +PE flaring ,y + PEFF,

()
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All the components of the project emissions areesd below.

PE = Project activity emissions in the year(tCO.e)

PBower, y = Emissions from electricity or fuel consumption eayy, (tCO.e)

PEww.reatment.y = Methane emissions from wastewater treatment sysadfiested by the project
activity and not equipped with biogas recoveryyéary,(tCO.e)

PE, = Methane emissions from sludge treatment systenectaff by the project

reatmenty activity and not equipped with biogas recoveryyéary, (tCOe)

PEw dscrareey = Methane emissions from degradable organic carbdreated wastewater in
yeary, (tCOe)

PE s finaly = Methane emissions from anaerobic decay of the §halge produced in year
y, (ICOe)

PE tugitive.y = Methane emissions from biogas release in captatersys in yeay, (tCO€)

PBiomass.y = Methane emissions from biomass stored under anaezobditions, (tCGe)

PEaring.y = Methane emissions due to incomplete flaring in ygaas per “Tool to
determine project emissions from flaring gasesaiairig methane”, (tC&)

PEery = Project emissions from combustion of fossil fualsinig the year y (tC¢2)

The project activity involves project emissionssteged below;

PEower, y-
PEwutreatment,y:
I::’Eugitive,y:

I:)Elaring,y:

Emissions from electricity consumption will becaanted for the project as the auxiliary
equipments of the MABR system in the project attiwill consume electricity from grid.
Methane emissions from wastewater treatment systeill be accounted for the project as
the treated wastewater from MABR will be releag®d the existing open lagoon.

Methane emissions from biogas release in captystems will be accounted for the project
as the project activity involves to capture bioffasheating in factory process

Methane emissions due to incomplete flaring Wdéllaccounted for in the proposed project
as flaring will occur in case of emergency.

The project activity does not involve in the patjemissions as below;

PE; reatmenty:

PEIWV discharge,y:

PEsfinay:

P E)i omass,y

Methane emissions from sludge treatment systeithsi@t be accounted for as the project
activity does not involve sludge treatment.

Methane emissions from degradable organic caihotreated wastewater will not be
accounted as the treated wastewater in the pragtieity will not be released to any water
body or open stream.

Methane emissions from anaerobic decay of tha itudge will not be accounted for as
the final sludge from MABR and open lagoon will peovided to the plantation area
nearby and used as fertilizer.

Methane emissions from biomass stored will m®taccounted for the project emissions
because the project activity does not involve theage of biomass.

The project emissions calculation has been sholawbe

1a) Project Emissionsfrom power consumption (tCO.€)
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Auxiliary consumption by

1 EFCOZ rid
PEyower,y = the biogas plant * .grid,y
(MWhiyr) (t CO/MWh)
Where,
PE.ower.y = Emissions from electricity or diesel comption (t CQe/yr)
EFcoz,grid.y = Grid Carbon Emission Factor (tg®Wh)

1b) Project emissions from methane emissions from wastewater treatment system (tCO,€)

The formula calculates the emissions which ocamfthe MABR-treated wastewater which is
channelled to the existing open lagoons.

PE\MN,treatr’rmt,y = wa,y DCODrernoved,PJ,k,y DIvlCFvvw,treatr’r‘ent,P.J |:lBo,ww |:UFP.J DGVVPCH4 (6)
Where,

PEuww,treatment,y = Methane emissions from wastewater treatment systdfasted
by the project activity, and not equipped with l@iegecovery, in
yeary,(tCOe)

Quw.y = Volume of wastewater treated in the yg4m’)

CODremoved,Pa,ky = Chemical oxygen demand removed by the project wees
treatment systerkin the yeary (tonnes/m)

MCFw, treatment,pJ Methane correction factor for project wastewatezatiment
systenk (default value: 0.8)

Boww = Methane producing capacity of the wastewater (defaalue:
0.25 kg CH/kg COD)

UFe; Model correction factor (default value: 1.12)

GWPch4 = Global warming potential for CHdefault value: 21)

1c) Project emissions by methane emissions from biogas release in capture system (tCO.€)

Fugitive emissions from the capture and utilizattombustion/flare system are estimated in this
component.

PE fugitive,y = PE fugitive,ww,y + PEfugitive,s,y (7)
Where,
PEugitive.y = Emissions from methane release in capture systeheigeary (tCO€)
PBugitive.ww.y = Fugitive emissions through capture inefficiencias fhe anaerobic
wastewater treatment system in the ye@CO.e)
PEugitive,s.y = Fugitive emissions through capture inefficienciesthie anaerobic sludge

treatment systems in the ygatCO.€e)
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Since there will be no anaerobic sludge treatmBigiive,, = PBugitive.ww.y

PE fugitive,ww,y = (1_ CFvav) |:llvlEwa,treatr’r‘ent,y DG'VVPCH4 (8)
Where,
CFEw = Capture efficiency of the biogas recovery equipmienthe wastewater
treatment (default value: 0.9)
MEP,, reatmenty = Methane emission potential of wastewater treatragstems equipped with
biogas recovery system in the ygdtonnes)
GWPchq = Global warming potential for CHdefault value: 21)
MEPWW,treatnEnt,y = AY DBo,ww ﬂJI:PJ ZCODremoved,PJ,k,y DI\/ICFWW,treatment,PJ,k (9)
k
Where,
Qo =  Volume of wastewater treated in the ygém’)
Boww = Methane producing capacity of the wastewélefault value: 0.21 kg
CHykg COD)
UFg; =  Model correction factor to account for model entainties (1.12)
COD:emoved,paky = Chemical oxygen demand removed by the treatregstemk of the

project activity equipped with biogas recoverylie yeary (tonnes/m)
MCFuwreatmentpixk =  Methane correction factor for the project waster treatment systekn
equipped with biogas recovery equipment (defaailie: 0.8)

1d) Project emissions by emission due to incomplete flaring (tCO.€)
Project emissions from flaring are calculated assilim of emissions from each hour h, based on the
methane flow rate in the residual gas (Jly) and the flare efficiency during each houmf,( ), as

follows:

8760 GVVP
PE faring,y = ZTM RG.h % (1_’7f|are,h)xTc;:OMC (10)
h=1
Where,
PEiare.y = Project emissions from flaring of the residual gaseam in year y
(tCO.e)
TMgeh = Mass flow rate of methane in the residual gasénhibur h /kg/h)
Nfiare,h = Flare efficiency in hour h (%)
GWF,,, = Global warming potential for CHdefault value: 21)

2. Project emissions for fossil fuel consumption (AMS|1.C) (tCO.€)
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According to applied methodology AMS I.C ver 17rg@&5 and Tool to calculate project or leakage CO
emissions from fossil fuel combustion and Tool &calate baseline, project and/or leakage emissions
from electricity consumption, project emissions aogount for the fuel oil consumption at the backup
HFO boiler and the LPG consumption for start upaafiant tube burner.

PEr, =PE;,

Where,
PEery = Project emissions from combustion of fossil fuelsinly the year y
(tCO.e)
PEecy = CO, emissions from fossil fuel combustion in procedsiing the year y
(tCO.e)

3. Project emissions for grid connected renewable electricity generation (AMS1.D) (tCO.€)

According to applied methodology AMS 1.D ver 16rgd9 project emissions are not applicable and
does not occur in the described project activigpestively.

Estimating the leakage:

There is no leakage expected from the projectifcis the used biomass is a residue which is sed u
in the baseline and has no value.

Estimating the Emission Reduction:

ERy@(ante = BEy@(ante - (PEy@(ante + LEy,exante) (11)
Where,
ER)exante = Ex ante emission reduction in ygaftCO.e)
LEy exante = Ex ante leakage emission in yggitCO.e)
PE ex ante = EXx ante project emission in yea(tCO.e)
BE,, exante = Ex ante baseline emission in ygatCO.e)
B.6.2. Data and parameters that are available atalidation:
(Copy thistable for each data and parameter)
Data / Parameter: Annual starch production
Data unit: tonnes/year
Description: Tonnes of native starch produced pary
Source of data used: Plant records
Value applied: 30,470
Justification of the The annual production of starch that is based enhiltorical recorded data
choice of data or during year 2007-2009 at the plant. This figuressd for the estimation of the
description of total amount of wastewater generation from thechtpfant.
measurement methods
and procedures actually
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applied :

Any comment:

Data / Parameter:

Wastewater generation rate

Data unit: nitonne of starch

Description: Quantity of wastewater generated pené starch produced
Source of data used: Calculation from measured data

Value applied: 14.76

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

Measurement campaign as specified in AMS-III.Hsi@r 14

D

y

Any comment:

Data / Parameter: COD inflow
Data unit: Tonnes/Mm
Description: Chemical oxygen demand of wastewatow to the baseline treatment

system

Source of data used:

Sample data

Value applied:

0.017639

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

COD measurement campaign as specified in AMS-|Ndision 14

]

y

Any comment:

Data / Parameter: COD outflow
Data unit: Tonnes/
Description: Chemical oxygen demand of wastewatdflaw from the baseline treatme

system

Source of data used:

Sample data

Value applied:

0.000144

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

COD measurement campaign as specified in AMS-INgtsion 14

y

Any comment:

Data / Parameter: CODyw treated.y
Data unit: Tonnes/Mm
Description: Chemical oxygen demand of wastewatéftaw from the treatment system in
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project activity (MABR)

Source of data used:

Estimate based on MABR dige#teiency at 85%

Value applied:

0.002646

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

Digester efficiency is given by the technology digp

y

Any comment:

The technology supplier guarantees 85%

Data / Parameter:

COIgemoved,i,y

Data unit:

Tonnes/Mm

Description:

Chemical oxygen demand removed byb#seline treatment system

Source of data used:

Calculation

Value applied:

0.0173495

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

D

y

Any comment:

CORmoved,y IS the difference between COD inflow and COD ouwtflo

Data / Parameter: CODemoved.piky

Data unit: Tonnes/

Description: Chemical oxygen demand removed bytrésgment system, MABR, of the
project activity equipped with biogas recovery

Source of data used: Calculation

Value applied: 0.012624

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

]

y

Any comment:

CORmoved piky IS the difference between COD inflow and COflow

Data / Parameter:

CO IJemoval efficiency

Data unit: %

Description: Chemical oxygen demand removal efficieof the baseline wastewater
treatment system

Source of data used: Calculation

Value applied: 99.18

Justification of the
choice of data or

description of
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measurement methods
and procedures actual
applied :

y

Any comment:

CORmoval efficiency IS the CODRumoved;iy divided by COD inflow multiplied with
100.

Data / Parameter:

MCFWWatreatment.BL,i

Data unit: No unit

Description: Methane correction factor for baselvastewater treatment system that will be
equipped with methane recovery and combustion

Source of data used: IPCC default value for andedsray of the untreated wastewater

Value applied: 0.8

Justification of the If the depth of the open lagoons is more than BhemMCF value of 0.8 in table

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

y

llI.H.1, para 21 in AMS IIl.H, version 14, is used.

Any comment:

Data / Parameter:

MCFww,treatment.PJ,k

Data unit:

No unit

Description:

Methane correction factor for projeetstewater treatment system that will b
equipped with methane recovery and combustion

19}

Source of data used:

Default value of 2006 IPCGQl€liries for National Greenhouse Gas
Inventories for anaerobic decay of the untreatesteveater

Value applied:

0.8

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

y

If the depth of the open lagoons is more than themMCF value of 0.8 in tabl
llI.H.1, para 21 in AMS III.H, version 14, is used.

Any comment:

Data / Parameter: Bww
Data unit: tCH/tCOD
Description: Methane producing capacity of the wasiter

Source of data used:

Default value of 2006 IPCC d€éines for National
Inventories for domestic wastewater

Greenhouse G

as

Value applied:

0.25

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

y

IPCC value of 0.25 kg Citkg COD, the value is adopted from methodology
AMS llI.H “Methane recovery in wastewater treatnfewgrsion 14, page 6.

Any comment:
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Data / Parameter:

CFEw

Data unit:

% Percentage

Description:

Capture efficiency of the biogas remmyv equipment in the wastewater
treatment systems

Source of data used:

Para 27 of AMS Ill H methogglaersion 14.

Value applied:

90

Justification of choice
of data or description
of measurement
methods & procedures
actually applied :

Essential to calculate fugitive emissions througiptare inefficiencies in th
anaerobic wastewater treatment.

1)

Any comment:

Data / Parameter: PcHa.n

Data unit: kg/m

Description: Density of methane at normal condiion
Source of data used:

Value applied: 0.7168

Justification of the
choice of data or
description of

measurement methods

v

and procedures actual
applied :

The value is adopted from Approved consolidatedelo@s methodology
ACMO0001 “Consolidated baseline and monitoring mdtiiogy for landfill gas
project activities” Version 9.1, EB 43, Page 9.

y

Any comment:

Data / Parameter:

Quantity of HFO used

Data unit: litres/year

Description: Average litres of HFO used per year
Source of data used: Plant records

Value applied: 1,071,497

Justification of choice
of data or description
of measurement

methods & procedureg
actually applied :

The annual HFO consumption that is based on th@rtdal recorded dat
during year 2007-2009 at the plant.

Any comment: litres/year

Data / Parameter: NCVuro

Data unit: MJ/kg

Description: Energy content of Fuel Oil

Source of data used: Thailand energy situation 2p88e 32
Value applied: 39.77

Justification of choice
of data or description

of measurement

Essential to calculate Heat requirement for reptaéiuel Oll
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AT

methods & procedureg
actually applied :

Any comment:

Data / Parameter: EFeE. co2
Data unit: tCQ/ TJ
Description: The Ce@emission factor of the fossil fuel that would hde=n used in the

baseline plant

Source of data used:

Lower default value, Table2086 IPCC Guidelines for National Greenhot
Gas Inventories

Ise

Value applied:

75.5

Justification of choice
of data or description
of measurement

methods & procedures
actually applied :

The default value stated in table 1.4 for Residfugl Oil.

Any comment:

Data / Parameter: NCVyiogas

Data unit: MJ/kg

Description: Energy content of Biogas

Source of data used: Thailand energy situation 2088e 32
Value applied: 20.93

Justification of choice
of data or description
of measurement

methods & procedures
actually applied :

Essential to calculate Biogas Requirement for @ptaFuel Oil (m).

Any comment:

Data / Parameter: GWP-ys,

Data unit: CQGe

Description: Global Warming Potential for methane

Source of data used: 2006 IPCC Guidelines for MatiGreenhouse Gas Inventories
Value applied: 21

Justification of the
choice of data or
description of

measurement methods

]

and procedures actual
applied :

Value stated in Para 20, AMS-IIl.H Version 14

y

Any comment:

Data / Parameter:

MNin
Data unit: % Percentage
Description: Efficiency of the thermal oil heater.

Source of data used:

Boiler supplier
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Value applied:

79.0%

Justification of choice
of data or description
of measurement

methods & procedures
actually applied :

According to para 21 (option b) of AMS |.C. methémlyy, version 17.
This data is based on the highest of the efficiemaljies provides by tw
manufacturers (SCHERRER and InPlan)

Any comment:

The data is essential to determine khseline emission from fossil fu
consumption.

Data / Parameter:

I1flare,h

Data unit: % Percentage

Description: Open flare efficiency in hour h basedmeasurements or default values
Source of data used: tool to determine project&poms from flaring gases containing methane
Value applied: 0%

Justification of choice
of data or description
of measurement
methods & procedures
actually applied :

In case of open flare, the flare efficiency canbet measured in a reliab
manner (i.e. external air will be mixed and willuté the remaining methane
And a default value of 50% is to be used providet it can be demonstrats
that the flare is operational (e.g. through a flagetection system reportir]
electronically on continuous basis). If the flaseniot operational the defat
value to be adopted for flare efficiency is 0%

e
).
bd
g
It

Any comment:

Maintenance of the flare is to be cmteld according to manufacture
specification

.1S

Data / Parameter: EFco2.qridy

Data unit: t CQMWh

Description: CQ Emission Factor of the grid in year y
Source of data used: Calculated value.

Value applied: 0.5453 (based on the data of ye@8P0

Justification of the
choice of data or
description of

measurement methods

and procedures actual
applied :

The project activity involves electricity supply goid. Estimated as combing
margin emission factor using the latest approversior of the “Tool to
calculate the emission factor for an electricitgteyn”.

]

y

2d

Any comment:

This Efo. giayvValue is used for entire of crediting period.

B.6.3 Ex-ante calculation of emission reductions:

>>
To calculate the baseli
activity.

ne and project emissiomrstdfowing assumptions were made for the project

Table 12: Baseline and project parameters

Value/Parameter | Value Unit Description Comment

Q wwy 449,639 | nYyear Volume of The volume was calculated
wastewater treated| based on measurement
in the year y campaign according to AMS
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Value/Parameter | Value Unit Description Comment
I1l.H and the historical
production data
CODuitow 17,639 Tonnes/Mm The inflow COD of | measurement campaign
the baseline system according to AMS IIl.H
CODyutfiow,BL 144 Tonnes/m3 The outflow COD| measurement campaign
of the baseline according to AMS Ill.H
system
MCFyw treatmentsLi | 0.8 Methane correction Table 6.8 default MCF values
factor for the for industrial wastewater, 2006
wastewater IPCC Guidelines for National
treatment system | Greenhouse Gas Inventories,
volume 5, p. 6.21, table 6.8.
GWPhs 21 tCQ/tCH, Global Warming AMS I1lI.H version 14, para 20
Potential of
Methane
Boww 0.25 kgCH/kgCOD | Methane roduction | 2006 IPCC Guidelines for
capacity of the National Greenhouse Gas
wastewater Inventories, volume 5, p. 6.21.
EGinermaly 33.82 TJlyr Thermal energy | Calculation shown in annex 3
from HFO
replacing by
renewable energy
EFE co2 75.5 tCQITJ Emission factor of | table 1.4 default CO2 emissiorn
HFO factors for combustion
, 2006 IPCC Guidelines for
National Greenhouse Gas
Inventories, volume 2, p. 6.23.
NCViyel 39.77 MJ/Litre Thermal energy | Data from Thailand energy
from HFO situation in year 2008
replacing from
renewable energy
EGsLy 1,639.75| MWh/year Quantity of net Calculation shown in annex 3
electricity supplied
to the grid
EFco2griay 0.5453 tC@MWh CO,emission factor| Calculation shown in annex 3
of the grid

1. The baseline emissions are calculated as follaws

a

a. Basdline Emission fromfossil fuel consumption (tCO.€) according to AMSI.C.

BEthermaI,y

EG[hermal,y *
(TJlyr)

(t CO2/TJ)

32

EFRee co2 I gL thermal

2 ps per paragraph 21 of AMS-1.C version 17, optionHighest of the efficiency values provided by tmanufacturers,
SCHERRER and InPlan, for units with similar specificasi, using the baseline fuel.
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33.82 *75.5/ 79%

3,232
b. Baseline emissions from grid connected renewabl e e ectricity generation (tCO.€) according to AMS
I.D
_ EGBL’y * EFCOZ,grid,y
BEpouery = (MWhiyr) (t CO/MWh) 2)
= 1,639.75 * 0.5453
= 894

c. Basdline emissions of the wastewater treatment system (tCO.€) according to AMSIII.H

The baseline emissions from the lagoons are esitnbased on the difference of chemical oxygen
demand (COD) of the effluent that enters into tkistieng lagoon system and the COD of the effluent i
the last lagoon, the maximum methane producingaiypéB,) and a methane conversion factor (MCF)
that expresses what proportion of the effluent wWolive been anaerobically digested in the open
lagoons. As the baseline emissions are calculatdddatermined ex-post the values are based on the
existing treatment and a 14 days measuring campaign

BEvvw,treatment,y = Z viw,i,y DC:()Dremoved,i,y |:”\/lCFtreatment,BL,i DBo,vvw |:UFBL DGVVF)CHL, (3)

449,639 * (0.017495*0.89) * 0.8 * 0.25 * 0.821
26,170

i
B vav, treatment, y (tcoze)

Therefore

BEy (tCOZe) B@ermal,y"’ BEpower,y+ BE\MN,treatrrmt,y
3,232+ 894 + 26,170

30,297

2. Estimating the Project Emissions:

As project emissions occur only in the project\attirelated with AMS 111.H, all following calculadns
are related to AMS Ill.H methodology.

The project emissions are calculated as follows:

a. Project emissions from power consumption

Auxiliary consumption

_ EFco2,grid
P ower = ’ AW 4
PEsonery (tCOe) = 663 * 0.5453
= 362

b. Methane emissions from wastewater treatment system (tCO.€)
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Pvav,treatmmt,y = WW, Y DCC)Dremoved,PJ K,y |jMCFWW,treamn'ent,PJ,k |jBo,ww |:UFPJ DG\NF)CH4
PEwreatmenty (tCO) = 449,639 * 0.002624 * 0.8 *0.25*1.12* 21
= 5,551

¢. Methane emissions from biogas release in capture system (tCO.€)

MEP,

ww,treatment,y wa,y ww,treatment,PJ ,k

DBo,ww |:UFPJ * ZCODremoved,PJ,k,y DMCF
k

449,639 * 0.25 * 1.12 * 0.014993 * 0.8
1,510

M EPV\AN,treatrrmt,y (t)

PE fugitive,ww,y — (1_ CFEVWV) DMEF)WW,treatment,y ch-:'\NF)CHa

I::’Eugitive,vwv,y (tCOZe) (1 - 09) * 1,510 *21

3,171

PE PE +PE

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

Since there will be no anaerobic sludge treatmBlgiivey = PBugitvewwy

I::’Eugitive,y = 31171
Therefore
PE, (tCO) PBowery + PEwtreatmenty + PBugitivey

362 + 5,551+ 3,171
9,083

3. Estimating the leakage:

There is no leakage expected from the projectiactiv

4. Estimating the Emission Reduction:

ER, = BE, —(PE, +leakage)

30,297 — (9,083 + 0)
21,213

ER/ (t COe)

(5)

(6)

(7)

(8)

(9)

B.6.4 Summary of the ex-ante estimation of emissiarductions:

>>
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The emission reduction achieved by the projectvitgtis limited to the ex post calculated baseline
emissions minus project emissions using the achaomlitored data for the project activity. The enossi
reductions achieved in any year are the lowestevafuhe following:

ERyex post
Where,

E Ry,ex post

B Ey,ex post

PEy,ex post
MD,

= Min[(BEy,expost - PEy,expost - I—Ey,expost)a (MDy_ Pgower,y_ PE)iomass,y_ I—Ey,expost)]

Emission reduction achieved by the project @gtivased on monitored
values for yeay (tCO.e)

Baseline emission calculated using ex post oot values

Project emission calculated using ex post moagtovalues

Methane captured and destroyed/gainfully usethbyproject activity
in the yeary (tCO.€)

Summary of Emissions Reduction over the creditiegqul:

Es.timatior) .Of Estimation of Estimation of Estimation of overall
Year proiaer;:]tise;(i:(t)nr:lty baseline emission leakage emission reductions
(tCO,e) (tCO,e) (tCO,e) (tCO,e)
2011 9,083 30,297 0 21,213
2012 9,083 30,297 0 21,213
2013 9,083 30,297 0 21,213
2014 9,083 30,297 0 21,213
2015 9,083 30,297 0 21,213
2016 9,083 30,297 0 21,213
2017 9,083 30,297 0 21,213
2018 9,083 30,297 0 21,213
2019 9,083 30,297 0 21,213
2020 9,083 30,297 0 21,213
Total
(tonnes of t 90,833 302,965 0 212,132
CO e)

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

B.7.1 Data and parameters monitored: |

Parameter:

waiv

Unit:

m'lyear
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Description:

Volume of wastewater treated in thaeanbic digestion system

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

The data is measured continuously by using eleictfow meters. Aggregate
5 annually for calculations.

[®N

QA/QC procedures to
be applied (if any):

The flow meter will undergo maintenance / -calilati subject to
manufacturer's recommendation

Any comment:

Used for the project emission and Ib@semissions calculation

Parameter: CODuw,untreated.y
Unit: Tonnes/m
Description: Chemical oxygen demand of the wastewantering the anaerobic treatmg

reactor/system with methane capture

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

Daily sampling and analysis will be carried outlie in-house lab adhering
5 internationally accepted standards and will be igechelectronically. Yearly
average values will be used for the estimatiomageions.

[0

QA/QC procedures to
be applied (if any):

The data will be cross-checked with samples andliigean external accredite
laboratory regularly .

2d

Any comment:

Parameter: CODywtreatedy
Unit: Tonnes/m
Description: Chemical oxygen demand of the treatadtewater leaving the new anaero

digestion system.

bic

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

Daily sampling and analysis will be carried outle in-house lab adhering
5 internationally accepted standards and archivectrelgically. Yearly averag
values will be used for the estimation of emissions

to

D

QA/QC procedures to
be applied (if any):

The data will be cross-checked with samples andliigean external accredite
laboratory regularly

2d

Any comment:

Parameter: CODyw;removedPiky
Unit: Tonnes/m
Description: Chemical oxygen demand removed bytrésgment system, MABR, of the

project activity equipped with biogas recovery

Source of data:

Calculated value.

Value of data:

Brief description of

measurement methods

CODywiremoved,paky IS the difference betwedDOD w, untreated,y ANACO Dy, treated,y

]
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and procedures to be
applied:

QA/QC procedures to
be applied (if any):

Any comment:

Parameter: Fcha
Unit: %
Description: Percentage of methane in the biogasmime basis.

Source of data:

Measured data

Value of data:

60

Brief description of
measurement methods
and procedures to be
applied:

On-site sample analysis by using gas analyzer.|\Yeaerage values will b
used for the estimation of emissions.

D

QA/QC procedures to
be applied (if any):

The equipment will undergo maintenance/calibrafieniodically according tq
the manufacturer’'s recommendation.

Any comment:

Used for the calculation of projectigsion and emission reduction.

Parameter: Qbiogas, burner, y
Unit: Nm’/year
Description: Biogas flow rate sent to radiant tbiener

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

Measured continuously by using on-site electromis flow meter. Aggregate
annually for calculations.

QA/QC procedures to
be applied (if any):

Flow meters will undergo maintenance/calibrationaading to manufacturer’
recommendation.

Any comment:

o

Parameter: Phiogas, burner
Unit: Psi
Description: Biogas pressure at the inlet of ththanat tube burner

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

Electronically measured using pressure transmitter.

QA/QC procedures to
be applied (if any):

Continuously monitored and hence the uncertaintes low. Pressur
transmitter will undergo maintenance/calibratiorcading to manufacturer’
recommendation.

4]

72

Any comment:

Parameter: |

Tbioqgs, burner
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Unit:

°C

Description:

Temperature of biogas at the inlghefradiant tube burner

Source of data:

Measured data

Value of data:

Brief description of

measurement methods

and procedures to be
applied:

Temperature of biogas will be measured by flow msete

QA/QC procedures to
be applied (if any):

Flow meters will undergo maintenance/calibratiomoading to according t
manufacturer's recommendation or appropriate ingstandards.

Any comment:

Parameter: EGihermaly
Unit: TJlyr
Description: Net quantity of thermal energy suppligy the project activity during the year

Source of data:

Measured data

Value of data:

Brief description of

measurement methods

and procedures to be
applied:

v

The heat is generated by combusting biogas irrdaéant tube burner. The
exhaust gas passes a heat exchanger and the h®bgmsn out. The blown
out gas (hot air) is used for drying starch.

The heat is expressed as difference in the entludliine exhaust gas and the
hot air which is supplied to starch plant.

The enthalpy is determined based on the monitorskrfiow, temperature ar
pressure.

d

QA/QC procedures to
be applied (if any):

The equipment will undergo maintenance/calibrapeniodically according tq
the manufacturer's recommendation or relative logagulation to ensur
accuracy.

4

Any comment:

Parameter: Qbiogas, gas engine, v
Unit: Nm’/year
Description: Biogas flow volume entering the gagiras

Source of data:

Measured data

Value of data:

Brief description of

measurement methods

and procedures to be
applied:

]

Measured continuously by using on-site electrolow imeters. Aggregated
annually for calculations.

QA/QC procedures to
be applied (if any):

Flow meters will undergo maintenance/calibrationcading to manufacturer’
recommendation.

Any comment:

Parameter: Pbioqas, gas engine
Unit: Psi
Description: Biogas pressure at the inlet of the gagine

Source of data:

Measured data
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Value of data:

Brief description of Electronically measured using pressure transmitter.
measurement methods
and procedures to be

applied:
QA/QC procedures to | Continuously monitored and hence the uncertaines low. Pressure
be applied (if any): transmitter will undergo maintenance/calibratiortaading to manufacturer’s

recommendation.

Any comment:

Parameter: EG gross.y

Unit: MWh/yr

Description: Gross electricity produced by the gatirg unit operating on biogas.
Source of data: Measured data

Value of data:

Brief description of Measured continuously by using on-site electrigigter. Aggregated annually
measurement methods for calculations
and procedures to be

applied:
QA/QC procedures to| Electricity meter will undergo maintenance/calilimataccording to
be applied (if any): manufacturer’'s recommendation.

Any comment:

Parameter: EG aux, biogas system, y

Unit: MWh/yr

Description: Auxiliary electricity consumption blye biogas system
Source of data: Measured value

Value of data:

Brief description of Measured continuously by using on-site electrioigter. Aggregated annually
measurement methods for calculations
and procedures to be

applied:
QA/QC procedures to| Electricity meter will undergo maintenance/caliimataccording to
be applied (if any): manufacturer’'s recommendation.

Any comment:

Parameter: EG aux, gas engine, y

Unit: MWh/yr

Description: Auxiliary electricity consumption byg engine system
Source of data: Calculated value.

Value of data:
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Brief description of
measurement method
and procedures to be
applied:

EG aux, gas engine, yis the difference between %@ss gas engine, ya-nd EG1et, gas engine, y

192}

QA/QC procedures to
be applied (if any):

Any comment:

Parameter: EGeLy
Unit: MWh/yr
Description: Quantity of net electricity supplied to the grid

Source of data:

Measured data

Value of data:

Brief description of
measurement method
and procedures to be
applied:

Measured continuously by using on-site electrinigter. Consolidated
sreadings will be noted down on monthly bagiggregated annually for
calculations.

QA/QC procedures to
be applied (if any):

Electricity meter will undergo maintenance/calibvataccording to
manufacturer’'s recommendation.

Any comment:

Parameter: FG,y
Unit: Mass or volume unit per year (i.e. tonnesfynt/yr)
Description: Quantity of fuel type i combusted iogess j during the year y

Source of data:

Onsite measurements

Value of data:

Brief description of
measurement method
and procedures to be
applied:

This parameter will be monitored by either masgalume meters. In cases
swhere fuel is supplied from small daily tanks, ralean be used to determine
mass or volume of the fuel consumed.

QA/QC procedures to
be applied (if any):

The consistency of metered fuel consumption quastithould be cross-
checked by an annual energy balance that is baspdrohased quantities and
stock changes.

Any comment:

Parameter: NCViy
Unit: TJ per mass or volume unit (e.g. TJ/m3, T)to
Description: Weighted average net calorific val@iéuel type i in year y

Source of data:

Regional or national default values

Value of data:
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Brief description of
measurement method
and procedures to be
applied:

192}

Review appropriateness of the values annually.

QA/QC procedures to
be applied (if any):

Any comment:

UNFCCe

A T

Parameter: EFFF’ co?2
Unit: tCC/ TJ
Description: The Ceemission factor of the fossil fuel that would hdeen used in the

project activity

Source of data:

Default value, Table 1.4, 2006 IR&Midelines for National Greenhouse G
Inventories

pAS

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

Any future revision of the IPCC Guidelines shouéthken into account.

QA/QC procedures to
be applied (if any):

Any comment:

Parameter: Qbiogas, flare.y
Unit: Nm’/year
Description: Biogas flow rate of the (surplus) desil biogas at flare inlet.

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

On-site metering using electronic flow meters. Flewrieasured continuousl
Values will be averaged hourly.

QA/QC procedures to
be applied (if any):

Flow meters will undergo maintenance/calibratiorccaiding to appropriats
industry standards.

D
C

Any comment:

Used for project emission and emissaoluction calculations.

Parameter: Phiogas, flare
Unit: Psi
Description: Biogas pressure at the inlet of thedfl

Source of data:

Measured data

Value of data:

Brief description of
measurement methods
and procedures to be
applied:

Electronically measured using pressure transmitter.

QA/QC procedures to
be applied (if any):

Continuously monitored and hence the uncertainthee low. Pressur

1)

transmitter will undergo maintenance/calibratiorcading to manufacturer’

72
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recommendation.
Any comment:
Parameter: Neiare.n
Unit: Percentage
Description: Flare efficiency in hotr
Source of data: tool to determine project emissioo® flaring gases containing methane with
reference to EB28, Annex 13
Value of data: 50
Brief description of The operational of open flare will be measuredugioa flame detection
measurement methods system reporting electronically on continuous bdsisase of open flares, the
and procedures to be | flare efficiency in the hour () is
applied:
0% if the flame is not detected for more than 28utés during the hour h.
50%, if the flame is detected for more than 20 @awuring the hour h.
QA/QC procedures to | The flame detector wil be calibrated periodicallyccarding to the
be applied (if any): manufacturer's recommendation or relative locaulapn to ensure accuracy.
Any comment:
Parameter: Sludge application
Unit: t/year
Description: Quantity of sludge removed from theatment system and its application such
as fertilizers in farms, plantations, etc.
Source of data: Measured data
Value of data: -
Brief description of Sludge removal and its application will be measumnever the sludge |s
measurement methods removed from the biogas reactor and open lagodesgsand a record will be
and procedures to be | maintained in the plant. Aggregated annually fdcdations (if any)
applied:
QA/QC procedures to | Measurement will be carried out adhering to inteéomally recognized
be applied (if any): procedures
Any comment:

All the above monitored data will be stored folestst two years after the end of crediting periothe

last issuance of CERs

for this project activityjehiever occurs later.

B.7.2 Description of the monitoring plan: |

>>

NP is well aware of the importance of having a goperational and management team in order to
execute a well-defined monitoring plan for the podj activity. From this perspective, NP has an
operational and management structure, created sxely to monitor the relevant plant parameterse Th
responsibility of data monitoring, archiving andabszing will fall on different members of the
monitoring team. This team will be composed of aagdng director, a biogas project supervisor and an
operational team as shown in the chart below. Tibgas project supervisor will make sure that the

monitoring system is p

roperly implemented.
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Managing Director

A 4
Biogas Project Supervisor

Operational Team
- Biogas and wastewater treatment operatd
Gas engine operator
- Boiler operator

=

y
Data recording and archiving

Figure 6: Operational and management structure formonitoring

Under the supervision of the biogas project sugeryidata monitoring and archiving will be donethy
operational team. All the data will be recordechard copy according to the data archiving proceslure
and stored electronically in a systematic and prarent manner. The biogas project supervisor will
review the archived data and submit a completefsgbcumentation to the managing director for imékr
verification regularly on monthly basis. The datavides the basis for ex-post emission reduction
calculation. Based on the feedback from the magadirector, the biogas project supervisor will i
the data and apply quality check on a regular bd%iss documentation will be verified again by an
external independent Designated Operational E(DQE) annually.

Quality assurance and quality control

Calibration will be carried out in accordance witanufacturer's recommendation or at least onceaa ye
to ensure accuracy. NP will take responsibilitytfoe quality assurance and quality control for rdicm,
maintaining and archiving all the data by appomteonsultants and/or technical support team toycarr
out the system analysis, equipment calibration@regall maintenance on a regular basis throughwut t
crediting period. NP will also provide sufficientimber of staff for data collection and monitoringda
impart necessary training in order to improve tfieiency of their work.

Data logging, presentation and storing

NP will monitor COD of the wastewater, the amouhbiogas used in the radiant tube burner, gas engin
set, flare, gross and net electricity producediliany electricity consumption, and electricity eoqed to
the national grid using meters installed in theaplahe sludge disposal will also be monitored.

NP is responsible to implement the monitoring répaecording to the PDD. Daily operation and
maintenance log books will be maintained by resipm®perators. They will be able to provide desdil
on-the-spot information about the operation of pfent. Any distinguishing event will be reporteddan
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recorded as special log. The monitoring reportd W checked and discussed periodically. The
monitored data will be sent to managing directod @ the project participant in Germany. The
distribution shall protect for data loss. The suiexai data will be stored on soft files and hardiesn
Germany. An additional set of monitored data w#l &tored in Thailand at the project site. Monitored
data will be kept for at least 2 years after tHedeediting period.

Training

NP’s operation and management team will be trainethe technology suppliers for biogas plant, boga
boiler and gas engine to ensure that all staffehav ability and knowledge to operate the systems.
Operation manual for each system will be develofwrdthe operational team. Work Instruction for
sampling of COD will be developed for biogas andteaater treatment operator. The CDM monitoring
manual will be developed by CDM consultant and bélused for training the related operator.

Emergency Procedure

NP will implement an Emergency Procedure in thepltor which a detailed manual will be developed.
The manual will contain instructions on how to hlanah emergency situation in the plant, and measure
to be taken to ensure that there is no unintendettiane leakage from the system. All the plant dpesa
will be familiarised on the procedure.

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

>>
Date of completion of the baseline: 30/05/2010

Contact information of the person(s)/entity(iesypensible for the application of the baseline and
monitoring methodology to the project activity:

Organization Advance Energy Plus Co., Ltd.
Contact person Mr. Anat Prapasawad
Telephone no. +662 645 3347

Email address anat_p@aep.co.th

Date of completion 30/05/2010

Advance Energy Plus Co., Ltd. is not a “projeatipgpant” listed in Annex 1.

>>15 years 0 months
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\ C.2 Choice of the crediting periodand related information: \

\ Cc.2.1.1. Starting date of the first crediting period: \
>>

\ c.2.1.2. Length of the first_crediting period \
>>

| C.2.2. Fixed crediting period |

\ C.2.2.1. Starting date: \
>>

01/03/2011, or date of registration, which evdaier.

\ C.2.2.2. Length: \
>>

10 years

SECTION D. Environmental impacts
>>

D.1. If required by the host Party, documentation on the analysis of the environmentampacts
of the project activity:
>>
This project does not require an Environmental lcbpessessment (EIA) under Thai L&WThe project
has tight project boundaries, with immediate phglsimpacts focused within these boundaries. These
include:

e Dramatic reduction in methane production and fugigmissions from current lagoon

system;
* Improved water quality in these lagoons;
* Improved biodiversity impacts within the lagoontgys environs.

Outside these boundaries, impacts felt at a ndtiewnal include:
¢ Reduced demand for fossil fuels and fossil fuelseleelectricity oil products.

Nevertheless, TGO requests an Initial EnvironmeBtaluation (IEE) report for the issuance of the

Letter of Approval (LoA).

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

>>
The environmental impacts are not significant.

% http://www.onep.go.th/eia/page2/type34.pdf
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>>

E.1. Brief description how comments by local stakeholderhave been invited and compiled: \

>>

The Public Consultation meeting was organized onckl®6, 2010 near the project location, at the
meeting room of Ban koh Rak Siad School, Phetcham@ub district, Kosumpee District,
Kamphaengphet province, Thailand. Invitation letterere sent to the representatives of the involved
various government organizations, local authorjtid&0Os, academic institutions, members from the
local community living nearby the project area aders. 42 participants from local authorities, Sub
district Administration Organization and villageligsing nearby the project location participated the
meeting. The event was documented and summarizetding list of participant, questionnaires,
pictures etc.) in order to apply for a LoA .

The project developers and project owner preseatet shared detailed project information and its
benefits. The event provided a forum for all papants to raise questions about project impact and
exchange opinions. NP Biopower Co., Ltd. was represd by its Managing Director, CS was
participating with its Managing Director, the projgarticipant EnBW was participating, and the pobj
developers were represented by Advance Energy @tus Ltd. and Premier Energy Co., Ltd. The
representatives from NP Biopower Co., Ltd., CS, #&ube Energy Plus Co., Ltd. and Premier Energy
Co., Ltd. were also present to answer the questiegarding the biogas technology and CDM-related
issues, respectively

E.2. Summary of the comments received: \

>>
The comments received emphasized on two main issues

0] quality of treated wastewater and

(ii) safety measure.
The comments and questions of the participantsuarenarized below:

Q: How many biogas does the system generate?
A: A pond can contain 80,000°ns0 they can generate biogas more than 20,6@@nday.

Q: (PEA) Is HDPE fire proof? How long is the life cycle oDIRE? Is the access to the biogas plant
allowed for outsiders?

A: (Premier EnergyHDPE has heat resistant at 75 degree Celsiugfelténhe is 10 years. And Outsider
should not access the system because of safetnreas

Q: (Natural Resources and Environment Offidees the bottom of pond sealed by HDPE? And do the
existing 11 pondsemain?

A: There is no covering at the bottom of the pontdNdP will compact soil for wastewater leakage
preventing.

Q: (Chief of Phetchompoo Sub distjig¥hat is the current progress/stage of the project?

A: Soil compaction processf participant would like to see the site now, @dirticipants are invited for a
site-visit.
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Q: (Provincial Industry Office) What does NP dacase of fire of the system?
A: NP will construct fence around the site. Moreowe will have fire-fighting equipment and train NP
worker before operating the biogas plant.

Q: (PEA) How does NP avoid leakage at the biogastpso that biogas will spread in the air?
A: Methane has lower density than air, so wherctherage of the biogas plant leaks, the cover will
blow in the air immediately.

A: Where is NP Biopower company located? And how ttee participants/neighbors contact them?
Q: NP Biopower is located at the same place asdehauk Starch (2005) Co., Ltd. People who would
like to contact the company, can contact them tyret CS.

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

>>

At the beginning of the meeting, the project depels explained the complete details of the praject
the participants. The kdyenefits from the biogas plant (reduced air palutand water pollution and
reduced foul smell compared to the existing opeyoda system) were also explained, which the
participants understood well. There was hence moge comment on the environmental impacts or
safety aspects.

None of the participants had a negative view ofpitogect.
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CONTACT INFORMATION ON PARTICIPANTS IN THE PROQJECT __ACTIVITY.

Annex 1

Organization:

NP Biopower Co., Ltd.

Street/P.O.Box:

Phraholyothin Road

Building:

City: Kamphaeng Phet
State/Region:

Postfix/ZIP: 62000

Country: Thailand
Telephone: (66) 55 701 266
FAX: (66) 55 701 262
E-Mail: tansomsak@yahoo.com
URL:

Represented by:

Title: Mr.

Salutation: Director

Last Name: Tancharoensukjit
Middle Name:

First Name: Somsak
Department:

Mobile:

Direct FAX:

Direct tel:

Personal E-Mail:

Organization:

EnBW Energie Baden-Wirttemberg AG

Street/P.O.Box:

Durlacher Allee 93

Building:

City:

Karlsruhe

State/Region:

Postfix/ZIP:

76131

Country:

Germany

Telephone:

+49 721 6323102

FAX:

+49 721 6323119

E-Mail:

c.clashausen@enbw.com

URL:

Represented by:

Title:

Salutation:

Last Name:

Clashausen

Middle Name:

First Name:

Christine

Department:

Mobile:

Direct FAX:
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Direct tel:

Personal E-Mail:
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Annex 2

INFORMATION REGARDING PUBLIC FUNDING

This project will not receive any public fundingfn Annex parties.

55

A T



PROJECT DESIGN DOCUMENT FORM (CDM-SSC-PDD) - Version 03 UNFCCO "
Vs

CDM - Executive Board

Annex 3

BASELINE INFORMATION

A. Data used for Baseline estimation

COD entering wastewater treatment lagoons 176$0
Wastewater generation 449,639 riyear
MCFyuw, treament,gL- @ccording to para 21 in AMS Ill H for Baseline 0.8

Emissions

B. Lagoon condition

Average Temperature (year 2048) 27.12°C
Volumetric COD loading 0.14 kg COD/m
Lagoon Width (m)| Length (m Area @n | Depth (m)| Volume ()
1 81.0 81.5 6,601.50 5.00 23,217
2 83.5 96.5 8,057.75 5.00 28,660
3 84.0 84.0 7,056.00 5.00 28,532
4 87.0 87.5 7,612.50 5.00 30,468
5 86.5 88.0 7,612.00 5.00 30,992
6 86.0 84.0 7,224.00 5.00 28,908
7 83.0 83.0 6,889.00 5.00 28,841
8 85.0 85.0 7,225.00 5.00 31,019

Data source: Project owner, Charoensuk StarchL@b.,

% http://www.tmd.go.th/agromet_report.pk® November 2009)
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C. Estimation of thermal replacement and grid eleticity generation:

i. Total methane generated

Total methane generated (tBiear)
_ Efficiency of MCFw,
* * * * *
- Q/vww C()Dremoved,PJ,k,y digester (%) BOIWW wreatment UFPJ
= 449,639 * 0.014993 * 0.85 * 025 ~* 0.8 * 112
= 1,348.33
Loss through capture & flare inefficiency = 151t@H,/yr
Total methane available =1,348.33 — 151.01 = 13O{CH,/yr
ii. Total biogas generated
Total Biogas m-g(t):]zdne Fraction of CHin Density of
Generated (ftyear) = available / biogas / methane * 1,000
3 3lhi 3
(tCH,/year) (m°CH4/mrbiogas) (kgCHy/m°CHy)
= 1,197.31 / 0.60 / 0.7168 * 1,000
= 2,783,934
Fraction of CH4 in biogas (f6HJ/m’biogas) = 0.6
Density of methane (kgGHN*CH,) = 0.7168
ii. Total thermal energy to be supplied by geject to radiant tube burner
Total fuel oil to be NCYV of fuel oil Existing
Heat produced by fuel oil _ ) N . * Boiler
= replaced by biogas (MJllitre) iy
(MJlyear) (litrelyear) efficiency
(%)
= 1,076,497.33 *39.77 Y 79.0%
= 33,821,716.17
iv. Volume of biogas that replaces the fuel oil
. New
Volume of biogas required to _ Heat produced by fqel oil Energy content of / Boiler
. = to be replaced by biogas / . S
replace fuel oil (Myear) biogas (MJ/Nrm) efficiency
(MJ/year)
(%)
= 33,821,716.17 / 20.93 / 81.0%
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= 1,994,993

v. Volume of biogas that generate electricity

Total electricity Total biogas .
generated by = remaining * Elg)ectnqty produced per
project (KWh/yr) (myr) m of biogas (kWhir)
= 788,941 * 2.18
= 1,719.15
Total electricity generated by the project = B, 15MWh/yr
Auxiliary Load for the system = 4.62 %
Net electricity generated by the project = 1,88MWh/yr

= 1,639,750 kWh/yr

D. Grid Emission Factor for Thailand

Step 1: I dentify the relevant electric power system

The “Tool to calculate the emission factor for dactricity system” (Version 02; 16 October 2009)
defines a project electricity system as “the spaident of the power plants that can be dispatched
without significant transmission constraints”. @is basis the project electricity system is defias the
Thai national electricity grid.

Step 2: Choose whether to include off grid power plantsin the project dectricity system (optional).

Only grid connected power plants are included endalculation, as per Option | of the “Tool to cdite
the emission factor for an electricity system” (sfen 02; 18 October 2009)

Step 3: Select a method to determine the Operating Margin (OM)
The simple Operating Margin can only be used wi@necost/must run resources constitute less than
50% of total generation in the grid in either theerage of the five most recent years or based og-lo

term normal for hydroelectricity production.

Low cost/must run resources constitute an averfdess than 50% of total generation. On this basis,
Option A, the Simple OM has been selected

Year Hydro Others low Total low-cost/must- | Total Thai grid % of low-cost
(GWh) cost/must run run resources generation resources in total
(GWh) (GWh)® (GWh)®* grid generation

% Table 17 National grid generation by energy soesaguded SPP and VSPP, electric power in Thai2z0a8
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Year Hydro Others low Total low-cost/must- | Total Thai grid % of low-cost
(GWh) cost/must run run resources generation resources in total
(GWh) (GWh)* (GWh)*® grid generation

2004 6,040 2 6,042 125,727 4.8%
2005 5,798 2 5,800 132,197 4.4%
2006 8,125 3 8,128 138,742 5.9%
2007 8,114 3 8,117 143,378 5.7%
2008 7,113 5 7,118 147,427 4.8%

Average 5 most recent years for which data is avaible 5.1%

Step 4: Calculate the Operating Margin Emission Factor

The simple OM emission factor is calculated asgéeeration-weighted average £€missions per unit
net electricity generation (tGOMWh) of all generating power plants serving thateyn, not including
low cost / must-run power plants / units. It hasrbealculated according to Option B.

Option B is calculated based on the net electrmityplied to the grid by all power plants serving t
system, not including low cost/must-run power paand the fuel types and total fuel consumption of
the project electricity system

Note that a conservativeness factor of 95% waseppi the calculation of total emissions.

UNFCCe

A T

Year Fuel FCi.m.v NCVi‘v EF COZ.i.v Total EGm‘V Equid.OM.v
(unit) (TI/unit) ¥ | (tCO2/TJI) Emissions (GWh) (tCO-/MWh)
38
(tCO,)
2006 | Fuel oil (million I) 2,030.17 39.77 75.50 6,095,859
Diesel (million 1) 40.44 36.42 72.60 106,927.08
Coal&Lignite 17,165.93 10.47 90.90 | 16,337,210.40
(thousand tons)
Natural gas (mmscf) | 857,103.00 1.02 58.30 50,968048
Total 73,508,490.96 138,742 0.53
2007 | Fuel oil (million 1) 942.98 39.77 75.50 2,831,423.7
Diesel (million ) 24.25 36.42 72.60 64,119.23
Coal&Lignite 20,548.83 10.47 90.90 | 19,556,794.13
(thousand tons)
Natural gas (mmscf) | 877,862.00 1.02 58.30 52,2026
Total 74,655,264.30, 143,379 0.52
2008 | Fuel oil (million I 357.55 39.77 75.50 1,073,592.1
Diesel (million 1) 45.45 36.42 72.60 120,173.98

% Table 16 National grid generation by types of poplants, electric power in Thailand 2008

" Table energy content of fuel (net calorific valud)l and Thailand 2008

% Table 1.4, Default emission factors for stationamynbustion in the energy industries, IPCC 2006
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Year Fuel E NCV;, EF COy;y Total EGny EFqrid.omy
(unit) (TI/unit) ¥ | (tCO2/TJ) | Emissions | (GWh) | (tCO/MWh)
38
(tCOy)
CoaldLignite 21,434.82 10.47 90.90 | 20,400,011.19
(thousand tons)
Natural gas (mmscf) | 907,327.00 1.02 58.30 53,95538)
Total 75,548,876.64) 147,421 0.51
Total 0.521

Step 5: I dentify the group of power unitsto beincluded in the build margin

The sample group of power units to be includedhelduild margin consists of either:

(a) The set of five power units built most recently

(b) The set of power capacity additions that cos®@0% of the system generation in MWh that have

been built most recently

Option (b) comprising 20% of the system generatignmost recently built power plants has
selected
Name of power plant Plant type Date of Installed Generation in
commissioning | capacity in | 2008 (GWh)**
2008
(MW)
Ratchaburi power 2 1/6/2008 700.00 5,812,000
Ratchaburi power 1 Natural gas 1/3/2008 700.00
Gulf Power Generation Co., Ltd. Natural gas 1/3/2008 1,468.00 9,195,000
BLCP Co., Ltd. power 1 14/11/2006 673.25 10,801,000
BLCP Co., Ltd. power 2 Coal 13/8/2006 673.25
Glow IPP Co., Ltd. Natural gas 31/1/2006 713.00 5,146,000
Eastern Power and Electric Co., Ltd. Natural gas 25/3/2006 350.00 2,670,000
Total Generation of 5 most recently built power unis 33,624
Total % grid contribution of 5 most recently built 22.81%

Step 6: Calculate the build margin emission factor

The build margin emissions factor is the generatveighted average emission factor (#NWWh) of all
power units m during the most recent year y forolpower generation data is available.

A T

been

Plant Name Commissioning | Fuel Type | Capacity | Generation | Efficiency Effective CO, | CO, emission
Date (MW) (MWh) (Btu/kwh) emission (tCO,)
40 Factor
(tCO,/MWh)
Ratchaburi power 2 1/6/2008 700
Ratchaburi power 1 1/3/2008 Natural gas 700 5,812,000 7,051 0.426 2,477,393.32:

% Table 8, Existing national grid power plant if080electric power in Thailand 2008

“0 Table 18, Electric generation efficiency by typépower plants in 2008, electric power in Thail&aD8
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Plant Name Commissioning | Fuel Type | Capacity | Generation | Efficiency Effective CO, | CO, emission
Date (MW) (MWh) (Btu/kwh) emission (tCO,)
40 Factor
(tCO,/MWh)

Gulf Power
Generation Co., Ltd 1/3/2008 Natural gas 1468 9,195,000 6,950 0.426 | 3,919,413.556
BLCP Co., Ltd.
power 1 14/11/2006 673.25
BLCP Co., Ltd.
power 2 13/8/2006 Coal 673.25 | 10,801,000 9,100 0.873 9,425,384.6
Glow IPP Co., Ltd. 31/1/2006 Natural gag 713 5,146,000 6,910 0.426 | 2,193,507.576
Eastern Power and
Electric Co., Ltd. 25/3/2006 Natural gas 350 2,670,000 6,811 0.426 | 1,138,100.511

EFg1id,8Mm,2008 0.570

(tCO/MWh) (tCO,/MWh)

Step 7: Calculate the combined margin emission factor

The combined margin emission factor is calculated a

EF gig.cmy= EF gigomy X W om + EF grigemy + W gum

Weighting emission factor

CO2 emission factor

(tCO,/MWh)
EFgrid,OM,2006—200&tC02/MWh) 50% 0.521
EFyria.6m2008(tCO/MWh) 50% 0.570
EFgiacmy (ICOZ/MWh) 0.5453
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Annex 4

MONITORING INFORMATION
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