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1 PROJECT DETAILS  

1.1 Summary Description of the Project 

The project involves a new process installation at a production facility of Propylene Oxide (PO) at 
MTP HPPO Manufacturing Co., Ltd, a joint venture between The Siam Cement Public Co., Ltd 
and The Dow Chemical Company, which is Hydrogen Peroxide-based Propylene Oxide (HPPO) 
technology instead of the conventional Chlorohydrin process. The conventional Chlorohydrin 
process is one of the typical processes in the Propylene Oxide industry that involves 
hydrochlorination process. In the Chlorohydrin process, Propylene (C3H6) is combined to 
hypochlorous acid to form a Chlorohydrin intermediate which is subsequently dechlorohydronated 
to PO and leads to the formation of salts. While in the HPPO process, Propylene and Hydrogen 
peroxide is combined to produce PO. 

The HPPO technology will be able to reduce GHG emissions and waste generation during PO 
synthesis compared to the Chlorohydrin process. GHG emissions and waste generation 
reductions are owing to usage of lesser GHG intensive reagents and reduced process energy 
requirements in the HPPO technology. The project activity is expected to prevent 239,356 tCO2 
emissions in a year and a total of 2,393,569 tCO2 for a period of 10 years. 

The new plant will be located within the Asia Industrial Estates (AIE) site near Map Ta Phut, 
Rayong, Thailand.   

1.2 Sectoral Scope and Project Type  

The project activity falls under the category 5, chemical industry. The project is a single project 
activity and not a grouped project.  

1.3 Project Proponent 
Organization name MTP HPPO Manufacturing Co.,Ltd. 

Contact person Mr. Jirasak Singmaneechai 

Title Managing Director 

Address 15th Floor, White Group Building II, 75 Soi Rubia, Sukumvit 42 Road, 
Prakanong, Klongtoey, Bangkok, Thailand. 

Telephone +662 365 7000 

Email Sjirasak@dow.com  

1.4 Other Entities Involved in the Project 
Organization name South Pole Carbon (Thailand) Co., Ltd. 

Role in the project Consultant 

Contact person Mr. Patrick Buergi 
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Title Director 

Address 2/22 Iyara Building, 6th Floor, Chan Road, Kwang Thungwatdon, 
Bangkok, Thailand - 10120 

Telephone - 

Email p.buergi@southpolecarbon.com  

1.5 Project Start Date 
The project start is 04 October 2011 that has been taken as the actual commissioning date of the 
new HPPO technology at MTP HPPO Manufacturing Co.,Ltd.  

1.6 Project Crediting Period 
The project crediting period is 10 years fixed starting from 04 October 2011 up to 03 October 
2021.  

1.7 Project Scale and Estimated GHG Emission Reductions or Removals 
The project activity is a normal project activity with emission reductions of 239,356 tCO2/year. 

Project Scale 

Project X 

Large project  

 

Years Estimated GHG emission 
reductions or removals 
(tCO2e) 

2011 (Oct - Dec) 58,363 

2012 239,356 

2013 239,356 

2014 239,356 

2015 239,356 

2016 239,356 

2017 239,356 

2018 239,356 

2019 239,356 

2020 239,356 

2021 (Jan – Oct) 180,993 

Total estimated ERs 2,393,569 

Total number of crediting years 10 

Average annual ERs 239,356 
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1.8 Description of the Project Activity 
The project is a Greenfield installation to produce Propylene Oxide (PO) using innovative 
Hydrogen Peroxide to Propylene Oxide (HPPO) technology. As compared to the conventional 
processes based on Chlorohydrin technology, the HPPO technology reduces overall energy 
consumption, thus resulting in significant emission reductions. Furthermore, the HPPO 
technology diminishes the wastewater volume also significantly, and decreases the infrastructure 
requirements and physical footprint by using simpler raw material and avoiding co-products. The 
new HPPO production facility has a production capacity of 390 kilotons per annum of PO.  

As per methodology, there are 2 (two) classes of emissions that are considered in the proposed 
project activity, they are up-stream emissions and on-site process emissions. Up-stream 
emissions will relate to type of reagents used in the chemical reaction in the baseline and project 
activities while the on-site emissions includes emission sources located within the PO production 
facility and include emissions associated with the synthesis of the PO as well as emissions 
associated with by-product and waste treatment. Both emissions will be considered in the project 
activity and baseline. 

The project activity lifetime is 30 years based on technology provider confirmation.  

1.9 Project Location 
The project activity is located at 10 Moo 2, Asia Industrial Estate, Banchang, Rayong, Thailand 
(http://www.dow.com/thailand/about/locations.htm). The coordinate of the production facility are:  

Latitude: 12.7342 (12o 44’ 03” N); Longitude 101.0485 (101o 02’ 54” E)  

[Source: http://earthexplorer.usgs.gov/] 

The project location is also shown in the following figure.  
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1.10 Conditions Prior to Project Initiation 
This is a Greenfield project activity by MTP HPPO Manufacturing Co., Ltd.  

1.11 Compliance with Laws, Statutes and Other Regulatory Frameworks 
The project is under the compliance of the relevant local laws and regulations and is not 
prohibited by any of the national/state level sectoral policies. Further, the consent to operate the 
plant and No Objection Certificate has been received from Pollution Control Board of Thailand, 
which is the required statutory authority.  

1.12 Ownership and Other Programs 

1.12.1 Right of Use 
Proof of ownership of the production facility will be submitted as evidence. 

1.12.2 Emissions Trading Programs and Other Binding Limits 

Project proponent of the project activity that reduce GHG emission from implementing the new 
HPPO technology is not part of any emission trading program nor part of jurisdiction or sector in 
which binding limits are established on GHG emissions. Thus, the GHG emission reductions 
generated by the project will not be used for compliance with an emissions trading program or to 
meet binding limits on GHG emissions. 
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1.12.3 Other Forms of Environmental Credit 
The project proponent intends to claim credits only for the period after the commissioning of the 
project activity and its subsequent generation. The VCS crediting period starts from 04 October 
2011 up to 03 October 2021, during this period any other form of environmental credit has not 
been claimed by the project proponent.  

1.12.4 Participation under Other GHG Programs 
The project activity has not been registered nor sought registration under any other GHG 
programs as this project activity is using the new proposed methodology. 

1.12.5 Projects Rejected by Other GHG Programs 

The project activity has not been rejected under any other GHG programs as this project activity 
is using the new proposed methodology. 

1.13 Additional Information Relevant to the Project  

Eligibility Criteria 
The project eligibility criteria are not applicable as the project activity is not a grouped project.  

Leakage Management 

As per new proposed methodology, no leakage will be occurred from the project activity. 

Commercially Sensitive Information  
No commercially sensitive information has been excluded from the public version of the project 
description. 

Further Information 
Not applicable as relevant legislative, technical, economic, sectoral, social, environmental, 
geographic, site-specific and/or temporal information have been defined in other relevant 
sections. 

2 APPLICATION OF METHODOLOGY 

2.1 Title and Reference of Methodology  
Title of methodology - VM0023: Reduction of GHG Emissions in Propylene Oxide Production 

Version: 01 

Tools applied 

Tool for the demonstration and assessment of additionality, Version 7.0; 

Tool to calculate the emission factor for an electricity system, Version 4.0; 

“Tool to calculate project or leakage CO2 emissions from fossil fuel combustion”, Version 2. 
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2.2 Applicability of Methodology 
The methodology chosen is applicable to the proposed project due to the following reasons: 
 
Table 1 Applicability conditions of the project activity 
No. Applicability conditions Justification 

1. The methodology is limited to 
greenfield projects (i.e., new PO 
production facilities) wherein PO 
is the only output. 

The project activity is a Greenfield facility and 
produces PO as its only output. 

2. The PO production process must 
not produce any co-products. 
There may be by-products 
produced in the PO production 
process, due to the selectivity of 
catalysts. 

The project activity produces no co-products 
but there are some by-products emitted. 

3. The PO production process must 
not create more than 10% (in 
mass terms) by-product, relative 
to PO output. 

The project activity produces no significant by-
products  

4. The methodology is applicable 
only to projects where the project 
activity is the implementation of 
the HPPO process and where 
implementation of the CHPO-
chlor-alkali process is identified 
as the baseline scenario. 

The project activity employs the HPPO 
technology and it is identified that the baseline 
scenario of this project activity is Chlorohydrin-
Chlor-Alkali process. 

5. The project may be located in 
any geographic region of the 
world. 

The project activity takes place in a production 
facility owned by MTP HPPO Manufacturing 
Co., Ltd., which is located in Thailand. 

6. The applicability conditions of the 
tools referenced in this 
methodology also apply.  

The applicability conditions of the applied tools 
are met. 

2.3 Project Boundary 
The spatial extent of the project boundary encompasses PO manufacturing plant from reagents 
admission to the treatment of by-products and waste from process. 
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The project boundary encompasses also the project electricity system(s) and Heat/steam 
generation system that the PO plant is connected to. The spatial extent of the project electricity 
system consists of the power plants that are physically connected through transmission and 
distribution lines to the project activity and that can be dispatched without significant transmission 
constraints. The project is connected to the Glow grid which in turn is connected to the national 
grid. Therefore, the national grid is considered as the ultimate connected grid. The spatial extent 
for the heat (steam) system is similar, including the heat/steam generating systems that are 
physically connected to the project activity and that can be displaced without significant 
constraints. The heat (steam) requirements of the project are met by the steam extracted from the 
cogeneration plants of Glow grid. As the emissions get accounted in the electricity component 
therefore to avoid double counting and applying conservative principle the emission factor for 
steam has been considered as zero. The fuel requirement is for incineration purpose. Natural gas 
is being used as the fuel. 
 
For the CHPO-chlor-alkali process (baseline scenario), the spatial extent of the project boundary 
is defined as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the HPPO process (proposed project activity) the geographic project boundary encompasses: 

 
PO production 

 

C3H6 

Other reagents  

C3H6O 

Waste / By-products 

Fuel, Heat (Steam), Electricity 

Project boundary 

CHPO Plant 
(C3H6 + Cl2 + 2NaOH --> C3H6O + 

2NaCl + H2O) 
 

C3H6 

CL2, NaOH 
(Chlor-Alkali) 

C3H6O 

Waste / By-products 

Fuel, Heat (Steam), Electricity (including sources) 

Up-stream Process Down-stream 
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The block flow diagram clearly depicting the reagents, waste streams along with mass and 
energy balance is as follows: 
 
 

 
 
 
 
The greenhouse gases included in or excluded from the project boundary are shown in table 
below: 

Source Gas Included? Justification/Explanation 

B
as

el
in

e 

Emissions 
associated 
with the 
production of 
baseline 
reagents  

CO2 Yes The emissions associated with Cl2 and NaOH 
(Chlor-Alkali) production have been accounted as 
these are generally not found naturally and are to 
be produced in an industrial facility. The 
emissions associated with C3H6 has however not 
been accounted as its usage would be 
essentially the same as in the project activity.  

CH4 No Excluded for simplification, this is conservative. 

N2O No Excluded for simplification, this is conservative. 

Emissions 
associated 

CO2 Yes Emissions could arise from the combustion of 
fossil fuels for providing steam and/or electricity 

HPPO Plant 
(C3H6 + H2O2 --> C3H6O + H2O) 

 

C3H6 

H2O2, Solvent 

C3H6O 

Waste / By-products 

Fuel, Heat (Steam), Electricity (including sources) 
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Source Gas Included? Justification/Explanation 

with steam 
and 
electricity 
requirements 
of the 
production 
process 

to the PO production facility 

CH4 No Excluded for simplification, this is conservative. 

N2O No Excluded for simplification, this is conservative. 

Emissions 
associated 
with 
treatment of 
waste 
produced by 
the 
production  
process 

CO2 No Emissions could arise from the incineration of 
waste. This source has been excluded for 
conservativeness and simplification.   

CH4 No Excluded for simplification, this is conservative. 

N2O No Excluded for simplification, this is conservative. 

P
ro

je
ct

 

Emissions 
associated 
with the 
production of 
project 
reagents  

CO2 Yes The emissions associated with H2O2 production 
and solvent (make-up) have been accounted for 
as these reagents are generally not found 
naturally and are produced in an industrial 
facility. The emissions associated with C3H6 
have, however, not been accounted for as its 
usage would be essentially the same as in the 
baseline activity. 

CH4 No Excluded for simplification, this is conservative. 

N2O No Excluded for simplification, this is conservative. 

Emissions 
associated 
with steam 
and 
electricity 
requirements 
of the 
process  

CO2 Yes Emissions could arise from the combustion of 
fossil fuels for providing steam and/or electricity 
to the PO production facility 

CH4 No Excluded for simplification, this is conservative. 

N2O No Excluded for simplification, this is conservative. 

Emissions 
associated 
with 
treatment of 
waste 
produced by 
the 

CO2 Yes Emissions could arise from the incineration of 
waste (e.g., low boils, waste gas, etc.). For 
simplification this source has been excluded as 
the waste generation is lesser in quantity and 
carbon intensity as compared to baseline. Also 
assuming that the fossil fuel consumed in the 
incinerator is the same as in the baseline.   
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Source Gas Included? Justification/Explanation 

production  
process 

CH4 No Excluded for simplification, this is conservative. 

N2O No Excluded for simplification, this is conservative. 

 

2.4 Baseline Scenario 
In the absence of the project, there are several realistic and credible baseline scenario of PO 
production technology that could be identified as following steps referred to the methodology: 

Step 1: Identification of plausible alternative scenarios 
The plausible alternative scenarios to the project activity are as follows:  
 
P1: The project activity without carbon revenues; 
P2: A PO production facility with comparable capacity using a CHPO process (CHPO-lime or 
CHPO-chlor-alkali processes); 
P3: A PO production facility with comparable capacity using any other commercially available 
technology. 
 
As the project activity produces PO as its only output therefore other processes wherein co-
products are getting produced for e.g., CHP, POSM, POTBA are not considered as likely 
alternatives. Further the CHPO-lime option has been not considered owing to conservative 
reasons. The lime process has higher cost of production as can be seen from the Nexant report, 
section 2.3, table 4.4 and table 4.5.So only Chlorohydrin-Chloro-Alkali is being considered as a 
likely alternative. Furthermore, currently there is no other commercially available technology so 
option P3 is eliminated.  
 
Therefore the likely realistic and credible alternatives to the project activity are: 
 
P1: The project activity; and 
P2: A plant with the same capacity using the Chlorohydrin process (Chloro-Alkali). 

   
Step 2: Consistency with mandatory applicable laws and regulations: 
There is no restriction to either of the alternatives. As a consequence the two shortlisted 
alternatives and therefore are inclusive and being analysed in the barrier analysis. 

Step 3: Barrier analysis 

Please refer the following section  

2.5 Additionality 
The following steps are used to demonstrate the additionality of the project according to the “Tool 
for the demonstration and assessment of additionality”, Version 7.0. 
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Step 0. Demonstration whether the proposed project activity is the first-of-its-kind 

The project activity is first-of-its-kind and involves feedstock as well as technology switch. The 
Guidelines on additionality of first-of-its-kind project activities, Version 02.0 has been followed, to 
demonstrate that the project is a ‘first-of-its-kind’.  
 
Applicable geographical area: The project is implemented in Thailand. As prior to the project 
activity there has been no PO production in Thailand, therefore a larger area comprising of the 
Asia Pacific region has been considered as the applicable geographical area. Within the Asia 
Pacific region, Japan, Singapore and China are main producers of PO, together representing 
over 85% of total capacity.  The remaining portions of the total capacity are produced by PO 
plants in South Korea and India. The POSM and chlorohydrin processes dominate the PO 
production within Asia Pacific with the POSM route contributing about half of the regions total 
capacity. As POSM also results in co-products therefore it is not considered as an alternative.   

Asia Pacific Propylene Oxide Capacity, by country, 2007 

  

The project is first of its kind in the region as is evident from the table on Asia Pacific PO capacity 
indicated in the Nexant report on Propylene Oxide1. The prevalence of Chlorohydrin process is 
also on account for it requiring the lowest capital among the various other technologies2. 

The crediting period is therefore restricted to fixed 10 years. 

                                                
1 Table 5.5, Asia Pacific Propylene Oxide Capacity, 2007, pp 96, Chemsystems PERP Program Report 
Propylene Oxide 07/08-6, November 2008, Nexant 

 2 Comparison of PO technologies, pp 25, PEP Review 2009-4, Propylene Oxide by the BASF-DOW HPPO 
Process, December 2009, SRI Consulting 
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Step 1. Identification of alternatives to the project activity consistent with current laws and 
regulations 

Sub-step 1a. Define alternatives to the project activity: 

Please refer previous section 2.4, step 1. 

Sub-step 1b. Enforcement of applicable laws and regulations: 

Please refer previous section 2.4, step 2. 

Step 2. Investment Analysis 

Investment analysis was not performed for this project activity. 

Step 3. Barrier Analysis   

Although the project has been proven as first-of-its-kind, nevertheless the following barrier was 
also considered: 

1) Technological barriers; 

- “The particular technology used in the proposed project activity is not available in the relevant 
region”.  

The Chlorohydrin process is the most conventional technology for PO production and has been 
employed since around 19103.  Over the years, continuous improvements have been made to the 
Chlorohydrin process but the formulate principles have always been the same: the process starts 
with production of propylene chlorohydrin and ends with product purification.  The technology 
continues to be the most predominant technology for PO market, with Dow being the main PO 
producer employing this process.  Taking this into account, an analysis on the existence of this 
technological barrier is done based on the market penetration of different PO production 
technologies within the following 3 different regions as follows: (1) geographic locations of Dow’s 
PO plants around the globe, (2) in the Host country (Thailand), and (3) World PO market as a 
whole.   

(1) Dow is a major player in the PO market (holding over 25% of total market share).  The 
company has in total 5 PO plants around the globe, with total nameplate capacity of 2,045 
kilotons per annum of PO. Chlorohydrin process represents the status quo system that is most 
widely practiced process to produce PO, with 4 out of 5 existing Dow plants (with a totalling 
capacity of 1,895 kT) producing PO with chlorohydrin technology.  Relative to total production 
capacity, the Chlorohydrin technology is the dominating production process in Dow, holding a 
share of an approximate 93%.  Only in 2001 that Dow has initiated a laboratory study on HPPO 
technology when it acquired its hydrogen peroxide technology through the purchase of 
EniChem’s polyurethane business.  The development of such technology on a commercial basis 
began in 2003 when Dow and BASF began their joint research program.  The collaboration 

                                                
3 Shao-Hwa Wang, 2003, Propylene Oxide, SRI Consulting, report no. 2H., page 2-8  
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allowed the companies to start examining each other’s processes and in 2008, together they have 
announced the start-up of their first HPPO plant in Antwerp, Belgium.  Dow’s ownership of 150 
kTpa capacity of this HPPO plant constitutes 7% technological share of its total production 
capacity.       

List of PO plants owned by Dow 

Location Capacity (kT/year) Technology 

Freeport (USA) 725 CHPO 

Stade (Germany) 590 CHPO 

Plaquemine (USA) 330 CHPO 

Aratu (Brazil) 250 CHPO 

Antwerp (Belgium) 1504 HPPO 

Total 2,045  

 
(2) Within the Asia Pacific region, Japan, Singapore and China are main producers of PO, 
together representing over 85% of total capacity and none of them are through HPPO route.  The 
remaining portions of the total capacity are produced by PO plants in South Korea and India.  
Currently, PO is not produced in Thailand.  PO is imported and consumed in Thailand for the 
production of Polyols.   

(3) The same conclusion can be reached even when the ‘World’ is considered as a region for 
analysis.  Even with more than one supplier of the technology5, the popularisation of HPPO 
technology is still at an initial stage.  Figure below reveals that in 2008, the capacity share of the 
HPPO technology is still only at 4.9% of the World’s PO production capacity.   

World Propylene Oxide Capacity Share by Technology, 2008 

                                                
4 The plant has a total capacity of 300 kT per annum but 50% of its production is owned by BASF, hence 
only 150 can only be attributed to Dow 
5 Evonik Degussa, a subsidiary of Evonik Industries AG (Degussa) together with Uhde Gmbh, have also 
developed a HPPO process (similar to one developed by TDCC and BASF); referred to as the Degussa-
Uhde HPPO process. 
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Based on analyses provided above, it can be concluded that being among the first few plants to 
conceptualise the HPPO technology for PO production in the World (as well as the first in 
Thailand), the project proponent was taking a significant risk in the investment of the project 
activity.  Thus, with reference to the “Guidelines for Objective Demonstration and Assessment of 
Barriers”, version 1, the HPPO technology can be seen as being marginal as it represents less 
than 10%6 in the PO industry.  Such barrier is not applicable for CHPO process, where its 43.2% 
share of the World’s PO production capacity represents a majority and is an indication that the 
Chlorohydrin process is the prevailing practice in the PO industry. 
 
Owing to the above stated barriers the conventional CHPO technology would be the likely 
alternative and thus only realistic and credible baseline scenario to the proposed project activity.   

The registration of the VCS project activity will alleviate the barriers that prevent the proposed 
project activity from occurring in the absence of the VCS: it will provide additional revenues for 
the project, which are needed to mitigate the additional risks raised by the identified barriers.  In 
other words, VCS revenues provide an incentive to develop this new and un-experienced 
technology in Asia and more particularly in Thailand.   

Step 4. Common Practice Analysis 

Taking into account the market penetration rate of HPPO technology in 3 different scales of 
region (World, Asia Pacific and Thailand), the Project can be considered as the ‘first of its kind’.  It 
is therefore not necessary to conduct a common practice analysis.  In conclusion, the proposed 
project activity is additional 

It is thus concluded that the realistic baseline scenario will be a plant with the same capacity 
using the CHPO-Chloro-Alkali process. 

                                                
6 EB 50 report, Annex 13, Guidelines for objective demonstration and assessment of barriers, Version 01, 
page 2.  An example stated in paragraph 6 (guideline 3) in the Guidelines: “The existence of a technological 
barrier for high pressure steam technology is confirmed by showing evidence that the use of this technology 
in the considered sector is marginal e.g. below 10%” 
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2.6 Methodology Deviations 

Not applicable as there are no methodology deviations. 

3 QUANTIFICATION OF GHG EMISSION REDUCTIONS AND REMOVALS 

3.1 Baseline Emissions 
Baseline emissions for the chosen baseline scenario are calculated as follows: 

yocessyUpstreamy BEBEBE ,Pr, +=  (1) 

Where: 
BEy Baseline emission in year y (tCO2)  

BEUpstream,y Emissions associated with the baseline reagents required for the production of PO 
in year y (tCO2)  

BEProcess,y Emissions due to energy usage (heat and electricity) for transforming the baseline 
reagents into the final product (PO) and also for waste and by-product treatment in 
year y (tCO2)   

Up-stream emissions (BEUpstream,y): 

The up-stream emissions are on account of the various reagents used in the process. The 
reagents used in the baseline (CHPO-Chlor-Alkali process) are C3H6, Cl2 and NaOH. The 
emissions associated with C3H6 has however not been accounted as its usage would be 
essentially the same as in the project activity. The emissions associated with Chlor-Alkali 
production have been accounted as these are generally not found naturally and are to be 
produced in an industrial facility.  
 
The emissions associated with Chlor-Alkali production are calculated as follows: 

yyAlkaliChloryUpstream PObeBE ×= − ,,  (2) 

Where: 
beChlor-Alkali, y Quantity of CO2 that would be emitted from Chlor-Alkali production per unit of PO 

in year y (tonnes) 

POy Quantity of PO produced in year y (tonnes) 

 
The Chlor-Alkali process involves the electrolysis of aqueous sodium chloride (brine) in a 
membrane cell. The CO2 emissions associated with Chlor-Alkali production are calculated as 
follows: 

yELyAlkaliChloryAlkaliChlor EFecbe ,,, 58
71

××⎟
⎠

⎞
⎜
⎝

⎛= −−  (3) 
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Where: 
ecChlor-Alkali, y Energy consumption per ton of Cl2 production in year y (MWh/tCl2) 

EFEL,y Emission factor for electricity generation in year y (tCO2/MWh) 

71/58 Ratio between the molecular weights of Cl2 and C3H6O (mass units/mass units) 

 
Process emissions (BEProcess,y): 

The process emissions would arise due to energy usage (heat, electricity etc.) for transforming 
the reagents into the final product and also from waste treatment. 

The emissions associated with energy usage will be calculated as follows: 

yWasteyElecyHeatyocess BEBEBEBE ,,,,Pr ++=  (4) 

Where: 
  BEHeat,y Emissions due to thermal energy (heat/steam) for transforming the baseline 

reagents into the final product (PO) and also for waste treatment in year y 
(tCO2)  

BEElec,y Emissions due to electrical energy for transforming the baseline reagents into 
the final product (PO) and also for waste treatment in year y (tCO2)  

BEWaste,y Emissions due to treatment of waste products in year y (tCO2)  

The CO2 emissions from thermal energy (heat/steam) will be calculated as follows: 

ySteamyCHPOyHeat EFPOSSCBE ,, ××=  (5) 

Where: 
  SSCCHPO Specific thermal energy consumption ratio in the PO production through 

CHPO process (TJ/ton of PO).  

EFSteam,y Emission factor for thermal energy generation in year y (tCO2/TJ)    

The emission factor for thermal energy generation would be calculated as follows: 

yBoileryiCOySteam EFEF ,,,2, /η=  (6) 

Where: 
  EFCO2, I, y Weighted average CO2 emission factor of fuel type i in year y (tCO2/TJ).  

ηBoiler,y Efficiency of the steam generating system    

The CO2 emissions from electrical energy will be calculated as follows: 

yElyCHPOyElec EFPOSECBE ,, ××=  (7) 
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Where: 
  SECCHPO Specific electrical energy consumption ratio in the PO production through 

CHPO process (MWh/tonne of PO).  

EFEl,y Emission factor for electricity generation in year y (tCO2/MWh) 

The specific energy consumption ratios (thermal/electrical) will be sourced from independent third 
party reports. 
 
The CO2 emissions from waste treatment will be calculated as follows: 

( ) iBaselineiBaselineWasteyWaste COEFFCCABE ×+×⎟
⎠

⎞
⎜
⎝

⎛= ,,, 12
44

 (8) 

Where: 
       
CAWaste, Baseline Carbon amount in the waste stream derived from the carbon amount in 

the Propylene feed, PO and by-products in the baseline (tonnes).   
    44/12 Ratio between the molecular weights of CO2 and Carbon (mass 

units/mass units) 

FCi,Baseline Quantity of fuel type i combusted in the incinerator in the baseline (mass 
or volume unit/year) 

COEFi CO2 emission coefficient of fuel type i (tCO2/mass or volume unit) 

The “Tool to calculate project or leakage CO2 emissions from fossil fuel combustion” should be 
referred to calculate the CO2 emission coefficient. 
 
The carbon amount in the waste stream and fuel combusted in the incinerator could be presented 
in terms of PO output.  

For simplification and as a conservative approach, the emissions linked to waste and by-products 
will be neglected. 

3.2 Project Emissions 
Project emissions are calculated as follows: 

yocessyUpstreamy PEPEPE ,Pr, +=  (9) 

Where: 
PEy Project emissions in the year y, (tCO2)  

  PEUpstream,y Emissions associated with the project reagents for the production of PO in 
year y (tCO2)  

PEProcess,y Emissions due to energy usage (heat, electricity etc.) for transforming the 
project reagents into the final product (PO) and also for waste treatment in 
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year y (tCO2)   

Up-stream emissions (PEUpstream,y): 

The upstream emissions are based on the various reagents used in the PO production process. 
The reagents used in the project scenario (HPPO process) are C3H6 and H2O2. However, the 
emissions associated with C3H6 are not accounted for as its usage would be essentially the same 
as in the baseline activity. The emissions associated with H2O2 production have been included as 
this compound is generally not found naturally and is produced in an industrial facility. Further, 
since the reaction is carried out in solvents7, the emissions associated with the make-up solvent 
are considered as well. 

The upstream emissions are calculated as follows: 

+= yOHUpstreamyUpstream PEPE ,22,,  ySolventUpstreamPE ,,  (10) 

The emissions associated with H2O2 production are calculated as follows: 

yHPyOHUpstream POpePE ××⎟
⎠

⎞
⎜
⎝

⎛=
58
34

,22,  (11) 

Where: 

peHP Quantity of CO2 that would be emitted per tonne of H2O2 (tCO2/tH2O2) 

POy Quantity of PO produced in year y (tonnes) 

    34/58 Ratio between the molecular weights of H2O2 and C3H6O (mass 
units/mass units) 

The emissions associated with make-up solvent are calculated as follows: 

yySolySolventUpstream POsolpePE ××=,,  (12) 

Where: 

peSol Quantity of CO2 that is emitted per tonne of solvent (tCO2/tonne of 
solvent) 

soly Quantity of solvent required per tonne of PO in year y (tonnes) 

POy Quantity of PO produced in year y (tonnes) 

                                                
7 Typically solvents of polar nature are used, such as alcohols, ketones, ethers, etc. 
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Note that soly, as found in equation 12 above, is used only for ex-ante estimations, and its value 
must be estimated based upon the design details of the project. For ex-post calculations, “soly X 
POy” is represented by Soly in equation 12 above, the value of which is monitored. 

Process emissions (PEProcess,y): 

The process emissions arise from the energy usage (eg, heat and electricity) required for 
transforming the reagents into the final product, and for by-product and waste treatment.  

The process emissions are calculated as follows: 

yWasteyElecyHeatyocess PEPEPEPE ,,,,Pr ++=  (13) 

Where: 

PEHeat,y Emissions due to thermal energy (heat/steam) for transforming the project 
reagents into the final product in year y (tCO2)  

PEElec,y Emissions due to electrical energy for transforming the project reagents into 
the final product in year y (tCO2)  

PEWaste,y Emissions due to treatment of waste products in year y (tCO2)  

The CO2 emissions from thermal energy (heat/steam) are calculated as follows: 

ySteamyyHPPOyHeat EFPOSSCPE ,,, ××=  (14) 

Where: 

  SSCHPPO, y Specific thermal energy consumption ratio in PO production through the 
HPPO process in year y (TJ/tonne of PO) 

EFSteam,y Emission factor for thermal energy generation in year y (tCO2/TJ)    

Note that SSCHPPO, as found in equation 14 above, is used only for ex-ante estimations, and its 
value must be estimated based upon the design details of the project. For ex-post calculations, 
“SSCHPPO,y X POy” is represented by SCHPPO in equation 14 above, the value of which is 
monitored. 

The emission factor for thermal energy generation is the same as calculated for the baseline 
emissions. 

The CO2 emissions from electrical energy are calculated as follows: 
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yElyyHPPOyEl EFPOSECPE ,,, ××=  (15) 

Where: 

  SECHPPO, y Specific electrical energy consumption ratio in PO production through the 
HPPO process in year y (MWh/tonne of PO)  

EFEl,y Emission factor for electricity generation in year y (tCO2/MWh) 

Note that SECHPPO, as found in equation 15 above, is used only for ex-ante estimations, and its 
value must be estimated based upon the design details of the project. For ex-post calculations, 
“SECHPPO X POy” is represented by ECHPPO in equation 15 above, the value of which is monitored. 

The emission factor for electricity generation is the same as calculated for the baseline 
emissions. 

The CO2 emissions from waste treatment are calculated as follows: 

( ) yiyiyWasteyWaste COEFFCCAPE ,,,, 12
44

×+×⎟
⎠

⎞
⎜
⎝

⎛=  (16) 

Where: 

      CAWaste, y Carbon amount in the waste stream derived from the carbon amount in 
the propylene feed, solvent, PO and by-products in year y (tonnes)   

44/12 Ratio between the molecular weights of CO2 and carbon (mass 
units/mass units) 

FCi,y Quantity of fuel type i combusted in the incinerator in year y (mass or 
volume unit/year) 

COEFi,y CO2 emission coefficient of fuel type i in year y (tCO2/mass or volume 
unit) 

The CDM Tool to calculate project or leakage CO2 emissions from fossil fuel combustion must be 
used to calculate the CO2 emission coefficient. 

The carbon amount in the waste stream must be calculated as follows: 

( )yByproductsyPOySolventyopyleneyWaste CACACACACA ,,,,Pr, +−+=  (17) 

Where: 

      CAPropylene, y Carbon amount in the propylene feed in year y (tonnes) 
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CASolvent, y Carbon amount in the solvent used in year y (tonnes) 

CAPO, y Carbon amount in PO produced in year y (tonnes) 

CAByproducts, y Carbon amount in the by-products in year y (tonnes)  

The total amount of carbon in a particular product is a function of the respective carbon fraction 
and the quantity of the product, expressed as follows: 

yxyxyx QcaCA ,,, ×=  (18) 

Where: 

    CAx, y Carbon amount in the product x in year y (tonnes)   

cax, y Carbon fraction in the product x in year y (mass units/mass units) 

Qx, y Quantity of the product x in year y (tonnes) 

x propylene, solvent, PO, by-product, waste 

3.3 Leakage 

No leakage emissions are considered. The main emissions potentially giving rise to leakage in 
the context of the project are emissions arising due to construction of the PO production facility 
and transportation of reagents. These emissions sources are excluded as these would be higher 
in the baseline scenario as compared to project scenario. 

3.4 Net GHG Emission Reductions and Removals 
Emission reductions are calculated as follows: 

yyyy LEPEBEER −−=
 (17) 

Where: 
ERy Emission reductions in year y (tCO2e/yr) 
BEy   Baseline emissions in year y (tCO2/yr) 
PEy Project emissions in year y (tCO2e/yr) 
LEy Leakage emissions in year y (tCO2e/yr) 
 

Estimation of baseline, project, and leakage emissions including net emissions reductions from 
the proposed project activity is shown in Table 2. 

Table 2 Estimated emission reductions 
Years Estimated 

baseline 
emissions or 
removals 

Estimated 
project 
emissions or 
removals 

Estimated 
leakage 
emissions 

Estimated net 
GHG emission 
reductions or 
removals 
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(tCO2e) (tCO2e) (tCO2e) (tCO2e) 

2011 (Oct - Dec) 135,812 77,448 0 58,363 

2012 556,982 317,625 0 239,356 

2013 556,982 317,625 0 239,356 

2014 556,982 317,625 0 239,356 

2015 556,982 317,625 0 239,356 

2016 556,982 317,625 0 239,356 

2017 556,982 317,625 0 239,356 

2018 556,982 317,625 0 239,356 

2019 556,982 317,625 0 239,356 

2020 556,982 317,625 0 239,356 

2021 (Jan - Oct) 421,170 240,177 0 180,993 

Total  5,569,823 3,176,254 0 2,393,569 

4 MONITORING 

4.1 Data and Parameters Available at Validation 
Following are data and parameters available at validation: 

Data / Parameter ecChlor-Alkali, y 

Data unit MWh/tCl2 

Description Energy consumption per tonne of Cl2 production 
in year y. 

Source of data Independent third party report from a recognized, 
credible source which must be reviewed by an 
appropriately qualified, independent organization 
or appropriate peer review group, or be 
published by a government agency. 

Value applied 2.2 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

The membrane cell process is the preferred 
process for new PO production facilities. Thus, it 
is assumed that production of chlor-alkali in the 
baseline PO production facility is through the 
membrane cell process8. 

Purpose of Data Calculation of baseline emissions 

Comments - 
 

                                                
8 http://www.miga.org/documents/ChlorAlkali.pdf  
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Data / Parameter SSCCHPO 

Data unit TJ/ton of PO 

Description Specific thermal energy consumption ratio in PO 
production through the CHPO-chlor-alkali 
process. 

Source of data Independent third party report 

Value applied 0.003864 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

Steam consumption is converted conservatively 
into energy terms using enthalpy values and 
accounting for any condensate return 

Purpose of Data Calculation of baseline emissions 

Comments Nexant report on HPPO, Table 4.3 and 4.5 
This parameter is not considered in both baseline 
scenario and is conservative since baseline 
thermal energy consumption is higher as 
compared to project. 

 
Data / Parameter SECCHPO 

Data unit MWh/ton of PO 

Description Specific electrical energy consumption ratio in 
PO production through the CHPO-chlor-alkali 
process. 

Source of data Independent third party report 

Value applied 0.100 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

Electrical energy required per ton of the PO in 
the CHPO process excluding the chlor-alkali 
production 

Purpose of Data Calculation of baseline emissions 

Comments Nexant report on HPPO, Table 4.5 
 

Data / Parameter peHP 

Data unit tCO2/ tH2O2 

Description Quantity of CO2 that would be emitted per ton of 
H2O2 

Source of data Independent third party report  

Value applied 0.533 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

Amount of CO2 expected to be released per ton 
of the H2O2 production based on Life Cycle 
Assessment (LCA) study  
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Purpose of Data Calculation of baseline emissions 

Comments Sourced from certified environmental product 
declaration (EPD) for hydrogen peroxide  

  
Data / Parameter peSol 

Data unit tCO2/tonne of solvent 

Description Quantity of CO2 emitted per tonne of solvent 

Source of data Table 3.12, Chapter 3: Chemical Industry 
Emissions, IPCC 2006 report 

Value applied 0.310 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

- 

Purpose of Data Calculation of project emissions 

Comments - 
 

Data / Parameter caWaste, Baseline 

Data unit tC/ ton of PO 

Description Carbon amount in the waste stream combusted 
in the incinerator in the baseline per ton of PO 

Source of data - 

Value applied - 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

- 

Purpose of Data Calculation of baseline emissions 

Comments Excluded for simplification 
 

Data / Parameter fci,baseline 

Data unit Ratio 

Description Quantity of fossil fuel combusted in the 
incinerator in the baseline per ton of PO 
production 

Source of data - 

Value applied - 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

- 

Purpose of Data Calculation of baseline emissions 
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Comments Excluded for simplification 
 

Data / Parameter EFEL,y 

Data unit tCO2/MWh 

Description Emission factor for electricity generation in year y 

Source of data Electricity Generating Authority of Thailand 
(EGAT)  

Value applied 0.5113 

Justification of choice of data or description 
of measurement methods and procedures 
applied 

The emission factor is calculated according to 
the latest ‘Tool to calculate the emission factor 
for an electricity system’ Version 4.0 provided by 
Thailand Greenhouse Gas Management 
Organization (Public Organization): TGO. 

Purpose of Data Calculation of baseline and project emissions 

Comments Although the emission factor provided by the 
Thai DNA refers to version 2.2.1 of the tool. 
However the changes from version 2.2.1 to 
version 4.0 of the tool do not impact the 
computation in the context of Thailand.  

4.2 Data and Parameters Monitored  
Following are data and parameters monitored during the monitoring period: 

Data / Parameter POy 

Data unit tonnes 

Description Quantity of PO produced in year y 

Source of data Plant records  

Description of measurement methods and 
procedures to be applied 

Flow-rate meters and cross-check with stock 
verification records. 

Frequency of monitoring/recording Continuous monitoring, integrated daily and at 
least monthly recordings 

Value applied  390,000 

Monitoring equipment Vortex meter  

QA/QC procedures to be applied Accuracy:  +/- 0.15% of reading. Meters should 
be calibrated regularly according to 
manufacturer’s guidelines. Cross-checking with 
production stock inventory. 

Purpose of data Calculation of baseline and project emissions 

Calculation method Not applicable 

Comments Meter series: FT431118 
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Data / Parameter Soly 

Data unit Tonnes 

Description Quantity of make-up solvent used in year y. 

Source of data PO production facility records. 

Description of measurement methods and 
procedures to be applied 

Flow-rate meters, mass meters, cross-check with 
stock verification records. 

Frequency of monitoring/recording Data monitoring is continuous and aggregate 
recording must be performed at least monthly. 

Value applied  14400 

Monitoring equipment Vortex meter 

QA/QC procedures to be applied Accuracy:  +/- 0.15% of reading. Meters must be 
calibrated regularly according to manufacturer’s 
guidelines or national standards, and cross-
checked with stock inventory. 

Purpose of data Calculation of project emissions 

Calculation method Not applicable 

Comments Note that soly, as found in equation 12, is used 
only for ex-ante estimations, and its value must 
be estimated based upon the design details of 
the project. For ex-post calculations, “soly X POy” 

is represented by Soly in equation 12, the value of 
which is monitored in accordance with the 
procedures described above. 

 
Data / Parameter EFCO2, i, y 

Data unit tCO2/TJ 

Description Weighted average CO2 emission factor of fossil 
fuel used during  year y 

Source of data IPCC default value 

Description of measurement methods and 
procedures to be applied 

Onsite observation 

Frequency of monitoring/recording Annually  

Value applied  Type tCO2/TJ 

Natural gas 56.1 
 

Monitoring equipment - 

QA/QC procedures to be applied - 

Purpose of data Calculation of baseline and project emissions 

Calculation method - 
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Comments International publicly available data 
 

Data / Parameter ηBoiler,y 

Data unit %  

Description Efficiency of the steam generating system 

Source of data - 

Description of measurement methods and 
procedures to be applied 

- 

Frequency of monitoring/recording - 

Value applied  - 

Monitoring equipment - 

QA/QC procedures to be applied - 

Purpose of data Calculation of baseline and project emissions 

Calculation method - 

Comments This parameter is not considered in both baseline 
and project scenario and is conservative since 
baseline energy consumption is higher as 
compared to project. 
Source: Nexant report on HPPO, Table 4.3 & 4.5 

 
Data / Parameter SCHPPO, y 

Data unit TJ 

Description Thermal energy consumption in the PO 
production through HPPO process in year y 

Source of data Plant records 

Description of measurement methods and 
procedures to be applied 

Steam consumption would be converted 
conservatively into energy terms using enthalpy 
values and accounting for any condensate return.  

Frequency of monitoring/recording Calculated 

Value applied  1,460.106 

Monitoring equipment Data shall be taken from the meters calibrated 
regularly according to manufacturer’s guidelines. 

QA/QC procedures to be applied Cross-checking with thermal energy purchase 
receipt from the thermal supplier   

Purpose of data Calculation of project emissions 

Calculation method The respective enthalpies should be determined 
based on the mass (or volume) flows, the 
temperatures and, in case of superheated steam, 
the pressure. Steam tables or appropriate 
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thermodynamic equations may be used to 
calculate the enthalpy as a function of 
temperature and pressure. 

Comments This parameter is not considered in both baseline 
and project scenario and is conservative since 
baseline thermal energy consumption is higher as 
compared to project. 
Source: Nexant report on HPPO, Table 4.3 & 4.5 

 
Data / Parameter ECHPPO, y 

Data unit MWh 

Description Electrical energy consumption in the PO 
production through HPPO process in year y 

Source of data Plant records 

Description of measurement methods and 
procedures to be applied 

Electrical consumption to be monitored 
continuously and the average specific electrical 
energy consumption to be calculated based on 
PO production 

Frequency of monitoring/recording Continuous monitoring, integrated daily and at 
least monthly recordings 

Value applied  200000 

Monitoring equipment Electricity meters 

QA/QC procedures to be applied Meters should be calibrated regularly according 
to manufacturer’s guidelines. 

Purpose of data Calculation of project emissions 

Calculation method - 

Comments Meter series: X14000334N, X14000335N, 
X14000336N, X14000337N 

 
 

Data / Parameter QPropylene,y 

Data unit Tonnes 

Description Quantity of propylene used in year y. 

Source of data PO production facility records 

Description of measurement methods and 
procedures to be applied 

Flow-rate meters, mass meters, cross-check with 
stock verification records. 

Frequency of monitoring/recording Data monitoring is continuous and aggregate 
recording must be performed at least monthly 

Value applied  305600 

Monitoring equipment Mass flow meters 
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QA/QC procedures to be applied Accuracy:   +/- 0.15% of reading. Meters must be 
calibrated regularly according to manufacturer’s 
guidelines or national standards, and cross-
checked with stock inventory 

Purpose of data Calculation of project emissions 

Calculation method - 

Comments - 
 

Data / Parameter QBy-product,y 

Data unit Tonnes 

Description Quantity of by-product produced in year y. 

Source of data PO production facility records 

Description of measurement methods and 
procedures to be applied 

Flow-rate meters, mass meters, cross-check with 
stock verification records. 

Frequency of monitoring/recording Data monitoring is continuous and aggregate 
recording must be performed at least monthly 

Value applied  8800 

Monitoring equipment Vortex flow meter 

QA/QC procedures to be applied Accuracy:  +/- 0.5% of reading. Meters must be 
calibrated regularly according to manufacturer’s 
guidelines or national standards, and cross-
checked with stock inventory. 

Purpose of data Calculation of project emissions 

Calculation method - 

Comments - 
 

Data / Parameter FCi,y 

Data unit Mass or volume units 

Description Quantity of NG combusted in the incinerator 
during the year y 

Source of data NG supplied by PTT 

Description of measurement methods and 
procedures to be applied 

Measured through turbine meter 

Frequency of monitoring/recording - 

Value applied  4800000 Nm3 

Monitoring equipment Turbine meter 

QA/QC procedures to be applied Accuracy:  +/- 1% of reading. The meter belongs 
to PTT and installed on PTT skid 

Purpose of data Calculation of project emissions 
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Calculation method - 

Comments - 
 

Data / Parameter COEF,i,y 

Data unit tCO2/t of Natural gas 

Description CO2 emission coefficient of Natural gas 

Source of data IPCC 

Description of measurement methods and 
procedures to be applied 

Publicly available national data 

Frequency of monitoring/recording As per the “Tool to calculate project or leakage 
CO2 emissions from fossil fuel combustion”, 
Version 2 

Value applied  2.6928 

Monitoring equipment - 

QA/QC procedures to be applied - 

Purpose of data Calculation of project emissions 

Calculation method Based on option B, equation 4 of the tool. 
NCV = 48.0 TJ/Gg (IPCC 2006, Energy volume: 
Overview, Table 1.2) 
EF = 56.1 Tons/TJ (IPCC 2006, Energy volume: 
Overview, Table 1.4) 

Comments Conversion of volume units to energy units:  
1 Nm3 = 0.0433 GJ 
(http://agnatural.pt/documentos/ver/natural-gas-
conversion-
pocketbook_fec0aeed1d2e6a84b27445ef096963
a7eebab0a2.pdf) 

4.3 Monitoring Plan 

Monitoring Management 
 
The required monitoring equipment will be installed and monitoring procedures will be followed as 
mentioned in section 4.2.  The data will be recorded on a continuous basis or as indicated in 
section 4.2 and recorded in the logs. The data will be kept in both soft and hard copy format and 
proper data backups will be maintained.  The calibration of monitoring equipment will be done on 
regular intervals at site, based on master equipments traceable to industry/national standards. 
 
All the staff will be trained by the company on how to operate the plant as well as monitor the 
required data under the VCS methodology. General outline of operation and management of the 
project activity is as followed: 
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Management

Plant Manager

Project Leader

Operators

 
Quality assurance and quality control 
The project leader will monitor the overall plant’s performance, ensuring proper and timely 
calibration (in accordance with the manufacturer specifications or national standard) of systems, 
data acquisition and storage. Erroneous data or uncertainties found in measurement of the 
monitoring devices for the project (i.e. flow rate, electricity meters, etc.) will be included in the 
quality assurance and quality control procedures for individual monitoring parameters as per 
Section 4.2 under this VCS PD.  
 
Data storage and filling 

 All monitoring data will be stored in logs and in electronic format as excel sheets.  Primary source 
 of data for emission reduction calculation shall be derived from the electronic system while 
 in case of emergency or data error, support monitoring data from the log book shall be used 
instead. The monitoring records shall be archived for a period of the crediting period plus two 
years.  
 
Emergency procedure 
The project activity is not expected to result in any emergency that can result in substantial 
emissions.  
 
However, since unexpected emergency situations might affect the completeness or accuracy of 
monitored data. Apart from general provisions described topic above and below of this section 
4.3, the operator shall also take measures to avoid data loss and inaccuracies under such 
circumstances. Following an emergency situation, the staff responsible for operation and 
monitoring of the plant shall be made aware of any event from the previous day or previous shift 
and plan to promptly rectify the situation. In case of problems with any equipment or machines, 
immediate action shall be taken to restore regular operation of such affected devices. 
 
Uncertainty in data 
Some uncertainties may result due to malfunction of meters, calibration issues and wrong data 
collection (gaps in manual log sheets, human errors by plant operators). The operator is expected 
to put best efforts to prevent such errors, however regular internal audits shall rectify any such 
uncertainty in the monitored data. 

5 ENVIRONMENTAL IMPACT 
According to the Thai regulation, for this proposed VCS project activity, an Environmental Impact 
Assessment (EIA) is required, and such a report shall be approved by the Office of Environmental 
Policy and Planning (OEPP) and National Environmental Board (NEB). 
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The following assessment procedure has to be followed: 

Environmental assessment procedure 

1. Collection of relevant data from various sources such as site visits by a surveyor to the 
proposed project area, interviews with various stakeholders identified by the project and 
collection of primary and secondary data from government records on agro-forestry, 
agriculture and agriculture related industries.  

2. A desktop review and compilation of this data followed. 

3. Environmental aspects (project activities that had potential to impact the environment) of the 
project were then identified. E.g. Emissions of flue gas from stack fossil fuel emissions from 
transportation of biomass, generation of effluent from the water treatment plant etc. 

4. The environmental aspects were then prioritised based on their potential to have adverse 
impacts on the project environment and its stakeholders. 

5. An environmental management plan was then formulated, to best control / manage / mitigate 
these impacts. The primary aim of the environmental management plan was to ensure that 
regulatory standards were met and that there exists appropriate monitoring procedures for 
collection of the relevant data.  

In accordance, none of the environmental impacts identified are considered significant by 
project stakeholders, and the report has been approved by Thai government. Hence, all 
identified environmental aspects of the project activity will be monitored and 
mitigated/controlled as applicable. 

6 STAKEHOLDER COMMENTS 
A stakeholder consultation was conducted before the implementation of the proposed VCS 
project activity on the 3rd of February 2010 as part of the EIA. The invitation letter was sent out as 
well as announcement made publicly. In addition, the project also organized several following up 
group consultation in order to make sure that most of relevant stakeholders had expressed their 
opinion and concern on the project. The results of such public hearings were positive.  
 
Invitation letter 
 



                                PROJECT DESCRIPTION: VCS Version 3   
 

v3.2     35 

 
 
 
Public announcement (in 4 areas) 
 

 

 
 
Stakeholder consultation 
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Registration form 
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APPENDIX 1: GRID EMISSION FACTOR COMPUTATION 

Calculation of the grid emission factor of Thailand 
The grid emission factor has been calculated using the “Tool to calculate the emission factor 
for an electricity system” – version 02.2.1, Annex-19, EB63. 
 
The data employed in this study was based on the latest data available at the time of PDD 
submission for validation to the DOE.  The data has been taken from the publicly available data 
published by the Thai DNA on the emission factor of electricity system in Thailand published on 
30 December 20119. 
 
The “Tool to calculate the emission factor for an electricity system” states procedures to 
determine the following parameters to estimate baseline grid emission factor:  
 

Parameter  SI Unit  Description  
EFgrid,CM,y  tCO2/MWh  Combined margin CO2 emission factor for the project electricity system in 

year y  
EFgrid,BM,y  tCO2/MWh  Build margin CO2 emission factor for the project electricity system in year y 

EFgrid,OM,y  tCO2/MWh  Operating margin CO2 emission factor for the project electricity system in 
year y 

 
As per the “Tool to calculate the emission factor for an electricity system” project 
participants shall apply the following steps:  
 
STEP 1. Identify the relevant electric power system.  
STEP 2.Choose whether to include off-grid power plants in the project electricity system 
(optional) 
STEP 3. Select a method to determine the operating margin (OM).  
STEP 4. Calculate the operating margin emission factor according to the selected method.  
STEP 5. Calculate the build margin (BM) emission factor.  
STEP 6. Calculate the combined margin (CM) emissions factor.  
 
Step 1: Identifying the relevant electric power system 
The Thai DNA has published the delineation of connected electricity system. The  electricity  
transmission  system  of  Thailand  is  considered  as  a  single  system  since  the transmission  
lines  are  networked  throughout  the  country  and  owned  by  the  Electricity  Generating 
Authority  of  Thailand  (EGAT).    EGAT  is  the  authority  that  controls  electricity  generation  
and distribution  in  Thailand,  whereas  the  Metropolitan  Electricity  Authority  (MEA)  and  the  
Provincial Electricity Authority  (PEA) are the authorities  that supply the electricity to the users in 
Bangkok and provinces, respectively.    
 
Step 2:  Choose whether to include off-grid power plants in the project electricity system 
(optional) 
Only grid connected power plants are included in the calculation, as per Option I of the “Tool to 
calculate the emission factor for an electricity system” version 02.2.1. 
 
Step 3:  Select a method to determine the operating margin (OM) 

                                                
9 http://www.tgo.or.th/index.php?option=com_content&view=article&id=349:thailand-grid-emission-2010-
report&catid=62:tgo-research&Itemid=29 
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The  calculation  of  the  operating  margin  emission  factor  (EFgrid,OM,y)  is  based  on  one  of  
the  following methods:  
  
1) Simple OM  
2) Simple adjusted OM  
3) Dispatch data analysis OM  
4) Average OM 
 
According to Thailand’s data, the simple OM method (Ex ante Option) is the most appropriate 
method.  This method requires the latest 3 years data including quantity of electricity generated; 
fuel types used and fuel consumption of each fuel type. This study used data obtained in the year 
2008-2010 due to the following reasons: 
 

• In Thailand, the generated electricity that is transferred to the national grid is the only available 
data. Thus, it is not possible to obtain off-grid electricity generation data.  

• Low-cost/must-run (LC/MR) power plants include hydro and renewable power plants. The 
quantity of electricity generated by these power plants is not included in the calculation because it 
is less than 50% of total grid generation. 
 

Year LC/MR, MWh Total grid, MWh LC/MR share 
2006 9,961.12 139,421.94 7.14% 
2007 10,382.64 144,364.39 7.19% 
2008 9,115.86 145,232.00 6.28% 
2009 9,106.39 145,300.19 6.27% 
2010  7,587.23   160,190.96  4.74% 

   
6.32% 

LC/MR – Low-cost/must run 
  

Low cost/must run resources constitute an average of  6.32 % of total generation which is less 
than 50%. On this basis, Option (a), the Simple OM has been selected. 
 
Step 4:  Calculate the operating margin emission factor according to the selected method 
The simple OM emission factor is calculated as the generation-weighted average CO2 emissions 
per unit net electricity generation (tCO2/MWh) of all generating power plants serving the system, 
not including low-cost/must-run power plants/units. 
 
The simple OM may be calculated by one of the following two options:  
 
Option A: Based on the net electricity generation and a CO2 emission factor of each power unit; 
or  
  
Option B: Based on the total net electricity generation of all power plants serving the system and 
the fuel types and total fuel consumption of the project electricity system. 
 
Option B is selected to calculate OM emission factor due to the following reasons:  
  

a) The  necessary  data  for  option  A  is  not  available  such  as  data  of  net  electricity  
generation  of each power plant/unit serving the system;  

b) Only nuclear and renewable power generation are considered as low-cost/must-run power 
sources and the quantity of electricity supplied to the grid by these sources is known; and   

c) Off-grid power plants are not included in the calculation. 
 
The  Operating  Margin  emission  factor  is  calculated  by  using  Simple  OM , Option  B  as  per 
the  following equation: 
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Where: 
EFgrid,OMsimple,y  =  Simple operating margin CO2 emission factor in year y (tCO2/MWh)  
FCi,y =  Amount of fossil fuel type i consumed in the project electricity system in year y (mass 
or volume unit)  
NCVi,y =  Net calorific value (energy content) of fossil fuel type i in year y (GJ/mass or volume 
unit)  
EFCO2,i,y   = CO2 emission factor of fossil fuel type i in year y (tCO2/GJ)   
EGy =  Net electricity generated and delivered to the grid by all power sources serving the 
system, not including low-cost/must-run power plants/units, in year y (MWh)  
i =  All fossil fuel types combusted in power sources in the project electricity system in year 
y  
y   =  The relevant year as per the data vintage chosen in Step 3   
 
The values of CO2 emission from combustion of fossil fuel (per unit of fossil fuel) are shown in 
Table 1. Net  Calorific  Value  (NCV)  is  obtained  from  data  provided  by  the  Department  of  
Alternative  Energy Development and Efficiency, Ministry of Energy. The CO2 Emission Factor of 
fossil fuel follows IPCC default values as specified in the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories. 
 
Table 1.  Net Calorific Value and CO2 emission per unit of each type of fossil fuel 

Fuel type Unit NCV10 (MJ/unit) CO2 emissions11 (tCO2/TJ) CO2 emissions (kgCO2/Unit) 
Natural gas scf 1.02  54.30  0.0554  
Lignite ton  10,470.00  90.90  951.7230  
Bituminous ton  26,370.00  89.50  2,360.1150  
Bunker liter 39.77  75.50  3.0026  
Diesel liter 36.42  72.60  2.6441  

 
The  quantity  of  electricity  generated  and  delivered  to  the  national  grid  can  be  obtained  
from  the Electricity Report 2008 – 2010 published by the Electricity Generating Authority of 
Thailand as shown in Table  2.  Data  are  categorized  by  electricity  generation  system,  type  
of  power  plant  and  quantity  of electricity generated by LC/MR and Non LC/MR power plants. 
Type of power plant includes the power plant of the Electricity Generating Authority of Thailand, 
Independent Power Producers (IPPs) and Small Power Producers (SPPs). 
 
Quantity and type of fossil fuel consumed in electricity generation are also obtained from the 
Electricity Report 2008 – 2010 published by the Electricity Generating Authority of Thailand as 
shown in Table 3. 
 
VSPP  power  plants  use  renewable  energy  including  biogas,  biomass,  hydro,  wind  and  
solar  energy  and are  considered  as  low-cost/must-run  power  plants.  However, a  VSPP  
power  plant  is  non-firm  and  can supply only a small quantity of electricity to the grid compared 
to other power plants. In 2010, the amount of  electricity  that  VSPP  power  plants  sold  to  the  

                                                
10 Electric  Power  in  Thailand  2008/  Department  of  Alternative  Energy  Development  and  Efficiency,  

Ministry of Energy 
11 IPCC default values at the lower limit as provide in Table 1.4 of Chapter 1 of Vol. 2 (Energy) of the  

2006 IPCC Guidelines for National Greenhouse Gas Inventories 
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Provincial  Electricity  Authority  was  1,155.1  GWh 12(0.72% of the total electricity generated in 
2010). Thus, this study does not include electricity generated by VSPP in the calculation of total 
electricity in the national grid. The total amount of electricity exported to the national grid (only 
Non LC/MR) in the years 2008 – 2010 was 424,913.67 GWh. 
 
Table 2.  Quantity of electricity generated and delivered to the national grid13 

Generation System Grid Generation (GWh) 
2010 EGAT IPP SPP Total 
Total 78,517.70 67,775.98 13,897.27 160,190.96 
Non LC/MR 73,185.41 67,775.98 11,642.33 152,603.73 
LC/MR 5,332.30 0.00 2,254.94 7,587.23 
Thermal 27,289.03 15,408.42 2,162.89 44,860.34 
Combined cycle 38,338.71 52,367.56 8,655.76 99,362.04 
Gas turbine 276.30 0.00 823.67 1,099.97 
Diesel engine 3.98 0.00 0.00 3.98 
Hydro power 5,325.20 0.00 23.64 5,348.84 
Renewable energy 7.10 0.00 2,231.30 2,238.40 
Import 7,277.39 0.00 0.00 7,277.39 

 
2009 EGAT IPP SPP Total 
Total 66,488.10 64,840.72 13,971.37 145,300.19 
Non LC/MR 59,541.66 64,840.72 11,811.42 136,193.80 
LC/MR 6,946.44 0.00 2,159.95 9,106.39 
Thermal 23,463.69 12,388.03 2,225.63 38,077.35 
Combined cycle 33,164.46 52,452.69 8,752.19 94,369.35 
Gas turbine 309.63 0.00 833.60 1,143.23 
Diesel engine 1.44 0.00 0.00 1.44 
Hydro power 6,941.74 0.00 23.97 6,965.71 
Renewable energy 4.70 0.00 2,135.98 2,140.68 
Import 2,602.43 0.00 0.00 2,602.43 

 
2008 EGAT IPP SPP Total 
Total 63,719.02 67,420.14 14,092.83 145,232.00 
Non LC/MR 56,791.19 67,420.14 11,904.81 136,116.14 
LC/MR 6,927.83 0.00 2,188.03 9,115.86 
Thermal 26,778.89 14,398.34 1,996.83 43,174.06 
Combined cycle 26,449.20 53,021.80 9,029.90 88,500.90 
Gas turbine 659.33 0.00 878.07 1,537.41 
Diesel engine 2.30 0.00 0.00 2.30 
Hydro power 6,926.02 0.00 28.77 6,954.79 
Renewable energy 1.81 0.00 2,159.26 2,161.07 
Import 2,901.47 0.00 0.00 2,901.47 

 
Table 3.  Amount of fossil fuel consumed by power plants14 

2010   EGAT IPP SPP Total 

                                                
12 Provincial Electricity Authority: PEA 
13 Electricity Report 2008-2010/Electricity Generating Authority of Thailand 
14 Electricity report 2008 – 2010/ Electricity Generating Authority of Thailand 
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Natural Gas scf 430,662,249,446 491,131,955,423 151,290,468,150 1,073,084,673,019 
Lignite tonnes 16,043,174 0 0 16,043,174 
Bituminous tonnes 0 3,646,898 1,855,262 5,502,160 
Bunker liter 140,084,467 87,347,782 5,797,497 233,229,746 
Diesel liter 11,865,427 10,853,795 1,307,336 24,026,558 

 
 

2009   EGAT IPP SPP Total 
Natural Gas scf 369,146,214,392 459,228,417,361 140,550,086,056 968,924,717,809 
Lignite tonnes 15,818,265 0 0 15,818,265 
Bituminous tonnes 0 3,645,721 1,840,527 5,486,248 
Bunker liter 111,039,065 38,180,874 8,797,506 158,017,445 
Diesel liter 12,140,891   1,685,046 13,825,937 

 
2008   EGAT IPP SPP Total 
Natural Gas scf 340,739,529,461 490,866,999,785 145,410,364,035 977,016,893,281 
Lignite tonnes 16,407,465 0 0 16,407,465 
Bituminous tonnes 0 3,711,791 1,866,776 5,578,567 
Bunker liter 247,441,682 93,212,260 9,555,452 350,209,394 
Diesel liter 6,792,039 43,698,832 1,451,087 51,941,958 

 
 
Table 4.  CO2 emission from electricity generation in the years 2008 – 2010 

Fuel type 
Fuel Consumption 

CO2 Emission 
Unit Volume 

2010   Total kgCO2/unit tCO2 
Natural Gas scf 1,073,084,673,019 0.0554 59,433,868 
Lignite tonnes 16,043,174 951.7230 15,268,658 
Bituminous tonnes 5,502,160 2,360.1150 12,985,730 
Bunker liter 233,229,746 3.0026 700,304 
Diesel liter 24,026,558 2.6441 63,528 
2009   Total kgCO2/unit tCO2 
Natural Gas scf 968,924,717,809 0.0554 53,664,864 
Lignite tonnes 15,818,265 951.7230 15,054,607 
Bituminous tonnes 5,486,248 2,360.1150 12,948,176 
Bunker liter 158,017,445 3.0026 474,469 
Diesel liter 13,825,937 2.6441 36,557 

 
2008   Total kgCO2/unit tCO2 
Natural Gas scf 977,016,893,281 0.0554 54,113,058 
Lignite tonnes 16,407,465 951.7230 15,615,362 
Bituminous tonnes 5,578,567 2,360.1150 13,166,060 
Bunker liter 350,209,394 3.0026 1,051,551 
Diesel liter 51,941,958 2.6441 137,339 

 
Table 5.  Operating Margin Emissions Factor (ex-ante option) 

Year Total emissions Grid generation- non LCMR OM 

 
tCO2 GWh tCO2/MWh 

2010 88,452,088 152,603.73 0.5796 
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2009 82,178,673 136,193.80 0.6034 
2008 84,083,369 136,116.14 0.6177 

   
0.5994 

 
Step 5:  Calculate the build margin (BM) emission factor 
 
Option I has been selected as per the “Tool to calculate the emission factor for an electricity 
system”. 
 
Option 1:  For the first crediting period, the build margin emission factor has been calculated ex 
ante based on the most recent information available on units already built for sample group m at 
the time of CDM-PDD submission to the DOE for validation.  For the second crediting period, the 
build margin emission factor should be updated based on the most recent information available 
on units already built at the time of submission of the request for renewal of the crediting period to 
the DOE.  For the third crediting period, the build margin emission factor calculated for the 
second crediting period should be used.  This option does not require monitoring the emission 
factor during the crediting period.   
 
The sample group of power units m used to calculate the build margin should be determined as 
per the following procedure, consistent with the data vintage selected above:  
 

(a) Identify the set of five power units, excluding power units registered as CDM project activities, 
that started to supply electricity to the grid most recently (SET5-units) and determine their annual 
electricity generation (AEGSET-5-units, in MWh);  

(b) Determine the annual electricity generation of the project electricity system, excluding power  
units registered as CDM project activities (AEGtotal, in MWh). Identify the set of power units, 
excluding power units registered as CDM project activities, that started to supply electricity to the 
grid most recently and that comprise 20% of AEGtotal (if 20% falls on part of the generation of a 
unit, the generation of that unit is fully included in the calculation) (SET≥20%) and determine their 
annual electricity generation (AEGSET-≥20%, in MWh);  

(c) From SET5-units and SET≥20% select the set of power units that comprises the larger annual  
electricity generation (SET sample);  
 
Identify the date when the power units in SET sample started to supply electricity to the grid.  
If none of the power units in SET sample started to supply electricity to the grid more than 10 
years ago, then use SET sample to calculate the build margin. In this case ignore steps (d), (e) 
and (f). 
 
The steps (d), (e) and (f) are ignored as they are not considered relevant as none of the power 
units started to supply electricity more than 10 years ago. 
 
As the set of power units that comprises the larger annual generation must be used, according to  
Thailand’s data, the first option can generate less electricity than the second option, thus this 
study uses the quantity of electricity generation of the second option as listed in Table 6. Fuel 
consumptions of these power plants are shown in Table 7. 
 
Table 6: Electricity generation by the most recently built power plants15 
 Power Plant Commercial 

Operation Date 
Grid Generation (KWh) 

   
 32,934,252,047 

1 North Bangkok Power Plant (Unit 01) 19-Nov-10 1,584,220,065 
2 Bangpakong Power Plant (Unit 05) 16-Sep-09 4,643,224,142 

                                                
15 Electricity report 2010/ Electricity Generating Authority of Thailand 
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3 Phu Kieaw Bio Power Project 2 15-Sep-09 79,461,380 
4 Dan Chang Bio Power Project 2 15-Sep-09 76,753,860 
5 South Bangkok Power Plant (Unit 03) 01-Mar-09 4,431,921,700 
6 Chana Power Plant (Unit 01) 15-Jul-08 5,090,016,200 
7 Ratchaburi Power Company Limited (RPCL) (Unit 1&2) 1-Jun-08 7,124,721,800 
8 Gulf Power Generation Co., Ltd. (Unit 1&2) 1-Mar-08 9,903,932,900 

 Percentage of 2010 grid generation  20.56% 
 
Table 7.  Fuel Consumption of the most recently built power plants16 

2010 Emission Unit Fuel consumption kgCO2/Unit tCO2 
Natural Gas scf 251,512,881,819 0.0554 13,930,292 
Lignite tonnes 0 951.7230 0 
Bituminous tonnes 0 2,360.1150 0 
Bunker liter 0 3.0026 0 
Diesel liter 1,179,772 2.6441 3,119 
Total 

   
13,933,411.90  

 
The build margin emissions factor is the generation-weighted average emission factor 
(tCO2/MWh) of all power units m during the most recent year y for which electricity generation 
data is available, calculated as follows: 
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Where:  
EFgrid,BM,y =  Build margin CO2 emission factor in year y (tCO2/MWh)  
EGm,y =  Net quantity of electricity generated and delivered to the grid by power unit m in year y 
(MWh)  
EFEL,m,y  = CO2 emission factor of power unit m in year y (tCO2/MWh)  
m  =  Power units included in the build margin  
y  =  Most recent historical year for which electricity generation data is available 
 
Table 8.  Calculation of Build Margin Emission Factor (from table 6 and 7 above) 
 

Year CO2 emissions (tCO2) Electricity generation (GWh) BM (tCO2/MWh) 
2010 13,933,411.90 32,934,252,047 0.4231 

 
Step 6 :  Calculate the combined margin emissions factor 
The combined margin emissions factor is calculated as follows:  
 

BMyBMgridOMyOMgridyCMgrid WEFWEFEF ×+×= ,,,,,,  
 
EFgrid,BM,y =  Build margin CO2 emission factor in year y (tCO2/MWh)  
EFgrid,OM,y =  Operating margin CO2 emission factor in year y (tCO2/MWh)  
wOM  =  Weighting of operating margin emissions factor (%)  
wBM  =  Weighting of build margin emissions factor (%) 
 

                                                
16 Electricity report 2010/ Electricity Generating Authority of Thailand 
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The following default values should be used for wOM and wBM:  
 

• Wind and solar power generation project activities:  wOM = 0.75 and wBM = 0.25 (owing to their 
intermittent and non-dispatchable nature) for the first crediting period and for subsequent 
crediting periods;  

• All other projects: wOM = 0.5 and wBM = 0.5 for the first crediting period, and wOM = 0.25 and wBM = 
0.75 for the second and third crediting period, unless otherwise specified in the approved 
methodology which refers to this tool. 
 
Table 9: Weighting of operating and build margin for general CDM project: 

Project type WOM WBM 
General project 0.5 0.5 

 
 
Table 10: Combined margin emission factor 

Project type 
Emission factor (tCO2/MWh) 
EF grid,OM EF grid,BM EF grid,CM 

General project 0.5994 0.4231 0.5113 
 


