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A.  General description of project activity 
 
A.1  Title of the project activity: 
 
Sugarcane Trash and Rice Husk Power Cogeneration Project in Thailand (The Project) 
 
 
A.2 Description of the project activity: 
 
The Project is designed to utilize for electricity generation biomass (sugarcane top and leaf [trash] and 
rice husk) that would otherwise be left to decay on the field.  This effort will assist Thailand to achieve 
sustainable growth by providing electricity through biomass power production without relying on fossil 
fuel combustion, as well as improving the disposal by efficient use of major sources of agricultural waste. 
 
It involves the construction and operation of a new biomass fuel power plant in Ratchaburi province, 
central Thailand, with approximately 9.64MW gross generating capacity, 8MW net.  This 
state-of-the-art plant consisting of a boiler, turbine and generator will be built independently on the 
project site adjacent to the premises of Rajburi Sugar Co., Ltd. (RSC).  In order to contribute to the local 
socio-economy, two major biomass resources available in large quantities in Thailand will be utilized by 
the Project: trash will be used during the sugar production period, while rice husk will be purchased on 
the market as an alternative to trash during the non-production period.  Electricity will be sold through a 
30-year power purchase agreement (PPA) with the Electricity Generating Authority of Thailand (EGAT).    
 
Inviting alcohol manufacturing factories to the neighbouring area of the project plant is also planned to 
supply surplus thermal energy generated by means of a highly efficient cogeneration system, which leads 
additionally to the reduction of CO2 emissions in the brewing process. 
 
 
1. The government policy on CDM  
 
The government of Thailand supports socially/economically sustainable development and encourages 
environmental protection and the use of natural resources in order to establish a recycling-oriented society. 
This is one of the basic strategy policies of the 9th national economic society development plan. 
 
Thailand ratified the UNFCCC (United Nations Framework Convention on Climate Change) in 1994, 
signed the Kyoto Protocol in 1999 and ratified it in 2002. Under the Kyoto Protocol, Thailand is not 
subject to any commitments to reduce GHG emissions as a Non-Annex I country. However, upon 
receiving instructions to pursue environmental protection and GHG emission reductions, the Thailand 
Ministry of Natural Resources and Environment (MONRE) appointed the Office of Natural Resources 
and Environment Policy and Planning (ONEP) as the Designated National Authority (DNA) to fulfill the 
commitments required by the Kyoto Protocol and to implement all CDM related tasks. (See Fig.1 for the 
organizational structure of the DNA). The government is receptive to CDM projects and will approve 
those which have the potential to contribute to socially/economically sustainable development in Thailand. 
(See Fig.2 for the approval structure). 
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Figure 2. Government structure for the approval of CDM projects 
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The project types eligible for their approval are energy-related projects such as renewable energy and/or 
energy efficiency/industrial process improvement, transportation and afforestation/reforestation projects. 
Of these project types, the government sees the energy sector as the most feasible CDM option and so the 
energy field appears the most promising area in which to implement a CDM project in Thailand. 
 
 
2. Contribution to the sustainable development of the host country: 
 
According to the EGAT Power Development Plan (PDP) 2003, Thailand ‘s demand for electricity will 
increase from 108,389 GWh in 2002 to 147,835 GWh in 2007 with a general increase of about 5 to 6% 
per year, reaching 249,878GWh in 2016.  In parallel, EGAT set a plan to enhance its total installed 
generation capacity from 25,377.8MW in 2003 to 45,417.6 MW in 2016.  Against this backdrop, 
securing steady supply sources of electricity is a matter of vital importance for the Thai economy. 
 
Sugarcane and rice have always been Thailand’s flagship agricultural products, with crop production in 
2003 of some 74 million tonnes and 27 million tonnes respectively.  Consequently, trash and rice husk 
represent particularly rich biomass energy resources for Thailand.  These renewable energy sources 
currently fuel less than 1% of Thailand’s electricity generation, which is dominated by natural gas, lignite 
and imported fuel oil. 
 
Recognising the potential contribution of renewable energy to the Thai energy mix, the government has 
placed great importance on supporting environmentally friendly, indigenous, and renewable sources of 
energy.  According to the interview with EGAT, the government has entered into consideration to 
increase renewable energy supply to 4% of the nation’s total electricity generation in the future.   
 
By using biomass to displace fossil fuel in power generation, the Project will largely contribute to the 
development of renewable energy sources as a solution for Thailand’s growing energy requirements.  In 
addition, the Project will have an added contribution to the country’s sustainable development, in that it 
will promote industrial modernization and local employment by adopting advanced Japanese 
technologies.  
 
 
3. Facility design 
 
The following prerequisites were taken into account when designing the project: 
 

- The sugarcane yield of 863,200 t-c/year (t-c indicates deadweight tonnage of cane, rounded off to 
the nearest hundred t) represents the 5-year average of Rajburi contract farms (whose minimum 
and maximum yields are 755,400 t-c/year and 1,043,400 t-c/year, respectively). 

- The Rajburi Sugar Factory can process 9,880 t-c/day. Thus, the production period of sugarcane is 
calculated as follows: 

863,200 t-c/year  9,880 t-c/day = 87 days. ÷
- A new 9.64 MW power station fuelled with biomass is to be constructed on a site adjoining 

Rajburi. 
- Considering the fact that water in the Rajburi area is hard water, the steam pressure and 

temperature specifications for the boiler are 33 bar G and 425ºC. 
- Electricity sales to EGAT are 8 MW during the daytime and 6 MW (75% of the daytime 

capacity) during the night (the actual connection to the grid line being done by the Provincial 
Electricity Authority – PEA). On Sundays and holidays, the amount to be sold is 6 MW. 

- The major fuel for biomass power generation during the sugar production period is trash, with 
rice husks being purchased for use when sugarcane trash is not available. 

- The proportion of trash collected from irrigated and non-irrigated sugarcane field is 
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approximately 50% and 30%1, respectively, of the total yield in order to prevent soil degradation 
in the sugarcane field. Ash produced by trash burned in the new power station is to be returned to 
the field for use as fertilizer. 

- Ash from rice husks burned in the new power station will be sold to ash traders and will be 
collected by them from the new power station. 

- After the harvest, trash left on the field will be collected by specially equipped tractors. Seven 
sets of tractors and new equipment (twin rakes, balers and front loaders) will be purchased by 
SPC and rented to contract farmers. The collection capacity is estimated at 76.6 t/day2.  

- Trash left on the field will first be gathered by twin rakes attached to tractors. The trash will then 
be rolled by balers and loaded onto trucks by front loaders to be carried to the new power station. 

- Water will come from the same ground water source used by the Rajburi Sugar Factory and 
effluent is to be discharged into the current factory drainage system. 

- Retrofitting of equipment in the Rajburi Sugar Factory is not planned. 
- In order to effectively utilize the heat produced, steam will be supplied to an alcohol plant (not 

included in the scope of the project). 
- The alcohol plant produces ethyl alcohol from the molasses supplied by the Rajburi Sugar 

Factory. The amount of molasses produced at Rajburi is 4.3-4.8% that of cane (data from the 
fact-finding survey). The annual yield of molasses should therefore be 863,200 t-c/year  4.3% 
= 37,100 t-m/year (t-m indicates the deadweight tonnage of molasses). The volume of steam 
supplied to the alcohol plant should be 7 t-s/h (t-s indicates the deadweight tonnage of steam) 
corresponding to the manufacturer’s designed capacity. 

×

Figure 3, below, shows a schematic diagram of the project system. 
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Figure 3. Schematic diagram of the operating system 

 
 
 

 
1 Refer to Appendix A for detailed calculations. 
2 Refer to Appendix B for detailed calculations. 
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4. Outline of the use of biomass as fuel: 
   

1) Procurement and availability of trash 
 
According to an interview conducted with the governor of Ratchaburi Province, 50-60% of sugarcane 
trash is currently burned before harvest in order to make the harvesting process easier. However, RSC 
educate their contract farmers not to burn trash. As a result, all of the trash on RSC contract farms (except 
for 10% accidentally burned due to flying sparks) is left on the ground to decay. 
 
Furthermore, taking into consideration of the collectable ratio of trash from irrigated and non-irrigated 
land and the ratio of trash accidentally burned prior to the harvesting, the proportion of trash collectable 
from sugarcane field is estimated as follows: 
 
(50%  30% + 30%  70％)  90% = 32.4% × × ×
 
 
The component ratio of trash to sugarcane is as follows: 
 

Table 1. Proportions and dry weights of sugarcane components3 

proportions dry weight  

adjusted 
proportions 

including 
moisture 

proportions 
to cane components 

(%) (%) (%) (%) 
cane 69.5 29.5 235.6 100
top 8.2 36.7 22.3 9.5
leaf 22.2 91.0 24.4 10.4

 
 
Using the above data, the average moisture ratio of top and trash together is calculated as follows: 
 
100 % - (8.2% + 22.2%) ÷ (8.2% 36.7% + 22.2%÷ ÷91%) = 35.0%   
 
However, laboratory analysis showed that the moisture ratio of trash was actually 23.5%, which means 
that the moisture ratio decreases to approximately 23.5% after being dried when it rains a little.  The 
calculated trash to sugarcane ratio therefore need to be modified as follows: 
 
19.9%  (100% - 35.0%) (100% - 23.5%) = 16.9% × ÷
 
 
As mentioned earlier, the total sugarcane yield is 863,200 t-c/year (the 5-year average on Rajburi contract 
farms).   
 
 
Therefore, the expected amount of trash available from sugarcane is calculated as follows: 
 

                                                      
3 Source: ‘Sugarcane Stalk as a Roughage for Diary Cattle (2001)’, Kawashima et al 



 
 

103 

 
 
As described earlier, in A.2, that the collection capacity per tractor is 76.6 t/day, the expected annual 
amount of trash available as fuel for the Project is calculated as follows: 
 

 
 
 
Calculation of the daily amount of trash used for the Project is as summarized in the table below. 
 

Table 2. Daily amount of trash required as fuel 
Item Value Remarks 

Daytime     

(1) trash required as fuel 16.7 t/h Refer to Appendix C 
for detailed calculation

(2) hours 13.5 h/day Contract with EGAT

(3) total trash required as fuel during daytime 225 t/day (1)× (2) 

Nighttime       

(1)' fuel required 14.9 t/h Refer to Appendix C 
for detailed calculation

Weekday 

(2)' hours 10.5 h/day Contract with EGAT

Amount of 
trash 

available  
for 

the Project 
(t/y) 

= 

collection 
capacity  

per  
tractor 
(t/day) 

= 

= 

76.6  

number of  
sets of tractor  

and  
equipments  

(sets) 

× 87 7 

46,600 t/y
 

×

production 
period 

of  
sugarcane 
(days/y)

× ×

×

Average  
sugarcane yield

from  
Rajburi  

contract farms
(t/y) 

= ×

trash 
to 

sugarcane 
ratio 
(%) 

proportion  
of trash  

collectable  
from  

sugar cane field 
(%) 

Amount of 
trash 

available  
from  

sugarcane 
(t/y) 

×863,200  ×16.9%= 32.4% 

= 47,265 t/y
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(3)' total fuel required during nighttime 156 t/day (1)'× (2)'  

Trash required as fuel on weekdays 381 t/day (3) +(3)' 

(1)'' trash required as fuel 14.9 t/h Refer to Appendix C 
for detailed calculation

(2)'' hours 24 h/day   Weekend 

Trash required as fuel on weekends 358 t/day (1)''× (2)'' 
 
 
Harvesting sugarcane in the area surrounding Rajburi starts in January. According to the 2005 Thai 
calendar, it can therefore be calculated that the amount of trash used by the Project (approximately 46,600 
t/y) will be burnt over a period of 123 days4. 
 
 

2) Procurement and availability of rice husks 
 
Due to the limited supply of sugarcane trash, the Project plans to buy in rice husks when trash is not 
available. As mentioned earlier, the Project will sell electricity to EGAT for 330 days, of which 123 days 
will use trash as a fuel for electricity generation. Hence, the remaining 207 days (of which 171 days are 
weekdays and 36 days are holidays) will utilize rice husks as fuel.   
 
According to Rajburi, the calorific value of rice husks is 3.440 kcal/kg, 1.211 times that of sugarcane 
trash (3,440 kcal/kg  2,840 kcal/kg5). ÷
 
The daily amount of rice husks required as fuel is calculated as follows: 
 
Weekdays: 381 t/day  1.211 = 314 t/day ÷
Weekends: 358 t/day  1.211 = 296 t/day ÷
  
As mentioned above, the 207 day total consists of 171 weekdays and 36 holidays and the total amount of 
rice husks required is therefore calculated at approximately at 64,300 t/y. 
 
314 t/day  171 days + 296 t/day 36 = 64,300 t × ×
 
 

3) Biomass availability for the Project 
 
The following table summarizes cane production and estimated fuel supply for the Project. 
 

Table 3. Cane yield and amount of biomass available for the Project 

Item Quantity to be procured 
(tons/year) Remarks 

Cane yield 863,200 t-c/y Average yield over the past 5 years
Production period for cane 87 days/y Yield ÷  9880 t-cane/day  

(daily amount of cane processed at 
Rajburi Sugar Factory) 

Availability of biomass: Trash 46,600 t/y Collected during the sugar 

                                                      
4 From January 1st to May 3rd  (98 weekdays and 25 weekends and holidays). 
5 According to the lab analysis, calorific value of trash used as fuel is calculated at 2,840 kcal/kg. 
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production period (87days) 

Rice husks 64,300 t/y Purchased during the 
non-production period (207 days) 

 
 
A.3  Project participants: 
 
Rajburi Sugar Co., Ltd. (RSC) 
RSC is one of the leading sugar manufacturing companies in Thailand. As the local counterpart of the 
Project, RSC supports the activities of the Special Purpose Company (SPC) by providing advisory 
information and operational technologies. Full-time project development and management staff at RSC 
will manage SPC, which will in turn undertake comprehensive development and financial responsibility. 
RSC also funds the Project. 
 
General Environmental Technos Co., Ltd. (Kanso Technos) – CDM Advisor/Official Contact 
Kanso Technos is involved in the Project as CDM advisor. Specializing in the environmental engineering 
business for more than 30 years, Kanso Technos has, in recent years, been stepping up efforts to address 
global environmental issues. Kanso Technos is a subsidiary of The Kansai Electric Power Co., Inc., 
group: the second largest utility company in Japan.  
  
 
A.4  Technical description of the project activity: 
 
 A.4.1  Location of the project activity: 
 
  A.4.1.1  Host country Party(ies):  
 
The Kingdom of Thailand 
 
  A.4.1.2   Region/State/Province etc.:  
 
Ratchaburi Province 
 
  A.4.1.3  City/Town/Community etc: 
 
9 Moo 6 Berkprai, Baan Pong 
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Figure 4. Project site (Rajburi Sugar Factory) 
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  A.4.1.4  Detailed description of the physical location, including 
information allowing the unique identification of this project activity (max one page): 
 
The plant will be located on a 7-hectare site adjacent to the RSC premises in Ratchaburi province, 
approximately 100km west of Bangkok.  RSC has long-term agreements with approximately 500 
sugarcane farmers principally within 90 km of its plant.  
 

 
 
 Depositing reservoir 
 
 
 
 

Project plant 
(To be constructed)

 
 
  
 
 
 

Roadway  
 
 

 

Mae Klong River

RSC plant 
(Existing)

 
 
 
 
 
 
 

Mae Klong River  
 

 
 
 
 

Figure 5.  Image of the project site 
 
 
Most of the country’s sugar factories including the RSC plant are located in Central Thailand.  This area 
is the source of 40% of the national sugarcane production, with 23.1 million tonnes yielded in 2001-20026.  
Accounting for 1 to 2% of the nation’s total, RSC annually produces 863,200 tonnes of sugarcane on 
average, of which 145,8807 tonnes are unused as trash. 
 
It is noteworthy that RSC established a new local irrigation system named “Norng Punchan Project” for 
sugarcane cultivation, covering over 630 acres and 147 cane farmers.  Supported by the co-operative 
effort of the Department of Irrigation, this national pilot project with an extensive network of irrigation 
                                                      
6 Source: Agricultural Statistics of Thailand, Office of Agricultural Economics, Thailand 

  (http://www.oae.go.th/statistic/yearbook/2001-02/indexe.html) 
7 Average sugarcane yield at Rajburi  trash to sugarcane ratio = 863,200 t/y × ×  16.9% = 145,880 t/y 
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canals well-adapted to the rich local alluvial plain, received funding totalling 96 million Baht from the 
Asian Development Bank (ADB).  
 
 

A.4.2  Type and category(ies) and technology of project activity  
 

1. Type and category(ies) of project activity: 
 
The Project will use the following type and category(ies): 
 
Type-I.D. - Renewable electricity generation for a grid 
 
The Project conforms to the project type and category selected because it uses renewable biomass in the 
form of trash and rice husk as fuel at a power plant with 9.64MW planned capacity, to generate electricity 
for a grid (EGAT). 
 

 
2.  Electricity sales to EGAT 

 
The main channel for EGAT’s purchases of renewable energy is the Small Power Producer Program8.  
RSC will apply for a 30-year firm power purchase agreement (PPA) with EGAT under the SPP Program.   
Considering the maximum capacity of the existing grid connected to the RSC factory, it is expected to 
sell 8MW to EGAT, while the plant will be designed to generate 9.64MW electricity.  As per EGAT’s 
request specified in the SPP program, however, the electricity to be sold during the night on Weekdays 
should be 75 % of the daytime quantity.  This rule is also applied to the supply on Sundays and Holidays. 
Thus, the plant will supply a contracted capacity of 8MW in daytime and 6MW in nighttime on 
Weekdays, and 6 MW in all day on Sundays and Holidays.  
 
Given RSC’s plan to operate the plant for 13.5 hours in daytime and 10.5 hours in nighttime, 330 days a 
year, the total electricity to be generated by RSC will be 76,348.8MWh/yr:  
 
9.64MW  ×  24 hr  ×  330 days  =  76,348.8MWh/yr 
 
With the aforementioned hourly and weekly fluctuations of supply taken into consideration, the expected 
amount of electricity sales to EGAT will be 54,810MWh/yr:  
 
1) Daytime on Weekdays: 8 MW  ×  13.5 hr  ×  270 days  =  29,160MWh/yr 
2) Nighttime on Weekdays: 6 MW  ×  10.5 hr  ×  270 days  =  17,010MWh/yr 
3) Sundays and Holidays: 6MW  ×   24hr  ×   60 days  =  8,640MWh/yr 
 
1)  +  2)  +  3)  = 54,810 MWh/yr 
 
The Project, on the other hand, plans to supply surplus thermal energy generated through cogeneration to 
alcohol brewing plants to be invited by the Project, which require steam for processing of molasses to 
make alcohol products.  Securing 78% of the remaining electricity or 19197.8MWh/yr for internal use at 
the project plant, the Project will sell the other 22% or 2,341MWh/yr of electricity to the alcohol 
manufacturers.  
 

 
8 A Small Power Producer (SPP) can be a private, government or state enterprise that generates electricity either (a) 
from non-conventional sources such as wind, solar and mini-hydro energy or fuels such as waste, residues or 
biomass, or (b) from conventional sources provided they also produce steam thorough cogeneration. 
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To sum up, the Project expects to produce approximately 76,348.8MWh of electricity annually, of which 
54,810MWh will be sold to EGAT, 2,341MWh to the brewing plants, and the remaining 19197.8MWh 
will be consumed internally at the project plant. 
 
 

3.  Technology to be transferred: 
 
The Project differs from all other biomass power generation projects in Thailand. While other projects 
simply rely on a single biomass fuel for use at their power plants, the Project uses two major sources of 
agricultural waste: sugarcane trash and rice husks. It should be particularly noted that the Project’s plans 
to use sugarcane trash set a precedent in Thailand, as the amount of work involved in its collection was 
previously believed to render it unprofitable as a fuel. Without the Project, trash would continue to be left 
to decay on the field. 
 
The new technology implemented by the Project collects trash left on the field after harvest. The Project’s 
mechanization of trash collection is of great significance in terms of technology transfer, introducing new 
trash collecting equipment in the form of tractors, twin rakes, balers and front loaders. Tractors are used 
as a “driver” for this new equipment, throughout the whole process of trash collection from baling to 
loading of trash, as follows:   
 

Step 1. Attach rakes to tractors to collect trash left on the field after harvesting the sugarcane. 
 

Step 2. Replace rakes with balers to roll the collected trash into round bales 
 

Step 3. Change from balers to front loaders to load the bales of trash onto trucks. 
 
 
Figure 6 shows trash collection in progress9. 
 

 
9 Source: ‘How to make rolled grass’, Utanobori-cho, Hokkaido (http://www.town.utanobori.hokkaido.jp/) 
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Figure 6. Trash collection 
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The Project also intends that the ash derived from trash combustion at the plant be returned to the farms 
for use as a valuable fertilizer. This will eliminate the environmental issue of trash disposal while also 
reducing GHG emissions from the use of fossil fuel in sugar manufacture. By setting the precedent for 
use of this state-of-the-art technology in Thailand, the Project plays an important role in technology 
transfer. 
 
 
 A.4.3  Brief statement on how anthropogenic emissions of greenhouse gases (GHGs) by 
sources are to be reduced by the proposed CDM project activity:  
 
The Project will reduce anthropogenic GHG emissions by replacing fossil fuel-based electricity 
generation with carbon-neutral biomass electricity generation. GHG reductions will be achieved in 2 
ways – generating electricity for both the national grid and for alcohol production in breweries. (The latter 
source, however, is not included in emission calculations in order to keep the estimates simple and 
conservative). As shown in section E, the Project will generate an average of approximately 32,119 tons 
of CERs annually or 224,833 tons over the entire 7-year initial crediting period. 
 
 
 A.4.4  Public funding of the project activity: 
 
The financial plans for the Project do not involve public funding from Annex I countries. 
 
 
 A.4.5  Confirmation that the small-scale project activity is not a debundled component of 
a larger project activity: 
 
The Project can qualify to use simplified modalities and procedures for small-scale CDM project 
activities, on the ground that this particular project was originally initiated and developed by the project 
participants by whom no other CDM project activities were previously conducted. 
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B.   Baseline methodology   
 
B.1 Title and reference of the project category applicable to the project activity:   
 
Title:       Renewable Energy Project - Renewable Electricity Generation for a Grid 
 
Reference:   Type 1.D Appendix B of simplified M&P for small-scale CDM project activities 
 
 
B.2 Project category applicable to the project activity: 
 
The proposed CDM Project activity is a renewable energy project and will be utilizing biomass combined 
heat and power (co-generation) system that supplies electricity to a grid.  Hence, the methodology as 
described in Type 1.D of Appendix B, which is designed for renewable electricity generation for a grid, is 
suitable for the proposed project activity.   
 
 
B.3 Description of how the anthropogenic GHG emissions by sources are reduced below those 
that would have occurred in the absence of the proposed CDM project activity 
 
 
1.  Justification of using simplified methodologies: 
 
As per item 25 Appendix B of simplified M&P for small-scale CDM project activities, the sum of all 
forms of energy output shall not exceed 45MWthermal to qualify as a small-scale CDM for co-generation 
system.  In the Project, the rated output of the first boiler is 60t/y, which is equivalent to approximately 
42MW (<45rMW) on applying the formula, steam 1kg/h≒0.7kW.  Therefore, the Project qualifies as a 
small-scale CDM for the co-generation system. 
 
 
2.  Assessment of additionality: 
 
<Common Practice Barrier> 
Common practice in Thailand, today, is simply to leave the trash in the field to decay, as it is very labor 
intensive to collect and there is no end-market for the product. It is a clear example of a new type of 
biomass for which experience in its collection from dispersed sources is lacking. Since the 
implementation of such a new system entails high risks, especially during its early stages, this has so far 
prevented the use of trash as biomass fuel in Thailand. 
 
<Investment Barrier> 
IRR without the Project (without CER) is estimated to be only 7.91%.  The current interest rate on the 
long-term national bond of Thailand (A- -rated by the rating firm S&P) is approximately 6%.  This 
indicates that a number of financially more viable alternatives to the project activity would be available to 
potential investors in the host country, and that such alternative project activities would have led to higher 
emissions in comparison to the proposed activity, in which only biomass fuel would be utilized for power 
cogeneration. 
 
If registered under the CDM scheme, as earlier mentioned above, the Project will generate 32,119 tonnes 
of CERs annually.  At the price of US$5, the CERs will enhance the Project’s IRR by 1.15% to 9.06%.  
In the eye of the investors, therefore, one of the benefits of the Project is its CDM potential. 
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An added incentive for investors is the higher status associated with CDM designation.  The Project will 
publicly highlight its participants’ environmental commitment, and will also confer benefit of pioneering 
the learning experience for the CDM process. 
In view of the above, the proposed project activity would not occur anyway mainly due to the investment 
barrier.  Hence, the Project is additional and would generate additional emission reductions. 
 
 
B.4 Description of the project boundary for the project activity: 
 
Of the following 5 steps of the Project, the Project boundary related to the baseline methodology is shown 
within the dotted line in the Figure 7.  

- During the sugar production period, trash will be collected by tractors with baling equipment 
and then delivered to the new power plant. 

- During non-sugar production period, rice husk will be purchased from rice milling plants and 
delivered to the new power plant. 

- Crush trash and rice husk by crushing equipment. Use them as boiler fuel to produce 60t/h 
steam, and generate 9.64MW electricity. 

- 8MW out of 9.64MW electricity is sold to EGAT during daytime. (6MW, which is equivalent 
to 75% of the daytime quantity, is sold to EGAT during the night on weekdays and 
throughout the day on Sundays and national holidays.) 

- 7t/h out of 60t/h steam is supplied to alcohol factory.  
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Figure 7.   Project Boundary 
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B.5 Details of the baseline and its development: 
 

B.5.1 Specify the baseline for the proposed project activity using a methodology specified 
in the applicable project category for small-scale CDM project activities contained in appendix B of 
the simplified M&P for small-scale CDM project activities:  
 
This proposed project is to reduce CO2 emission by replacing fossil fuel by biomass fuel, which is net 
zero CO2 emission based on the carbon neutral.  Hence, the baseline CO2 emission in the Project equals 
to the amount of CO2 emission reduction by supplying biomass-generated electricity to EGAT.   
 
The option 29(b) in Appendix B of the simplified M&P for small-scale CDM was chosen because data for 
the generation mix of the EGAT grid is readily available, whereas data on the “approximate operating 
margin” and “build margin” needed for option 29(a) is difficult to gather.  Data in 2002 is used for the 
calculation of the Project baseline, since it is the latest data available as of now.   
 
Based on aforementioned option 29(b), the Project Activity’s baseline is calculated by multiplying the 
electricity produced by the renewable generating unit (referred to hereafter as ‘annual amount of biomass 
generated electricity’) by emission coefficient of the current generation mix (referred to hereafter as 
‘average CO2 emission factor’). 
 

Baseline 
CO2 

emission 

annual amount 
of biomass 
generated 
electricity 

average 
CO2 

emission 
factor 

= ×

 
As mentioned in A.4.2, the amount of biomass-generated electricity supplied to EGAT is estimated to be 
54,810 MWh/y. 
 
Based on the data of electricity generation per fuel in 200210 and IPCC default values11, the average CO2 
emission factor in 2002 is calculated as 0.586 t-CO2/MWh.  (For detailed calculation, refer to Section E) 
 
 
Therefore,  
 

 
10 Source: EGAT Power Development Plan (PDP) 2003 
11 Source: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual 



 
 

115 

annual amount 
of biomass 
generated 
electricity 
 (MWh/y) 

average 
 CO2  

emission factor 
(tCO2/MWh) 

Baseline 
CO2 

emission 
(tCO2/y) 

×= 

×= 54,810 0.586 

 
Hence, the baseline CO2 emission is estimated at 32,119 t-CO2 / y. 

32,119 tCO2/y = 

 
 

B.5.2  Date of completing the final draft of this baseline section (DD/MM/YYYY):  
  
March 2005                                                          
 
 
 B.5.3  Name of person/entity determining the baseline:  
  
Kyoto Mechanisms Business Office 
Environmental Assessment Department 
General Environmental Technos Co., Ltd. 
1-3-5 Azuchimachi, Chuo-ku, Osaka, Japan 541-0052 
Tel: +81-6-6263-7407 
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C.   Duration of the project activity and crediting period  
 
C.1 Duration of the project activity: 
 
 C.1.1 Starting date of the project activity:   
 
01/04/2007 (Starting date for plant operation) 
 
 C.1.2 Expected operational lifetime of the project activity:  
 
21y 
 
 
C.2 Choice of the crediting period and related information:   
  
 
 C.2.1 Renewable crediting period (at most seven (7) years per crediting period) 
 
  C.2.1.1   Starting date of the first crediting period (DD/MM/YYYY):  
 
01/04/2007 (Starting date of the Project activity) 
 
  C.2.1.2  Length of the first crediting period: 
 
7y 
 
 
 C.2.2 Fixed crediting period (at most ten (10) years):   
 
  C.2.2.1  Starting date (DD/MM/YYYY): 
 
Not applicable. 
 
  C.2.2.2  Length (max 10 years):  
 
Not applicable. 
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D.   Monitoring methodology and plan 
 
 
D.1 Name and reference of approved methodology applied to the project activity:   
 
Item 31, Monitoring for Type I.D - Renewable electricity generation for a grid, Appendix B of the 
simplified M&P for small-scale CDM project activities: “Monitoring shall consist of metering the 
electricity generated by the renewable technology.  In the case of co-fired plants, the amount of biomass 
input and its energy content shall be monitored.” 
 
 
D.2 Justification of the choice of the methodology and why it is applicable to the project 
activity:  
 
In the Project, the rated output of the first boiler is 60t/y, which is equivalent to approximately 42MW 
(<45MW) when applying the formula, steam 1kg/h = ca. 0.7kW.  This is less than the 45MW threshold 
for the small-scale CDM. 
 



 
 

D.3  Data to be monitored: 
 
In accordance with item 31 in Appendix B of simplified M&P, which prescribes monitoring requirement for Type I.D. projects, the data to be monitored in 
relation to the Project will be the meter readings of electricity exported by the new power plant to EGAT grid. 
 
Since the Project’s new equipment is designed only for biomass and is not a co-fired plant, the amount of biomass input and its energy content need not be 
monitored. 
 
Electricity exported by the new power plant to EGAT grid is measured and recorded monthly by reading the electric meter directly.  As a means of further 
quality assurance, accounting data is also kept and verified to confirm the data accuracy. 

 
 
ID 
number 
 

Data type Data 
variable 

Data 
unit 

Measured (m), 
calculated (c) or 
estimated (e) 

Recording 
frequency

Proportion 
of data to 
be 
monitored 

How will the 
data be 
archived? 
(electronic/ 
paper) 

For how long is 
archived data to 
be kept? 

Comment 

D.3.1  Quantitative Electricity
exported to 
EGAT grid

 MWh m monthly 100% electronic Min. of 2 years 
after last CER 
issuance. 

- 

1
1
8

 
 
D.4 Name of person/entity determining the monitoring methodology: 
 
Kyoto Mechanisms Business Office 
Environmental Assessment Department 
General Environmental Technos Co., Ltd. 
1-3-5 Azuchimachi, Chuo-ku, Osaka, Japan 541-0052 
Tel: +81-6-6263-7407 
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E.   Calculation of GHG emission reductions by sources 
 
E.1 Formulae used:  
 

E.1.1  Selected formulae as provided in appendix B: 
 

 
1. Baseline emission 
 
The formula of 29(b) for Type 1.D. in Appendix B of the simplified M&P for small-scale CDM is 
selected for calculating electricity baseline emission for the Project. 
 
Based on the above item 29(b), the Project Activity’s baseline is calculated by multiplying the electricity 
produced by the renewable generating unit (referred to hereafter as ‘annual amount of biomass generated 
electricity’) by emission coefficient of the current generation mix (referred to hereafter as ‘average CO2 
emission factor’) as represented below.  
 

average 
 CO2 

emission 
factor 

Baseline 
CO2 

emission 

annual amount 
of  

biomass 
generated 
electricity 

= ×

 
As described earlier in A.4.2, annual amount of biomass generated electricity is 54,810MWh/yr. 
 
Average CO2 emission factor is calculated as follows; 
 

Average 
 CO2 emission 

factor 
(t-CO2/MWh)

 

total  
CO2  

emission 
(tCO2) 

total 
electricity 
generation

(MWh) 

÷=

 
 
EGAT grid data in 200212, as represented in the ensuing table, is gathered to calculate total CO2 emission 
and total electricity generation. 
 

                                                      
12 Source: EGAT Power Development Plan (PDP) 2003 
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Table 4.  Energy generation and fuel requirement in Thailand 2002 
EGAT Data （2002 Actual） 

GWh MMSCFD 106 liter 106 ton 
Fuel Type 

(A)       

Hydroelectric         
  EGAT 6,481       
  LAO PDR 2,807       
  Total 9,288       
Natural Gas         
  EGAT 35,608 860     
  EGCO 11,647 309     
  RATCH 10,872 246     
  IPP 9,317 218     
  Total 67,443 1,632     
Heavy Oil         
  EGAT 2,024   521   
  RATCH 0   0   
  Total 2,024   521   
Diesel Oil         
  EGAT 258   67   
Lignite         
  EGAT 16,890     15.2 
Imported Coal         
  IPP 0     0 
  Total 0     0 
Renewable Energy 648       
EGAT-TNB 13       
New Capacity 0       

Grand Total 96,564       
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Annual CO2 emissions for each fuel type except for EGAT-TNB in 2002 were calculated as shown below. 
(All input data used for these calculations, including the relevant section of EGAT-PDP, is provided in 
Appendix D). 
 
 
 
 
 
 
 
With regard to EGAT-TNB, annual CO2 emission was calculated using CO2 emission factor of 0.595 
CO2/kWh (grid average generation), as used by the government of Malaysia13. 

×  ×

mass 
conversion 

factor 
(tCO2/tC)

×

C emission 
factor  

per fuel type
(tC/TJ) 

 

×

net 
calorific 

value 

fraction of 
C oxidized 

per fuel 
type 

CO2 
emission per 

fuel type 
(tCO2) 

grid  
fuel 

consumption 
 
 

= 

 
By combining the results per fuel type, the total CO2 emission for the grid in 2002 was calculated at 
56,571,403 tCO2.   
 
Therefore, 
                        
  Average CO2               Total                     Total 
  emission factor     =    CO2 emission     ÷     Electricity generation 
   (tCO2/MWh)             (tCO2)                    (MWh) 
  
                   =    56,571,403      ÷          96,564 
  
                   =   0.586 tCO2/MWh 
 
The amount of CO2 emissions displaced by the Project is calculated by multiplying the emission factor 
obtained above by the amount of electricity supplied to the grid by the Project (54,810 MWh/y). 
 

Electricity 
exported by 
the Project 
(MWh/y) 

CO2  
emission 

factor 
(tCO2/MWh) 

CO2 
emission 
(tCO2/y) 

×= 

×= 54,810 0.586 

= 32,119 tCO2/y 

 
 

2. CO2 emission due to the Project activity within the Project boundary 
 
Sources of GHG emissions due to the Project Activity within the boundary consist of biomass 
combustion for electricity generation and ancillary activities such as start-up operation, collection and 
transportation of biomass fuel, and transportation of ash. 

                                                      
13 "Determination of Greenhouse Gas Emission Baselines for the Power Generation Sector in Malaysia (2003)”, 
government of Malaysia. 
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The IPCC Guidelines stipulate that biomass combustion is assumed to equal its regrowth14.  Based on 
these guidelines, the volume of CO2 produced by combusting biomass fuel (sugarcane trash and rice 
husk) in the Project’s boiler is considered equal to the amount of CO2 absorbed by sugarcane and rice as 
they grow. 
 
Appendix B of the simplified M&P does not require monitoring of GHG emissions from ancillary 
activities.  It is therefore deemed unnecessary to include them in the project emissions calculation. 
 
For reference, section below is an analysis of GHG emission due to the ancillary activity in the Project.  
 
 

1) Collection of trash on sugarcane field (on-site transport) 
 
Annual CO2 emissions due to on-site transport of trash are calculated using the formula below: 
 

transportation 
fuel  

used on-site 
(kg/y) 

CO2 emissions 
due to on-site 
transport of 

trash 
(tCO2/y) 

CO2  

emission factor 
for transportation 

fuel  
(gCO2/kg) 

×=

 
 
As described in A2, the Project will use 7 tractors each equipped with twin rakes, balers and front loaders 
for the collection of trash. Tractors will be the only GHG emission source for the on-site transport of 
biomass since none of the other the equipment (twin rakes, balers and front loaders) attached to the 
tractors have their own engines and all are driven purely by the tractors themselves.  
 
The amount of diesel used by each 90PS tractor is estimated at 17.19 kg//h15. Multiplying this figure by 
the daily operating hours (8 hrs/day) and the number of days operated annually (87 days/y) results in 
approximately 11,964 kg/y of diesel per baler. Hence, the total amount of diesel used by all 7 balers is 
estimated at approximately 83,748 kg/y. 
 
The following table provides a summary of the fuel consumption. 
 

 
14 Source: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, Workbook 
15 According to the Mechanized Cultivation Laboratory, Upland Crop Division, Hokkaido Agricultural Experiment 
Station, the hourly weight of diesel used per PS for a 90PS tractor is 0.191 kg/PS/h.  Therefore, the amount of 
diesel used by each 90PS tractor is 0.191 kg/PS/h × 90PS = 17.19 kg/h. 
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Table 5. Summary of tractor diesel consumption 

 

Item Value Remarks 

(1) PS of tractor 90 PS/tractor  

(2) # of tractors used 7 tractors Refer to A.2. 

(3) Hourly weight of diesel consumed per tractor 0.191 kg/PS/h See footnote 16 

(4) Operating hours 8 hours/day  

(5) Operating days 87 days/y  

(6) Annual amount of diesel consumed per tractor 11,964 kg/y (3) (1) (4) (5) × × ×

(7) Total diesel consumed by tractors 83,748 kg/y (6)  (2) ×

 
Based on IPCC guidelines, emission factors for CO2 is 3,140 gCO2/kg16.  
 
Therefore,  

 
 
Thus, total CO2 emissions due to the on-site transport of trash are calculated at approximately 263 tCO2/y. 
 
 

2) Transportation of biomass fuel to the new plant 
 
The total amount of trash carried from the sugarcane field to the generation facility comes to 46,600 t/y. This 
trash will mainly be transported by 20-ton trucks, which fall into the category of heavy-duty vehicles. The 
IPCC default factors for CO2 from heavy-duty vehicles (U.S.) is 1,097 g/km.  The average return trip, based 
on RSC data, is estimated at 100km. 
 

 
16 ‘Estimated Emission Factors for European non-road mobile sources and machinery for agriculture using 
diesel engines’ (Table 1-49), Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: reference 
Manual. 

CO2  
emission factor 

for transportation 
fuel 

(gCO2/kg) 

=

=

 
 

 
CO2 emissions 
due to on-site 
transport of 

trash 
(tCO2/y) 

= 
Transport 
fuel used 
on-site  
(kg/y) 

××

× 3,140 83,748  

263 tCO2/y 
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Following are the formula and data used for calculating emissions from transportation of trash. 

Annual distance 
travelled 
(km/y) 

 

CO2 emission 
from 

transportation of 
trash 

(t-CO2/y) 

CO2 emission 
factor for heavy 

truck 
(kg-CO2/km) 

 

×= 

 
 
Table 6 summarizes the calculation of annual CO2 emissions from the transportation of trash. 

 
Table 6. Summary of the calculation for CO2 emission due to transport of trash 

    

Item Value Remarks 

(1) Amount of trash transported  46,600 t/y Refer to A.2  

(2) Trucks used for transportation of trash  20 ton trucks Rajburi Sugar Data 

(3) Specific gravity of trash  0.25 Provided by the 
manufacturer. 

(4) Amount of trash transported per trip 5 t/trip (2) (3) ×

(5) Average return trip distance   100 km/return trip Rajburi Sugar Data 

(6) CO2 emission factor for heavy trucks 1,097 gCO2/km IPCC default data 

(7) Annual distance travelled  932,000 km/y (1)  (4)  ×  (5) ÷

Total CO2 emission due to transport of trash to 
the generation facility 1,022 tCO2/y (7)  (6)  ×

 
Meanwhile, about 64,300 t/y of rice husks will be transported from the market to the generation facility using 
the same type of truck as for trash transportation. The average return distance is 200km per trip.  
 
Following the same procedures and conditions used for the calculation of trash transportation, the annual 
CO2 emission from the transport of rice husks is calculated at 2,821 tCO2/y. 
 
Thus, the total CO2 emission from the transport of biomass fuel is calculated at 3,843 tCO2/y. 
 
 

3) Transportation of ash back to the sugarcane field 
 
The ash resulting from the use of trash as a fuel at the generation facility will be returned to the sugarcane 
field as fertilizer. This ash will be carried back to the field by the trucks returning after delivering trash to 
the generation facility. Therefore, there will be no additional CO2 emission due to the transportation of 
the ash.  
 
 

4) Start-up/auxiliary fuel use 
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No fossil fuel will be used as an auxiliary fuel in the cogeneration plant. The start-up fuel for the plant is 
trash itself. Therefore, CO2 emission due to the start-up/auxiliary fuel use is 0 tCO2.  
 
 
3. Leakage due to the Project activity 
 
The Project activity’s renewable energy is produced by new equipment installed for the first time.  
Therefore, no leakage calculation is required, per item 30 Appendix B of simplified M&P for small-scale 
CDM project activities.  However, as described in item 8 under the General Guidelines, Appendix B of 
simplified M&P for small-scale CDM project activities, leakage is considered in the case of biomass 
projects.  
 
As to the usage of sugarcane trash outside the Project boundary, there is neither information nor fact that 
these are used as a substitute for fossil fuel.  For reference, the potential amount of trash collectable from 
sugarcane production in Ratchaburi Province is calclulated as follows: 
 
The average amount of sugarcane produced in Ratchaburi Province from 1999 to 2001 was 2,756,000 
tons17.  As mentioned earlier in A.2, the proportion of trash produced from sugarcane is estimated at 
16.9%.  Hence, the average amount of potential trash collectable from the total production of sugarcane 
in Ratchaburi Province from 1999 to 2001 is: 
 

Component ratio 
of  

trash per  
sugar cane 

(%) 

 
 
As described in A.2.4, the amount of trash collected for grid generation in the Project is 46,600 t/y.  
Hence, the amount of trash used for the Project, 46,600 t/y, is merely 10%18 of the total trash produced in 
Ratchaburi Province.   
 
 
On the other hand, approximately 30% of rice husks have been used as fuels or as mulch, or for biomass 
cogeneration at Small Power Producers (SPP) in the host country.  
 
There is no official data available on the amount of rice husk production.  However, according to Office 
of Agricultural Economics, Thailand, 23 – 26% of the gross weight of unhusked rice are rice husks. Using 
this figure, the average annual production volume of rice husk is calculated at 1.54 million tons19 in 
central Thailand where Ratchaburi province belongs. 

 
17 Source: Agricultural Statistics of Thailand, Office of Agricultural Economics, Thailand 

(http://www.oae.go.th/statistic/yearbook/2001-02/indexe.html) 
18 46,600 t/y÷ 465,764 =0.10  
19 1,399,841 ton/y in 1999, 1,465,186 ton/y in 2000, 1,638,413 ton/y in 2001, 1,660,938 ton/y in 2002 

Average amount of 
trash collected in  

Ratchaburi 
Province 
(ton/y) 

Average volume of 
sugarcane produced 

in  
Ratchaburi Province

(ton/y) 

×= 

×

465,764 ton/y 

2,756,000 16.9%  =

= 
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According to the hearings from each SPPs20 in central Thailand, estimated amount of rice husk currently 
used as fuel was calculated at approximately 270,000 tons/y, which equivalents to 16% of the total rice 
husk produced in central Thailand in 2002. Together with the above mentioned 30% of rice husks which 
have been used as fuel or as mulch, it can be calculated that approximately 50%of rice husks are still 
dumped or burned.  Hence, the amount of rice husk used for the Project, 64,300 t/y, is merely 8%21 of 
the dumped or burned rice husk in central Thailand.   
 
It is therefore concluded that the Project will neither lead to the displacement of new trash and/or rice 
husk plants nor fuel diversion to carbon-intensive fuels, even if the crop yield is halved in a lean year or 
under abnormal weather conditions.  The Project will effectively utilize the abundant agricultural 
residues of trash and rice husks for power generation. This will result in a reduction of GHG emissions 
associated with current trash and rice husk disposal. 
 
In addition, the ash of sugarcane trash after being used as a fuel will be returned to the sugarcane field as 
fertiliser, and therefore there will be no need to use additional chemical fertilisers that emit nitrous oxide 
(N2O) in the sugarcane field.  As a conclusion, no leakage will occur due to the Project activity. 
 
 

4.  The emission reduction due to the Project 
 
Since there is no CO2 emission from biomass combustion nor transportation of biomass to compute in 
relation to the Project, the reduction of CO2 emission realized by the Project is estimated at 32,119 t- CO2 
annually. 
 
 

E.1.2 Description of formulae when not provided in appendix B: 
 

E.1.2.1 Describe the formulae used to estimate anthropogenic emissions by 
sources of GHGs due to the project activity within the project boundary:  

  
Not applicable. 
  

E.1.2.2 Describe the formulae used to estimate leakage due to the project 
activity, where required, for the applicable project category in appendix B of the 
simplified modalities and procedures for small-scale CDM project activities  

 
Not applicable. 
 

E.1.2.3 The sum of E.1.2.1 and E.1.2.2 represents the project activity emissions: 
 
Not applicable. 
 

E.1.2.4 Describe the formulae used to estimate the anthropogenic emissions by 
sources of GHG’s in the baseline using the baseline methodology for the applicable 
project category in appendix B of the simplified modalities and procedures for 
small-scale CDM project activities:  

 

 
20 5 SPPs : PRG Agriculture in Pathumthani Province, Bio-Mass Power in Chainat Province, Chonnabot Power in 
Lop Buri Province, U-Thong Bio-Mass and Mitpol Sugar in Suphan Buri Province. 
21 64,300 t/y÷ (1,540,000 t/y×50%)=0.08  
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Not applicable. 
 

E.1.2.5  Difference between E.1.2.4 and E.1.2.3 represents the emission reductions 
due to the project activity during a given period: 
 

Not applicable. 
 
 
E.2  Table providing values obtained when applying formulae above: 

 
 

Table 8. CO2 emission reduction estimates 

  Item calculation Annual amount 

A Baseline CO2 emission  32,119 t-CO2/y 

B Emission due to the 
Project activity  0 t-CO2/y 

C Leakage due to the 
Project activity  0 t-CO2/y 

D Total Project CO2 
emission B+C 0 t-CO2/y 

E Project CO2 emission 
reduction A-D 32,119 t-CO2/y 



 
 

128 

 
F.   Environmental impacts 
 
F.1 If required by the host Party, documentation on the analysis of the environmental impacts 
of the project activity:  
 
Power plants with less than 10 MW capacity, such as the Project, are not included in the list of prescribed 
activities requiring Environmental Impact Assessment (EIA) by Environmental Policy and Planning 
(ONEP)22. However EGAT requires all IPPs to prepare a EIA Report as stipulated in their 1994 Power 
Purchase Solicitation23. 
 
All Thai environmental standards conform to the Enhancement Conservation of National Environment 
Quality Act established in 1992 (the only comprehensive environmental legislation in Thailand). Table 9 
compares the Thai environmental standards for air quality with the performance guaranteed by the 
Project.  
 

Table 9. Environmental Requirements for Air Quality 

Environmental Considerations Thai Standard Requirements Performance Guaranteed  
by the Project 

Dust 400 mg/Nm3 below 120 mg/Nm3 
NOx 250 ppm or 470 mg/Nm3 below 250 ppm 
SOx 500 ppm or 1300 mg/Nm3 below 300 ppm 

 
In the most unlikely event that SOx emissions generated by the project plant exceed the above emissions 
standard, then the Project will promptly install a desulferizer to minimize possible environmental impacts 
on the nearby community. 
 
Other points noted are as follows: 
・ Wastewater will not be permitted to leave the plant site. Instead, it will be first treated and then 

evaporated from an evaporating pond. 
・ The equipment will be mostly housed inside the building. If any such equipment has to be placed 

outside then low-noise equipment fitted with a noise barrier will be employed as far from the local 
residents as possible.  

・ Any nuisance vibration resulting from the operation of the plant is unlikely since compulsory 
groundwork will be properly carried out before the equipment is set in place. 

・ With regard to wastewater management, the Project will be monitored in accordance with industrial 
effluent standards as required by the Thailand Ministry of Science, Technology and Environment24. 

 
 

                                                      
22 Refer to “types and sizes of category requiring EIA report”, ONEP 
(http://www.onep.go.th/eia/english/size/e_size_energy.html) 
23 Power Purchase Agreement Division, EGAT (http://www.egat.or.th/dppd/eng_ipp_rfp.html) 
24 Refer to Appendix E for details. 
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G.   Stakeholders comments  
 
G.1 Brief description of the process by which comments by local stakeholders have been 
invited and compiled: 
 
Hearings were held on several occasions with local stakeholders such as RSC staff and contract farmers. 
Decisions related to the project activities will be based on the results of a referendum held with the local 
residents. 
 
 
G.2 Summary of the comments received: 
 
The director of RSC outlined his expectations regarding the increase in sugarcane and trash production to 
be implemented by the Project and the additional supply of trash-derived ash to be returned to the field as 
fertilizer. The director also noted that careful attention should be given to the resulting impacts on sugar 
content in the crops produced.  
 
Comments received from the RSC farmers were quite supportive of the Project. The mechanization of 
trash collection was especially popular since skilled manpower for the manual harvesting of sugarcane 
has been in short supply in recent years. However they suggested that the storage bags for trash, originally 
planned to be made of plastic, should instead be made of more fire-resistant materials. The only 
requirements/concern from them was to leave certain amount of trash in the field as they are used as 
fertilizer. 
 
The Prefectural governor expressed favourable opinions about the Project, its contribution to the 
Province’s sustainable development policy and its great potential for creating job opportunities in a 
Province where the unemployment rate is high.  He also mentioned that referendum will be held by the 
local residents in case conflicts of interest are created among local stakeholders.  The Project will not 
progress without cooperation between local residents and government. 
 
Department of Agriculture, Ministry of Agriculture and Cooperatives, commented that it is preferable not 
to collect trash from field to avoid deterioration of soil condition, however, it is possible to collect trash if 
the field are in good soil condition. 
 
 
G.3 Report on how due account was taken of any comments received: 
 
In order to ensure the best possible effects from the increase in fertilizer application, the Project is 
prepared to provide RSC with both anecdotal data and scientific analysis on the potential impacts on 
sugar content in the crops produced. 
 
In response to the requests of the farmers, the Project is currently seeking alternatives to the existing 
storage bag, such as the mesh texture bag commonly used for dried plant storage. 
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Annex 1 
 

CONTACT INFORMATION FOR PARTICIPANTS IN THE PROJECT ACTIVITY 
 
Organization: Rajburi Sugar Co., Ltd. 
Street/P.O.Box: 302 Silom Road 
Building: S＆A Building, 2nd Floor 
City: Bangkok  
State/Region: Bangkok 
Postcode/ZIP: 10500 
Country: The Kingdom of Thailand 
Telephone: +66 2237 9999 
FAX: +66 2235 4444 
E-Mail: Rajburisugar@netscape.net 
URL: http://www.rajburisugar.com 
Represented by:  
Title: Assistant Managing Director 
Salutation: Mr. 
Last Name: Arunanondchai 
Middle Name:  
First Name: Tritip 
Department:  
Mobile:  
Direct FAX:  
Direct tel:  
Personal E-Mail:  
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Organization: General Environmental Technos Co., Ltd. 
Street/P.O.Box: 1-3-5 Azuchimachi, Chuo-ku 
Building:  
City: Osaka 
State/Region: Osaka 
Postcode/ZIP: 541-0052 
Country: Japan 
Telephone: +81 6 6263 7300 
FAX: +81 6 6263 7301 
E-Mail:  
URL: http://www.kanso.co.jp 
Represented by:  
Title: Chief Manager 
Salutation: Dr. 
Last Name: Takahashi 
Middle Name:  
First Name: Fumio 
Department: Environmental Assessment Department 
Mobile:  
Direct FAX: +81 6 6263 7407 
Direct tel: +81 6 6263 7309 
Personal E-Mail: takahashi_fumio@kanso.co.jp 
 
 



 
 

132 

Annex 2 
 

INFORMATION REGARDING PUBLIC FUNDING  
 

The financial plans for the Project do not involve public funding from Annex I countries. 
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Appendix A 
 

Proportion of trash collected from sugarcane fields 
 
 
A simulation model indicates that the proportion of trash removed from the sugarcane field would not 
have significant influence on the sugarcane yield for 30 years. 
 
On the other hand, with regard to the physical and chemical properties of the soil, the table below shows 
the proportion of trash that can be collected from sugarcane fields for the soil carbon content to remain at 
least at the current level for 30 years, based on the results of simulation. 
 
 

Type of sugarcane fields The proportion of trash collectable 
(based on simulation of the soil carbon content for 30 years) 

Irrigated 55% 

Non-irrigated 29% 

 
 
Based on the figures indicated in the table, we concluded that the proportion of trash that can be collected 
from irrigated and non-irrigated fields is approximately 50% and 30%, respectively. 



 
 

134 

Appendix B 
 

Amount of trash collected from the sugarcane field by tractor 
 
The amount of trash to be collected daily is calculated from the capacity of the collecting equipment used. 
The manufacturer’s specifications regarding this equipment are as follows.  
 

Equipment Specification Manufacturer 
Tractor 90PS Yanmar Co., Ltd. 
Twin rakes 120 rolls/h (30 sec/roll) Takakita Co., Ltd 
Baler 24 rolls/h (2.5 min/roll) Takakita Co., Ltd 
Front Loader 120 rolls/h (30 sec/roll) Sanyo Kiki Co., Ltd. 

 
 
Given that each trash roll is 1.55m in diameter×1.2m long with a specific gravity of 0.25, their cubic 
volume and weight are estimated as follows: 
 
    0.775 m ×  0.775 m ×  π   1.2 m = 2.26 m3/roll ×
 
    2.26 m3/roll  0.25 = 0.57 t/roll ×
 
Estimated 8 hr working days include the following activities: 

- collecting trash: 1.1 hrs/day 
- changing from twin rakes to baler: 0.2 hrs/day 
- making rolls: 5.6 hrs/day 
- loading rolls onto trucks: 1.1 hrs/day 

 
The amount of trash that can be collected per day is therefore: 
 
    0.57 t/roll ×  24 roll/h ×  5.6 hrs/day = 76.6 t/day 
 
The number of sets of tractor and equipments is therefore: 
 
    47,265 ton 76.6 t/day 87 days = 7 sets ÷ ÷
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Appendix C 
 

Daily amount of trash required as fuel for electricity generation 
 
 

1. Specifications of the Project facility 
 
As designed, 1.28 MW of in-house power is needed to run the 10 MW biomass electric power facility. 
Since the alcohol plant will consume a further 0.36 MW the facility needs to generate 1.64 MW of 
electricity over and above the 8 MW to be used for electricity sales. The following table summarizes the 
specifications of the Project facility. 
 
  Item Value Remarks 

Daytime 

- Electricity sales 8.0 MW   

- Power for internal use 1.28 MW As per design requirements 

- Alcohol plant 0.36 MW As per design requirements 
 TOTAL 9.64 MW  
Nighttime 
- Electricity sales 6.0 MW 75% of the daytime amount 

- Power for internal use 1.28 MW same as in daytime 

- Alcohol plant 0.36 MW same as in daytime 

Installed 
Capacity 

TOTAL 7.64 t/day   

Daytime 

- Steam requirement 44.5 t-s/h 9.64 MW x 4.08 + 5.18 

- Steam for alcohol plant 7.0 t-s/h As per design requirements 

- Steam circulation 8.5 t-s/h As per design requirements 
 TOTAL 60.0 t-s/h  
Nighttime 
- Steam requirement 36.4 t-s/h 7.64 MW x 4.08 + 5.18 

- Steam for alcohol plant 7.0 t-s/h same as in daytime 

- Steam circulation 8.5 t-s/h same as in daytime 

Steam 
Requirement 

TOTAL 51.9 t-s/h   
(t-s: ton steam, t-t: ton trash) 
 
 
2. Amount of trash required to generate steam 
 
According to the lab analysis, calorific value of trash was calculated at 2,840 kcal/kg. 

                                                     
The amount of trash needed to generate the 60 t-s/h of steam (including 7 t-s/h supplied to the alcohol 
plant) in order to generate 9.64 MW of electricity, during daytime, is calculated as follows: 
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water 
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efficiency
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× -

=
2,840 

(kcal/kg) 
60 

(t-s/h) 
784.4 

(kcal/kg)
131 

(kcal/kg)
85 
(%) ×  ÷ ÷-

trash
loss**

(%)

2.5
(%)

÷ ÷ ÷  

÷

16.7 t-t/h=

(*at 32.5 bar G and 425 ℃, **loss during handling and/or the transportation of trash) 
 
 
For nighttime use, 3% loss due to a load factor of 87% is also included so that the amount of trash 
required for steam generation during the night is calculated at 14.9 t-t/h. 
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Appendix D 
 

CO2 emission in grid 
 
 
CO2 emission is estimated using the following formula for each fuel type: 
 
 
 
 
 
 
 
 

×  

mass 
conversion 

factor 
(tCO2/tC)

×

C emission 
factor  

per fuel type
(tC/TJ) 

 

×

net 
calorific 

value 
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C oxidized 

per fuel 
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(tCO2) 

grid  
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consumption 
 
 

= ×

Values for grid fuel consumption for each type of fuel are obtained from EGAT data table as shown in the 
previous page (“Forecast of Total Energy Generation and Fuel requirements in Thailand”). 
 
Other input variables are obtained from Revised 1996 IPCC Guidelines for National Greenhouse Gas 
Inventories25.  
 
Table below summarizes the calculation of CO2 emission per fuel type in 2002: 
 

                                                      
25 Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual 



 
 

 
 

EGAT data (2002 actual) 1996 IPCC default data Calculation 

Type of fuel GWh grid fuel 
consumption net calorific value** 

C 
emission 

factor 
per fuel 

type 
(tC/TJ)

fraction 
of C 

oxidized 
per fuel 

type 

mass 
conver-sion 

factor 

CO2 emission 
(tCO2) 

CO2 emission 
factor 

(tCO2/MWh) 

        (A) (B) (C) (D) (E) (F) (G) 
{(B)x(C)x(D)x(E)x(F)} (G) (A)/1000 ÷

Hydroelectric 9,288    0 0 

Natural Gas* 67,443     1,632 MMSCFD 0.0000409 TJ/Nm3 15.3 0.995 44/12 36,514,965 0.541419643

Heavy Oil* 2,024    521 MLiters 39.1 TJ/MLiters 21.1 0.99 44/12 1,560,284 0.770891138

Diesel Oil 258    67 MLiters 38.2 TJ/MLiters 20.2 0.99 44/12 187,671 0.727405288

Lignite 16,890     15.2 MTons 12,140.00 TJ/MTons 27.6 0.98 44/12 18,300,749 1.083525691

Imported Coal* 0     0 MTons 26,380.00 TJ/MTons 26.8 0.98 44/12 0 0

Renewable 648  0 0 

EGAT-TNB 13  7,735 0.595 

New 0  0 0 

Total  96,564  56,571,403 0.586 

1
3
8

*   Exclude SPP. 
**  Net calorific values for natural gas, heavy oil and diesel oil are obtained from Global Environment Bureau, Ministry of the Environment, Japan 

(http://www.env.go.jp/earth/ondanka/santeiho/guide/pdf1_4/mat_01i.pdf.) 
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Appendix E 
 

Industrial Effluent Standards 
 
“Industrial Effluent Standards”, issued by the Ministry of Science, Technology and Environment (1996) 
are as follows26: 
 

 Parameters Standard Values Method used for 
Examination 

1 pH value 5.5-9.0 pH Meter 

not more than 3,000 mg/l (depending 
on initial water quality and the type 
of industry under consideration by 
PCC) or below 5,000 mg/l 

 2 Total Dissolved Solids (TDS) not more than 5,000 mg/l (if the 
water used already has a salinity of 
more than 2,000 mg/l) or not 
exceeding the TDS of seawater if 
discharged into the sea. 

Dry Evaporation at 
103-105 °C for 1 hour 

3 Suspended solids (SS) 

not more than 50 mg/l (depending on 
initial water quality and the type of 
industry or wastewater treatment 
system under consideration by PCC) 
or below 150 mg/l 

Glass Fiber Filter Disc 

4 Temperature not more than 40°C Thermometer during 
sampling 

5 Color and Odor not objectionable Not specified 
6 Sulfide as H2S not more than 1.0 mg/l Titrate 

7 Cyanide as HCN not more than 0.2 mg/l Distillation and Pyridine 
Barbituric Acid Method 

8 Fat, Oil & Grease (FOG) 

not more than 5.0 mg/l (depending on 
initial water quality and the type of 
industry under consideration by PCC) 
or below 15.0 mg/l 

Solvent Extraction by 
Weight 

9 Formaldehyde not more than 1.0 mg/l Spectro-photometry 

10 Phenols not more than 1.0 mg/l 
Distillation and 
4-Aminoantipyrine 
Method 

11 Free Chlorine not more than 1.0 mg/l Iodometric Method 
12 Pesticides not detectable Gas-Chromatography 

 
 
 
Continued 
                                                      
26 No. 3, B.E.2539 (1996) issued under the Enhancement and Conservation of the National Environmental Quality 
Act B.E.2535 (1992), published in the Royal Government Gazette, Vol. 113 Part 13 D, dated February 13, B.E.2539 
(1996).  
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13 Biochemical Oxygen Demand 
(BOD) 

not more than 20 mg/l (depending on 
initial water quality and the type of 
industry under consideration by PCC) 
or below 60 mg/l 

Azide Modification at 
20 °C for 5 days 

14 Total Kjedahl Nitrogen (TKN) 

not more than 100 mg/l (depending 
on initial water quality and the type 
of industry under consideration by 
PCC) or below 200 mg/l 

Kjeldahl 

15 Chemical Oxygen Demand 
(COD) 

not more than 120 mg/l (depending 
on initial water quality and the type 
of industry under consideration by 
PCC) or below 400 mg/l 

Potassium  
Dichromate  
Digestion 

Heavy metals    
  1.) Zinc (Zn) not more than 5.0 mg/l 
  2.)Chromium (Hexavalent) not more than 0.25 mg/l 
  3.) Chromium (Trivalent) not more than 0.75 mg/l 
  4.) Copper (Cu) not more than 2.0 mg/l 
  5.) Cadmium (Cd) not more than 0.03 mg/l 
  6.) Barium (Ba) not more than 1.0 mg/l 
  7.) Lead (Pb) not more than 0.2 mg/l 
  8.) Nickel (Ni) not more than 1.0 mg/l 
  9.) Manganese (Mn) not more than 5.0 mg/l 

Atomic Absorption 
Spectro-photometry; 
Direct Aspiration or 
Plasma Emission 
Spectroscopy; 
Inductively Coupled 
Plasma : ICP 

  10.) Arsenic (As) not more than 0.25 mg/l 

  11.) Selenium (Se) not more than 0.02 mg/l 

Atomic Absorption 
Spectro-photometry; 
Hydride Generation, or 
Plasma Emission 
Spectroscopy; 
Inductively Coupled 
Plasma : ICP 

16 
 
 
 
 
 
 
 
 
 
 
 
 

  12.) Mercury (Hg) not more than 0.005 mg/l Atomic Absorption Cold 
Vapour Technique 

 
Remarks:   
1) PCC Pollution Control Committee  
2) These standards were taken from the Notification of the Ministry of Science, Technology and 

Environment, No. 3, B.E. 2539 (1996) which specifies that the pollution sources to which the 
above standards are to be applied are factories with group II and III issues under the Factory Act 
B.E.2535 (1992) and every kind of industrial estate. 

3) Notification of the Pollution Control Committee, No. 3, B.E. 2539 (1996) dated August 20, B.E. 
2539 (1996) details the types of factories (the category of factories issued under the Factory Act 
B.E.2535 1992) that are allowed to discharge effluent having different standards from the 
Ministerial Notification No. 3, above. These are:  

1. BOD up to 60 mg/l   
- animal furnishing factories (category 4 (1)) 
- starch factories (category 9 (2)) 
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- food from starch factories (category 10) 
- textile factories (category 15) 
- tanning factories (category 22) 
- pulp and paper factories (category 29) 
- chemical factories (category 42) 
- pharmaceutical factories (category 46) 
- frozen food factories (category 92) 

2. COD up to 400 mg/l   
- food furnishing factories (category 13 (2)) 
- animal food factories (category 15 (1)) 
- textile factories (category 22) 
- pulp and paper factories (category 38) 

3. TKN   
- 100 mg/l - effective after 1 year from the date published in the Royal Government Gazette of the 

Ministerial Notification No. 4 
- 200 mg/l - effective after 2 years from the date published in the Royal Government Gazette of 

the Ministerial Notification No. 4 for the following factories: 
 1.) food furnishing factories (category 13 (2)) 
 2.) animal food factories (category 15 (1)) 

 
 
 
 
 




