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ABSTRACT

Bagasse, the waste from sugar processing, is one of the biomass residues used as fuel. It can
thus be a useful renewable resource for energy which also promises to avoid the environmental
emissions of power generation from fossil fuels. Nevertheless, it should be confirmed that power
production from bagasse is friendly for the environment. Life Cycle Assessment (LCA) is a very useful
tool for such an evaluation. In this study, the LCA methodology is used for the environmental
assessment of energy production from bagasse at Ratchasima Sugar Mill, Thailand. The sugar mill
processes 30,000 tons of sugarcane per day. The power plant, attached to the sugar mill, is of
cogeneration type. The energy and water balance show that 272 tons of bagasse can produce 342
tons of steam at 420�C used in the sugar process and about 25.5 MWh of electricity. Since the carbon
in bagasse is part of the global carbon cycle, the CO2 emission from the combustion of bagasse does
not contribute to global warming. Therefore, the study focuses on the acidifying gases, NOx and SOx,
which are also of concern in fossil-based power generation. A low amount of nitrogen (1.82%) and
sulphur (<1%) in bagasse and low combustion temperatures contribute to low NOx and SO2 formation.
Consequently, bagasse can be an environmentally-friendly raw material for power generation and
has high potential as an alternate, renewable source of energy.

1. INTRODUCTION

Environmental issues are becoming more significant than in the past especially in the energy
sector since it is a large emitter of pollutants [1]. The environmental constraints are leading to a rising
interest in methods of improving efficiency of the energy sector [2]. Thailand’s government has been
concerned the management and development of indigenous resources and environment. The Electricity
Generating Authority of Thailand (EGAT) has adjusted its strategic planning and implementation to
enhance sustainable development by efficient use of natural energy resource, adopting advanced,
cleaner and more efficient technologies for power plants, and also maximizing non-utility generation
by encouraging small power producers (SPPs) to supply the power system with electricity fuelled with
agricultural and industrial wastes [3].

Alternative energy is expected to reduce the import of conventional energy resources.
Renewable energy is an option which may be indigenous as well as environmentally sound. Solar
energy has been developed in Thailand but the application processes are limited, primarily due to the
high initial cost. Nevertheless, research, development and demonstration of solar thermal equipment
and systems should be supported. Wind energy in Thailand is used mainly for water pumping, roof
ventilation and generating electricity. Unfortunately, wind energy for electricity generation is limited
to some coastal areas and the central plain of Thailand [4]. Biomass energy is defined as energy from
crops, agricultural residues and municipal solid waste. Thailand has high potential to utilize agricultural
waste for electricity generation. Biomass is as important renewable source of energy for the region and
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Planted area (1,000 rai*) Production (1,000 tons) Region 
1998 1999 2000 1998 1999 2000 

Northern 1,322 1,288 1,181 11,391 12,097 10,392 
North-Eastern 2,068 2,064 1,994 18,8596 20,342 18,153 
Central Plain 2,344 2,292 2,245 20,081 21,054 20,525 

Thailand (total) 5,735 5,645 5,421 50,332 53,494 49,070 
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Component Name Value Moisture content, m (%) Calorific value,(GJ/t) 

Carbon, C (%) 41.54 

Hydrogen, H (%) 5.40 

Oxygen, O (%) 33.14 

Nitrogen, N (%) 1.83 

Sulphur, S (%) <1 
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Parameter Amount Mass flow rate 
(kg/h) 

Mass per FU 
(kg/MWh) 

SO2 0.615 mg/m3 0.22 0.009 

NO2 5.13 mg/m3 1.86 0.07 

CO 564.25 ppmv 255.7 10.03 
TSP 306.12 mg/m3 110.98 4.35 
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CO2 CO 
Types 

Electricity production, 
 MWh Tons Kg/MWh Tons Kg/MWh 

Coal 17,338,580 22,011,748 1,269.52 3,421 0.197 
Oil 12,947.2 10,521 812.61 3.52 0.27 
Gas 56,247,083.1 31,997,720 568.88 11,070 0.197 
Combined* 73,598,610 54,019,989 733.98 14,495 0.197 

 
Types SO2 NO2 TSP 

 Tons Kg/MWh Tons Kg/MWh Tons Kg/MWh 
Coal 48,005 2.77 101,212 5.84 633 0.037 
Oil 16.6 1.28 37 2.86 12 0.927 
Gas 19 0.0003 76,634 1.36 2042 0.036 
Combined* 48,041 0.65 177,883 2.42 2686 0.036 
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Parameter RSFPP1 
(kg/MWh) 

Coal 
Power Plant 

(kg/MWh)[10] 

Oil 
Power Plant 

(kg/MWh)[10] 

Natural gas Power Plant 
(kg/MWh)[10] 

Combined 
(kg/MWh) 

[10] 
SO2 0.009 2.77 1.28 0.0003 0.65 

NO2 0.07 5.84 2.86 1.36 2.42 

CO2 (non-fossil) 1,269.52 812.61 568.88 733.98 
CO 10.03 0.197 0.27 0.197 0.196 
TSP 4.35 0.037 0.927 0.036 0.036 
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