
  
Abstract— Biofuel is an interesting alternative fuel in Thailand. 

It can be produced from vegetable oils or animal fats. Typical 
vegetable oils have high viscosity which has to be reduced before 
they can be used in standard engines. Microemulsion of neat 
vegetable oil/diesel blends has been considerable interested for an 
alternative biofuel production. Microemulsion is defined as a mixture 
of two immiscible liquids (oil and water) to form homogenous and 
stable solution stabilized by surfactant(s) or combination of 
surfactant(s). This study investigated the life cycle assessment (LCA) 
for the production of biofuel by microemulsification technique and 
compared with the LCA of the productions of biodiesel (B100) by 
transesterificaion technique. The LCA system boundary was 
separated into three stages: the oil palm cultivation, palm olein 
production and biofuel (microemulsion/ transesterification) 
production for the evaluation of cradle to gate approach.   

Input data, including raw materials and energy consumption in the 
biofuel production stage, were collected as primary data from the 
results of laboratory experiments.  In this study,neat palm olein and 
regular diesel were used as a mixture of oil phase, ethanol was used 
as polar phase (in place of water), nonionic alcohol ethoxylate 
surfactant (dehydol LS 1 TH or EO1) and octanol were used as 
surfactant and co-surfactant for miroemulsion biofuel, respectively. 
Palm olein, methanol and KOH were used in the transesterification 
process.  

The results showed that GHGs are 0.8125 kg CO2 e/L or 0.0258 
kgCO2 e/MJ for microemulsion with 50% palm oil and 0.8444 kg 
CO2e/L or 0.0255 kg CO2e/MJ when the fraction of palm oil 
increases to 60%. For transesterification biodiesel (B100), GHGs are 
2.7670 kg CO2 e/L or 0.0736 kg CO2 e/MJ. The mixture of bio- and 
petroleum based diesel, i.e. B70 or B50, contributes to lower GHGs. 
In general, microemulsion contributes to lower GHGs because of the 
input materials, the less energy consumption and no waste 
generation. 
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I. INTRODUCTION 
ECAUSE of the energy crisis, finding a reliable and 
economical sound alternative energy is critical to future 
development. Vegetable oil is one of the potential 

alternative energy sources.  It is considered renewable and 
many of its properties are similar to those of diesel. The direct 
use of vegetable in engine is limited due to its high viscosity. 
Based on available biofuel technology, there are 4 main 
processes that can be used for vegetable oil viscosity reduction 
[1]. First, blending is a process that neat vegetable oil is mixed 
with diesel without adding any additive. The product of this 
process still has a high viscosity and not suitable for using in 
unmodified engines. Second, fast pyrolysis of bio-oil is a 
thermal cracking process under the limited amount of oxygen. 
This process produces variety of by-products. Third, 
transesterification, the most common and commercialized 
process, is the reaction of vegetable oil with alcohol to 
produce ester (biodiesel) and glycerol (by product). Finally, 
microemulsion is an emerging technology containing a mixing 
of oil and alcohol that normally immiscible to form the 
homogeneous material by surfactant and co-surfactant as a 
binder [1]-[4]. However, the production of biofuel can releases 
water and air emissions and can contribute to adverse 
environmental impacts such as global warming, eutrophication 
and other environmental degradation. Life cycle assessment or 
LCA is a tool for analyzing and evaluating the environmental 
impact of products and services [5]-[6].  

The objective of this research is to evaluate and compare 
two-types of biofuel production processes, microemulsion and 
transesterification, using life cycle assessment approach. The 
scope of this study is cradle to gate in which the GHG 
emissions from palm plantations and palm oil mills as well as 
biofuel production are included. 

II. METHODOLOGY 

A. Goal and scope of research 

The goal of this research was to evaluate GHG emission 
from biofuel production by microemulsion and 
transesterification processes. This research determined the 
GHG emission values for fresh fruit bunch (FFB) acquisition, 
palm olein production and biofuel production. LCA was used 

Life Cycle Assessment of Biofuel from 
Microemulsion and Transesterification 

Processes 
Pichita Ekkpowpan, Noulkamol Arpornpong, Ampira Charoensaeng, and Sutha Khaodhiar 

B 

International Conference on Advances in Engineering and Technology (ICAET'2014) March 29-30, 2014 Singapore

http://dx.doi.org/10.15242/IIE.E0314051 610



Catalyst 

for the GHG emissions calculation based on cradle to gate 
evaluation. 

Secondary data was used for FFB acquisition and palm oil 
production. Their emission factors (EFs) were obtained from 
Thailand Greenhouse Gas Management Organization (TGO) 
[7]. 

Microemulsion and transesterification processes were 
prepared in a laboratory. Microemulsion biofuel was prepared 
at 5:3, 6:2, 7:1 and 8:0 ratios by volume of oil and ethanol 
with fix amount of surfactant at 20 percent by volume. GHG 
emission for both biodiesel (B100) and biodiesel and diesel 
blended at 70:30 by volume (B70) were evaluated. 

The GHG emissions of biofuel were calculated from oil 
palm plantation to biofuel production from microemulsion and 
transesterification process in kg CO2e/L and kg CO2e/MJ 

B. Inventory data 

1. Oil palm plantation  
Oil palm plantation data were collected from secondary data 

in Thailand [8]-[10]. More than 70% of the palm plantations 
are located in the southern provinces of Thailand. The palm 
plantation has 21-22 trees/rai (1 rai = 1600 m2).  Typically oil 
palm starts bearing fruits after 2-3 years after planting. The 
common fertilizers used in palm plantation are N-fertilizer, 
P2O5 and K2O. Herbicides, paraquat and glyphosate are 
routinely applied between 1-3 times per year. The lifetime of 
palm tree is more than 30 years. Materials and energy use in 
oil palm plantation per liter of palm olein are summarized in 
Table I. 

2. Palm oil production 
Palm oil production data were also collected from 

secondary data in Thailand [9], [11]-[12]. The processes for 
producing palm oil production are divided into 2 main 
processes, crude palm oil extraction and palm oil refining. 
Crude palm oil extraction has generally divided into 4 stages 
which are FFB sterilization, stripping (threshing), oil 
extraction and CPO clarification. CPO contains 50-70% palm 
olein and 30-50% palm stearin. The seed of palm fruits are 
squeezed to extract a virgin oil. In general, CPO contains 95% 
glyceride, 3-5% fatty acid and 1% minor and trace component. 
Palm oil refining is defined as the CPO purification process. 
Table II shows the amount of materials and energy uses for 
one liter of palm olein production from FFB. 

 

TABLE I 
MATERIALS AND ENERGY USE IN OIL PALM PLANTATION PER LITER OF 

PALM OLEIN 
Inventory data Quantity 
N (kg) 0.0650 
P2O5 (kg) 0.0277 
K2O (kg) 0.1116 
Glyphosate (kg) 0.0022 
Paraquat (kg) 0.0008 
Diesel (kg) 0.0019 
Gasoline (kg) 0.0040 

 

1. Microemulsion biofuel 
Microemulsion biofuel is prepared by mixing oil (50:50 by 

volume of palm olein/diesel), with ethanol, surfactant and co-

surfactant (1:8 by molar of the nonionic surfactant/octanol) 
[13].  
The pseudo ternary phase diagram was used to identify the 
suitable formulation which the mixture is single phase. Fig. 1 
shows the ternary phase diagram of microemulsion biofuel. 
The area above the immiscible curve indicates the region that 
the mixture form a-single phase. 

Four formulations of microemulsion biofuel were selected 
from microemulsion biofuel phase diagram, which are 5:3, 6:2, 
7:1 and 8:0 by volume of oil and ethanol with fix ratio of 
surfactant and co-surfactant at 20% by volume. The biofuels 
were analyzed for viscosity and heating value, and the 5:3 and 
6:2 ratios were selected as an appropriate condition for 
evaluating GHG emissions based on their properties. Table III 
summarizes the inventory data for microemulsion biofuel. 

2. Transesterification biodiesel 
Transesterification was prepared at 1:6 ratio by molar of 

palm olein/methanol and 1% of KOH [14]. The viscosity and 
heating value of biodiesel from this process are also analyzed. 
Fig. 2 shows the transesterification reaction. 

Biodiesel (B100) and biodiesel 70%/diesel 30% blend 
(B70) were selected for evaluating GHG emissions, the 
inventory data are summarized in Table III. 
 

TABLE II 
MATERIALS AND ENERGY USE FOR ONE LITER OF PALM OLEIN PRODUCTION 

FROM FFB 
Inventory data Quantity 
Water (m3) 0.0139 
Kolin (kg) 0.0150 
polyaluminium chloride (kg) 0.0004 
anionic polymer (kg) 0.0006 
hydrochloric acid (kg) 0.0020 
sodium hydroxide (kg) 0.0018 
waste water (kg) 0.0121 
Electricity (kWh) 0.0966 
Diesel (kg) 0.0055 

  
 
 

 

 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1 Microemulsion biofuel phase diagram 
 

   CH2-OOC-R1       CH2-OH  R1-COO-R’ 
 

   CH-OOC-R2  +  3R’OH       CH-OH   + R2-COO-R’ 
 

   CH2-OOC-R3       CH2-OH  R3-COO-R’ 
 

    Triglycerides   Alcohol   Glycerin       Ester 
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Fig. 2 Reaction of transesterification process 

 
3. Greenhouse gases (GHG) emissions 
Carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

sulphur hexafluoride (SF6), per-fluorocarbons (PFC’s) and 
hydro-fluorocarbons (HFC’s) are common 6-greenhouse gases 
according to Kyoto protocol [15]. This study, the GHG 
emissions of biofuel were calculated from oil palm plantation, 
palm olein production and biofuel production according to (1). 
The GHG emissions of each stage are calculated based on (2). 

 

    GHG, biofuel = GHG, oil palm plantation + GHG, palm  
olein production + GHG, biofuel production    (1) 

 

    GHG emissions = Activity data x Emission factor          (2) 
 

TABLE III 
INVENTORY DATA OF MICROEMULSION AND TRANSESTERIFICATION BIOFUEL 
 Microemulsion biofuel Transesterification 

biodiesel 
50% oil 60% oil B100 B70 

Input materials     
Palm oil (ml) 250 300 1054 738 
Diesel (ml) 250 300 - 300 
Ethanol (ml) 300 200 - - 
Methanol (ml) - - 297 208 
Octanol (ml) 164 164 - - 
EO1 (ml) 36 36 - - 
KOH (g)   12.17 8.52 
Water (ml) - - 541 378 
Electricity (kWh) 0.0433 0.0433 2.1931 1.5805 
Output materials     
Biofuel (L) 1 1 1 1 
Glycerol (ml) - - 236 166 
Wastewater (ml) - - 588 411 

III. RESULTS AND DISCUSSION 

A.  The viscosity and Heating value of biofuel 

The viscosity and heating value of microemulsion and 
transesterification biofuels are summarized in Table IV. 

The effect of temperature and ethanol ratio of 
microemulsion biofuel on viscosity is shown in Table IV. The 
results show that viscosity reducing with increasing 
temperature at constant ethanol ratio, and viscosity reducing 
with increasing ethanol ratio at same temperature. At 40 
degree Celsius, the ASTM standard for the viscosity of biofuel 
at 40oC is between 1.9 to 6.0 cSt [16]. In this study, the 
viscosity of microemulsion biofuel at 5:3 and 6:2 by volume of 
oil and ethanol and B100 exceed the ASTM standard  

The effect of oil ratio of microemulsion biofuel on heating 
value is shown in Table IV. The results show that heating 
value decreasing with decreasing oil ratio. Transesterification 
biofuel, heating value is similar to 60% oil ratio of 
microemulsion biofuel. 

B.  GHG emissions 

1.  Microemulsion biofuel 
The GHG emissions were evaluated from input materials 

and energy consumption of both formulas of microemulsion 

biofuel production (Fig. 3). For both formulas, energy 
consumption produced the least GHG emissions (less than 
5%). The most GHG emissions were produced from octanol 
and follow by palm olein. According to the results, it can be 
conclude that input material and the formula of biofuel in the 
microemulsion process were the significant factors for GHG 
emissions. 

The GHG emissions of biofuel from microemulsion process 
are shown in fig. 4. The GHG emissions from oil palm 
plantation were 0.0635 kg CO2e/L or 0.0020 kg CO2e/MJ and 
0.0762 kg CO2e/L or 0.0023 kg CO2e/MJ, from palm olein 
production were 0.1876 kg CO2e/L or 0.0060 kg CO2e/MJ and 
0.2251 kg CO2e/L or 0.0069 kg CO2e/MJ, and from 
production stage were 0.5614 kg CO2e/L or 0.0178 kg 
CO2e/MJ and 0.5431 kg CO2e/L or 0.0163 kg CO2e/MJ for 5:3 
and 6:2 by volume of oil and ethanol, respectively. According 
to the results, the GHG emissions of biofuel increase with 
increasing palm oil ratio and the production stage produced the 
largest GHG. 

TABLE IV 
THE VISCOSITY AND HEATING VALUE OF MICROEMULSION AND 

TRANSESTERIFICATION BIOFUEL 
Process Viscosity (cSt) Heating value 

(cal/g) 20 oC 30 oC 40 oC 
Microeulsion     

50% oil, 
 30% ethanol 

7.95 5.88 4.58 10130.5 

60% oil, 
20% ethanol 

8.99 7.19 5.74 9706.7 

70% oil,  
10% ethanol 

11.15 9.05 6.72 9290.6 

80% oil,  
0% ethanol 

17.35 12.33 9.54 8918.9 

Transesterification     
B100 7.55 5.95 4.79 9492.7 
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Fig. 3 GHG emissions of biofuel from microemulsion process 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 GHG emissions from each stage of microemulsion biofuel 
 

2. Transesterification biodiesel 
The GHG emissions were evaluated from input materials 

and energy consumption of both formulas in transesterification 
biodiesel (Fig. 5). For formulas, water consumption produced 
the least GHG emissions (less than 1%) and the most GHG 
emissions were produced from energy consumption and follow 
by palm olein. According to the results, it can be concluded 
that increasing diesel, decreasing palm olein ratio and 
decreasing energy consumption were significant for decreasing 
GHG emissions. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5 GHG emissions of biofuel from transesterification process 
 

The GHG emissions of biodiesel from transesterification 
process are shown in Fig. 6. The GHG emissions from oil 
palm plantation were 0.2207 kg CO2e/L or 0.0061 kg 
CO2e/MJ and 0.1545 kg CO2e/L or 0.0043 kg CO2e/MJ, from 
palm olein production were 0.6517 kg CO2e/L or 0.0179 kg 
CO2e/MJ and 0.4562 kg CO2e/L or 0.0126 kg CO2e/MJ, and 
from production stage were 1.8946 kg CO2e/L or 0.0497 kg 
CO2e/MJ and 1.5082 kg CO2e/L or 0.0217 kg CO2e/MJ for 
B100 and B70, respectively. The results indicated that -the 
GHG emissions of biodiesel increase with increasing palm oil 
ratio and energy consumption. Biofuel production stage 
produced the largest GHG contribution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 GHG emissions from each stage of transesterification biodiesel 

IV. CONCLUSION 

To support the future sustainable biofuel production in 
Thailand, life cycle assessment is used to evaluate 
environmental impacts of biofuel based on GHG emissions. 
Microemulsion and transesterification process are the 
processes for reducing viscosity of biofuel for using in engine. 

 The GHG emissions of microemulsion biofuel were 0.8125 
kg CO2e/L or 0.0258 kg CO2e/MJ and 0.8444 kg CO2e/L or 
0.0255 kg CO2eq/MJ for 5:3 and 6:2 by volume of oil and 
ethanol, respectively. While transesterification biodiesel, GHG 
emissions were 2.7670 kg CO2e/L or 0.0736 kg CO2e/MJ and 
2.1188 kg CO2e/L or 0.0386 kg CO2e/MJ for B100 and B70, 
respectively. The GHGs produced from microemulsion 
process, which is less than that of transesterification process, 
because input materials of microemulsion process produce less 
GHG emissions. Even more this process requires less energy 
consumption, does not produce by-products and waste. 
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