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ABSTRACT 
The utilization of non-renewable fossil fuels as the main source of energy has raised many 
environmental concerns such as seawater pollution from oil spills. Biofuel has become popular 
as countries strive to reduce environmental impacts of carbon emissions generated from 
petroleum diesel burning. Even though the combustion emission from biofuel has been proven to 
be more environmental friendly compared with fossil fuel, the result may be different based on 
the whole biofuel life cycle. This paper discusses two types of biofuel that are widely used 
globally, which are bioethanol and biodiesel. The sustainability of biofuels is discussed based on 
their advantages and disadvantages of the production and utilization of biofuels on Life Cycle 
Assessment perspective.  
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INTRODUCTION 
Fossil fuels, such as diesel and gasoline, are the 
major source of energy for the transportation 
industry for many years. The limited resources 
and combustions of fossil fuel raise 
environmental concerns such as global warming. 
Alternative fuels are in seek due to the increasing 
price of petroleum, geographically reduced 
availability of petroleum and more stringent 
governmental regulations on exhaust emissions.1 
Many new alternative fuels such as biofuel and 
hydrogen have been explored to lessen the 
dependency on fossil fuel for transportation. 
Biofuels can be defined as renewable fuels made 
from organic material that have potential to 
partly or fully replace the fossil fuel application 
in transportation sector. Two main biofuels that 
been used today are biodiesel and bioethanol.2 

Biodiesel and bioethanol can be synthesized by 
using food crops. The choice of raw material 
depends on the local crops availability, such as 
United States use corn for producing bioethanol 
and Malaysia use palm oil for producing 
biodiesel.3 Bioethanol plays an important role    
as  an alternative fuel since the price of crude oil  

has risen at a rapid rate. The United States, 
Brazil and European Union are the world’s 
largest ethanol producers, producing 10.6, 6.5 
and 1 billion gallons respectively in 2009.      
Fig. 1 shows the world fuel ethanol production 
for 2009.4 Thailand has taken step to encourage 
the production and use of bioethanol in order to 
reduce heavy reliance on imported oil, 
mitigating global warming impact and 
generating employment in the local community. 
The Thai renewable energy policy encourages 
the use of gasohol; a mixture of 10% bioethanol 
with 90% gasoline as a replacement of the 
conventional gasoline. There are two types of 
blending used in Thailand: E10 or blending of 
10% ethanol into octane 95 gasoline, which has 
been widely marketed before the 20% ethanol 
blend (E20) was introduced in 2008).5 

The other biofuel, biodiesel, can be extracting 
biologically from the vegetable oils and 
animals fats using trans esterifications process. 
Numerous feedstocks have been identified as 
potential biodiesel raw stocks such as rapeseed 
and palm oil. The abundance of raw materials 
for biodiesel productions makes this fuel an 
attractive solution for energy requirements.  *Author for correspondence 
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Fig. 1 : 2009 World fuel ethanol production5 

Biodiesel is getting wide attention from the 
world countries due to its applicability to be used 
in diesel engine fuel without requiring any 
complex modifications to the engine itself, while 
still able to compromise with the existing 
environmental standard. Biodiesel is generally 
incorporated with conventional diesel (blending 
up to 5-10%), except for certain applications that 
use high-percentage biodiesel blends or pure 
biodiesel.6 The emission from biodiesel 
combustion irrespective of the feedstock use 
results in a decrease in the emissions of Hydro 
Carbons (HC), Carbon Monoxide (CO), 
Particulate Matter (PM) emissions and Sulphur 
Dioxide (SO2).7 In fact, study by Mathiyazhagan 
et. al. that comparing the emissions from 
Jatropha biodiesel (JBD) blends with Petroleum 
Diesel (PD) found out that, JBD emits less 
carbon dioxide and hydrocarbon compared to 
PD; even though the physical properties of both 
fuels are quite close8. 
The development of these technologies certainly 
involves chemical and process under the demand 
of more environmentally acceptable process. Life 
Cycle Assessment (LCA) is an environmental 
management method that enables the 
quantification of environmental burdens and their 
potential impacts over the whole life cycle of a 
product, process or activity. The integration of 
life cycle thinking into the environmental system 
management has started to change the way 
environmental problems are seen and tackled. 
Life Cycle Assessment includes an inventory 
phase   and   an   impact  assessment  phase.  The  

impact assessment phase comprises chemical-
related impacts like global warming, as well as 
physical impacts on land and input-related 
impacts on the availability of resources. The 
science of LCA is struggling to its limit as policy 
makers consider direct and indirect effects of 
biofuels on global land and water resources, 
global ecosystem, air quality, public health, and 
social justice.9 

AIMS  AND  OBJECTIVES 
Biofuel has been utilized widely around the 
world due to excessive reliance on fossil fuel, 
which has led to the depletion of this non-
renewable supply. Recently, biofuel faces several 
issues and challenges in term of whole biofuel 
lifecycle. The aim of this paper is to collect and 
analyze the recent biofuel data available. The 
objective is to highlight its advantages and 
disadvantages and to be utilized based on the 
Life Cycle Assessment (LCA) perspective. This 
study covers the production of biofuels from the 
raw material stage until the user’s stage.  

DISCUSSION 
Data collection for the study has been conducted 
through literature reviews. The discussion 
onbiofuels focuses on the biofuel whole life 
cycle by using Life Cycle Assessment method. 
Biofuel raw materials can be categorized into 
two groups: first- and second-generation 
biofuels. The first-generation biofuels commonly 
utilize the sugar or starch portion of plant (e.g., 
cassava and corn) as the raw material to  produce  
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ethanol  and utilize oil seed crops such as palm 
oil and soybean for biodiesel.10 Abundant raw 
materials for biofuel production such as 
cellulosic biomass material and waste from 
municipal solid wastes have made the fuels more 
attractive. The challenge is, to find the low-cost 
energy feedstock with high yield especially to 
cellulosic biomass materials such as dedicated 
energy crops, wood and grass species.11 
 The process for producing bioethanol has been 
described by Silalertruksa and Gheewala . Their 
assessment on ethanol from cassava highlighted 
the cradle-to-grave process in the production of 
ethanol. The first stage is cassava cultivation and 
harvesting. This stage consists of land 
preparation, stake preparation, planting, 
treatment and harvesting.5 The amount of 
fertilizer and land used depends on the type of 
raw material used. Then, the fresh cassava roots 
are directly transported from the main supplier or 
local farmers to the ethanol plant by truck or 
pick-up car. Some of the cassavas are also 
processed into cassava chips as another raw 
material. The cassava ethanol plant consists of 
four main sub-processes which are milling, 
mixing and liquefaction, fermentation, 
distillation and molecular sieve dehydration. The 
stages are about the same for all the first-
generation biofuels but not for the second-
generation biofuels. The second-generation 
biofuels such as lignocellulosic materials need 
further treatments before they can be used as raw 
materials for producing ethanol. 12 
A research done by Cavalett et al. adapted the 
LCA method for producing ethanol by using 
sugarcane as raw material. The sugarcane-
growing stage represents an average production 
scenario in the center-south region of Brazil. The 
results of environmental impacts were obtained 
using different midpoint Life Cycle Impact 
Assessment (LCIA) methods which were CML 
2001, Impact 2002+, EDIP 2003, Eco-indicator 
99, TRACI 2, ReCiPe, and Ecological Scarcity 
2006. These methods have been broadly applied 
and accepted to evaluate the comparative 
environmental impacts of process or product. 
Nonetheless, EDIP 2003, Impact 2002+ and 
ReCiPe LCIA  methods  use  more  categories 

for assessment and comparison than CML and 
TRACI. Overall, the evaluation based on the five 
selected midpoint LCIA methods shows that 
ethanol presented better environmental 
performance than gasoline for parts of important 
environmental categories such as global 
warming, fossil depletion and ozone layer 
depletion. On the other hand, there are 
environmental impacts categories where ethanol 
showed poorer environmental performance than 
gasoline such as acidification, eutrophication, 
photochemical oxidation, and agricultural land 
use.13 

Table 1 shows the environmental impact 
categories for ethanol and gasoline by using 
CML 2 baseline 2000 midpoint LCIA methods. 
The result of the evaluation corresponds to 
agricultural products and they are likely to be 
higher than products derived from fossil 
resources such as gasoline. Some impacts 
assessments might be directly proportional with 
each other from one process stage such as 
agriculture. In fact, a review study by Rafiu et al. 
has shown that the major source of 
anthropogenic greenhouse gases (methane) 
emissions is coming from agriculture which is 
53%14. For acidification and eutrophication, the 
main important cause was the use of fertilizers in 
sugarcane culture. Fertilizer usage is important to 
substitute crop land nutrients that have been used 
for previous plantations and an excess 
application can cause fertilizer movement into 
the ground and surface waters. High values of 
photochemical oxidation in ethanol impact 
assessment were mainly associated with local 
ethanol emissions from distillation. However, 
these emissions are quite small in the present 
operational conditions. The results of applying 
different LCIA methods at the midpoint level 
indicate that the decisions about the best fuel 
depend on which potential environmental 
impacts are prioritized.The selection of 
environmental impacts categories tobe prioritized 
depends on which impacts are the most 
sensitiveto the region and are also related to the 
society’s perceptionabout these environmental 
impacts (which are reflectedin the public 
policies).13 
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Table 1 : Environmental impact categories for ethanol and gasoline using CML 2 baseline 
2000 midpoint LCIA methods (functional unit, 1 MJ)13 

Impact category Unit Ethanol Gasoline 
Abiotic depletion  kg Sbeq 7.67E−05 4.43E−04 
Acidification   kg SO2 eq 3.98E−04 1.90E−04 
Eutrophication  kg PO4 9.73E−05 3.42E−05 
Global warming (GWP100)  kg CO2 eq 2.40E−02 7.29E−02 
Ozone layer depletion 
(ODP)  kg CFC−11 eq 1.59E−09 9.58E−09 
Human toxicity  kg 1.4−DB eq 6.59E−03 7.95E−03 
Fresh water aquatic ecotox. kg 1.4−DB eq 2.10E−03 2.03E−03 
Marine aquatic ecotoxicity kg 1.4−DB eq 2.83 6.47 
Terrestrial ecotoxicity kg 1.4−DB eq 4.98E−05 5.57E−05 
Photochemical oxidation  kg C2H4 4.09E−05 1.75E−05 

An assessment on biodiesel from soybean, 
jatropha and microalgae for China conditions has 
been done by Hou et al. The conversion of these 
materials into biodiesel consisted of soybean, 
jatropha, and microalgae cultivation until ethanol 
plant production. The conversion of soybean, 
jatropha and microalgal oil into diesel involved 
vegetable oil extraction, feedstock pretreatment, 
transesterification, methanol recycling recycling, 
and crude methyl ester purification. Oil was 
extracted from cleaned rapeseed, jatropha seeds 
and microalgae. Before the vegetable oils could 
be used as raw materials for the 
transesterification process, crude vegetable oil 
was pretreated with the processes of 
deacidification, degum-ming and drying to 
remove residual free fatty acids, phospholipids 
and water. Biodiesel was extracted through the 
transesterification of refined vegetable oil and 
methanol in the conditions of catalysis, heating 
and pressurizing. The excessive methanol was 
recycled. Then, crude methyl ester was treated by 
washing, fractionation, and drying to obtain 
biodiesel end side product.15 
CML Leiden 2001 is used in this study to assess 
the potential environmental impacts generated in 
the life cycle system of biodiesel.10 mid-point 
impact categories had been assessed which were 
Abiotic Depletion Potential (ADP), Global 
Warming Potential (GWP), Ozone Depletion 
Potential (ODP), Photochemical Oxidation 
Potential  (POCP),  Acidification  Potential (AP),  

Eutrophication  Potential (EP), Human Toxicity 
Potential (HTP), Fresh Water Aquatic 
Ecotoxicity Potential (FAETP), Marine Aquatic 
Ecotoxi-city Potential (MAETP) and 
Terrestriceco-toxicity Potential (TETP). The 
results from the LCA of soybean, jatropha and 
microalgae based biodiesel and fossil diesel per 
impact category were compared. In general, the 
environmental impact categories share the same 
result with the bioethanol life cycle assessment 
that was done by Cavalett et al.  
The advantages of biodiesel are highlighted 
based on several potential environmental impacts 
generated such as Abiotic Depletion Potential 
(ADP), Global Warming Potential (GWP) and 
Ozone Depletion Potential (ODP). An evaluation 
from the assessment shows that the life cycle of 
biodiesel produced less Green House Gases 
(GHG) emissions compared with fossil diesel. 
The life cycle ADP that is related to non-living 
source potential, of soybean, jatropha and 
microalgae based biodiesel showed significant 
reductions by 70.05%, 82.32% and 80.94% 
respectively and for GWP reductions of 61.67%, 
80.35% and 82.19% respectively. Decreases in 
ADP were expected as producing biodiesel could 
reduce the use of crude oil which contributed to 
the ADP factor. As for GWP, the primary reason 
of these considerable reductions is the large 
amount of solar energy and CO2 uptake in 
agriculture stage. Emissions from crude oil 
extraction and  refining  are  excluded,  causing a  
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considerable reduction in impact of ODP in 
producing biodiesel.14 
Despite the advantages of biodiesel like 
bioethanol, the other environmental impact 
potential shows the other side. Photochemical 
Oxidation Potential (POCP) or summer smog is 
the result of reactions that take place between 
Nitrogen Oxides (NOx) and Volatile Organic 
Compounds (VOC) exposed to UV radiation. 
Based on Photochemical Oxidation Potential 
(POCP), soybean, jatropha and microalgae 
showed a significant increase for soybean, a 
slight increase for jatropha and a slight reduction 
from microalgae, which were 143.43%, 101.83% 
and 92.66% compared to fossil fuel respectively. 
Higher level of POCP was directly caused by 
VOC (hexane) emission  during  the vegetable 
oil  extraction14 
The other environmental impact potential, 
Eutrophication (EP) also showed a significant 
increase compared with fossil fuels, which were 
3.96, 2.25 and 1.53 for soybean, jatropha and 
microalgae respectively. As for the Acidification 
Potential (AP), soybean, jatropha and microalgae 
gave 2.97, 1.92 and 1.37 times of the life cycle 
AP of fossil diesel respectively. The agriculture 
stage was the major contributor for these 
environmental impact potentials. The higher 
Eutrophication (EP) and Acidification Potential 
(AP) potential in the life cycle system of 
biodiesel were primarily caused by the upstream 
emissions of nitrate and phosphate leaching into 
the ground water, and ammonia and Nitric Oxide 
(NOx) into air from N and P fertilizer 
application. The use of agrochemicals in 
agriculture stage also contributed to the 
freshwater aquatic and terrestrial ecotoxicity 
potential in the soybean and jatropha derived 
biodiesel life cycle.14 
In the biodiesel production stage, the processes 
of chemicals, steams and electricity production 
were the main contributors to the human toxicity 
(HTP) and Marine Aquatic Ecotoxicity Potential 
(MAETP) of soybean, jatropha and microalgae 
derived biodiesel. These result highly depended 
on the source of coal, such as the use of coal as 
the primary energy source in China. By using 
coal compared to oil, more heavy metals         
and hydrogen fluoride were  discharged  into  the  

extraction and processing of coal which 
contributed to higher impacts in terms of HTP 
and MAETP. In term of all impacts, it is clear 
that jatropha and microalgae are more favourable 
when compared with soybean as raw materials 
for biodiesel production. Microalgae have the 
advantages due to the absence of toxic 
agrochemicals in the microalgae cultivation. 
However, there was about 8% increase of ADP 
for microalgae compared with Jatropha due to 
high electricity consumption in the microalgae 
cultivation.14 

CONCLUSION 
The LCA results for these biofuels in general 
shows that bioethanol and biodiesel present 
better environmental performance than fossil fuel 
for parts of important environmental categories 
such as global warming, fossil depletion and 
ozone layer depletion. However, there are 
environmental impact categories where biofuel 
shows poor environmental performance than 
fossil fuel such as in terms of acidification, 
eutrophication, photochemical oxidation, and 
agricultural land use. The selection of 
environmental impacts categories to be 
prioritized depends on which impacts are the 
most sensitiveto the region and are also related to 
the society’s perception about these 
environmental impacts (which are reflected in 
the public policies). 
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