
Journal of Engineering and Technology (JET) Vol.4, No. 2 August 2009 

 

 Rufai, I. A.                                                       16 

 

ENVIRONMENTAL ASSESSMENT OF RENEWABLE FUELS 

TECHNOLOGY 

 

Rufai, I. A. 

 

Mechanical Engineering Department, Faculty of Technology, Bayero University Kano, PMB 

3011, Kano, Nigeria, E-mail: airufai@yahoo.com 

 

ABSTRACT 

 
The paper is a review of the benefits of renewable fuels in general and a study of the environmental impacts 

of biofuels in particular. An attempt has been made to show that the use of biofuels may not be environmen-

tally friendly as is being portrayed by their advocates. It is a fact that energy generation using fossil fuels 

produces many important pollutants including nitrogen oxides, sulfur oxides, hydrocarbons, dust, soot, 
smoke, and other particulate matter. It is believed that if carbon dioxide levels continue to increase, the 

planet will become warmer and will most likely result in a variety of impacts including sea-level rise, ex-

treme weather events, and an increased frequency of droughts in inland agricultural zones. Biofuels such 
as alcohols, biogas, biodiesel and its esters appear to be a more viable alternative, especially for use as 

fuels in diesel engines. The replacement of fossil fuels through increased utilization of biofuels produced in 
a sustainable manner, can contribute towards a cleaner environment, reduction of greenhouse gas emis-

sions and mitigation of climate change. However, the mechanized agricultural production technology ne-

cessary for large scale production of energy crops is accompanied by intensive tillage and fertilizer appli-
cation. This production system is not environmentally friendly in the real sense of the word, as it is charac-

terized by potential threats of environmental pollution and degradation.  
 

SIGNIFICANCE: Stakeholders in the energy sector can be sensitized by the findings of the study to con-

sider the possible adverse effects in developing technologies for the production and combustion of biofuels. 
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1. INTRODUCTION 

 

With the increase in world population and the rise 

of living standards, the demand for energy in the 

world is steadily increasing. According to the 

United Nations, the world population in 2025 

could reach 8.5 billion, which is almost five times 

that at the beginning of the 20
th

 century. Global 

environmental issues and exhaustion of fossil re-

sources also pose serious problems for energy 

consumption. Environment friendly energy tech-

nology and a shift to non-fossil energy resources 

are becoming popular in the energy policies of 

many nation states today. The primary energy 

consumption of the world in the same period has 

tripled because of the increase in both population 

and per capita consumption. A rapid increase in 

world population also demands a huge amount of 

food, which is another form of essential energy 

for mankind. Energy demand increases with the 

world population and an improved quality of life. 

For sustainable growth, an improved energy con-

version and utilization systems for effective use of 

energy with minimal environmental load is there-

fore needed.  

Fossil fuels: coal, oil, and natural gas - are the 

most common primary source of energy all over 

the world. However, the burning of fossil fuels 

causes cancer and other chronic health problems, 

contributes to global warming, and degrades valu-

able land and water resources. Burning fossil fuels 

for electricity generation is one of the major 

sources of air pollution in many countries of the 

world. Energy generation using fossil fuels pro-

duces many important pollutants such as nitrogen 

oxides, sulfur oxides, hydrocarbons, dust, soot, 

smoke, and other particulate matter. These pollu-

tants can cause serious health problems including 

asthma, irritation of the lungs, bronchitis, pneu-

monia, decreased resistance to respiratory infec-

tions and many more. 

Nitrogen oxides and hydrocarbons combine in the 

atmosphere to form ground-level ozone - the ma-

jor constituent of smog. Human exposure to ozone 

can produce shortness of breath and, over time, 

permanent lung damage. Nitrogen oxides and sul-

fur oxides are important constituents of acid rain, 

which destroys lakes and rivers, diminishes crop 

yields, and deteriorates buildings. It is believed 

that if carbon dioxide levels continue to increase, 

the planet will become warmer and will most like-

ly result in a variety of impacts including sea-

level rise, extreme weather events, and an in-

creased frequency of droughts in inland agricul-

mailto:airufai@yahoo.com


Journal of Engineering and Technology (JET) Vol.4, No. 2 August 2009 

 

 Rufai, I. A.                                                       17 

 

tural zones. In addition to polluting the air and 

warming the climate, exploration, mining and 

consumption of fossil fuels can cause incredible 

damage to water and land resources. Oil spills, 

witnessed in the Niger Delta region of Nigeria, 

can destroy flora and fauna, and leave waterways 

and their surrounding shores uninhabitable for 

decades.  

The politics embedded in the oil crisis of the 70s 

and the environment as well as the sustainability 

issues restricted the expansion of fossil fuel con-

sumption and gave birth to the use of renewable 

fuel. Today, it has become a philosophy among 

both scientists and policy-makers that humanity 

should reduce its dependence on fossil energy 

sources in favor of renewables. Governments at 

all levels are often advised to enact supportive 

national and regional policies aimed at reducing 

barriers to the adoption of renewable energy tech-

nologies. In response to this challenge, attempts 

are being made to develop energy utilities and 

engines, especially, in Europe and America to run 

on biofuels. The key issue that remains unclear is 

to assess whether renewable fuels are environ-

mentally friendly in the real sense of the word. 

This justifies the need to carry-out an assessment 

study as contained in this paper. 
 

2. LITERATURE REVIEW 
 

In Nigeria, wood in form of fuel wood, twigs and 

charcoal has been the major traditional source of 

renewable energy, accounting for about 51% of 

the total annual energy consumption. The other 

sources of energy include natural gas (5.2%), hy-

droelectricity (3.1%), and petroleum products 

(41.3%) (Akinbami, 2001). The demand for fuel 

wood is expected to rise to about 213.4 x 10
3
 me-

tric tones, while the supply would decrease to 

about 28.4 x 10
3
 metric tones by the year 2030. 

The decreasing availability of fuel wood, coupled 

with the ever-rising prices of kerosene and cook-

ing gas in Nigeria, calls for the need to consider 

alternative sources of energy for domestic and 

industrial use in the country. Such energy sources 

should be renewable and should be accessible to 

the poor. It can be stated that a transition to a sus-

tainable energy system is urgently needed in the 

developing countries such as Nigeria.  

The role of agriculture as a source of renewable 

energy resources is becoming important more 

than ever before (Best, 2006). Biomass-based fu-

els appear to be a more viable alternative, espe-

cially for use in transport, agriculture and power 

generation sector. Some of the biomass-based 

fuels, which have been tried as a partial or com-

plete substitute fuel in the internal combustion 

(IC) engines, include alcohols (Bandel, 1977), 

biogas (Dass et al., 1978) and vegetable oils or 

biodiesels (Shyam, 1984; Gupta, 1994; Verma et 

al., 1998; Krahl et al, 2005).  

 

2.1 Renewable fuels from biomass 

 

Biofuels that can be used as fuel for internal com-

bustion engines include bioethanol, biodiesel, 

biogas, pyrolylis gas and hydrogen. However, 

bioethanol and biodiesel are the ones that most 

significant in view of the environmental pollution 

potentials of the technology used in their produc-

tion and combustion. A brief overview of these 

fuels is given below:   

 

2.1.1 Ethanol 
 

Ethanol has a smaller heat value but a higher oc-

tane rate than gasoline, which enables higher en-

gine efficiency with a larger compression ratio. At 

present it is most advantageous in terms of energy 

ratio and cost to get it from sugar crops, especially 

sugar cane in tropical countries. In the temperate 

regions, ethanol is usually obtained from the fer-

mentation of starch crops like corn and potato. 

Ethanol is used for spark-ignition engines either 

in the form of 20%–23% mixture with gasoline or 

in its pure form. However, using ethanol as the 

only fuel requires a newly designed engine with a 

higher compression ratio and hence can achieve 

higher efficiency. There is a tremendous expe-

rience in liquid ethanol (C2H5OH) production 

from plant biomass in different parts of the world. 

In Brazil, for example, ethanol, produced from 

sugarcane, is widely used in transport. Ethanol 

production from sugar beats using the existing 

technology was found to be ineffective economi-

cally. Development of new production methods 

may make some remarkable improvements in this 

regards. For example, the new bacteriological 

method, used in the production of bioethanol, in 

the state of Louisiana (USA), instead of the tradi-

tional fermentation method, allows doubling the 

ethanol production from the same quantity of 

feedstock. Ethanol is a renewable fuel that comes 

from agricultural feedstocks, and thus can be pro-

duced domestically. Using ethanol made from 

corn instead of gasoline would lead to a moderate 

13 % reduction in greenhouse emissions. Using 

cellulosic ethanol from feedstocks such as switch-

grass, could result in 88 % less greenhouse gas 

emissions.  

Ethanol advocates in the United States (US) em-

phasize that using E85 (a blend of ethanol and 

gasoline in the ratio of 85:15 by volume) will de-

crease reliance on imported petroleum products 

and eventually reduce environmental pollution, 

with a lower negative impact on the public health. 
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Ethanol is 100 % renewable, non-carcinogenic 

and its production is 100 % domestic. Undoubted-

ly, the use of ethanol can enhance the energy se-

curity of a country, particularly in the developing 

world. 

E85 has a substantially higher octane rating than 

gasoline, which means improved combustion effi-

ciency and engine performance. It has been re-

ported that E85 has the highest oxygen content of 

all available fuels, so it burns more fully. Its use 

can result in a nearly 30 % reduction of green-

house gas emissions. The American Environmen-

tal Protection Agency (EPA) claims that switch-

ing from gasoline to ethanol blends can lower the 

environment's carbon monoxide levels by as much 

as 40 % and smog-forming pollutants by 15 %. 

Greenhouse gas emissions are likely to be cut by 

15-20 %. 

It is argued that by using E85, net carbon dioxide 

emissions would be almost zero. The crops used 

to make the ethanol absorb CO2 from the atmos-

phere during their growth. This CO2 is put back 

into the atmosphere when ethanol is burned in an 

automobile engine. In reality, this cycle is overly 

simplistic because it fails to recognize other 

greenhouse gas emissions that occur during the 

cultivation and production of ethanol. Modern 

farming, for example, relies heavily on diesel-

powered equipment that emits greenhouse gases. 

Distilling ethanol is also an energy-intensive 

process that often uses electricity generated from 

coal, another source of greenhouse emissions. 

Despite the obvious advantages that E85 offer for 

the environment and the agricultural sector, the 

fuel has some significant drawbacks. Ethanol can 

be more expensive than gasoline, depending on 

where you live. Regardless of the price you pay 

for it, ethanol contains less energy than gasoline. 

This means that your car won’t go as far on a gal-

lon of E85, and your fuel economy will decrease 

by 20-30 %.  

In comparison with fossil fuels (petrol and diesel), 

bioethanol has a low calorofic value, low cetane 

number and very low lubricating potential. In ad-

dition, due to its high evaporation heat, bioethanol 

may cause hard engine starting under low temper-

atures. The low calorific value of bioethanol also 

leads to high specific fuel consumption of en-

gines. Bioethanol may cause corrosion of certain 

engine components, especially of the engine fuel 

system, although this unfavourable property can 

be reduced by corrosion inhibitors. Bioethanol 

aggressively impacts some plastics and rubbers. 

However, these unfavourable bioethanol proper-

ties (low cetane number, low lubricating power as 

well as aggressive corrosivity) may be successful-

ly managed by nitrate and ether based additives 

which are added into bioethanol in the amount of 

4 - 12%. The bioethanol fueled engine may then 

differ only slightly from a diesel engine because 

the bioethanol properties are – except for fuel ef-

ficiency – modified by additives to approach the 

properties of oil. 

 

2.1.2 Biodiesel 
 

Biodiesel is defined as a fuel comprised of mono-

alkyl esters of long chain fatty acids derived from 

vegetable oils or animal fats, called B100. A 

mono-alkyl ester is the product of the reaction of 

a straight chain alcohol, such as methanol or etha-

nol, with a fat or oil (triglyceride) to form glycerol 

(glycerine) and the esters of long chain fatty acids. 

Biodiesels may also be defined as methyl esters or 

ethyl esters of fatty acids (FAME or FAEE) pro-

duced by transesterification of triglycerides con-

tained in oils or fats.  

Raw materials for biodiesel production can be 

vegetable oils, such as cottonseed oil, groundnut 

oil, jatropha oil, rapeseed oil, soya oil, palm oil, 

linseed oil, sunflower oil or animal fats such as 

beef suet, pork lard, poultry fat, cod-liver oil. 

Biodiesel was traditionally thought of as being 

cleaner than traditional diesel, although nitrous 

oxides (NOX) have been found to increase signifi-

cantly when biofuels are burned. This led to some 

regulatory bodies, particularly in the US, to con-

sider banning the use of biodiesel altogether. This 

stance was based on research carried out by the 

US Environmental Protection Agency (EPA), 

which conducted a comprehensive analysis of the 

emission impacts of biodiesel using publicly 

available data. The investigation discovered that 

biodiesel impacts on emissions varied depending 

on the type of biodiesel (soybean, rapeseed, or 

animal fats) and on the type of conventional diesel 

to which the biodiesel was added. Raw vegetable 

oils are usually so viscous and their cetane num-

bers are so low for high-speed diesels that transes-

terification with methanol or ethanol is per-

formed.  

Emission from biodiesel is characterized with low 

SOX content. It is reported that in some cases NOX 

increases, but with the adjustment of valve timing, 

NOX could be kept on the same level as that of 

conventional diesel fuel (Fleich, 1995). Biodiesel 

from rape seed is used in many European coun-

tries such as Italy, Germany, France, Belgium, 

Netherlands, and the Check Republic. Estimates 

show that the EU countries produce over 600 

thousand tons of biodiesel every year (fig. 1).  

More land is planted to rape crop every year so as 

to boost the production of biodiesel feedstock. For 

example, in the Check Republic 4.8% of the culti-

vated land was planted to rape in 1997, while in 

1999 the share rose to 14%. In the structure of oil 
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crops used for the production of biodiesel in Eu-

rope, rape crop plays a leading role. At present, 

more than 80% of the European biodiesel produc-

tion comes from rapeseed oil (IEA, 2004, Mé-

ndez, 2006).  
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Figure 1 Biodiesel production from vegetable oils (Wörgetter, et al, 2007) 

 

3. ENVIRONMENTAL IMPACT 

OF RENEWABLE FUELS 

TECHNOLGY 
 

3.1 Assessment of environmental impact of 

energy crop production machinery 

 

The replacement of fossil fuels through increased 

utilization of biofuels produced in a sustainable 

manner, can contribute towards a cleaner envi-

ronment, reduction of greenhouse gas emissions 

and mitigation of climate change. It can be no-

ticed that most, if not all, of the prospective bio-

fuels are of plant origin. In addition, significant 

impact of biofuels in global energy consumption 

could only be achieved, if the feedstock for their 

production (energy crops), are produced in large 

quantities. The agricultural production technology 

necessary for mass production of energy crops 

would be mechanized in nature and, consequently, 

accompanied by intensive tillage and fertilizer 

application. However, this production system is 

not environmentally friendly in the real sense of 

the word, as it is characterized by potential threats 

of environmental pollution and degradation. Dete-

rioration of watersheds and loss of soil fertility 

and biodiversity must be carefully weighed 

against the potential benefits. Possible conflicts 

with other land use requirements must also be 

resolved. Land availability is often considered as 

a constraint to the production of energy crops. 

The environmental impact of mechanized agricul-

tural production technology includes air, water 

and soil pollution (fig. 2). 

From the figure, it is obvious that mechanized 

agricultural production technology, which is cen-

tral to the production of energy crops required for 

large scale biofuel production, is not environmen-

tally friendly in the real sense of the word. This is 

because it leads to a host of adverse environmen-

tal effects and even to problems of food insecuri-

ty. 

 

3.2 Assessment of environmental damage due 

to misuse of fertilizers 
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When farmers purchase fertilizers their intention 

is to use them to feed their crops as efficiently as 

possible. However, nitrogen recovery efficiencies 

greater than 50% are rarely achieved, and phos-

phorus recovery is often lower. The unrecovered 

nitrogen ends up in groundwater in the form of 

nitrate, or in the wetlands as ammonia in the at-

mosphere. In contrast to nitrogen, phosphate is 

normally adsorbed to soil clay and iron oxides do 

not move out of the soil except where the soil is 

essentially devoid of them. 

When it is washed off the soil surface or through 

extremely sandy soils and into waterways, it may 

cause eutrophication problems, proliferation of 

algal growth, and exhaustion of dissolved oxygen. 

These in turn, may lead to the death of fish and 

other water inhabiting species. The problems due 

to surface wash are best controlled by ensuring 

that the phosphate applied is incorporated in the 

soil. 

 

 

Figure 2 Environmental impacts of crop production machinery 

 

 

Although agricultural practices have often been 

blamed for phosphate contamination of water 

supplies, sewage and industrial effluents dis-

charged directly into waterways are the more 

common cause of this problem. In whatever form 

nitrogen is added to the soil, most of it is normally 

converted to nitrate - except under anaerobic con-

ditions. Nitrate is freely mobile in the soil and so 

may be leached into groundwater unless it is in-

tercepted by plant roots. It is obvious, therefore, 

that a pollution problem may arise if the ground-

water feeds sources used for drinking.  

Environmental problems caused by intensive 

agriculture (livestock-keeping, arable farming, 

horticulture) are directly related to the surplus of 

minerals. The most important phenomena include 

phosphorus-saturated soils, leakage of nitrate into 

ground water and eutrophication of bodies of wa-

ter. Animal manures are valuable sources of nu-

trients in organic farming systems. Careful man-
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agement is required to reduce the potential risk of 

pollution to the environment. Water pollution 

spans a wide range of chemical, physical, and 

microbial factors, but over the years the balance 

of major pollutants has shifted markedly in most 

industrialized countries (Table 1). In the early 20
th

 

century, the main water contamination problems 

were fecal and organic pollution from untreated 

human waste and the byproducts of early indus-

tries. Through improved treatment and disposal, 

most industrialized countries have greatly reduced 

the effects of these pollutants. The new danger 

threatening water quality, today, is nutrition pollu-

tion. The level of nutrients such as nitrates and 

phosphorous in freshwater ecosystems is a prob-

lem worldwide. The major cause of these conta-

minants is the increased use of manure and miner-

al fertilizer in global agriculture (Shiklomanov, 

1997). In the United States, for example, agricul-

ture is the single greatest source of pollution de-

grading the quality of surface waters like rivers 

and lakes, with croplands alone accounting for 

nearly 40% of the nitrogen pollution and 30% of 

the phosphorous (Faeth, 2000). 

 

 

Table 1 Common water pollutants and their effects 
 

Pollutant Primary Source Effects 

Organic matter 

 

Industrial wastewater and do-

mestic sewage. 

Depletes oxygen from the water column as it decomposes, 

stressing or suffocating aquatic life. 

Excess nutrients (nitrates, 

phosphorous) 

 

 

Runoff from agricultural lands 

and urban areas. 

 

Over stimulates growth of algae, which then decomposes, 

robbing water of oxygen, and harming aquatic life. High 

levels of nitrates in drinking water lead to illness in hu-

mans. 

Heavy metals  

 

Industries and mining sites. Persists in freshwater environments, like river sediments 

and wetlands for long periods. Toxic to both aquatic organ-

isms and humans who eat them. 

Microbial contaminants (e.g., 

cryptosporidium, cholera, and 

other bacteria, amoebae, etc.) 

Domestic sewage, cattle, natural 

sources. 

 

Spreads infectious diseases through contaminated water, 

causing millions of cases of diarrheal diseases and intestin-

al parasites, leading to high child mortality in the develop-

ing world. 

Toxic organic compounds (oil, 

pesticides, industrial chemi-

cals). 

Wide variety of sources, from 

industrial sites, to automobiles, 

to farmers, and home gardeners. 

Displays a range of toxic effects in aquatic fauna and hu-

mans, from mild immune suppression, to acute poisoning, 

or reproductive failure. 

Dissolved salts (salinization)  

 

Leached from alkaline soils by 

over-irrigation, or drawn into 

coastal aquifers from overdraft-

ing of groundwater. 

Leads to salt build-up in soils, which kills crops or reduces 

yields. Renders freshwater supplies unportable. 

 

Acid precipitation or acidic 

runoff  

 

Deposition of sulfate particles, 

and acid runoff from mine tail-

ings and sites. 

Acidifies lakes and streams, which harms or kills aquatic 

organisms and leaches heavy metals such as aluminum 

from soils into water bodies. 

Silt and suspended particles  

 

Soil erosion and construction 

activities in watersheds. 

Reduces water quality for drinking and recreation and 

degrades aquatic habitats, and interfere with feeding. 

Thermal pollution  

 

Fragmentation of rivers by dams 

and reservoirs, slowing water 

and allowing it to warm. Indus-

trial uses. 

Affects oxygen levels and decomposition rate of organic 

matter in the water column. May shift the species composi-

tion of a river or lake. 

 

Sources: UNEP/GEMS, 1995; Shiklomanov, 1997; Taylor and Smith, 1997. 

 

 

3.3 Emissions from biofuels combustion sys-

tems 

 

Biodiesel has a number of unsuitable properties, 

especially a low thermal-oxidizing stability. As 

far as noxious emissions are concerned, oxygen 

contained in biodiesels is of great importance 

because it improves the combustion pattern in the 

engine, which results in a considerably lower 

formation of particles in comparison with diesel 

oil. The lower quantity of particles is also caused 

by very low sulphur content in biodiesel. Par-

ticles with lower sulphur content are less carci-

nogenic. A short ignition delay at engine com-

bustion (which is related to the fuel cetane num-

ber) is of great significance as well. Due to a 

shorter ignition delay the quantity of the fuel 

burned at constant volume will be reduced and 

the values of max. pressures and temperatures in 

the engine cylinder are (mainly at the beginning 

of the combustion process with ROME) lower. 

The duration of high pressures and temperatures 

is shorter, which in comparison with Diesel oil, 

brings NOX emission reduction. The favourable 

effect of the shorter ignition delay on NOX for-

mation is more likely reduced by the impact of 

oxygen contained in the fuel and the reduction in 
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NOX generation does not occur. In ROME, the 

shorter ignition delay brings a lower generation 

of unburned hydrocarbons. 

Peterson et al. (2000) reported the effect of vari-

ous biodiesel feedstocks (coconut, soybean, rape-

seed, mustard and sunflower) on regulated emis-

sion. The result demonstrated that lower iodine 

numbers correlate closely with reduced nitrogen 

oxides (NOX). The investigation of different 

blends of biodiesel (obtained from soybean, ra-

peseed or sunflower) and diesel oil on six cylind-

er direct injection diesel engine showed that the 

use of biodiesel can slightly reduce the engine 

performances while notably increasing the spe-

cific fuel consumption (Carraretto et. al., 2004). 

The CO emissions, however, may reduce, with a 

corresponding increase in NOX. Munack et. al. 

(2001) conducted a comparative study of the ex-

haust gas emissions of fossil diesel fuel and rape-

seed oil methylester (RME) with regard to their 

effects on human health and the environment. 

The result showed that a slight disadvantage of 

biodiesel were found concerning NOX and ozone 

precursors, but on the other hand a significant 

soot reduction was observed that is connected 

with a lower mutagenic potency of the particulate 

matter (PM). Laforgia and Ardito (1995) investi-

gated the influence of pure biodiesel and its 

blends with 10% methanol on engine perfor-

mance. The results improved when the injection 

timing was 30% in advance of the manufactur-

er’s setting, thus confirming the advantage of 

these fuels.  

Moreno et al (1999) investigated the torque, 

power, specific fuel consumption, and emission 

of pollutants of both pure diesel fuel and by mix-

ing it with 0%, 25%, 50%, 75% and 100% Sun-

flower Methyl Ester (SME). The result demon-

strated that the torque and power were main-

tained within the same levels as when using pure 

diesel oil, whereas the specific fuel consumption 

increased within the acceptable limits. The emis-

sions of HC and CO also decrease considerably 

with the mentioned mixture, together with the 

advantage of obtaining a concentration of NOX 

slightly below that of diesel fuel. 

The use of palm biodiesel mixed with fossil fuel 

for certain amount (30% or B30) was observed to 

have a significant improvement on emission 

quality, as shown in the result of a 20,000 km 

road test carried out in Indonesia (Wirawan et. 

al., 2005). As the content of biodiesel increases, 

the emission reduces up to 25.35% CO, 10.82% 

(NOX + THC), 42.02% particulate and 23.50% 

opacity compared with diesel fuel. The emission 

of CO, HC and particle decreased considerably 

with the increase in biodiesel blend. The reduc-

tion in particle emission was very sharp at 10% 

blend (B10), while the sharp reduction in HC 

emission started at 20% blend (B20). The results 

also showed lower NOX emission as well as 

higher torque and power for biodiesel blend 

compared to that of pure petro-diesel fuel. This 

result could be attributed to the properties of 

tested palm biodiesel, which has higher cetane 

number and lower viscosity value compared to 

the petrodiesel fuel sample (Wirawan et al, 2008) 

The result shows that higher content of palm bio-

diesel can reduce the emission of CO, HC, PM, 

and CO2. Further more, NOX also decreased 

when the content of palm biodiesel increases, 

which is in contrast with those generally found in 

the previous non palm biodiesel studies.  
 

4. CONCLUSION 
 

As the world population increases, energy de-

mand and consumption rise proportionately lead-

ing to severe consequences of greenhouse effect.  

To curb this alarming environmental impact, 

humanity sought for alternative energy sources 

and discovered the suitability of biofuels such as 

ethanol and biodiesel. However, these energy 

carriers are of plant origin and can be produced 

from energy crops using mechanized production 

technology. The production of energy crops in 

leads to the emission of air, water and soil pollu-

tants. This, in the long term, leads to more socio-

economic problems in form of food insecurity, 

soil resources degradation and human health im-

pairment.  

Biofuels combustion technology can also be 

viewed as onother source of environmental pollu-

tion. A number of research works have shown 

that the amount of CO, PM, HC and CO2 de-

crease as the amount of biodiesel in a given 

blend increases. However, the amount of NOX 

increases. This shows that both the technology 

for the production of biodiesel feedstocks and the 

technology for their combustion are a potential 

sources environmental pollution. Therefore, if 

alternative or renewable fuels technology is to be 

developed, deterioration of watersheds and loss 

of soil fertility and biodiversity must be carefully 

weighed against the potential benefits of energy 

crops cultivation. 
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