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ABSTRACT

With the high current demand for palm oil, the production of this fast-growing industry should have minimal impact on the environment. For the purpose of planning and implementing mitigation, detailed information and data on the production processes are required. Thus, a study was conducted to collate data and information on the inputs used throughout the production processes where the scope of study has been confined to oil palm plantation and the utilization of nitrogen fertilizer. 
Data was collected and calculated using Life Cycle Assessment (LCA) procedures, where environmental impacts and hotspots were identified and greenhouse gases emission from plantation was estimated based on Intergovernmental Panel on Climate Change (IPCC) methodology. The results showed that the production and application of fertilizer was identified as a potential contributor to the environmental impacts. A case study was conducted at the MPOB’s oil palm research station located at Keratong, Pahang to measure nitrous oxide emission from the fields. Fluxes were collected from the oil palm tree which were planted on a mineral soil and fertilized with nitrogen fertilizers namely, ammonium sulphate and urea using closed chamber method. 
From this study, among the significant environmental impacts for the production of one tonne FFB that could result from the production and application of fertilizers are the depletion in fossil fuels (1.79 Pt), respiratory inorganics (1.26 Pt), climate change (0.45 Pt) and acidification/eutrophication (0.33 Pt) (weighted values, 1 Pt equivalents to the impacts from one-thousandth person per year).
From the field measurements, it was found that there was no significant differences in the nitrous oxide fluxes (0.978, p>0.05) emitted from ammonium sulphate (3.61 x 10-3 μg m-2 hr-1) and urea application (3.28 x 10-3 μg m-2 hr-1). The environmental parameters that are highly correlated with nitrous oxide emission are the amount of rainfall (r2=0.756), total N in soil (r2=0.532), soil moisture (r2= 0.527), and percentage of water-filled pore space (%WFPS) (r2= 0.527). From the results of this study it can be concluded that nitrogen fertilizer is a major contributor to environmental impacts and nitrous oxide emission in an oil palm plantation.
















ABSTRAK
Walaupun mempunyai permintaan semasa yang tinggi, industri sawit sewajarnya memastikan bahawa proses penghasilan minyak kelapa sawit hanya memberi kesan yang minima keatas alam sekitar. Maklumat dan data yang lengkap berkaitan proses-proses yang terlibat dalam penghasilan minyak kelapa sawit diperlukan bagi tujuan perancangan dan usaha mitigasi. Kajian dijalankan untuk mengumpul data dan maklumat mengenai input-input yang terlibat dalam proses pengeluaran minyak kelapa sawit. Skop kajian difokuskan kepada sistem ladang kelapa sawit dan penggunaan baja nitrogen dalam ladang.
Data dikumpul melalui soal-selidik daripada ladang-ladang kelapa sawit di Malaysia. Impak kepada alam sekitar dan pembebasan gas rumah hijau seterusnya dikenalpasti menggunakan kaedah ‘Life Cycle Assessment”. Hasil daripada kaedah ini, didapati bahawa penggunaan dan proses penghasilan baja merupakan penyumbang utama kepada impak alam sekitar di dalam ladang. Seterusnya, kajian kes dijalankan untuk mengukur pembebasan gas nitrus oksida daripada penggunaan baja nitrogen iaitu ammonium sulfat dan urea di ladang kelapa sawit. Kajian dijalankan keatas tanah mineral di stesen penyelidikan MPOB di Keratong, Pahang menggunakan kaedah kebuk tertutup.
Daripada kajian ini, didapati impak ke atas alam sekitar yang paling signifikan dalam menghasilkan satu tan buah tandan segar (BTS) ialah susutan bahan api fosil (1.79 Pt), inorganik respiratori (1.26 Pt), perubahan iklim (0.45 Pt) dan pengasidan/eutrofikasi (0.33 Pt) (nilai pemberat, 1 Pt bersamaan kepada kesan daripada satu dalam seribu orang setiap tahun) 
Kajian juga mendapati bahawa tiada perbezaan signifikan di antara fluks nitrus oksida (0.978, p>0.05) yang terhasil daripada aplikasi baja ammonium sulfat                           (3.61 x 10-3 μg m-2 jam-1) dan aplikasi baja urea (3.28 x 10-3 μg m-2 jam-1). Di antara parameter alam sekitar yang berhubung-kait dengan pembebasan nitrus oksida adalah jumlah hujan (r2=0.756), kandungan N dalam tanah (r2=0.532), kelembapan tanah               (r2= 0.527), dan peratus liang ruang-air (%WFPS) (r2= 0.0.527). Daripada hasil kajian, dapat disimpulkan bahawa baja nitrogen merupakan penyumbang utama kepada kesan alam sekitar dan pelepasan nitrus oksida daripada ladang kelapa sawit.
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CHAPTER 1
INTRODUCTION

1.1	Research Background
Since the first commercial oil palm estate was established in 1917, the palm oil industry has grown by leaps and bound. The industry is currently expanding tremendously to meet the global demand for edible vegetable oils, fats and biodiesel. In 2010, the total oil palm planted area in Malaysia has reached over 4.85 million hectares producing 16.66 million tonnes of crude palm oil (CPO) (Choo, 2011). The palm oil industry has generated many job opportunities and social benefits especially for the locals and has become an important contributor to the national economy providing employment and the much needed infrastructures to the rural population.
Through research, the palm oil could be converted to produce palm biodiesel and become an alternative source of renewable energy. Strategically this has become an advantageous selling point for palm oil to compete in the world market. Comparatively, palm biodiesel (biofuel) has more advantages than conventional diesel in terms of greenhouse gases (GHG) emission and availability. Unlike fossil fuels, biofuel releases much less carbon because biofuel is carbon neutral. Palm oil has a great potential in the biodiesel industry as it is currently the least expensive oil and has the highest yield per hectare of all vegetable oil feedstocks, e.g. rapeseed, sunflower, soybean, Jatropha and etc.
As the world production of palm oil is expected to increase at the current pace, it is important for the palm oil industry to maintain and expand its oil yield production to meet the global demand for edible vegetable oils and fats. Therefore, application of various chemicals such as fertilizers, pesticides, and herbicides are considered essential in order to produce a larger volume and a better quality product.
The use of inorganic fertilizers plays a dominant role in the agricultural sector due to their effectiveness in providing plant nutrients and the inadequate supply of nutrients from organic sources. The main nutrients present in fertilizer sources are nitrogen (N), phosphorus (P) and potassium (K), grouped as macronutrients, is applied to promote plant growth and yield. As nitrogen fertilizer is one of the most common limiting nutrient for crop production, the usage of inorganic nitrogen fertilizers such as urea, ammonium sulphate, ammonium nitrate, and ammonium chloride is expanding globally to satisfy the demand in the agricultural industry due to the growing world population. However, even though the use of nitrogen fertilizers is considered essential in agricultural production, their usage will lead to negative impacts to the environment unless they are managed properly. An excessive use of nitrogen fertilizers can contribute to the contamination of ground and surface water. The high solubility of these fertilizers may exacerbate their tendency to degrade the ecosystems, particularly through eutrophication. Application of nitrogen fertilizers such as urea on soil may emits nitrous oxide (N2O), the third most important greenhouse gas (GHG) after carbon dioxide (CO2) and methane (CH4). N2O has a global warming potential of 298 times larger than an equal mass of CO2 over a 100-year period.  Besides, application of ammonium sulphate increases soil acidity which leads to acidification. The production of the fertilizer itself could reduce non renewable fossil fuels such as natural gas. Therefore, a judicious use of fertilizer is thus essential to maximize nitrogen use efficiency and minimize the adverse impact of nitrogen use on the environment. A properly regulated environmental policy is essential to optimize production, supply and application of fertilizers.

Over the past few decades, the rapid development of Malaysian palm oil industry has always been linked with environmental issues as there is an increasing awareness among the public and negative feedbacks from the Non Governmental Organizations (NGOs) regarding the environmental impacts of crude palm oil production involving vast and rapid deforestation, devastating climate change and the loss of biodiversity especially the wildlife. Today’s consumers are smarter and wiser in choosing their products and opted for products produced by ‘environment-conscious’ manufacturers. The development of human civilization and the improvement of quality of human life should be in accordance with environmental preservation and conservation. In recent years, palm oil were allegedly planted and grown on newly cleared primary forest or peat-swamp forest which destructs enormous tracts of tropical rainforest, the habitat of the threatened wildlife such as orang-utan, Sumatran tiger, Asian elephant and Sumatran rhinoceros. Plantations were accused of polluting soils, water and air by the heavy use of chemical-based pesticides, soil erosion, untreated palm oil mill effluent and forest fires. 
In their attempt to address the above issues, there is a requirement by the European Union (EU) directive for a carbon balance and carbon footprint inventories for every biofuel trade to the EU countries and United States market.  
For the past 200 years, the GHG in the atmosphere has increased more than the permitted levels due to human’s activities. The high concentration of gases has caused uncertainty of climate change to the Earth where the rise of average Earth’s temperature surface, changing in rainfall and wind patterns, snow and ice cover, and rising of sea level were observed. Saidur et al., (2007) reported that the increasing concentration of GHG has a harmful impact not only on the environments, but also negative consequences for mankind, plants and animals. The United States Environmental Protection Agency (EPA) reviewed agricultural activities as the primary human-related sources of N2O meanwhile in the European countries, the agriculture sector is now the second largest source contributing about 10% to the total amount of European anthropogenic GHG emission (Neftel et al., 2006). The Intergovernmental Panel on Climate Change (IPCC) has concluded that there is a serious risk of human-induced climate change by these GHG justifies immediate action (Kramer et. al., 1999). As the Malaysian palm oil industry is an export-oriented industry which is highly dependent on the world market, there is a need to evaluate the sustainability of palm oil so as to remain competitive and profitable industry in the long term.
Life cycle assessment (LCA) currently is the most reliable tool to develop a complete inventory and to access the potential environmental impacts during the oil palm’s life cycle of 25 years. LCA evaluation includes not only on-field activities, but also all impact related to the production of farm inputs (Bentrup et al., 2001). All impacts are related to one common unit and summarized into environmental effects. Based on International Organization for Standardization (ISO) (1997) guidelines, there are four steps in conducting LCA study; (1) goal and scope definition, (2) inventory analysis, (3) impact assessment and (4) interpretation. The first step defines the purpose and expected results, boundaries, assumptions and limitations and determination of what to be included or excluded within the goal of study (SETAC, 1993). Analysis of inventory quantifies the usage of energy and material and outputs throughout a process or product’s life cycle. The impact assessment analyzed the outcome of an inventory to the impact categories where it relates the potential and actual environmental and human health effects with the use of resources (Zulina et al., 1999). The final step of LCA is the interpretation involving a systematic evaluation on how to reduce the environmental burden related with energy and raw materials used and alternative improvements. The life cycle impact is determined using the European Eco-Indicator 99 method packaged in LCA software, SimaPro version 7.1.
1.2	Problem Statement
As the utilization of palm oil as a source of energy has increased tremendously in order to satisfy the increasing demands for food and biofuel, the industry has made efforts to mitigate and reduce the detrimental effects on the environment resulting from the industry. Snyder et al., (2009) has recommended the implementation of an intensive crop management practices using principles of ecological intensification to enhance an efficient and effective nutrient uptake to reduce greenhouse gases (GHG) emissions while achieving high yields. 
There is a need for a complete data and information on the entire processes and energy involved in the production of palm oil. In order to formulate methods and strategies to reduce GHG emissions, it is necessary to learn and comprehend the fundamental science of GHG. From here on, a good-practice guidelines and greener methods could be developed by researchers and implemented by the planters to achieve an eco-friendly product. 
Many Life Cycle Analysis (LCA) studies have been done on various vegetable oil crops (Arvidsson et al., 2011, Bentrup et al., 2001, Mattsson et al., 2000, Canals et al., 2006) and GHG emission from crop production system (Snyder et al., 2009, Reijnders and Huijbregts 2008, Jawjit et al., 2010, Kramer et al, 1999, Flessa et al., 2002). From the LCA study, it was found that fertilizer plays a major role in contributing to the environmental impacts and GHG emissions. Little studies have been done in oil palm as a crop focusing on the relationship between the GHG emission, fertilizer, and environmental aspects. Therefore, to understand and to overcome the issues, it is important to investigate in more detail on the consumption of fertilizers in the oil palm plantations.

1.3	Research Objectives
One of the main objectives of this study is to compile an inventory of energy inputs and outputs involved in an oil palm plantation especially on the application and production of fertilizers. Secondly, it aims to assess the N2O emissions from soil applied with fertilizers and identify the relationship between N2O fluxes and fertilizer applications.
Overall the, objectives of the study are:
1. To identify the inputs of nitrogen fertilizer in the oil palm plantation from a survey and questionnaires in order to develop a life cycle inventory (LCI) for the production of 1 tonne of fresh fruit bunch (FFB). The N2O emission was then calculated based on IPCC (2006) methodology.
2. To carry out Life Cycle Impact Assessment (LCIA) in order to determine the environmental impacts and the most potential contributor from the production of FFB.
3. To measure N2O emissions from a soil applied with various types of nitrogen fertilizers from field measurements.
4. To identify the relationship between N2O emissions and environmental variables such as rainfall, soil pH, temperature, total nitrogen in soil and etc.




1.4 	Significance of the Study
In order to achieve a sustainable palm oil production, one has to get to the root of the issue. To assess the environmental impacts in the production of palm oil, it is important to include every detail on the energy input and output involved throughout the production of palm oil. Thus, a systematic approach is needed to investigate further the upstream and downstream processes or “cradle-to-grave” analysis in order to validate the sustainability of palm oil. This study was conducted to improve knowledge and provide information and data needed in our efforts towards a sustainable production.
Using the LCA approach, a graphical and quantifiable environmental impacts and GHG emissions will be illustrated and can be used as a reference for the relevant authorities for more efficient monitoring and to set up a standard and regulations in achieving a greener technology in the palm oil industry.
A graphical and precise data on GHG emission can contribute to the other on-going research particularly in understanding the relationship between emissions and the common agricultural practices aside from environmental factors. The variability and pattern of emissions observed can be used to comprehend the entire processes for a better understanding. This will help supplement and aid researchers to obtain the best agricultural practices and alternatives which reduce GHG emission. 
All the information gathered can then be used to develop and assess a sustainable production of oil palm, and therefore will help in developing and implementing measures to mitigate adverse environmental impacts and deflect any negative perspectives on palm oil as well as improvements for a better future.
Evidently, currently there are still no GHG emission standards available in the palm oil industry. The industry could thus use the results of this study for benchmarking and improving their environmental performance.
1.5	Scope of the Study 
	The study is generally focused on the relationship between the oil palm and environmental aspects as the main subject. Based on the framework of biofuel production, this study was carried out in the upstream sector i.e. the agricultural stage (plantation) of matured oil palm cultivated on mineral soil where FFB is produced. Both theoretical and field data were included and analyzed.
The theoretical element provides detailed energy input and output within the scope of boundaries of the LCA framework. The system boundaries for this study was defined as a gate-to-gate starting from transplanting the oil palm seedling, oil palm cultivation, harvesting of FFB and transporting the yield to the palm oil mills for processing. Detailed questionnaires surveys were sent and collected from the oil palm estates throughout Malaysia, including Sabah and Sarawak. All analysis was calculated using the European Eco-Indicator 99 method and the accompanying European databases, Ecoinvent (2004) in order to determine the potential environmental impacts.
The GHG emissions and other environmental parameters associated with oil palm were quantified from a selected oil palm plantation in Pahang, Malaysia. This step is considered necessary as actual considerations are more important and carry more weight than theoretical data. The GHG emissions from the soil, specifically N2O were measured from a mature palm using different nitrogen fertilizer rates. The study includes only the GHG emission as a result of anthropogenic influences, while natural background emissions are excluded. All related parameters were collected according to U.S. Department of Agriculture, Agriculture Research Service (USDA-ARS) guidelines. The scope of works includes the analysis of the relationship between the GHG emission and the environmental aspects with nitrogen fertilizer as a limiting factor.
1.6 	Organization of the Thesis
This thesis consists of five chapters which describes in detail the overall research done. The chapter includes introduction (chapter 1), literature review (chapter 2), material and methodology (chapter 3), results and discussion (chapter 4) and conclusion (chapter 5).
Chapter 1 presents a brief introduction to the current issues in the industry. It highlights key problems that should be given attention along with the significance of the study to the palm oil industry. The objectives are refined in the later part of the chapter and the scope and boundaries of the study and methodology are also covered in this study.
Chapter 2 discussed in depth topics related to the research study. Literature reviews were described in detail and supported by previous studies done by other researchers. Among the major topics discussed include palm oil industry, environmental issues associated with palm oil, greenhouse gases emission and life cycle assessment methodology. 
Chapter 3 provide in details the methodology used to conduct the study. The chapter is divided into two parts, (1) Life Cycle Assessment Study (LCA), (2) a field study on N2O emission from soil. The methodology comprises procedures involved throughout LCA determination, sampling methods, calculation and statistical analysis used to conduct the study.
Chapter 4 presents the results and discussion of the study. The results of LCA and field measurements are presented graphically and analytically. Results were discussed and compared intensely in every aspect with support of previous studies done by other researchers.
Chapter 5 is the final conclusion of the study. It summarizes the findings and the overall overview of this study. Based on these findings, recommendations for improvement for this study are presented. 

















CHAPTER 2
LITERATURE REVIEW

2.1	The Palm Oil Industry
Currently, palm oil is one of the leading edible oil traded in the world’s market together with other seventeen major oils and fats. Palm oil is also widely used in food and oleo chemical industries and recently emerged as a biofuel source (Reijnders and Huijbregts, 2008). In 2009, with over 38 million tonnes or 27.5%, palm oil has become the world’s largest source of edible oil out of the world’s total edible oil and fat production as shown in Figure 1 (MPOB, 2010).

Figure 1: World’s oil and fats production in 2009 (MPOB, 2010)


Palm oil has the potential to fulfil the high demand for biodiesel in the world market as palm oil has the highest average annual yield with 4.09 tonnes per hectare, compared to soy bean, rapeseed, and sunflower oil with 0.39, 0.73 and 0.45 tonnes per hectares, respectively as shown in Table 1 while Figure 2 shows the average oil yield.
Table 1: Efficiency in land use and productivity of major oil crops 
	Oil Crops
	Oil production (million tonnes)
	Total production (%)
	Planted area (million ha)
	Total area (%)
	Average oil yield (tonnes/ha/yr)

	Palm oil
	42.99
	33.58
	10.50
	4.74
	4.09

	Soy bean
	36.87
	28.80
	94.25
	42.50
	0.39

	Rapeseed
	19.82
	15.48
	27.15
	12.25
	0.73

	Sunflower
	10.80
	8.52
	24.09
	10.87
	0.45




Figure 2: Oil productivity of major oil crops (MPOB, 2010)

In 2009, the total production of palm oil has reached over 45,000 million tonnes and the largest producer is Indonesia with 20,900 million tonnes followed by Malaysia with 17,565 million tonnes of palm oil. Table 2 shows the global palm oil production.
Table 2: World major producers of palm oil in 2009
	Countries
	Production volume (‘000 tonnes)
	% Share

	Indonesia
	20,900
	46.4

	Malaysia
	17,565
	39.0

	Thailand
	1,310
	2.9

	Nigeria
	860
	1.9

	Colombia
	765
	1.7

	Ecuador
	448
	1.0

	Papua New Guinea
	430
	0.9

	Cote d’Ivoire
	325
	0.7

	Others
	2,462
	5.5

	TOTAL
	45,065
	100



2.1.1	Production Growth of Malaysian Palm Oil Industry
In 2010, Malaysia is one of the world’s largest producer and exporter of palm oil, producing 16.99 million tonnes (Figure 3) and exporting 16.66 million tonnes of CPO. In Malaysia, oil palm is cultivated on about 56% of its agricultural land, occupying some 11.75% of the country’s total land area. From a mere 55,000 ha in 1960, the oil palm planted area has kept on increasing to over 4.85 million hectares of oil palm cultivation (Figure 4) (MPOB, 2010) where most of the expansion is in Sabah and Sarawak states due to the declining availability of suitable land in Peninsular Malaysia (Khoo and Chandramohan, 2002). Among the regions, the largest palm oil producing state in Malaysia is Sabah, accounting 29.7% of total planted area, followed by Sarawak and Peninsular with total planted area of 19% and 51.3%, respectively (Choo, 2011).

Figure 3: Growth of palm oil production in Malaysia (1950-2010)
Source: MPOB (2011)

Figure 4: Total planted area of oil palm in Malaysia (1970-2010)
In 2004, more than 300,000 workers were employed and involved in the development of the palm oil industry hence supporting over 200,000 settlers and their families through structured land development schemes (Azman et al., 2004). The employment opportunities in the palm oil industry are shown in Table 3. Currently, the palm oil industry has become a major sector of employment opportunities and created rural township which helps to reduce migration of labour force from rural areas to urban areas. The industry has contributed RM65.2 billion in export earnings (57.6%) to the Malaysian economy and is the third largest contributor (10%) to its external trade after electrical and electronic products (39%) and crude petroleum (17%). At present, the palm oil industry has contributed significantly to the Malaysia’s foreign exchange earnings and helps to increase the standard of living of its population (Yusoff and Hansen, 2007). According to the World Development Bank Indicator, in 2007, palm oil contributes about 5-6 % of Malaysian gross domestic product (GDP).
Table 3: Employment opportunities (1980-2008) in palm oil industry
	Year
	Total oil palm area (ha)
	People employed (person)

	1980
	1,203,306
	92,352

	1990
	2,029,464
	115,285

	2000
	3,376,664
	251,039

	2007
	4,304,913
	420,000

	2008
	4,480,000
	570,000



The ready availability and consistency of supply has been a factor for the palm oil to dominate the export market and global trade (Khoo and Chandramohan, 2002). The Malaysian palm oil industry is based on export oriented to more than 100 countries in the world. The seven biggest markets of total palm oil exports are China (20.9%), followed by Pakistan (12.8%), the European Union (EU) (12.4%), India (7.0%), USA (6.2%), Egypt (5.6%) and Japan (3.3%). These markets combined accounted to 68.2% or 11.37 million tonnes of the total Malaysian palm oil exports in 2010 (Choo, 2011). Figure 5 shows the major importers of Malaysian palm oil.

Figure 5: Major importer countries of palm oil export (2008-2010)
Moreover, about one third of the global oil production comes from palm oil, although areas planted with oil palm are small compared to the plantation areas of other oil crops. Being one of the world’s largest producer and exporter of palm oil, Malaysia has a great potential of becoming a major producer of palm biodiesel (Yee et al., 2009).
There are six types of plantation ownership in Malaysia namely private estates, smallholders, state schemes, and other government agencies such as FELDA, FELCRA and RISDA. In 2009, in terms of ownership there are 60% private estates, 13 % smallholders, 7% state’s schemes and 20% owns by government schemes such as FELDA, FELCRA and RISDA (Figure 6)


Figure 6: Distribution of oil palm plantation ownership in 2009 (Total hectarage: 4.69  million hectares)

2.1.2	The Importance of Palm Oil
Oil palm produces one of the most popular edible oils in the world, palm oil. Palm oil is versatile oil with good nutritional value providing crucial source of food and energy supplies globally. Palm oil is extracted from the pulp of the fruit (Sumathi et al., 2008). The oil is light yellow to red in colour and is rich in beta-carotenes (the precursor of Vitamin A) and Vitamin E. The palm kernel oil is almost colourless and produced from the seed (Poku, 2002). 
Palm oil can be used in making margarine, ice-cream and as an ingredient in many processed foods, cosmetics and also engine lubricants. Apart from that, palm oil is used to produce many other downstream oleo-chemical products such as soap, palm fatty acids, palm methyl esters and many more (Sumathi et al., 2008). Moreover, the palm oil industry produces large quantities of biomass by-products such as EFB, fibres, shells, fronds, and trunks which can be converted into many value added product (Sumathi et al., 2008). 
More importantly, palm oil has been providing bio energy, an environmentally-friendly alternative fuel source to supplement the decreasing high carbon fossil fuels. The renewable energy, biodiesel is a mono-alkyl esters of long-chain fatty acids derived from feedstock, such as vegetable oils. It is synthesized from the triglycerides in vegetable oils by transesterification reaction with alcohol. In this reaction, the oil reacts with an alcohol in a number of consecutive, reversible steps to form esters and glycerol (Tan et al., 2009). In addition, the advantage of biodiesel is the production cost is relatively cheaper compared to other vegetable oils.  Palm oil is the least expensive oil to be produced per tonne compared with other major vegetable oils as shown in Table 4 (Lam et al., 2009).
Table 4: Comparative cost for the production of selected oils (USD/tonne)
	Oil
	Cost (USD/tonne)
	Country/region

	Palm
	228
	Malaysia

	Soybean
	400
	USA

	Rapeseed
	648
	Canada

	Rapeseed
	900
	Europe


Source: Lam et al., (2009)
Palm oil is semi solid at room temperature, hence, does not require hydrogenation for use as a food ingredient (MPOC, 2010). In addition, palm oil has a good resistance to oxidation and heat at prolonged elevated temperatures, therefore, is an ideal ingredient in frying oil blends. Palm oil is used widely by manufacturers and end users within their frying oil blends because of both performance and economic reasons (Sumathi et al., 2008). As a matter of fact, palm oil has been used as 100% replacement for traditional hydrogenated seed oils such as soybean oil and canola (MPOC, 2010).
 According to Cottrell (1991), palm oil contains several saturated and unsaturated fats in the forms of glyceryl laurate (0.1% saturated), myristate (1% saturated), palmitate (44% saturated), stearate (5% saturated), oleate (39% monosaturated), linoleate (10% polyunsaturated) and linolenate (0.2% polyunsaturated). Palm oil is good for health as it is a rich source of Vitamin A (from carotenoids) and Vitamin E (tocotrienols), as well as free from death-inducing cholesterol and trans fatty acids (MPOC, 2006).
2.1.3	Introduction of Oil Palm (Elaeis guineensis) in Malaysia
The oil palm originated from West Africa where it was growing wild and later developed into an agricultural crop. In 1911, oil palm was first introduced in Malaysia (Malaya then) as an ornamental plant. Later, the oil palm was planted as a commercial crop at Tennamaran Estate, Selangor in 1917 (MPOC, 2006) by Hanry Fauconnier. Taxonomically the oil palm is grouped in the palm family, Arecaceae as shown below. 
Order	:	Palmales
Family	:	Palmae
Subfamily	:	Arecoideae
Tribe	:	Cocoeae (Cocosoid palms)
Sub-tribe	:	Elaeidinae
Genus	:	Elaeis
Species	:	E. guineensis Jacq. (West Africa) 
E. oleifera (H.B.K) Cortes (South America)

In Malaysia, the commonly planted oil palm (Figure 7) is from tenera (D x P) variety, a hybrid between the thick-shelled dura (male flower) and shell-less pisifera (female flower) (Figure 8). The tenera yields approximately 4 to 5 tonne of crude palm oil (CPO) per hectare per year and about one tonne of palm kernels. 
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Figure 7: Oil palm planted as a commercial crop in a plantation
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Figure 8:  Different types of oil palm variety characterized by its mesocarp and shell thickness
2.1.4		The Biology of Oil Palm
	Mature palm are single stem and may grow to a height of approximately 10 meters before it is replanted after 25 – 30 years. Oil palm is a monoecious crop as it bears both male and female flowers on the same tree. The trunk of young and adult palm is wrapped in fronds which give them a rather rough appearance. The older palm has smoother trunks apart from the scars left by the fronds which have withered and fallen off (MPOC, 2010). The irregular appearance of the frond is one of the characteristic features of this species. 
The palm fruit takes five to six months to mature from pollination to maturity. A normal oil palm will start bearing fruits after 30 months of planting and will continue to be productive for the next 25 to 30 years, thus ensuring a consistent supply of oil. Each palm produces compact bunches weighing between 10 to 25 kilograms with 1000 to 3000 fruitlets per bunch. The palm fruit is dark purple, almost black before it ripens and become reddish orange when ripe, almost spherical, ovoid or elongated in shape. Each fruitlet consists of a hard kernel (seed) inside a shell (endocarp) which is surrounded by the fleshy mesocarp. Each ripe bunch is commonly known as fresh fruit bunch (FFB) (Figure 9). Oil is extracted from both the pulp of the fruit and the kernel. For every 100 kilograms of fruit bunches, basically about 22 kilograms of palm oil and 1.6 kilograms of palm kernel oil can be extracted. 
[image: ]
Figure 9: Oil palm fresh fruit bunches (FFB)
In cultivation, the oil palm produces higher yields per hectare compared to any other oil seed crop (Henderson and Osborne, 2000), requiring only 0.26 hectares of land to produce one tonne of oil while soybean, sunflower and rapeseed require 2.22, 2.0 and 1.52 hectares, respectively, to produce the same amount of oil (MPOC, 2006). The palm productivity and characteristics on E. guineensis are summarized in Table 5.
Table 5: Facts on E. guineensis palm characteristics and productivity
	Palm Characteristics
	Tenera (DxP)

	Origin
	Africa

	Palm height
	20-30 cm

	Trunk circumference
	355 cm

	Frond production
	35-50 per year

	Frond length
	6-8 m

	Leaf colour
	Green

	Colour of ripe fruit
	Reddish orange

	Period in the nursery
	12-15 month

	Harvesting age
	30 month

	Harvest cycle
	10-12 day

	Number of bunches
	10-12 bunch palm/year

	Bunch weight
	20-30 kg

	Number of fruits per bunch
	1000-3000

	Shape of bunch
	Round to oval

	Fruit size
	5 cm

	Fruit weight
	10 g

	Kernel content per fruit
	3-8%

	Mesocarp content per fruit
	60-96%

	Palm oil content per mesocarp
	20-50%

	Palm oil content per bunch
	22-24%

	Palm oil production
	4-5 tonne/ha/year

	Planting density
	136-160 palm/ha

	Economic life span
	20-30 year


 Source: PORLA (1997)

2.1.5	Palm Oil Supply Chain
The supply chain in the palm oil industry is illustrated in Figure 10. The oil palm nursery is the first stage where oil palm seedlings are produced before being cultivated in plantations. During a three year period (2007 – 2010), Malaysia produces an average of 76.63 million germinated oil palm seedlings. As oil palm needed a constant care and maintenance during the first 10 to 12 months of their growth and development, a nursery stage is important for a thorough care and supervision (Mohd Rafii, 2004). A proper management of nursery is required to produce high quality oil palm seedlings through consistent monitoring, efficient pest control, and culling of undesirable oil palm seedlings (Mohd Rafii, 2004). 
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Figure 10: Supply chain in the palm oil industry as illustrated at various stages,                    (a) nursery (b) plantation (c) palm oil mill (d) refinery (e) palm biodiesel



The quality of the oil palm seedling is important as it affects the productivity in the development of new plantations or replanting (Mohd Rafii, 2004). There are two types of nursery practice, 1) single stage, and 2) double stage technique. The commonly used technique among the oil palm nurseries in Malaysia is a double stage system where it consists of pre-nursery and a main nursery. According to Mohd Rafii (2004), the nursery stage is important because a good and healthy selection of seedlings can be done, and a proper maintenance and treatment of seedlings can be carried out before being cultivated in the plantation. The objective is to obtain an even growth of the seedlings and to detect any mortality so that replacement can be done in the early stage of plant growth. This will help to reduce any unknown risks in the early stage of seed growth so as to ensure high yield after being cultivated in the fields.
 The oil palm seedlings from the nursery are transplanted to the oil palm plantation when they are approximately 12-13 months old. Subsequently, field establishment will be carried out such as lining, holing, and planting of poly bags seedlings at a density of 136-148 seedlings per hectare on mineral soils (assumed average at 140 palms per hectare) (Yee et al., 2009). In addition leguminous cover crops, typically Mucuna bracteata are planted to obtain full ground coverage to minimize soil loss through runoff. The importance of leguminous cover crop planting according to Khairuman (2004), are; (1) to increase soil fertility, (2) as an erosion control. (3) to improve soil structure and water conservation (4) to improve the soil properties through nitrogen fixation and (4) as weeds control.
Throughout the growing and production period, the oil palm is applied with fertilizer and pesticides in order to maximize the growth and production. The most common fertilizers applied in an oil palm plantation are either ammonium sulphate, or ammonium chloride, or ammonium nitrate, or urea (as N source), muriate of potash, kieserite, rock phosphate and compound fertilizers. In addition, some organic fertilizers from oil palm wastes such as POME and EFB are also used. Inorganic fertilizers are sourced from fertilizer supplier and transported to the plantations using a lorry or trailer. Field tractor fitted with a trailer is used to transport fertilizer from the store to the field. Fertilizers are broadcast manually or mechanically. More detailed information on fertilizer and its nutrient content is elaborated in 2.1.6. 
Insecticides are commonly required in oil palm plantation although the use is very minimal. The application of phosphorus-based or organo-phosphorus insecticides for bagworm control is very specific and is done through manual trunk injection. Often, the use of insecticides and rodenticides is reduced by the adoption of an integrated pest management (IPM) technique using biological control. 
The average economic lifespan of oil palm trees is about 25 – 30 years, and throughout this period, the trees can continuously produce FFB (Corley and Tinker 2003; Yee et al., 2009). At the end of its economic lifespan, especially when less FFB is produced, replanting process will commence, whereby oil palm trunks are felled and shredded and placed back in the field as mulch given that zero-burning practice has been implemented in Malaysia since 1989 (Yee et al., 2009). 
The harvested FFB are sent immediately to the palm oil mill for processing of crude palm oil. First, the fruits bunch are weighed and piled into designated storage, known as FFB hoppers for grading purposes. Every consignment received especially from external supply, it will be graded for quality and oil extraction rate. Subsequently, the graded fruits will be transferred into the sterilization cages and rolled into sterilization chambers. Live steam passes through these chambers for duration of 90 minutes at a pressure of 35-40 psi intended to facilitate loosening the fruits from the stalk or bunch as well as to ensure higher production of palm oil. Next, the sterilized FFB are sent to a stripper where the fruitlets are separated from the bunches which are now called empty fruit bunches (EFB). EFB are normally sent back to the plantations for mulching and used as a fertilizer supplements (Zulkifli and Wan Hasamudin, 2004; Vijaya et al., 2010)
The fruitlets from the stripper are sent to a digester where they are digested into a homogenous oily mash by means of a mechanical stirring process. The digested mash is the pressed fruitlets using a screw press to remove most of the crude palm oil (CPO). At this stage, CPO comprises of a mixture of oil, water and fruit solids which is screened on a vibrating screen to remove as much solids as possible. The CPO is then clarified in a continuous settling tank operation. The decanted CPO passes through a centrifugal purifier and desander to remove any remaining solids, and is transferred to the vacuum dryer to remove moisture. Finally, CPO is pumped into storage tanks before it is sent off for export or refining at the refineries (Vijaya et al., 2010) to get a wide range of palm products of specified quality. Palm oil may be further fractionated, using simple crystallization and separation method to obtain solid (stearin) and liquid (olein) fractions of various melting characteristics to make them suitable for a variety of food and non-food products (MPOC, 2010).
Like other vegetable oils, palm oil can be used to produce biodiesel which exhibits similar properties as petroleum-derived diesel. Palm oil offers sustainable alternatives to renewable energy that is environmentally friendly. Palm biodiesel can be produced via transesterification process between crude palm oil and alcohol with the presence of an acidic or alkaline catalyst (Yee et al., 2009). MPOB has successfully developed biofuel for motor vehicle from palm oil, with formulation of blended crude palm oil with medium fuel oil as boiler fuel in power plants, and a blend of palm olein with diesel. To encourage the use of palm diesel in the country, Malaysia is embarking on a project to produce mass palm biodiesel as a substitute to the high conventional diesel prices (Khoo and Chandramohan, 2002). The emerging biodiesel industry is expected to contribute to the economy and development of the country. 
2.1.6   Fertilizer application
Oxford dictionary defines fertilizer as a chemical or natural substance added to soil or land to increase its fertility. Thus, fertilizer application supplies additional nutrient for healthier palm growth and yield. To obtain a profitable yield, every palm needs sufficient nutrients where the rate of application depends on the age of the palm, soil types, environmental, and economic factors.
In oil palm cultivation, nitrogen (N), phosphorus (P), potassium (K) and magnesium (Mg) are the major nutrients needed for palm growth and yield as well as boron (B), zinc (Zn) and copper (Cu) as the micronutrients. These nutrients can be supplied by organic or inorganic (chemical) fertilizer. As the cost of organic fertilizer application is usually much higher than chemical fertilizer, most plantations prefer to use chemical fertilizer to supply nutrients to the palms effectively.  
There are many different types of fertilizer; straight, compound and mixed, slow-release/controlled, and organic fertilizer (Tarmizi, 2004). Fertilizers are commonly known by the contents of the main nutrients N, P, K, and Mg often termed as primary macronutrients. Compound or mixed fertilizer contains N, P, K and Mg as the major ingredients, where the elements are blended or mixed physically. Consequently, the nutrient ratios on the bags indicate the content of each nutrient. For example a 15-10-20 fertilizer contains 15% of N, 10% of P2O5, and 20% of K2O. The other constituents are made up of the fillers (inert carrier materials). Figure 11 shows an example of compound fertilizer.
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Figure 11: Example of compound fertilizer used in oil palm plantation
The amount of fertilizer applied depends on the age of the palm, soil fertility, and yield potential. Adequate fertilizer is essential for palm to produce maximum yield. Therefore, most plantations should have a good agronomic advisory for more efficient management and profitable production. An optimum rate for fertilizer application could be determined by using several techniques including an agronomic system developed by MPOB known as OPENS (Oil Palm Efficient Nutrient) system. Detailed information on N fertilizer application for oil palm will be elaborated as this study focus on the effect of N fertilizer on oil palm.
2.1.7	Nitrogen fertilizer (N)
Besides P and K element, N as a nutrient is probably the most important element for palm growth. N application is also essential to increase the production of fresh fruit bunches (FFB). N provides important component of amino acids and proteins. Deficiency of N in plant will lead to older leaves turns yellow; plant growth retarded; and small leaves stunted. However, excessive nitrogen will lead to rapid, lush growth and diminished root system to plants which are highly susceptible to diseases on young palms, over-fertilization could cause burning of leaf tissue and plant death. Table 6 shows commonly used N fertilizer types in oil palm plantation.
Table 6: Commonly used N fertilizer in oil palm plantation
	Fertilizer type
	Chemical Formula
	Nutrient content (%)

	
	
	Nitrogen (N)
	Sulphur (S)
	Chlorine (Cl)

	Ammonium sulphate 
	(NH4)2SO4
	21
	24
	-

	Ammonium chloride 
	NH4Cl
	28
	-
	60

	Ammonium nitrate
	NH4NO3
	33-35
	-
	-

	Urea
	CO(NH2)2
	46
	-
	-



Ammonium sulphate contains 21% N and is most suitable for use in mineral soils compared to other N fertilizer source. In addition, ammonium sulphate contains 24% sulphur, a secondary nutrient for plant. As most N fertilizer is soluble, this increases the possibility for N losses through leaching. Urea has the highest N percentage, with 46% of N. As urea can easily lose N through volatilization, thus the application of urea is more suitable in clayey soils or soils with high organic content such as peat soil. On the other hand, urea is less suitable for soils with low CEC and organic matters such as sandy soil or soil containing calcium with high pH as it will facilitate N loses through volatilization. Malaysian Palm Oil Board (MPOB) recommendation rate on N fertilizer application is shown in Table 8 and Table 9. The rates recommended have been found suitable for most types of mineral soils in Malaysia (Tarmizi, 2004).




Table 7: N content in MPOB F2 (compound fertilizer) for oil palm
	
	Nutrient content (%)

	Nutrient
	N
	P2O5
	K2O
	MgO
	B2O3

	MPOB F2
	10.7
	9.1
	17.3
	1.4
	0.5




Table 8: Recommended rates for fertilizer MPOB F2 based on palm age
	Palm age (year)
	kg/palm

	1
	0.5

	2
	1.5

	3
	2.2

	4
	2.5

	5
	2.5

	If yield between 20-25 tonne/ha/yr
Year 6 and above
(every 4 month)
	2.5
2.5
2.5

	If yield more than 26 tonne/ha/yr
Year 6 and above
(every 4 month)
	2.5
3.0
3.0








Table 9:  Recommended rates of fertilizer application for oil palm using straight fertilizers
	Palm age (year)
	Types of fertilizer
	Rate (kg/palm/year)

	
	
	Fertile soil
	Less fertile soil

	Planting stage
	Rock phosphate
	0.20
	0.25

	0 - 1
	Urea
Rock phosphate
MOP
	0.20
0.50
0.30
	0.35
0.50
0.70

	1 – 2
	Urea
Rock phosphate
MOP
	0.70
1.00
0.70
	1.0
1.0
1.0

	2 – 3
	Urea
Rock phosphate
MOP
	1.00
1.25
0.90
	1.3
1.25
2.10

	3 – 4
	Urea
Rock phosphate
MOP
	1.30
1.50
1.0
	1.50
1.50
2.40

	4 – 5
(and above)
	Urea
Rock phosphate
MOP
	1.50
2.00
1.50
	2.00
2.00
2.50


Source: Tarmizi (2004)
2.1.8 	Environmental Problems Related to Nitrogen Fertilizer Application
The usage of mineral fertilizers has become essential in the agriculture production systems in order to produce a larger volume and a better quality product. However, an excessive use of fertilizers will lead to negative impacts to the environment unless they are managed properly. 
The unused or excess nitrate-N can pollute ground and surface water through the soil profile (leaching). Excess nitrogen will stimulate the growth of algae and cause eutrophication in lakes and reservoirs (Domagalski et al., 2007). The high solubility in fertilizer runoff may cause serious oxygen depletion and disrupt the water ecosystem. In addition, the application of nitrogen fertilizer contributes to soil acidity which leads to acidification and decreases in nutrient availability. Moreover, excessive nitrogen fertilizer application increases the birth rate and longevity of certain pests, such as aphids, and leads to pest problems in plantation.
Application of nitrogen fertilizers is a major contributor of energy use and greenhouse gases (GHG). The use of nitrogen fertilizer does not only emits N2O from soil resulting from the denitrification of N inputs, but also stimulates process-based and combustion of CO2 emissions from the production of ammonia and combustion of CO2 emissions from the synthesis of N fertilizer from ammonia (Kahrl et al., 2010). 
 The production of the fertilizer requires very high energy consumption such as natural gas and crude petroleum as a source of electricity and transportation (Lam et al., 2009). As the world is experiencing the worst energy depletion, this could decrease the non renewable fossil fuels for future generations as there would not be a suitable replacement that is equally efficient at producing the same amount of energy (Shafiee and Topal, 2009).
2.2	Oil Palm and the Environment 
In recent years, environmental issues have become important global concerns. Most of the environmental destruction occurs as a result from mismanagement of natural resources and energy (Vijaya et al., 2010). Despites many advantages derived from the palm oil industry, the industry is often linked to environmental degradation and deterioration (Chavalparit et al., 2006). Oil palm plantation were alleged to pollute the soil and water with pesticides and untreated palm oil mill effluent, cause soil erosion and increased sedimentation in rivers, and cause air pollution due to burning of forests (Figure 12) (MPOC, 2010).
[image: ]Figure 12: Forest burning and clearing in Borneo to make way for oil palm plantations
The rapid expansion of oil palm was alleged as a major contributor to deforestation (Figure 13). Throughout the rapid growth of oil palm expansion during the period 1990 and 2005, it has been estimated that at least 1.0 million hectares of forest were replaced by oil palm in Malaysia (Fitzherbet et al., 2008; Koh and Wilcove, 2008). Apart from rubber plantations, logging, expanding population, the development of skyscrapers and etc, oil palm plantations is one of the reasons for countless square miles of tropical rainforest being cleared and destroyed. However, the Malaysian government and the industry both claimed that oil palm plantations are mostly established on old agricultural land or previously logged-over forest land, not on newly cleared forest as alleged (MPOC, 2006). Since the 1990s, the government has not allowed new forest land from being cleared and opened up for crops and only allow logged over land zoned for agriculture use.  
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Figure 13: Oil palm plantation caused forest fragmentation

Oil palm plantations were accused of destroying wildlife both indirectly and directly by destroying the forest, disrupt rainforest habitat, hinder migration patterns and blocked travel corridors (Brown and Jacobson, 2005). Fitzherbet et al., 2008 reported, in term of species richness, oil palm held much fewer species richness than disturbed (logged or secondary) forests and a mean of only 15% of species recorded in primary forest can be found in oil palm plantations. Along the destruction of tropical rainforest to create a new area for oil palm plantations, wildlife is being threatened with extinction. Most of the wildlife such as tigers, elephants, rhinos, orang-utans and such can only survive in rainforest habitat, not on plantation.
As the availability of suitable mineral soils has been declining, many new plantations were established on peat soil especially in Sabah and Sarawak. It was reported that oil palm planted on drained peat soils releases a high amount of CO2 emission, where 1 tonne of CPO obtained from oil palm planted on peat land produces 15-70 tonnes of CO2 over 25 years as a result of forest conversion of logged forest to oil palm plantation, peat decomposition and emission from fires associated with land clearance (Yee et al., 2009). When oil palm is developed on drained peat soils, higher N2O emissions are released resulting from the increased rate of peat decomposition and peat mineralization (Stichnothe and Schuchardt, 2011).  
Transport sectors are one of the major energy consumers in the palm oil industry. Fossil fuel used to operate a wide range of vehicles and tractors involved for the downstream and upstream emits a substantial amount of greenhouse gases (GHG), polluting the environment (Yee et al., 2009). For instance, poorly maintained trailers transporting fertilizers from the port to the plantation with exhaust emissions of hydrocarbons, nitrogen oxides (NOx), carbon dioxide and sulphur dioxide (Puah et al., 2010; Choo et al., 2005). To make it worse, the rising issue related to the dwindling supply of non-renewable fossil fuels and the increasing prices of petroleum in the world market (Arvidsson et al., 2011). 
Despite all the negative perspectives which are imposed on oil palm, oil palm has been very beneficial to the environment. Like all living plants, oil palm acts as a protective green canopy over the environment. Through photosynthesis, oil palm absorbs carbon dioxide (CO2) from the atmosphere and produces oxygen (O2) to be returned to the atmosphere. In addition, oil palm gives a cooling effect with the shade that its fronds provide and humidity they help to maintain. Melling et al., (2004) reported that the peat soil ecosystem planted with oil palm lowers the global warming potential (GWP) to 5706g CO2 m-2y-1 compared to peat swamp forest ecosystem, 7850g CO2 m-2y-2. This shows that oil palm plantations on peat land have positive effects on global warming. Moreover, the biomass produces by oil palm can be used further, for instance, renewable and greener fuel such as ethanol and thus, reduce the dependency and usage of earth resources.
2.2.1	Land Use Change
Land use change (LUC) refers to the conversion of existing land (e.g. forest) from a current use to the cultivation of palm oil. Major problem arising from such conversion is GHG, happened when significant carbon stocks, above or below ground are disturbed and destroyed, carbon will be removed and released as CO2 to the atmosphere, and also N2O if peat land is converted (Stichnothe and Schuchardt, 2011).  In some cases reported, more atmospheric carbon is taken up by the oil palm plantation than is lost during land conversion (i.e. carbon stocks of degraded land is smaller than carbon stocks of an oil palm plantation) so that there is CO2 sequestration (Zulkifli et al., 2010). Moreover, the environmental impacts of land use are the decreasing availability of habitats and the decreasing diversity of wildlife species (Bentrup et al., 2004).
However, the expansion of oil palm plantations in Malaysia was carried out on legitimate and continued land use and does not involve replacement of primary forests or the destruction of wildlife habitats as accused by NGOs (Lam et al., 2009). In 15 years, the total area of oil palm plantation has increased tremendously from nearly 2 million hectares in 1990 to 4 million hectares in 2005 as shown in Table 10 (Yusof, 2007). This occurs as a result of replacing other agricultural crops which have lower market values such as rubber, cocoa and coconut to oil palm cultivation (Tan et al., 2009; Yusof, 2007). 
In this study, it was assumed that no land use change has occurred. The study site was considered as continued land use with oil palm. 

Table 10: Changes in land use of selected agricultural crops in Malaysia 
	Crop
	Total area in 1990 (million hectares)
	Total in area in 2005 (million hectares)

	Oil palm
	1.980
	4.050

	Rubber
	1.823
	1.250

	Cocoa
	0.416
	0.033

	Coconut
	0.315
	0.130

	Total
	4.534
	5.463



2.2.2		Carbon Footprint
	A carbon footprint is defined as the flow of CO2 emissions caused by domestic absorption (i.e., consumption and investment) activities by an organization, event, product or person (Aichele and Felbermayr, 2012). Based on United Nations Framework Convention on Climate Change (UNFCCC), the carbon inventories is measured by domestic emission, i.e., the amount of carbon embodied in the vector of goods produced on a nation’s territory. With international trade in goods, a country’s carbon footprint and its domestic CO2 emissions should be distinguished and separated by carbon content of net trade. 
	Meanwhile, United States Environmental Protection Agency (EPA) describes carbon footprint as the amount of greenhouse gases (GHG) that are emitted into the atmosphere each year by an entity such as a person, household, building, organization or company and measured in units of carbon dioxide equivalents. A person’s carbon footprint includes all the GHG emissions from his or her activities, not just those of carbon dioxide. 
	Carbon footprint usually includes both direct and indirect GHG emission (Green Wiki, 2012). The direct emission comes from the burning of fuels including domestic energy consumption and transportation for example car and plane. The indirect emission is from the whole lifecycle of products we use and those associated with their manufacture and eventual breakdown (Green Wiki, 2012). Carbon footprint’s concept was originated from ecological footprint developed by the ecologist William Rees in the 1990s (EPA, 2012). 
	Since excessive amount of CO2 emissions leads to global warming, the Kyoto Protocol was pronounced as a multilateral attempt to limit and reduce the carbon emissions of industrialized countries that ratified the Kyoto Protocol. Kyoto Protocol was discussed at the third conference of United Nations Framework Convention on Climate Change in Kyoto, Japan, in December 1997. The main objective of the Kyoto Protocol is to limit further increase in GHG emissions among the member countries (Green Wiki, 2012). From an economic and market perspective, the carbon emission can be trade with emission certificates in mandatory market or voluntary market. Kyoto Protocol was reported to have reduced some domestic emission. However, it has also caused increased net imports of carbon and therefore, neutralized emission savings.
		According to Aichele and Felbermayr, (2012), several studies have been conducted to estimate the carbon footprint of the nations. Hertwich and Peters (2009) compiled data for 87 countries and 2001 data, while Davis and Caldeira (2010) update the analysis to 113 countries and 2004 data. These researches include other major GHG such as N2O, CH4 from agricultural production, land-use change and international transportation.
	Malaysia has ratified the Kyoto Protocol and already committed under the UNFCC to mitigate climate change by addressing anthropogenic emissions by sources and removals by sinks of all GHG. However, at present, Malaysia has no quantitative commitments under the Kyoto Protocol because the Protocol exempts all emerging and developing countries (Aichele and Felbermayr, 2012) and only applicable to developed countries.
	Biofuels has been receiving serious attention globally over the emission of greenhouse gases, associated with global warming and climate change. Although CO2 is emitted when biodiesel is used as a source of energy, the net CO2 emission is considered zero (Lam et al., 2009), because carbon emitted when burned is offset by the carbon that plants absorb from the atmosphere for growth (Chen, 2008). The use of biodiesel can mitigate the emission of CO2 because it releases less CO2 compared to non-renewable fossil fuels (Yee et al., 2009). It is uncertain on how much reduction of CO2 could be achieved by its utilization compared to fossil fuels. Therefore, an assessment to determine the GHG emission from biofuels utilization needs to be carried out.
2.2.3	Greenhouse Gases (GHG) 
Agricultural practices is the second largest source sector contributing about 10% to the total European anthropogenic greenhouse gases (GHG) emission (Neftel et. al., 2006). GHG are atmospheric constituents that absorbs infrared radiation, trapping heat and warming the surface of the Earth. They effectively make the blanket around our globe thicker and warmer (Figure 14). Water vapour (H2O), carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3) are listed as the primary GHG in the earth atmosphere (IPCC, 2006). Atmospheric concentrations of GHG are determined by the balance between sources (emissions of the gas from human activities and natural systems) and sinks (the removal of the gas from the atmosphere by conversion to other chemical compound) (IPCC, 2007). In agriculture, only carbon dioxide, nitrous oxide, and methane are taken into consideration as they are the major contributor to the atmosphere and the subject of the Kyoto Protocol in 2005. Water vapour and many halocarbon compounds are excluded because their emissions are not considered to be influenced by agriculture (Snyder et al., 2009).
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Figure 14: The greenhouse effect (Wikipedia, 2011)
While CO2 is released mainly from man’s activities (Melling and Henson, 2009), N2O is released in the soils at the expense of nitrogen fertilizers (Verge et al., 2007) and through the activity of soil microorganisms (Snyder et al., 2009). The principle source of CH4 is the biological production in anaerobic environment (e.g. enteric fermentation in ruminant animals, flooded rice fields and animal waste processing) (IPCC, 2006) and mainly from livestock (Snyder et al., 2009). Based from the Global Warming Potential (GWPs), N2O and CH4 have the larger effects on the temperature rise with 298 and 25 times, respectively compared to the equal mass of CO2 (IPCC,2007). The GWP is measured relative to the same mass of CO2 and evaluated for a specific timescale. The GWP depends on both the efficiency of the molecule as a GHG and its atmospheric lifetime.
Over the past few decades, it has been observed that there is an increasing concentration of GHG that have harmful impacts not only on the environments but also human being (Saidur et. al., 2007). In recent years, emissions of GHG have increased dramatically due to the rapid development of industrial and transportation activities associated with the use of fossil energy and sources and land use changed (IPCC, 2007). Atmospheric concentrations of GHG, specifically CO2, CH4 and N2O are increasing at a rate of approximately 0.4, 0.6 and 0.25% per year respectively (IPCC, 1996). While the major GHG issue for the total economy is CO2, N2O is the most important GHG for agriculture (Snyder et al., 2009). Agricultural practices emit approximately more than 75% of N2O from the total global anthropogenic emission (Flessa et al., 2002). The main contributors to increase N2O release from cultivated soils are increased N inputs by mineral fertilizers, animal wastes and biological N fixation (IPCC, 1996).
Many studies have been done on various crops production concerning the GHG emission focused on the emission of CO2 and less study done on the non-CO2 GHG. Kramer et al. (1999) reported on the total GHG emission related to the Dutch crop production system. Using a life cycle approach to determine the total GHG emissions, the report concluded the cause of CO2, N2O, and CH4 emissions. In addition, Jawjit et al. (2010) conducted a study on GHG emissions and compared the emissions obtained between three primary rubber products from the rubber industry in Thailand. The results found that GHG emission from the rubber industry largely depends on the history of the plantation and land conversion (forest land and cultivated land). Meanwhile, research conducted by Kahrl et al., (2010) reported that the application of N fertilizers is the major cause of energy use and GHG emissions. The paper estimates the GHG emission factor for synthetic N fertilizer application and explores the potential for GHG emission reductions.
One of the important issues for agriculture’s sustainability is the GHG emissions and their impact on the climate (Verge et al., 2007). Climate change is currently the most pressing global environmental issue facing humanity (Shuit et al., 2009). Scientifically, it is estimated that hundreds of millions of people could die if average global temperatures increase by more than 2oC. More than one million species of animals and plants are currently at the threat of extinction. Despite the fact that agriculture can benefit from a warmer climate in some parts of the world through longer growing seasons, agriculture could also be negatively affected in many regions by floods, hurricanes, drought, tropical cyclones, pests and diseases. Increasing earth’s temperature could cause GHG emission affect resulting not only an indirect economic loss for the farmers but also to humanity (Verge et al., 2007). 
In this study the major focus is only on N2O emission even though N2O plays only a small part of the overall GHG issue. The study focus on nitrogen fertilizer as it is considered as the main contributor to the N2O emission in agricultural areas although there are other contributors as well, such as animal manures, legumes, and other sources. For a full-scale estimation of the greenhouse gases emissions from the agricultural sector, emissions related to every used input have to be taken into consideration (Kramer et al., 1999).  
2.2.4	Nitrous Oxide (N2O)
Nitrous oxide or dinitrogen monoxide (IUPAC name) with formula N2O                  (NoN =O) (Figure 15) also known as laughing gas, is a colourless non-flammable gas, almost odourless with a molecular weight of 44, a specific gravity of 1.53 and a boiling point -89oC. It is commonly used in surgery and dentistry for its anaesthetic and analgesic effects. N2O produces NO (nitric oxide) on reaction with oxygen atoms, and this NO in turn reacts with ozone, O3. As a result, it is the main naturally occurring regulator of stratospheric ozone besides important greenhouse gas and air pollutant. 
 [image: ]
Figure 15: The molecule structure of nitrous oxide (N2O)
N2O concentrations in the atmosphere are reported to have risen from about 270 parts per billion (ppb) during the pre-industrial era to 319 ppb in 2005 (Snyder et al., 2009). Despite the N2O abundance it is still low in the atmosphere, N2O catalyzes the destruction of ozone in the stratosphere (Hergoualc’h et al., 2009) due to the long lifespan, which is approximately 120 years. When the concentration of N2O doubled in atmosphere, it will cause a 10% decrease in the ozone layer that would increase ultraviolet radiation reaching the earth surface by about 20% (Pathak, 1999). Land use and land use change play an important role to the increase of N2O concentration in the atmosphere, where the production of this gas from soil generally responds to natural or anthropogenic processes and to specific environmental conditions (Muñoz et al., 2010).
Soil is considered as one of the main source of N2O emission (Pathak, 1999). According to Flückiger et al., 1999; Du et al., 2008, soils contribute about 70% of the total N2O emitted from the biosphere to the atmosphere. N2O flux from soil generally increases with increasing N fertilization rates and intensive cropping (Mosier et al., 2004; Allen et al., 2010). This is expected to have an annual increment as the usage of nitrogenous fertilizer has risen tremendously to meet the global food demand. Mechanisms that may produce N2O emission from the soil are from biological processes (denitrification, nitrification, dissimilatory nitrate reduction assimilatory nitrate reduction) as well as abiological reactions (chemodenitrification) However, it has been well known that the main contributor to N2O emission are denitrification and nitrification while the others contributing a few to this pool (1% of total production) (Pathak, 1999). N2O mainly produced in soils are as an intermediate during nitrification (Equation 1) and denitrification (Equation 2) (Flessa et al., 2002).
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The interaction of controlling factors for nitrification and denitrification are complex because the amount of N2O produced depends in the amount of oxygen (O2) concentrations in the soil. Moreover, temperature determines the rate at which the soil microorganisms nitrify or denitrify. The rate of N species conversion is slow at cooler temperatures and increases to maximum as temperature rises (Snyder et al., 2009). Singh and Tyagi (2009), Muñoz et al., (2010) indicated the genus of Nitrosomonas, Nitrosolobus, Nitrosovibrio, Nitrosopira, and Nitrosococcus are the groups of bacteria that play a major part in transforming the ammonium to nitrate, where the overall nitrification process is controlled by ammonium and oxygen concentrations. A constant emission factor of 1.0% to the amount of N applied to agricultural land is currently recommended for calculating global and national emission from fertilized soils (IPCC, 2006).
Pathak, (1999) listed out factors affecting N2O emission from soil which includes; moisture regime, oxygen content, soil pH, soil texture, soil temperature, fertilizer application, amendment with organic matter, available plants, paddy soils and the use of nitrification inhibitors. Moreover, soil management practices affect N2O production such as tillage (Chirinda et al. 2010), lime usage (Galbally et al., 2010), legume crop (Huth et al., 2010), or grazing (Saggar et al.,2004; Luo et al., 2010; Muñoz et al., 2010). In addition, it has been established that soil N transformation rates were significantly higher in agricultural land with greater availability of organic substrates than in soils with lower substrate availability (Burger and Jackson, 2003; Muñoz et al., 2010).
N fertilizers are essential to improve and sustain crop yields (Verge et al., 2007). As reported, more than 50% of the world’s crops are routinely fertilized. Increasingly, pastures also gain amendments or N fertilizers. However, due to the low N use efficiency by crops, the fraction of the N applied but not used is lost to the water by leaching or to the atmosphere as gaseous emissions. The amount of the losses depends on the time of the year and the climatic conditions. When rainfall is high, the loss through leaching gets higher. Volatilization of N fertilizer as N2, N2O, NO, and NH3 is common. N2O is formed in the soils at the expense of the N fertilizers and is also produced during the decomposition of crop residues, a process that depends on the rate of N release and the availability in the soil (Verge et al., 2007).
According to Kramer et al., (1999), the application of synthetic nitrogen fertilizers produces direct emission of N2O as a result of denitrification, depending on, among other things, the type of nitrogen fertilizer and soil. In mineral and organic soils, 1 - 4% of the N on the surface applied as calcium ammonium nitrate (CAN) is emitted as N2O (Kramer et al., 1999). Snyder et al., (2009) listed factors affecting fertilizer derived N2O emissions: (1) Management factors include fertilizer type, application rate, application technique, application timing, tillage system, use of other chemicals, crop type, irrigation and residual N and C from crops and fertilizer, and (2) Environmental factors such as temperature, precipitation, soil moisture content, soil organic C (SOC) content, soil O2 status, soil porosity, soil pH, freezing and thawing cycles and microorganism abundance and activity.  
Many nitrous oxide studies associated with nitrogen fertilization have been done on various crop production systems. Smith et al., (1998) concluded the emissions were in the order of grazed grasslands > grassland cut for conservation > potatoes > cereal crops. Emissions depend particularly on rainfall at the time of fertilization and generally an exponential relationships between N2O flux and both water-filled pore space (WFPS) and temperature were observed. On the contrary, Akiyama et al., (2000) reported a negative correlation between the gas flux and WFPS, however, observed a diel pattern of increased gas flux during the day and decreased fluxes during the night. In addition, Zheng et al., (2000) found out from rice-based crop rotation studies in Southeast China, instead of N fertilization, soil moisture and temperature determines the seasonal variation pattern of N2O emission.
Studies have been done on wide range of ecosystems and many authors have indicated that soil moisture and soil water content is the most sensitive factor to regulate N2O emission from croplands (Zheng et. al (2000); Choudhary et al., (2002); Lamers et al., (2007); Huang et al. (2007); Kavdir et al.,( 2008), Allen et al., (2010)). Moreover, Kavdir et al. (2008) reported that fertilization together with annual cropping doubled the N2O emissions compared to perennial plants. Significant positive correlations between N2O emissions and fertilizer N application were observed, although effects of timing of N application to N2O emissions were variable and seasonal (Ghosh et al., 2003; Hellebrand et al., 2008; Allen et al., 2010). Different results have been reported by Gomes et al., (2009) where management-controlled soil variables such as mineral N and dissolved organic C influenced more N2O fluxes than environmental-related variables such as soil temperature and soil moisture.
2.3		International Organization for Standardization (ISO) and the Environment
ISO is the International Organization for Standardization having more than 18,000 standards to provides practical tools for all three dimensions of sustainable development; economic, environmental and societal. Standards are developed to facilitate trade, spread knowledge and share technological advances and good management practice in order to ensure quality, ecology safety, economy, reliability, compatibility, efficiency and effectiveness. ISO standards are developed by experts from the industrial, technical and business sectors that have specific interest in the issued addressed in the particular standards.
ISO 14000 series was developed to help stakeholders from business, industry, governmental authorities and non-governmental organizations, as well as consumers in managing environmental issues (ISO, 2009). ISO 14000 series includes standards, technical basis and environmental regulations to facilitate environmental management such as climate change, greenhouse gases, carbon footprint, environmental product, environmental sampling and test methods and others. Currently, the International Standards has become important for an organization to support the sustainability of their organizations, products and services. 
ISO 14000 is handled by a technical committee, ISO/TC 207. ISO/TC 207 was established in 1993 with an intention to provide a practical toolbox to assist in the implementation of action supportive to sustainable development. ISO/TC 207 participated by environmental experts from over 100 countries including 27 developing countries. ISO 14000 standards are designed not only mutually supportive, but they can also be used independently of each other to achieve environmental goals.
Based on ISO (2009), the ISO 14000 series is developed to be implemented according to the same Plan-Do-Check-Act (PDCA) cycle underlying all ISO management systems standards. Table 11 classifies the ISO 14000 standards according to PDCA cycle.
Table 11: List of ISO 14000 standards 
	Plan
	Do
	Check
	Act

	Environmental management system implementation
	Conduct life cycle assessment and manage environmental aspects
	Conduct audits and evaluate environmental performance
	Communication and use environmental declarations and claims

	ISO 14050 : 2009
Environmental management – Vocabulary
	ISO 14040 : 2006
Environmental management – Life cycle assessment – Principles and framework
	ISO 14015 : 2001
Environmental management – Environmental assessment of sites and organizations (EASO)
	ISO 14020 : 2000
Environmental labels and declarations – General principles

	ISO 14001 : 2004
Environmental management systems – Requirements with guidance for use
	ISO/TR 14047 : 2003
Environmental management – Life cycle assessment – Requirements and guidelines
	ISO 14031 : 1999
Environmental management – Environmental performance evaluation – Guidelines
	ISO 14021 : 1999
Environmental labels and declarations – Self-declared environmental claims (Type II environmental labeling)

	ISO 14004 : 2004
Environmental management systems – General guidelines on principles, systems and support techniques
	ISO/TR 14047 : 2003
Environmental management – Life cycle impact assessment – Examples of application of ISO 14042
	ISO 19011 : 2002
Guidelines for quality and/or environmental management systems auditing
	ISO 14024 : 1999
Environmental labels and declarations – Type I environmental labeling – Principles and procedures

	ISO/DIS 14005
Environmental management system – Guidelines for the phased implementation of an environmental management system, including the use of environmental performance evaluation
	ISO/TS 14048 : 2002
Environmental management – Life cycle assessment – Data documentation format
	
	ISO 14024 : 2006
Environmental labels and declarations – Type III environmental declarations – Principles and procedures

	
	
	
	ISO/AWI 14033
Environmental management – Quantitative environmental information – Guidelines and examples

	Address environmental aspects in products and products standards
	
	Evaluate greenhouse gas performance
	

	ISO Guide 64 : 2008
Guide for addressing environmental issues in product standards
	ISO/TR 14049 : 2000
Environmental management – Life cycle assessment – Examples of application of ISO 14041 to goal and scope definition and inventory analysis
	ISO 14064-3 : 2006
Greenhouse gases – Part 3: Specification with guidance for the validation and verification of greenhouse gases assertions
	ISO 14063 : 2006
Environmental management – Environmental communication – Guidelines and examples

	ISO/CD 14006
Environmental management systems – Guidelines on eco-design
	ISO/CD 14051
Environmental management – Material flow cost accounting – General principles and framework
	ISO 14065 : 2007
Greenhouse gases – Requirements for greenhouse gas validation and verification bodies for use in accreditation or other forms of recognition
	

	
	ISO/WD 14045
Eco-efficiency assessment – Principles and requirements
	
	

	
	Manage greenhouse gases
	
	

	ISO/TR 14062 : 2002
Environmental management – Integrating environmental aspects into products design and development
	ISO 14064-1 : 2006
Greenhouse gases – Part 1: Specification with guidance at the organization level for quantification and reporting of greenhouse gas emissions and removals
	ISO/CD 14066
Greenhouse gases – Competency requirements for greenhouse gas validators and verifiers document
	

	
	ISO 14064-2 : 2006
Greenhouse gases – Part 2: Specification with guidance at the project level for quantification, monitoring and reporting of greenhouse gas emission reductions or removal enhancement
	
	

	
	ISO/WD 14067 – 1
Carbon footprint of products – Part 1: Quantification
ISO/WD 14067 – 2
Carbon footprint of products – Part 2: Communication
	
	

	
	ISO/AWI 14069
GHG – Quantification and reporting of GHG emissions for organizations (Carbon footprint of organization) – Guidance for the application of ISO 14064-1
	
	

	Acronyms:
DIS: Draft International Standard
TR: Technical Report
TS: Technical Specification
AWI: Approved Work Item
WD: Working Draft
CD: Committee Draft


Source: ISO (2009)
ISO 14000 series can also be used to evaluate the environmental aspects of products and services. Life cycle assessment (LCA) is a tool developed to assist in identifying and evaluating environmental aspects of products or services from the “cradle-to-grave”. The ISO 14040 series standards have been developed as guidelines to conduct an LCA studies. The data gathered from LCA studies could later be used to reduce the environmental impacts from products or services. Detailed information on LCA is elaborated in 2.3.1 as this study used LCA methodology to evaluate the environmental impacts from palm oil production.
2.3.1	Life Cycle Assessment (LCA)
In order to assess the sustainability of agricultural production systems, we need to have a suitable and proper indicator to facilitate the evaluation. A lot of research has been conducted on the environmental impact of the used of input in agricultural system, however most are confined to individual effect for example, the impact of nitrogen usage to environmental such as nitrate leaching or ammonia volatilization (Bentrup et al., 2004). Therefore, these analyses are not suitable to be used to describe or conclude overall in terms of environmental impact whereas agricultural production systems contribute extensively to environmental impacts. A systematic analysis is required in order to access the ‘cleanliness’ of all upstream and downstream processes in the production of palm biodiesel.
Different environmental management tools such as Eco Management and Audit Scheme (EMAS) or Kriterien umweltverträglicher Landbewirtschaftung (KUL, criteria for an environmentally compatible agriculture) were developed to evaluate the overall environmental performance of farms. Both systems are used to detect options for improvement and to compare or to monitor the environmental impact of farms (Bentrup et al., 2004). Moreover, there is Environmental Impact Assessment (EIA), which works as a procedure rather than a tool. EIA is a procedure that has to support decision making with regard to environmental aspects of a much broader range of activities (Tukker, 2000). The International Association for Impact Assessment (IAIA) defines EIA as “the process of identifying, predicting, evaluating, and mitigating the biophysical, social and other relevant effects of development proposals prior to major decisions being taken and commitments made”. 
Alternatively, the life cycle assessment (LCA) methodology was designed to assess all the environmental impacts associated with a product, process or activity by identifying, quantifying and evaluating all the resources used and all emissions and wastes released into the environment (Bentrup et al., 2001). SETAC (1993) defined LCA as a tool to evaluate the environmental impacts of a product or process throughout its entire life cycle. For instance, GHG and net energy requirement for every stage involved from the oil palm seedling up to the combustion process of palm biodiesel will be orderly evaluated and compiled in the structured inventory (Yee et al., 2009). Zulina et al., (1999) described LCA may be performed for 1) product comparison from the environmental impact perspective (2) in comparing the environmental impacts of different products with the same function (3) in comparing the environmental impacts of one product with reference to standard (4) to identify the environmentally most dominant stage in a product life cycle and hence to indicate the major routes to environmental improvements of existing products (5) to help design new products or services, and (6) to indicate strategically the direction of development.
 Tukker (2000) outlined LCA purpose as  to help in making (1) decisions involved in product and process development; (2) decisions on buying; (3) structuring and building up information; (4) eco-labelling; (5) environmental product declarations; and (6) decisions on regulations. As agricultural production systems usually involves a wide range of environmental impacts (e.g. climate change, acidification, eutrophication etc.) (Bentrup et al., 2004), thus, LCA is the most suitable environmental management tool and a good analytical method for assessing and optimizing the environmental quality of the system  (Vijaya et al., 2010) to address the hot issues on sustainability, climate change and global biodiversity (Yee et al., 2009). Moreover, the LCA approach enabled comparison of different agriculture and industry practices, and hotspots for every environmental impact could be easily determined and detected. Furthermore, LCA can still be utilized without having all phases in the system analyzed.
The LCA methodology can assess product manufacturing as the industrial processes and activities do not occur in isolation but are instead interlinked via their suppliers and customers, and with other processes and activity. Any industrial system can be represented by a system boundary that encompasses all the operations of interest as shown in Figure 16 (Boguski et al., 1996).
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Figure 16: The illustration of an industrial system (Boguski et al., 1996)

A general description on LCA methodology has been developed by International Organization for Standardization (ISO) and Society for Environmental Toxicology and Chemistry (SETAC). According to ISO, LCA is divided into four steps, namely goal and scope definition, inventory analysis, impact assessment and interpretation (Figure 17).  General descriptions on each step of framework are described as follows (Zulina et al., 1999; Tukker, 2000; Bentrup et al., 2001; Bentrup et al., 2004).
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Figure 17: The ISO 14040 Life Cycle Assessment Frameworks

Goal and scope definition: The first step is to define the purpose of conducting analysis and specified the system boundaries of the study. A reference unit, known as functional unit according to the LCA terminology, to which all the environmental impacts are related, has to be defined to be able to compare products on the basis of the functions they fulfil rather than their quantitative amount. For example, the functional unit for LCA studies on sugar beet production is one tonne extractable sugar. 

Inventory: Compilation of all relevant process chains for the manufacture, consumption, and waste management of the product. The inventory gathers all resources that are needed for and all emissions that are released by the specific system under investigation and relates them to the defined functional unit (ISO, 1998).  In general, the life cycle inventory is composed of a series of iterative steps: construction of process flow chart, collection of data, defining the system boundaries and processing data. In LCA evaluation, LCI is the most resource-intensive phase (Halimah et al., 2010).
Impact assessment: The impact assessment function as an extension of the information and interpretation obtained in the LCI. It relates the outcome of an inventory analysis to environmental themes or impact category (Zulina et al., 1999). A classification of impact categories is chosen, which reflects a common mechanism of environmental threat (e.g., global warming, acidification, and ozone depletion) (Tukker, 2000). Every impact category has its own environmental mechanism. Next in characterization, the inventory data are multiplied by characterization factors to give scores on each impact category (Equation 3)
Impact category indicatori
		= ( Ej or Rj)  CFi,j          	          (Equation 3)
Where, impact category indicatori = indicator value per functional unit for impact category i; Ej or Rj = release of emission j or consumption of resource j per functional unit; CF i,j = characterization factor for emission j or resource j contributing to impact category i.
According to ISO (2000), the characterization factors represent the potential of a single emission or resource consumption to contribute to the respective impact category. For example, indicator for global warming potential (GWP) is defined in CO2-equivalents where emissions are multiplied by their respective characterization factor (e.g. 1 for CO2, 298 for N2O and 25 for CH4). The aggregation of inventory results to impact category is a compulsory in life cycle impact assessment (LCIA). 
For further interpretation, a normalization and weighting procedure is suggested, which enables the aggregation of the environmental impacts into two summarizing indicators, one for impacts on ecosystems and human health, another one for resource depletion (Bentrup et al., 2004). Generally, three generic protection areas can be differentiated using LCA approach i.e. (1) resources, (2) ecological health and, (3) human health. In weighting step, every environmental theme gets a weight, representing the seriousness of that theme. Results obtained from impact assessment will assist the identification of environmental problems. Table 12 shows a list of the impact categories in LCA as proposed by the SETAC-Europe Working Group on LCIA (Bentrup et al., 2004).

Interpretation: In the final phase of LCA, the results of the LCIA are used to identify hotspots and generate alternatives to mitigate and reduce the negative environmental effects of analyzed systems such as changes in product, process, activity design, raw material use, industrial processing, consumer use and waste management. As the LCA carried out will provide details on inventory and environmental profile, thus these will accommodate the basis for improvement analysis.

Table 12: List of environmental effects (impacts categories) treated in LCA
	General distinction
	Impact category

	Input related categories
	Depletion of abiotic resources
Land use

	Output related categories
	Climate change (global warming)
Stratospheric ozone depletion
Human toxicity, ecotoxicity
Photo-oxidant formation
‘Summer smog’
Acidification
Nitrification (eutrophication)


	      Source: Bentrup et al., (2004)

There are several types of LCA software including databases with LCI and impacts that can be used to perform LCA. The most common software used is GaBi Software (developed by PE International) and SimaPro (developed by PRé Consultants). The application of LCA method provides an insight into the contribution of different sub-systems, e.g. the transport, production and application of farm inputs to the environmental impact and enables the suggestion of measures to improve the overall environmental performance (Bentrup et al., 2004). Furthermore, the proposed method can be used to support the choice of alternative products or process to reduce environmental effects.

2.3.2	Life Cycle Assessment on Palm Oil 
Several studies have been done by other researchers to illustrate palm oil’s sustainability using life cycle assessment (LCA) approach. Arvidsson et al., (2011) compared the environmental impact from the production of hydrogenated vegetable oil (HVO) from rapeseed, oil palm and Jatropha. The functional unit used is 1 kWh energy and the results show that HVO produced from palm oil combined with energy production from biogas produced from the palm oil mill effluent has the lowest environmental impact. In 2000, Mattsson et al., (2000) conducted an LCA study of agricultural land use on three vegetable oil crops, namely Swedish rape seed, Brazilian soybean and Malaysian oil palm. In this study, environmental objectives and indicators of the land use quality are defined.    
	Meanwhile, an assessment was conducted by Yee et al., (2009) regarding the impacts of palm biodiesel on the environment. The energy balance and greenhouse gases were discussed and the results obtained were then compared with rapeseed biodiesel. From this study, it was found that energy ratio for palm biodiesel was found to be more than double rapeseed biodiesel and the combustion of palm oil is more environmentally friendly than petroleum derived diesel. It was concluded that palm biodiesel is more sustainable feedstock for biodiesel production as compared to rapeseed oil.
 	Stichnothe and Schuchardt (2011) estimated and compared the environmental impacts of palm oil production from a worst and a best case scenarios using 1000 kg of fresh fruit bunches as functional unit. From this study, it was found that the production and treatment of one tonne FFB causes more than 460 kg CO2 equivalent in the worst case scenario and 110 kg CO2 equivalent in the best case scenario. Apart from that, the significant greenhouse gas emission could be reduced by co-composting residues of the palm oil mill. 
The introduction of LCA concept and screening on crude palm oil (CPO) production in Malaysia was done by Yusoff and Hansen (2007). The assessment provides a guideline to CPO producers and other researcher on how to perform an LCA on a palm oil scenario. Studies by past researchers have focused on every stage of production of biodiesel including the production of oil palm seedling (Halimah et al., 2010), the production of fresh fruit bunch (Zulkifli et al,. 2010), the production of crude palm oil and crude palm kernel oil (Vijaya et al., 2010), production and fractionation of refined palm oil (Yew et al., 2010) and the production of palm biodiesel (Puah et al., 2010). 
From the studies carried out, it was found that the consumption and production of fertilizers is a major contributor to the environmental impact (Yusoff and Hansen, 2007; Plenjai and Gheewala, 2009; Vijaya et al., 2010; Zulkifli et al., 2010; Stichnothe and Schuchardt, 2011). Therefore, this study was done to focus on the fertilizers consumption from palm oil production system and to explore the possible interrelationship between fertilizers, greenhouse gases and environmental variables.




CHAPTER 3
METHODOLOGY
In conducting this study, the approach was divided into two parts. The first part was the methodology used in evaluating Life Cycle Assessment (LCA). The methodology consists of procedures involved throughout LCA determination which includes compilation of inventory data, the refined goals, system boundaries and the assessment of the impact. The second part of the methodology was the technique applied in measuring the N2O emission from soil fertilized with various nitrogen fertilizers. The methodology comprises the steps used to measure N2O gas and the processes to identify the relationship between N2O and related environmental factors. Figure 18 shows the flowchart of methodology used to conduct this study.
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	Figure 18: Flowchart of methodology used in the study
3.1	Life Cycle Assessment (LCA) Study
The life cycle assessment study was conducted according to ISO 14040 and ISO 14044. The assessment was used to determine the environmental impact and emission of greenhouse gases from the production of one tonne of fresh fruit bunches. The data used to calculate the environmental impacts and GHG emissions are average data collected from 154 oil palm plantations in Malaysia. Intergovernmental Panel on Climate Change (IPCC) guidelines for National Greenhouse Gas Inventories (2006) were used for nitrous oxide (N2O) emission and unit masses of N2O and CH4 are 298 and 25 times of Global Warming Potentials (GWPs), respectively, as a unit of CO2. Emission factor of 1.0% was used to calculate the emission from fertilized soil based on the IPCC methodology (2006). Based on ISO 14040, LCA was analyzed using four steps, namely goal and scope definition, inventory analysis, impact assessment and interpretation. The flowchart of LCA evaluation is shown in Figure 19.

Figure 19: Flowchart of Life Cycle Assessment (LCA) evaluation


3.1.1	Goal of the Study
The main objective of conducting LCA in this study was to identify the environmental impacts and the greenhouse gases (GHG) emission from the application of nitrogen fertilizers in oil palm planted on some mineral soils. This study will also determine the environmental impacts and GHG emissions contributed as a result of activities carried out at the plantation.
3.1.2 	Functional Unit 
The functional unit defines the criteria by which the product can be compared to other products of the same category. The relevant functional unit of the system was based on a mass basis of one tonne of fresh fruit bunch (FFB) produced.
3.1.3	System Boundary
The boundary determines which unit processes should be included or excluded in the LCA study. This study was carried out in the oil palm plantation (agricultural stage). The system boundaries for this study was defined as a gate-to-gate, starting from transplanting the oil palm seedling, oil palm cultivation, harvesting of FFB, and transporting the yield to the mills, as illustrated in Figure 20 and Figure 21.  Figure 21 and Table 13 illustrate the inputs and outputs involved, for example, seeds, fertilizers and pesticides/herbicides are the inputs applied mechanistically in agricultural crop production. 
The study includes two stages of oil palm’s life cycle, immature (1-2 years and not bearing FFB) and mature palm (3-25 years) planted on mineral soils only. The study includes only the greenhouse gas emission as a result of anthropogenic influences, while natural background emissions are excluded. 
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Figure 20: Flowchart for the production of palm oil (dotted lines indicate scope of study) 

Table 13: Inputs and outputs of the various stages involved in palm biodiesel production
	Stage
	Input
	Output

	Nursery
	Germinated seeds
	Oil palm seedlings

	Agricultural
	Oil palm seedlings
	Fresh fruit bunches (FFB)

	Palm oil mill
	Fresh fruit bunches (FFB)
	Crude palm oil (CPO)
Palm kernel
Fibre and shells
Empty fruit bunches (EFB)
Palm oil mill effluent (POME)

	Transesterification


	Crude palm oil (CPO)
Methanol
Sodium hydroxide
	Biodiesel
Glycerol



Source: Yee et al., (2009)
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 Figure 21: A gate to gate system boundaries of the study
3.1.4	Assumptions, Limitations and Exclusions
In this study, all processes are considered relevant unless excluded and mentioned. Among items excluded from this assessment is emission of methane (CH4) as the amount is very low compared with other GHG such as CO2 and N2O from the total GHG emission in oil palm plantation. Land use change (LUC), indirect land use change (ILUC) and emission from peat soil are also excluded from this study because of the time constraint and limited availability of data. 
3.1.5	Life Cycle Inventory 
The assessment is based on collection, description and verification of data from the questionnaire sent to 500 plantations out of which 154 plantations responded. The questionnaires were distributed via mail and email. Compliance with geographical coverage, the data for agricultural stage was collected from a detailed questionnaire survey of the estates throughout Malaysia including licensed smallholders, government agencies, and private estates ranging from 1 to 25 years old palm. Processes in plantation system which were included in the assessment are shown in Table 14. Questionnaires were developed specifically for data collection and also through actual on-site measurement and quantification. Data was collected from the period of 2007 until 2011.
Table 14: Processes included in the assessment 
	Processes in Plantation System
	Description

	Energy use at plantation
	Diesel use for machinery

	Fertilizer/pesticide use and emissions
	Inorganic fertilizer
Organic fertilizer
Pesticides

	Production of fertilizer
Production of pesticide
	Chemical use
Energy use



The respondents consist of immature area (1-2 year old palm) and mature area (3-25 years old palm), where both data were included in the inventory for amortized period of 25 years. The data was compiled from foreground data, which described the specific energy inputs and outputs related to environmental and technical quantities for all relevant units within the specific goal and scope of assessment. Among the data collected from surveys are description on plantation (i.e. area, density of palms per hectare) consumption of fertilizers, the usage of pesticide/herbicide, amount of diesel and petrol used and other important input/output for oil palm plantation. Details on surveys collected are explained in sub-topic 3.1.9. 
The initial data was completed using background data and the information was obtained from earlier studies, overview and statistics on palm oil production in Malaysia. 

	
3.1.6	Life Cycle Impact Assessment
LCIA was conducted to determine which process/material contributes the most in environmental impacts from a product. From the LCI, the Life Cycle Impact Assessment (LCIA) was carried out using the software SimaPro 7.1. Background data for the inputs were sourced from existing databases, particularly Ecoinvent database included in this software.
Eco-indicator 99 methodology was used in conducting LCA. This methodology uses the damage-oriented approach for impact evaluation. Impact categories considered in this methodology are carcinogens, respiratory inorganics and organics, climate change, radiation, ozone layer depletion, ecotoxicity, acidification or eutrophication, land use, mineral and fossil fuels. The Eco-indicator set of impacts were used because it comprises a comprehensive set of impacts in order to meet the requirement of ISO for a range of impact categories. The impact assessment parameters are shown in Table 15. The final human health impact is derived by adding up DALY values; the ecosystem quality value is derived by adding up the PDF values where PAF = PDF/10, and the resources depletion values is derived by adding up the SE values (Yusoff and Hansen, 2007).









Table 15: Impact assessment parameters used in the study
	Impact Category
	Characterization
	Damage Category
	Common Characterization Factor
	Emission to -

	Emissions
	
	
	
	

	Carcinogens
	DALY/ kg
	Human Health
	-
	Air, water, soil

	Respiratory organics
	DALY/ kg
	Human Health
	-
	Air

	Respiratory inorganics
	DALY/ kg
	Human Health
	-
	Air

	Climate change
	DALY/ kg
	Human Health
	Global Warming Potential
	Air

	Radiation
	DALY/ kg
	Human Health
	-
	Air, water, soil

	Ozone layer
	DALY/ kg
	Human Health
	Ozone Depletion Potential
	Air

	Ecotoxicology
	PAF*m2*year/ kg
	Ecosystem Quality
	-
	Air, water, soil

	Acidification
	PDF*m2*year/ kg
	Ecosystem Quality
	Acidification Potential
	Air

	Eutrophication
	PDF*m2*year/ kg
	Ecosystem Quality
	Eutrophication Potential
	Water

	Land use
	
	
	Solid Waste
	

	Decreased diversity
	PDF*m2*year/ kg
	Ecosystem Quality
	-
	-

	Resource depletion
	
	
	Resource Depletion Potential
	

	Metals/ Minerals
	SE/ kg
	Resources
	-
	-

	Fossil fuels
	SE/ kg
	Resources
	-
	-



DALY: Disability Adjusted Life Years (Years of disabled living or years of life lost due to the impacts)
PAF:		Potentially Affected Fraction (Animals affected by the impacts)
PDF:		Potentially Disappeared Fraction (Plant species disappeared as results of the impacts)
SE:		Surplus Energy (MJ) (Extra energy that future generations must use to excavate scarce resources)
(Source: Goedkoop & Spriensma, 2001, Yusoff and Hansen, 2007)



		The results of the impact assessment will be presented in (1) characterization; (2) damage assessment; (3) normalization, and (4) weighting. 
		Characterization uses factors to convert and combine the LCI results into representative indicators of impacts to human and ecological health. Characterization provides a way to directly compare the LCI results within each impact category. Impact indicators are characterized using the following equation (Equation 4):
	Inventory data x Characterization factor = Impact indicators         (Equation 4)
		Normalization expresses impact indicator data in a way that can be compared among impact categories. This procedure normalizes the indicator results by dividing a selected reference value. The reference scenario used is most often the total impacts from a county or a region in one year divided by the number of population. By multiplying the normalization factors to the impact/damage category values, the values can be expressed as person equivalents.
		Weighting steps assigns weights or relative values to the different impact categories based on their perceived importance or relevance. Weighting is important because the impact categories should also reflect study goals. Weighted is done by multiplying the weighting factors to the normalized values a weighted milli-person (1/1000 person) equivalents results will emerge. After multiplication of the weighting factors the three damage category values can be added together to form on single impact score. From this step, the impacts can be divided into the main stages or processes of the assessed system to determine which stage or process is the more polluting.


European values and standards were used in the SimaPro assessment. Even though it brings significant uncertainties to the results of analysis, the European values are accepted internationally. The normalization and weighting factors used in the assessment are listed in Table 16 (Yusoff and Hansen, 2007).
	Table 16: European normalization and weighting factors used in the analysis
	Damage category
	Normalization
	Reciprocala
	Weighting

	Carcinogens
	2.00 x 10-3
	500
	

	Respiratory organics
	1.07 x 10-2
	93.5
	

	Respiratory inorganics
	6.84 x 10-5
	14619
	

	Climate change
	2.39 x 10-3
	418
	

	Radiation
	2.68 x 10-5
	37313
	

	Ozone layer
	2.19 x 10-4
	4566
	

	Human health
	1.54 x 10-2
	65.1
	400

	Ecotoxicity
	811
	1.23 x 10-3
	

	Acidification/ Eutrophication
	375
	2.67 x 10-3
	

	Land use
	3995
	2.50 x 10-4
	

	Ecosystem Quality
	5130
	1.95 x 10-4
	400

	Minerals
	148
	6.76 x 10-3
	

	Fossil fuel
	8260
	1.21 x 10-4
	

	Resources
	8410
	1.19 x 10-4
	200


a used for calculations by Eco-Indicator 99
(Source: Goedkoop & Spriensma, 2001, Yusoff and Hansen, 2007)

3.1.7	Interpretation
In the evaluation phase, the final judgement on the environmental impacts of the production of one tonne of FFB is conducted. The ISO has defined two objectives of interpretation: (1) To analyze results, reach conclusion, explain limitations and provide recommendations based on the findings and (2) To provide a readily understandable, complete, and consistent presentation of the results of an LCA study, in accordance with the goal and scope of the study.


3.1.8	Greenhouse Gases Emissions
Global warming potential (GWP) is an index used to determine the relative contribution of a gas to the greenhouse effects. The index is defined as the cumulative radiative force effects between the present moment and a selected time in future caused by a unit mass of gas emitted in the present. The emissions are measured in terms of a reference gas, CO2 (IPCC, 1996). The GWP of CO2 is 1 (with a life span of 100 years), CH4 is 25 and of N2O is 298. The total emissions of greenhouse gases are determined as follows (Equation 5):
Greenhouse effect =   ∑ GWPi mi				(Equation 5)
Where, mi is the mass (in kg) of the emitting gas. The score is expressed in terms of kg CO2 equivalents (Kramer et al., 1999) which determines the relative contribution of a gas to the greenhouse effects. The following sources of greenhouse gases were included in the estimation of the total emissions from oil palm plantation systems, (1) CO2 and N2O emissions related to the consumption and production of synthetic fertilizers, (2) CO2 and N2O emissions related to the production of pesticides, (3) CO2 and N2O emissions related to the consumption of fossil fuels, and. (4) CO2 and N2O emissions related to agricultural inputs such as seedlings. Emissions occurred during the production of capital goods (building and machinery) were not considered. Estimation of greenhouse gases emissions were largely based on the IPCC guidelines. Unless there is a valid local data that can be used, the IPCC guidelines provide an internationally accepted alternative.



3.1.9	Questionnaire Surveys
	Foreground data was collected directly from oil palm plantations through a questionnaire survey. Questionnaire survey was developed to explore precise estimates of the prevalence of concerned variables. The questionnaire was formulated essentially to understand the actual conditions from personal experience of parties involved such as estate manager and smallholders and to obtain thorough information on the production system in oil palm plantations. The main objective of conducting questionnaire surveys is to gather the necessary data to complete the life cycle inventory in order to assess the environmental performance from the production system of oil palm plantations.
	The questionnaire is divided into two sections namely immature phase (for year 1 and year 2 of palm) and mature phase (for year 3 until year 25). Basically, the questionnaires comprise of 4 components, specifically on;
(1) General information on estate
(2) Fuel consumption within plantation
(3) Inputs used in plantation
(4) Plantation management and practices
The first component of questionnaires emphasizes on general information of the estate for instance the year of planting, the total estate area, palm planting density per hectare, dominant soil series found, size of seedling polybags used, and the total annual production of fresh fruit bunches (FFB). The second component assess the fuel consumption and maintenance required within the plantation specifically on agricultural machineries and vehicles such as water pump, excavator, lorries, back-hoe and mini tractors. In this part, we can find the list of items used for maintenance purposes for example engine oil and brake oil. The third component includes all inputs involved in the establishment and cultivation of oil palm plantations including fertilizers and pesticides. Correspondents were asked the amount of inputs used during cultivation of oil palm. The final components of the questionnaire attempts to gain information on how they manage the plantation and common practices adopted. The questions involved on application of legume crops4 cover, empty fruit bunches, integrated pest management, and waste management within the plantation. 
Questionnaires were distributed to 500 oil palm plantations throughout Malaysia via mail and email based on the list of oil palm plantation provided by the Malaysian Palm Oil Board (MPOB). A sample of the questionnaire used can be found in the appendix.
3.1.10 		Completeness, Sensitivity and Consistency Checks
According to ISO 14044 (2006), completeness, sensitivity and consistency checks are required in the evaluation of the interpretation phase. The checks are carried out to establish confidence and the reliability of the LCA results. 









3.2	Field Study: Nitrous Oxide Emission from Soil

The greenhouse gases (GHG) fluxes were collected from soil fertilized with nitrogen fertilizers planted with oil palm in order to measure N2O fluxes and to identify the relationship between N2O and environmental factors.

3.2.1	Site Description
The study was conducted in an oil palm plantation located at MPOB Research Station, Keratong, Pahang, along at Kilometre 137, Lebuhraya Segamat-Kuantan, Pahang (2o 46’ N, 102o 55’ E). The study site was chosen because it meets the required criteria which consists of mature palms and planted on mineral soil. The satellite view (by Google Maps) of the study site is shown in Figure 22 and 23. Annual precipitation at the site averaged 1527.9 mm in the past 5 years while average temperature from commencement of the study until the final measurement was 26.6 oC. The dominant soil types are Rengam series. Rengam series soil is classified as follows by the USA classification system (Pushparajah and Amin, 1977);
Order	:	Ultisols
Suborder	:	Udults
Great group	:	Paleudults
Subgroup	:	Typic Paleudults
Family		:	Clayey, Kaolinitic, Isohyperthermic
Through mechanical analysis conducted, the soil is classified as sandy clay with particle distribution of 7.5% silt, 41.1% clay, 29.2% coarse sand and 22.2% fine sand.
 (
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)[image: ]Figure 22: Google Maps view of the study site (marked with red box)
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)[image: ]Figure 23: Google Maps (satellite view) of the study site (marked with red box) 

All sampling points were plotted based on Y-shaped plot as shown in Figure 24. Gas fluxes were measured from the inter row (IR), the harvesting path (HP) and the frond pile (FP) areas. This was done because each area has a different set of readings because of the varied conditions. Gas samples were collected from a centre palm in each replicate. Each treatment was replicated three times.
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			Figure 24: Illustration of sampling points plotted based on Y-shaped plots

The age of the palms used was thirteen years old at the commencement of study. The total number of plots used was nine, where every plot has 5 x 5 palms with 3 x 3 recording palms. Measurements were taken from nine sampling points. The nitrogenous fertilizer namely ammonium sulphate and urea were applied one time throughout the study. Fertilizers were applied broadcast around the palm by adding evenly. The gas fluxes were measured at five different times between February 2010 and February 2011, for three treatments including the control (fertilizers were applied at normal estates rates), 2.5 kg Ammonium Sulphate, and 2.0 kg urea. The treatments and the nutrient contents of the fertilizer applied are shown in Table 17 and 18. Measurements were taken before application of fertilizer, one month, two months, three months, and six months after fertilizer application. The average values were obtained from the readings taken in three replicates of each area.
Table 17: Application of fertilizers (treatments)
	Treatments
	Rate of Application (kg/palm)

	
	Replicate 1
	Replicate 2
	Replicate 3

	Control (MPOB F1)
	3.0
	3.0
	3.0

	Ammonium sulphate
	2.5
	2.5
	2.5

	Urea
	2.0
	2.0
	2.0



Table 18: Nutrient content of fertilizers applied
	Nutrient content (%) 
	N
(%)
	P2O5 (%)
	K2O 
(%)
	MgO (%)
	B2O3 (%)
	S 
(%)

	Control (MPOB F1)*
	10
	5.4
	16.2
	2.7
	0.5
	0

	Ammonium Sulphate (AS)
	21
	0
	0
	0
	0
	24

	Urea
	46
	0
	0
	0
	0
	0


*Note: N-source used in MPOB F1 is ammonium sulphate

3.2.2	Soil Greenhouse Gases Measurement
The most common technique used to measure gas fluxes exchange between the soil and atmosphere is to trap the gas evolved from the soil surface in chambers. The gas samples are then collected in syringes for laboratory analysis or can be diverted through portable infrared gas analyzer, a method that allows concentration changes to be measured in situ (Melling and Henson, 2009). Thus, in this study, gas fluxes from soil were measured using closed-chamber method. Vented gas chambers, each with 21.5 cm in diameter and 12 cm high were placed directly on the soil surface at each sampling point (Figure 25, 26, and 27). The gas chamber is made from polyvinyl (PVC) and there are two holes on the cover; one for sampling tube and the other for ventilation port tube. Any vegetation were cut and removed before the chamber was pushed into the soil to a depth of approximately 3cm to prevent leakage of gas from the bottom of the chamber. In total, 9 soil chambers were used for every plot measured. 
For fluxes measurement, PTFE tubes were used to collect gas samples from the gas chambers and analyzed directly using a portable photoacoustic field gas monitoring system (INNOVA Photoacoustic Spectrophometer). Tubes were connected between the chambers and gas analyzer (Figure 28). GHG fluxes were measured from each sampling point within 30 minutes to get five to six data intervals. Flushing was done to purge any unnecessary gases in the tube from previous usage, before measurements were made.
In this study, GHG were analyzed using photoacoustic (PA) spectrometry where the excited molecules went a non-radiative (thermal) decay to the ground state. The generated temperature modulation results in a pressure modulation that can be detected by means of microphones. A measurement of the generated microphone signal as a function of the wavelength allows the identification of the absorbing molecules or atoms (Neftel et. al., 2006). For measuring device, photoacoustic gas monitoring analyzer (INNOVA 1309 and 1412; INNOVA Air Tech Instruments, Denmark) was used where concentrations of N2O, CO2, and H2O were measured once every two minutes. Interferences in the measurement were caused by overlapping absorption spectra of the different gases and by temperature effects. The gases were measured using INNOVA 1309 (Figure 29) where the device draws air samples through tubing connected to the soil chambers before being filtered and analyzed by INNOVA 1412 (Figure 30), a gas monitor based on the photoacoustic infra-red detection principle. The detection limits for the GHG analyzer is shown in Table 19. 
Table 19: Photoacoustic gas monitoring system (INNOVA 1412) detection limits for  GHG
	Gas
	Detection limit (ppm)

	Nitrous oxide (N2O)
	0.03

	Carbon dioxide (CO2)
	1.5

	Methane (CH4)
	0.1
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Figure 25: Vented gas chamber were installed directly on the soil
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	Figure 26: Y-shaped plot gas measurement in the oil palm field
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	Figure 27: Gas samples collection in the field
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	Figure 28: Vented chamber were connected to gas analyzer by PTFE tubes
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	Figure 29: INNOVA 1309 draws and collect air samples from the soil
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	Figure 30: INNOVA 1412 filtered and analyzed air samples from INNOVA 1309
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	Figure 31: In situ monitoring of GHG fluxes collection

3.2.3	Flux Calculation, Uncertainties and Statistics
The fluxes were calculated from the average values taken from replicates of each area. According to Parkin and Venterea (2010), fluxes are calculated from the rate of change of the concentration of the analyte of interest in the chamber headspace. Since the units associated with the gas standards are typically ppm (v), when the standard curve relationship is applied to calculate gas concentrations of the samples, the resulting unit of the analyte is also ppm (v). Volumetric parts per million (ppm (v)) has units of μL trace gas L-1 total gas.
If the rate of change of headspace trace gas concentration is constant (ppm (v) vs. time data is linear) then linear regression can be used to calculate the slope of the concentration vs. time data. The slope of the line is the trace gas flux. Thus, a regression of ppm (v) vs. minutes will result in a slope with units of ppm (v) min-1. Multiplying the slope by the chamber volume (L) and dividing by the chamber surface area (m2) will result in a flux with units of μL trace gas m-2 min-1. For each treatments of fertilizer, the N2O emission factor was calculated by rating the difference between the mean value of fertilized blocks and the non-fertilized (control) blocks to the nitrogen input.
The estimation of N2O emissions experienced some uncertainties as follows; (1) the major uncertainty arises from the inaccuracy of the analysis equipment that would affect on the estimation of N2O emission. To minimize the inaccuracies, correction algorithm and calibration of equipment are performed as regular as possible. (2) Uncertainties from low resolution of N2O measurement. In order to reduce the uncertainty, more measurements of N2O are needed in future studies. (3) The removal of surface and below ground plant biomass might affect microbial composition as well as soil environment and thus influence the emission of N2O from soil.
3.2.4	Soil Sampling Analysis
Soil samples were taken from each different fertilized blocks (treatments: control, AS and urea) during the collection of gas fluxes. Soils were sampled at three depths with an auger ranging from 0 to 15 cm, 15 to 30 cm, and 30 to 45 cm (Figure 32 and 33). 
The volumetric soil water content (Ɵv) was measured at 12 cm depth by portable moisture meter (Hydrosense Soil Water Content Measurement System, Campbell Scientific, Inc., USA) (Figure 34) and sampled close to the gas chamber. Volumetric water content is defined as the volume of liquid water per volume of soil. Total soil porosity (P) was calculated according to the relationship (Equation 6); 
P = (1- ρb/ ρp)				(Equation 6)
Where, ρb is the soil bulk density and ρp is the particle density of 2.65 g cm-3. Bulk densities were calculated from the volume of soil in the cores. Bulk densities used were 1.15 g/cc (Pushparajah and Amin, 1977). 
Water filled pore space (WFPS) was calculated from total porosity and soil bulk density (Equation 7);
WFPS = 100Ɵv / P				(Equation 7)
Where, Ɵv is the volumetric water content and P is the total porosity.
Soil temperature was measured by a thermometer and was taken at 0 to 10 cm soil depth. The thermometer was inserted into the soil next to each chamber and temperatures were recorded manually. Meanwhile relative humidity was measured using wet and dry bulb Hygrometer (ZEAL, England) (Figure 35). The local data of air temperature and rainfall distribution for the evaluated period were obtained from the Malaysian Meteorological Department, specifically for the district of Bandar Muadzam, Pahang.
Soil pH was determined on suspensions of 10 ml air-dried soil in 25 ml water (1:2.5 v/v). After being stirred, the samples were left overnight before being measured by a pH meter.
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Figure 32: Soil samples were taken using auger
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Figure 33: Collection of soil samples
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Figure 34: Portable moisture meter (Hydrosense Soil Water Content)
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Figure 35: Wet and dry bulb Hygrometer to measure relative humidity



3.2.5	Statistical Analysis
To illustrate the relationship between N2O emissions and other variables, a statistical analysis was done. In order to evaluate the correlation between variables, it is important to measure the r2 and the significance of the correlation. Correlation coefficient (r) analysis was used as a tool to represents the linear relationship between two variables. If the correlation coefficient is squared, the resulting value, r2, also commonly known as coefficient of determination, will illustrate the proportion of common variation and the strength between two variables. Meanwhile, the significance level was calculated for each correlation as information about the reliability of the correlation.
The correlation coefficient, r, ranges from -1 to 1, where;
· When r is close to 1, there is a strong relationship between two variables.
· When r is close to 0, there is a weak relationship between two variables.
· When r is positive (+), when one variable increases in value, the second variable also increases in value.
· When r is negative (-), when one variable increase in value, the second variable decreases in value.
For significance value (2-Tailed), when:
· The value is greater than 0.05, there is no statistically significant correlation between two variables.
· The value is less than or equal to 0.05, there is a statistically significant correlations between two variables.

In this study, the most widely used type of correlation coefficient, Pearson’s r, was chosen to measure the strength of linear dependence between the two variables X and Y. The Pearson’s r analysis was performed using SPSS 19 software (SPSS Inc., United States), with a probability of 5% to test the significance of treatments effects.
The Pearson’s r was conducted to measure the interrelationship between N2O emission and environment factors, such as soil moisture (v/v), soil temperature (oC), rainfall distribution (mm), air temperature (oC), soil pH, total N (%), organic C and the percentage of water filled pore space (WFPS). A detailed explanation on every relationship will be discussed in Chapter 4.













CHAPTER 4
RESULTS AND DISCUSSION

	The results and discussion of this study are divided into two components. The first component is the results and discussion for Life Cycle Assessment (LCA) and the greenhouse gases evaluation from the production of one tonne of fresh fruit bunches (FFB). The second component of the chapter is the results for the measurements of N2O emission from the soil fertilized with various types of nitrogen fertilizers.
4.1	Life Cycle Assessment Study
	The results of the LCA study consist of three parts namely, [1] Life cycle inventory (LCI), [2] Life cycle impact assessment (LCIA), and [3] Greenhouse gases emission.
4.1.1	Life Cycle Inventory 
The developed inventory is to fulfil the first objective of the study which is to identify the inputs of nitrogen fertilizer in the oil palm plantation. The inventory was obtained from a questionnaire survey conducted on 154 plantations located throughout Malaysia and was developed from energy inputs and outputs required during the cultivation stage of oil palm.  The data obtained was summed up to the unit of one tonne of FFB produced in one hectare (Zulkifli et al., 2010). The foreground data was obtained through responses to questionnaires, telephones, and interviews for verification of data. Data gaps were filled by information through scientific literature, public databases, or calculation using published models. Inventory data for background processes, i.e. for production of energy, production of fertilizer, production of pesticide and agricultural machinery are largely based on the Ecoinvent databases (Ecoinvent, 2004), while data on the application of the raw materials were obtained from the questionnaires. The background information of the plantation from the questionnaires surveys that has been conducted is shown in Table 20. 
Table 20: Background information on the plantations used in the study
	Background information on Plantation

	Total number of plantations surveyed
	154

	Average FFB yield (t/ha/yr)
	18.0

	Soil types
	Mineral soils

	Average planting density (palms/ha)
	140

	Plantation economic life
	25 years

	Total Area
	317,160.7 ha

	Planted Area
· Peninsular Malaysia
· Sabah
· Sarawak
	
167,111.1 ha
115,744.7 ha
34,304.95 ha



From the survey conducted, the average FFB yield of 18 tonne ha-1 yr-1 was used as a benchmark in this evaluation with 140 palms ha-1 as the average planting density of the plantations. The total area covered in the survey was 317,160.7 ha or 6.5% of the total oil palm area in Malaysia. From the total area covered, in the above survey, 53%, 36%, and 11% represents oil palm planted in peninsular Malaysia, Sabah and Sarawak, respectively (Figure 36) where the actual planted area for peninsular Malaysia is 51.3%, Sabah is 29.7% and Sarawak 19% (Choo, 2011). A qualitative overview of the input-outputs and effects from the plantation system is shown in Table 21.

	Figure 36: The breakdown of oil palm planted area in Malaysia

Table 21: Qualitative overview of input-output and effect 
	Input
	Output
	Main effect of output

	Fertilizer Production
1. Chemicals
2. Energy
· Diesel 
· Electricity

	Fertilizer Production
1. Chemical waste
2. Emissions from diesel production and combustion
3. Emissions from electricity production
	Fertilizer Production
1. Fossil fuel depletion
2. Respiratory inorganics
3. Global warming

	Fertilizer Use
1. Inorganic fertilizer
2. Organic fertilizer
3. Pesticides
	Fertilizer use
1. Emissions to water and air
	Fertilizer use
1. Respiratory inorganics
2. Eutrophication

	Plantation Energy
1. Diesel

	Plantation energy	
1. Emissions from diesel production and combustion

	Plantation Energy
1. Fossil fuel depletion
2. Respiratory inorganics
3. Global warming


Source: Yusoff (2006)


4.1.1(a) 	Fertilizer Usage in Oil Palm Plantation
	Macronutrients such as nitrogen (N), phosphorus (P2O5) and potassium (K2O) are usually applied to plants in the form of fertilizers. From the survey, it can be concluded that the highest usage of fertilizers are for muriate of potash (MOP) with 34% of the total amount, followed by ammonium sulphate (25%), phosphate rock (20%), kieserite (20%), urea (1%) and ammonium nitrate (0.06%). (Table 22, Table 23 and Figure 37). These fertilizers are important and commonly used in oil palm plantation as they provide macronutrients for palm growth and FFB production. 
	In this study, every fertilizer source was then converted to their nutrients content of N, K2O, and P2O5. The percentage of nutrients in fertilizer is shown in Table 24. As the amount of nutrients input used in the plantation varies according to palm growth, size, yield level, site soil properties and characteristics, the fertilizer input was calculated from the average of two years immature and 23 years mature palms. The inventory associated with the production of fertilizers was obtained from the Ecoinvent (2004) database shown in Table 25. 

Table 22: The types and quantity of fertilizers used in the production of one tonne FFB
	Fertilizer types
	Quantity used (kg/tonne FFB)
	Percentage of usage (%)

	Ammonium Sulphate (AS)
	9.905
	25.03

	Ammonium Nitrate (AN)
	0.025
	0.06

	Urea
	0.440
	1.11

	Muriate of Potash (MOP)
	13.361
	33.78

	Phosphate Rock
	7.948
	20.08

	Kieserite
	7.888
	19.94






Table 23: The types and quantity of nutrients used in the production of one tonne FFB
	Nutrients
	Quantity used (kg/tonne FFB)

	Nitrogen (N)
	4.419

	Phosphorus Pentoxide (P2O5)
	3.970

	Potassium Oxide (K2O)
	10.044





Figure 37: The usage of different types of fertilizer in an oil palm plantation 

Table 24: Nutrient content in different types of fertilizer
	Type of Fertilizer
	Types of Nutrient (Main)
	Nutrient Content (%)

	Ammonium Sulphate (AS)
	N
	21

	Ammonium Nitrate (AN)
	N
	35

	Urea
	N
	46

	Muriate of Potash (MOP)
	K2O
	60

	Phosphate Rock 
	P2O5
	34.5

	Kieserite
	MgO
	27




Table 25: Applied LCI for production of fertilizer based on Ecoinvent database 
	Fertilizer
	Nutrient
	Data

	Ammonium sulphate
	N
	Ammonium sulphate as N at regional storehouse/RER (Ecoinvent, 2004)

	Urea
	N
	Urea as N at regional storehouse/RER (Ecoinvent, 2004)

	Ammonium nitrate
	N
	Ammonium nitrate as N at regional storehouse/RER (Ecoinvent, 2004)

	Phosphate rock
	P2O5
	Phosphate rock as P2O5, beneficiated, dry at plant (Ecoinvent, 2004)

	Muriate of potash
	K2O
	Potassium chloride as K2O at regional storehouse/RER (Ecoinvent, 2004)

	Kieserite
	MgO
	Not included. No LCI data have been identified.


Source: Ecoinvent (2004)

4.1.1(b)		Pesticides Usage in Oil Palm Plantation
	The usage of pesticides in plantations collected from the survey is shown in Table 26 and Figure 38. The LCIA data for the production of pesticides were obtained from the Ecoinvent (2004) database. The pesticides were inventoried into the SimaPro software as groups of pesticides and not individual pesticides. These groups are glyphosate, [sulphonyl]urea-compounds, bipyridylium-compounds, pyretroid-compunds, organophosphorus – compounds, carbofuran, 2,4-D dimethylamine and unspecified pesticides. Under these pesticides groups which are in the SimaPro database, only the impacts from production, transportation and storage at warehouse are considered.
	From the survey, it can be concluded that the highest usage of pesticides are for glyphosate with 68.1% of the total amount, followed by bipyridylium-compunds (14.4%), pesticide unspecified (other) (6.24%), organophosporus-compounds (5.24%), 2,4-D Dimethylamine (2.83%), [sulfonyl]urea-compounds (2.1%), thiocarbamate (0.24%) and pyrethroid-compounds (0.07%) (Table 26). 
	In a plantation system, weeding is often necessary to reduce competition (for nutrients, light and moisture) to provide proper access to the palms to enable pruning and harvesting, and to control disease and pest attacks. However in comparison to the other inputs such as fertilizers, oil palm plantation consumes only small amounts of pesticides.
Table 26: The amount of pesticides used for a production of one tonne FFB
	Types of Pesticides Used
	Amount of active ingredients
 (kg/tonne FFB)
	Percentage of Usage (%)

	Glyphosate
	0.079216
	68.09

	[sulfonyl]urea-compounds
	0.002441
	2.10

	Bipyridylium-compounds
	0.016748
	14.40

	2,4-D Dimethylamine
	0.003294
	2.83

	Organophosphorus-compounds
	0.006101
	5.24

	Pyrethroid-compounds
	0.000086
	0.07

	Thiocarbamate (Carbofuran)
	0.000278
	0.24

	Pesticide unspecified
	0.007256
	6.24






   Figure 38: The percentage of pesticide usage in oil palm plantation
4.1.1(c)  	 Traction Usage in Oil Palm Plantation
	Traction is defined as the combustion of diesel in agricultural machinery and it is measured in litre (L) or MJ. The values were then converted into mega joules by using calorific values for diesel at 36.4 MJ/litre (Schmidt, 2007). Traction includes the production, transportation, and burning of diesel in plantation. In an agricultural system, traction involves the utilization of fossil fuel. LCIA for traction is identified in the Ecoinvent (2004) database. The use of petrol and lubricant is excluded from the inventory as the usage is minimal. 
	While some plantations have their own mill, other plantations have to transport their FFB from the plantation to the mill by trucks. The energy use and the emissions from the transportation depend on the distance from the plantation to the mill, the load size of the truck and the engine properties. The inventory for traction is shown in Table 27. The diesel used for field machinery was 61.94 MJ and the average distance transporting FFB to mill is 21.304 km.

Table 27: Inventory for traction (energy usage) in an oil palm plantation
	Energy used
	Average Usage (litre)
	Average Amount Used (MJ/litre)

	Diesel (field machinery) 
	1.70
	61.94 

	Petrol 
	0.06
	2.09


	Energy used
	Amount (kgkm)

	Transportation of FFB to the mill (km)
	21.304

	Transportation from port to plantation (fertilizer)
	6.2

	Transportation from port to plantation (pesticide)
	0.04






4.1.1(d)	Packaging Usage
The use of polyethylene bag or commonly known as polybag is estimated based on the average weight of polybag used in one hectare and converted to one tonne FFB produced. The LCI data used is HDPE, 250/RER (Ecoinvent, 2004). The amount of polybag used is shown in Table 28.

Table 28: Inventory on packaging
	Item
	Amount / tonne FFB

	Polyethylene bags (kg)
	0.314




4.1.1(e)	 Emission at the plantation.
	Most of the inputs for the production of FFB emit greenhouse gases (GHG) during their manufacturing process. The GHG emission from the production of fertilizers and pesticides used in the plantation were determined by the Ecoinvent methodology in SimaPro. The direct and indirect N2O emissions from fertilizers application were calculated according to the IPCC guidelines for N2O emissions from managed soils. Meanwhile, the emissions for pesticides were considered equally distributed to air, water and soil as reported by Zulkifli et al., 2010 (Table 29). The GHG emissions from fossil energy were calculated by multiplying the amount of fuel used per hectare of land by the emission factor of the fuel. GHG emission from the production of machinery and equipment, construction of buildings, and methane (CH4) are excluded as the emissions are minor compared to overall emissions in the systems. 
	The various GHG emissions from the plantation were then summed up per hectare and converted to per one tonne FFB produced.


Table 29: Emissions from pesticides application to air, water and soil                              

	Pesticide (a.i)*
	Emission to air             (kg a.i/tonne FFB)
	Emission to water (kg a.i/tonne FFB)
	Emission to soil           (kg a.i/tonne FFB)

	Glyphosate
	0.0667
	0.0667
	0.0667

	Metsulfuron-methyl
	0.019
	0.019
	0.019

	Carbofuran
	0.0045
	0.0045
	0.0045

	Cyfluthrin
	0.00255
	0.00255
	0.00255

	Glufosinate ammonium
	0.265
	0.265
	0.265

	Methamidophos
	0.0056
	0.0056
	0.0056

	Cypermethrin
	0.00014
	0.00014
	0.00014

	Paraquat
	0.022
	0.022
	0.022

	Fluroxypyr
	0.0043
	0.0043
	0.0043

	Triclopyr, butoxyethyl-
	0.0013
	0.0013
	0.0013

	2,4-D, dimethylamine
	0.004
	0.004
	0.004

	Warfarin
	0.0000092
	0.0000092
	0.0000092

	Malathion
	0.000013
	0.000013
	0.000013

	Benomyl
	0.0000021
	0.0000021
	0.0000021

	Dimethoate
	0.000099
	0.000099
	0.000099


*a.i: active ingredients
Source: Zulkifli et al., (2010)

(i)	Emissions from organic and inorganic N fertilizer application
	The emission from direct and indirect sources of N2O inputs is shown in Table 30. Direct emission is the N2O emission from total inputs of N fertilizers and was calculated based on the IPCC (2006) emission factor, 1%.  The indirect emissions were emitted from ammonia and nitrate. The emission of ammonia and its subsequent deposition as NOx and NH4 and the nitrate leached from the field would increase the amount of N available for denitrification and nitrification (IPCC, 2000). The N2O-N emissions that are produced from deposited NH4-N and NOx-N (originating from NH3-emission) is 0.01 kg N2O-N/kg N (IPCC, 2000). In this respect, it is assumed that all emitted ammonia will end up as deposited NOx or NH4. The N2O-N emission produced from leached nitrate is 0.025 kg N2O-N/kg NO3-N (IPCC, 2000). 

Table 30: Nitrous oxide emission in oil palm plantation
	Emission
	Amount (kg CO2 equivalent)

	Direct emission and indirect emission of nitrous oxide (N2O)
	26.344



4.1.2	Life Cycle Impact Assessment (LCIA)
The results from the LCIA have successfully fulfilled the second objectives of this study. Calculation of LCIA is based on the production of one tonne FFB. Apart from the agricultural production system, the primary energy required to produce the raw material and subsequently utilized it is also included in the total amount of energy input calculated. All results graphs are generated by SimaPro 7.1 using Eco-indicator 99 methodology.

4.1.2(a) Impact Characterization
Data in figure 39 shows the characterized results for the production of one tonne FFB produced in the plantation. The impact characterization illustrates the relative impact contribution in every impact category. However, the respective categories cannot be compared as they show relative distribution in the respective categories and not the amount. From Figure 39, it can be observed that the input from N fertilizer and ammonium sulphate dominates most of the impact category.






4.1.2(b) Impact Assessment
Impact assessment for the production of one tonne FFB is presented in three ways, namely, normalization, weighted values, and damage assessment.
Normalization step is used to express the potential impacts in ways that can be compared among impact categories. However, the normalized data can only be compared within an impact category because of the different baseline reference. Figure 40 and Figure 41 show the normalization value for the production of one tonne FFB. Based on the figure, the major contributors to the impacts are N fertilizer input and ammonium sulphate. It is evident that fossil fuels and respiratory inorganics are the most potential environmental impact for the production of one tonne FFB. Normalization values must be weighted as the values can only be compared within an impact category.
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Figure 39: LCIA for the production of one tonne FFB (characterization)
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Figure 40: LCIA for the production of one tonne FFB (normalization)
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Figure 41: LCIA for the production of one tonne FFB (normalization per subcategory)

	Weighted values of the impact assessment are shown in Figure 42 and Table 31. Weighting was used to compare the impact categories among themselves and emphasize the most important potential impacts. The unit used is Pt, an Eco-indicator 99 point where 1 Pt is equivalent to the impacts from one-thousandth person per year. The results of impact categories are shown in Table 31. The total weighted impacts for the production of one tonne FFB are equivalent to the impact from 4.312 persons (European). Based on Figure 42 and Table 31, among the significant impact categories are depletion in fossil fuels (1.79 Pt), respiratory inorganics (1.26 Pt), climate change (0.45 Pt), and acidification (eutrophication) (0.33 Pt). 

Table 31: Weighted values for the production of one tonne FFB (Most significant values are marked in bold)

	Impact Category
	Unit
	Amount

	Carcinogens
	Pt
	0.171027

	Respiratory organics
	Pt
	0.001126

	Respiratory inorganics
	Pt
	1.260383

	Climate change
	Pt
	0.4495

	Radiation
	Pt
	0.003803

	Ozone layer
	Pt
	0.000119

	Ecotoxicity
	Pt
	0.139047

	Acidification/Eutrophication
	Pt
	0.326415

	Land use
	Pt
	0.065801

	Minerals
	Pt
	0.103028

	Fossil fuels
	Pt
	1.79167

	Total
	Pt
	4.311917



From Figure 42, it can be seen that the three highest contributor of fossil fuel depletion is ammonium sulphate (1.2 Pt), potassium chloride (0.24 Pt), and urea (0.084 Pt). The high contribution from fertilizers is associated with the production process of the fertilizers. Fossil fuels as coal, oil, and gas are mainly used to generate electricity as electricity is the main energy used in the manufacturing of fertilizer. Moreover, agricultural machinery (0.078 Pt) is also responsible for the depletion of fossil fuel. This is due to the combustion of diesel fuel from agricultural machinery during operations in the plantation. The issue related to the depletion of fossil fuel is their decreasing availability for future generations as there would not be a suitable replacement that is equally efficient at producing the same amount of energy (Shafiee and Topal, 2009).
Ammonium sulphate (0.329 Pt) and other N fertilizer inputs (0.579 Pt) make up the impacts of respiratory of inorganics. This is caused by the application of N fertilizers for the cultivation of the palms and due to the high emission of nitrous oxide (N2O) during the production of the fertilizer especially in the production of nitric acid, the main element in N fertilizer (Bentrup et al., 2001). 
It is known that one of the main factors of climate change is from the N-based fertilizers (0.232 Pt). This is due to the production of nitrogen fertilizer which emits greenhouse gases mostly as nitrous oxide (N2O) as reviewed by Snyder et al., (2009). However, some of the energy used for transportation and machinery (0.016 Pt) during field operations in the plantation also contributes to the climate change. Climate change is associated with the emissions of gases with specific radiative characteristics like carbon dioxide and nitrous oxide which lead to an unnatural warming of the Earth’s surface which later will cause global and regional climatic change (Bentrup et al., 2004). 
From Figure 42, acidification is mainly caused by N fertilizers input (0.29 Pt). Acidification is mainly caused by air emissions of sulphur dioxide, nitrogen oxides, and ammonia. These gases are emitted during the production of fertilizers, the traction used in plantations, and are also released during arable crop production (Snyder et al., 2009).
Generally, fossil fuels, respiratory inorganics, and climate change are related to air emissions while acidification and eutrophication is mainly related to water emissions from N fertilizers and energy use (Bentrup et al., 2004).
	The damage assessment shows relative impact contributions in the system. The assessment evaluates the impact from the aspect of Human Health, Ecosystem Quality, and Resources. Similar as characterization step, the respective categories is non-comparable because it shows the relative distribution in the respective categories and not the amount. The results of damage assessment are shown in Table 32.
Table 32: The damage assessment for the production of one tonne FFB
	Damage Category
	Unit
	Total

	Human health
	DALY
	0.0000724

	Ecosystem Quality
	PDF*m2*yr
	6.811056

	Resources
	MJ surplus
	79.60912


DALY: 	Disability Adjusted Life Years (Years of disabled living or years of life lost due to the impacts)
PDF:		Potentially Disappeared Fraction (Plant species disappeared as results of the impacts)
SE:		Surplus Energy (MJ) (Extra energy that future generations must use to excavate scarce resources)

The damage categories of the impacts are presented in Figure 43. From the figure, it is observed that the production and consumption of fertilizer is the highest potential in harming the environment, resources, and affecting human health. It is evident that the impacts from the plantation are mainly contributed by the production of fertilizer as consumption of ammonium sulphate and other input of N fertilizers dominated most of the impacts. 
From the results of weighted values and damage assessment for the production of one tonne FFB, we could see that in the plantation, the production and application of fertilizers is the major contributor to most of the environmental impacts. In addition, the production and application of fertilizers emits GHG emissions to the atmosphere. Jawjit et al., (2010) reported that the chemical production of synthetic fertilizer is an energy intensive process as a result of which emissions of CO2 are relatively high. It is known that N2O is emitted during the chemical reduction to atmospheric N2O and to ammonium in industrial fertilizer production and when the fertilizer is applied to the soil, where part of it is converted to N2O by denitrificating bacteria in the soils and sediments. However, the emissions from the production and application of fertilizers especially N fertilizers are unavoidable as fertilizers are essential for the palm growth. 
Finally, in the single score assessment (Figure 44), it is evident that fertilizers especially N fertilizers input is the main contributor to the impacts of human health, ecosystem quality and resources.
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Figure 42: LCIA for the production of one tonne FFB (weighted values). Pt: Eco-indicator 99 point. 1 Pt ~ impact from 1/1000 person per year
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Figure 43: LCIA for the production of one tonne FFB (damage assessment)
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Figure 44: LCIA for the production of one tonne FFB (single score)

4.1.3		Life Cycle Impact Assessment (LCIA) on Greenhouse Gases Emission
The percentage and value of GHGs in the production of one tonne FFB is shown in Table 33 and Figure 45, respectively. As shown in Table 33, the actual values of GHG emissions from every inputs and outputs in the production of one tonne FFB were recorded. From Figure 45, it shows that the emission of N2O is the most significant emission with 98 % from the total emission compared to CO2 with only 2 %. Even though the emission of CO2 is larger than N2O, however, in terms of kg CO2 equivalents, the emission of N2O is larger than CO2 with 38.49 kg CO2 equivalents and 0.932 kg CO2 equivalents, respectively. 
Table 33: Amount of GHGs emission from the production of one tonne FFB

	Parameters
	CO2 (kg)
	N2O (kg)

	Production of Materials

	Ammonium Nitrate
	1.859 x 10-3
	1.621 x 10-7

	Ammonium Sulphate
	5.721 x 10-1
	6.727 x 10-5

	Urea
	1.904 x 10-2
	2.525 x 10-6

	Phosphorus pentoxide, P2O5
	6.266 x 10-3
	4.838 x 10-6

	Potassium Chloride, K2O
	1.989 x 10-1
	3.339 x 10-5

	Glyphosate
	1.315 x 10-2
	7.215 x 10-6

	Sulfonyl urea-compounds
	2.165 x 10-4
	1.060 x 10-7

	Bipyridylium-compounds
	1.565 x 10-3
	7.820 x 10-7

	Pyretroid-compounds
	1.343 x 10-5
	7.380 x 10-6

	Organophosphorus
	5.756 x 10-4
	2.800 x 10-7

	Carbofuran
	3.067 x 10-5
	1.580 x 10-5

	2,4-D Amine
	1.381 x 10-4
	4.560 x 10-5

	Pesticide unspecified
	6.286 x 10-4
	2.900 x 10-7

	PE bag (HDPE)
	6.468 x 10-2
	2.000 x 10-6

	Material used

	Input of N fertilizer
	-
	1.290 x 10-1

	Energy used

	Traction
	4.663 x 10-2
	5.930 x 10-7

	Seedling
	4.565 x 10-2
	1.230 x 10-7

	Truck 16t
	4.853 x 10-3
	1.170 x 10-7

	Truck 28t (fertilizer)
	1.284 x 10-3
	1.300 x 10-7

	Truck 28t (pesticide)
	8.281x 10-6
	8.400 x 10-7

	Total emission (kg)
	0.932
	0.129

	TOTAL EMISSION  (kg CO2 eq)
	0.932
	38.49



Figure 45: GHG emissions from the production of one tonne FFB
Oil palm cultivation normally involves a large scale production and field operations which consumes a large quantity of fertilizers and pesticides, resulting in high emissions of greenhouse gases (GHG). Emission from oil palm plantation includes CO2 and N2O mainly contributed in the production of raw materials/inputs used in oil palm plantation (Jawjit et al., 2010), and from the usage of N fertilizers. Kramer et al., (1999) reported that the combustion of diesel fuel accounts for most of the CO2 emissions in farming, while N2O emissions were emitted during extraction and transport of crude palm oil other than combustion of diesel fuel. Other agricultural activities such as seedling production also contributed to the CO2 emissions in the cultivation of oil palm. 
A total amount of 0.932 kg of CO2 was emitted in the production of one tonne FFB as shown in Table 33 and Figure 46. It is observed that CO2 emissions are found mainly from the fertilizers especially from ammonium sulphate and potassium chloride with total emission of 5.72 kg CO2 x 10-1 and 1.99 x 10-1 kg CO2 respectively. Bentrup et al., 2004 reported that CO2 is emitted from the energy consumption during the process of fertilizer production.

Figure 46: Carbon dioxide emission from the production of one tonne FFB

The total amount of N2O emitted from the production of one tonne FFB is 38.49 kg CO2 equivalent (Table 33). From Figure 47, it was found that the input from N fertilizer is the most significant contributor to the total N2O emissions in the plantation with a total emission of 1.29 x 10-1 kg CO2 equivalent. This is due to the high N2O emitted during the process of production of the nitrogen fertilizer especially in the production of nitric acid which is one of the main constituents in N fertilizer (Bentrup et al., 2004). The total amount of N2O emitted from the direct and indirect emission in the plantation is 26.344 kg CO2 equivalent. The application of nitrogen fertilizers contributed to direct emission of N2O as a result of denitrification (Kramer et al., 1999). Volatilization of N as ammonia and oxides of N (NOx) contributed to the indirect N2O emission through the deposition of these gases and their products NH4+ and NO3- onto the soils and the surface of water (IPCC, 2006). Apart from direct emission, indirect emissions increase the emission of N2O in plantation. These show the importance of nitrogenous input to the total N2O emissions in the plantations. 


Figure 47: Nitrous oxide emission from the production of one tonne FFB

Within the agricultural cropping systems, CO2 is cycled through photosynthesis to produce food, feed, fibre, fuel and eventually is converted back to CO2 when consumed or decomposed. This resulted in a low net emissions of CO2 compared to its total cycling processes in agriculture. CO2 are mostly related to energy use in the plantation and in the manufacture and transport of agricultural products (Snyder et al., 2009). However, unlike CO2, N2O and CH4 are not recycled in the agriculture cropping systems hence the high net emissions observed especially for N2O emission.
 


4.1.4 	Completeness, Sensitivity and Consistency Checks
The completeness, sensitivity and consistency procedure was done according to ISO 14044 (2006). The checks are placed in order to enhance confidence and reliability of the LCA results

4.1.4(a) 	Completeness Check
	This is to ensure that all relevant information needed for the interpretation is available and complete. In this study, the system boundary and inventory data have been described comprehensively. Data quality and sourced, criteria for exclusions have been addressed in the respective sections. In general all relevant data have been included and omission of data has been described. Impact categories with the most significant impact on the environmental performance for the production of one tonne FFB have been identified.

4.1.4(b) 	Sensitivity Check
A sensitivity check is carried out to assess the reliability of the results and how they are affected by factors such as data uncertainties. A sensitivity analysis was done on FFB yield and nitrogenous fertilizer input as shown in Table 34. The magnitude of impacts of using more or less value of FFB yield and N fertilizer are illustrated in Figure 48, 49 and 50.

Table 34: Parameters and their range of sensitivity analysis
	Parameters
	Unit
	Lowest value
	Actual data (survey)
	Highest value
	Source

	FFB yield
	t/ha/yr
	17
	18
	31
	FRIM, IPCC

	N fertilizer
	kg/tonne FFB/ha/yr
	50
	79.54
	120
	Zulkifli et al., 2010



	
Figure 48 shows the results (weighted values) of the impact on the environment if the FFB yield is lower (17 tonne ha-1 year-1, green) or higher (31 tonne ha-1 year-1, yellow) when compared with actual data from survey (18 tonne ha-1 year-1, red). From Figure 48, it was found that the environmental impact from a lower FFB yield is not significantly different with the environmental impacts from actual data. Meanwhile, increased in FFB yield reduced the impacts to almost half. Thus, it can be concluded that the higher the FFB yield, the lower the environmental impacts.

[image: ]
Figure 48: Weighted values of environmental impacts from different FFB yields
[image: ]
Figure 49: Weighted values of environmental impacts from lower rate of N fertilizer

Figure 49 shows the comparison between a low N fertilizer application (50 kg tonne FFB-1 ha-1 year-1, red) and actual data from survey (79.54 kg tonne FFB-1 ha-1 year-1). From the graph, the reduction of N fertilizer can mitigate the environmental impact from the production of one tonne FFB. On the contrary, increase in the N fertilizer rate will enhance the environmental impacts as shown in Figure 50. Thus, it can be concluded that the rate of N fertilizer application is directly proportional to the environmental impacts.
[image: ]
Figure 50: Weighted values of environmental impacts from higher rate of N fertilizer
4.1.4 (c) 	Consistency Check
The objective of the consistency is to determine whether the assumptions, methods and data are consistent with the goal and scope. The data quality in terms of representativeness of regional and temporal differences has been addressed in the collection of LCI data. There are no differences in geographical representation as on-site data were obtained from oil palm plantations throughout Malaysia. The exclusions in this study have been outlined in 3.1.4.



















4.2	Field Study: Nitrous Oxide (N2O) Emission from Soil
Based on the GHG evaluation in LCA, even though N2O emission has a minor part in the overall GHG issue, however it has an important role in agriculture. Agriculture is considered to be its major source especially those who are associated in soil management and fertilizer consumption. Hence, the field study was conducted in order to clarify and justify the results obtained in GHG evaluation.
The results from this field study fulfil the objective to measure the N2O emissions from soil fertilized with different types of nitrogen fertilizer. This study was conducted to measure the N2O emission from soils fertilized with different types and rates of nitrogenous (N) fertilizer namely 2.5 kg of ammonium sulphate and 2.0 kg of urea in order to identify the relationship between N2O emission and environmental variables. 
Data in figure 51 shows the average of N2O fluxes from soil applied with 2.5 kg of ammonium sulphate and 2.0 kg urea per palm. The data shows that the amount of applied N fertilizer per hectare affects the variation in the N2O emissions. From Figure 51, it was found that there is an increase in N2O emissions from soil in the first measurement after the application of nitrogenous fertilizer compared to the background measurement without fertilizer. The N2O emission from ammonium sulphate application increased by 26.3 %, from 3.61x10-3 μg m-2 hr-1  to 4.9x10-3 μg m-2 hr-1  while N2O emission from urea application increased by 36.62 %, from 3.27x10-3 μg m-2 hr-1 to 5.16x10-3 μg m-2 hr-1. Enhanced N2O emissions can be observed in all the replications. A similar results were previously reported by Bouwman (1996); Flessa et al., (2002); Melling et al., (2007); Zhangwei et al., (2008) where N fertilizer applications to oil palm resulted in increased N2O emissions.


Figure 51: The average of N2O fluxes from soil fertilized with ammonium sulphate (AS) and urea

As shown in Figure 51, it was observed that the N2O readings are usually elevated during the first week following N fertilizer application and declining with time for both types of fertilizer application. From the first measurement to the second measurement after fertilizer application, N2O emission from ammonium sulphate and urea application decreased by 164.3% and 254.4% respectively. By the third reading, the N2O emission from ammonium sulphate and urea has decreased by 825% and 457% respectively, compared to the first measurement after fertilizer application. However in the final reading (the 4th), the N2O fluxes was observed to increase dramatically. This phenomenon can be explained by the fact that flooding has occurred a few weeks before the reading was taken. As shown in Figure 52, the final reading (fourth), the amount of rainfall recorded was drastically increased together with an increased in N2O fluxes as compared with the previous readings. High rainfall will increase N2O emission due to the increase in microbiological activities which are involved in the mineralization process of soil organic matter, plant roots and shoot residue (Kavdir et al., 2008).

Figure 52: Recording of nitrous oxide fluxes and amount of rainfall at the study sites

A statistical analysis using Independent T-Test was conducted on the data of N2O emissions from the application of ammonium sulphate and urea. The T-Test was used to test whether there is any significant difference between the means of those two groups. The results (Table 35) indicate there is no significant difference in N2O fluxes between ammonium sulphate and urea application.




Table 35: The Independent T-Test used to test the significant difference between N2O emissions from ammonium application and urea application
	Group Statistics

	
	Fertilizer
	N
	Mean
	Std. Error Mean

	N2O emission (ug/m2/hr)
	AS
	9
	.007829
	.0015006

	
	Urea
	8
	.007768
	.0015596

	
Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig.              (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	N2O emission (ug/m2/hr)
	Equal variances assumed
	.026
	.875
	.028
	15
	.978
	.0000610
	.0021671
	-.0045580
	.0046800

	
	Equal variances not assumed
	
	
	.028
	14.835
	.978
	.0000610
	.0021643
	-.0045566
	.0046785



From Table 35, the means of N2O emission from fertilizer application are 0.007829 for ammonium sulphate and 0.007768 for urea. Levene’s Test for Equality of Variances shows that F (0.026) is not significant (0.875) because the p > 0.05. The T-Test for Equality of means score is 0.978, therefore there is no significant difference between the means of two groups because the p > 0.05. This shows that although nitrogen fertilizer (in this case study ammonium sulphate and urea) contributes to the nitrous oxide emissions, however, different rates of nitrogen fertilizers did not affect the amount of emissions.
N2O emission from soils has been associated with biological nitrification and denitrification processes (Zhangwei et al., 2008). Kavdir et al. (2008) reported that N use efficiency of perennial plants is much higher than annual plants which explained low N2O emission from oil palm. According to Verge et al. (2007), for reasons related to fertilizer formula, N release rate, time and area of application, and climatic conditions, the efficiency of N fertilizer uptake is frequently less than 50%. From the total consumption of N fertilizer, between 0.25 - 2.25% are converted into N2O (GWP of 298 CO2 equivalent) and the emission of NOx (indirect global warming potential of ~5 CO2 equivalent (Reijnders et al., 2008).
4.2.1	Relationship between N2O emissions and environmental variables
The data on N2O measurements obtained from the field were subjected to Pearson Correlation, to determine which environmental variables gave the most significant effect to the N2O emission from soil. The results from the statistical analysis fulfil the final objective of this study to identify the relationship between N2O emissions and environmental variables. As shown in Table 36, it was observed that, the highest correlation obtained between environmental variables and N2O emission are the amount of rainfall (r2=0.756), total N (r2=0.532), soil moisture (r2=0.527), and percentage of water-filled pore spaces, %WFPS (r2=0.527). 
Based on Pearson Correlation analysis, when the r value is close to 1, there is a strong relationship between the two variables. This means that any changes occurring in one variable would be strongly correlated with changes in the second variables. Therefore, it can be concluded that there is a strong and positive relationship between N2O emission from the soil and amount of rainfall, total N, soil moisture and %WFPS. From Table 36, it was shown that the significance values obtained is less than 0.05, thus, there is a statistically significant correlation between the emission of N2O from soil and soil moisture, %WFPS,  the amount of rainfall, and soil total N.
Soil moisture is closely related to soil %WFPS as %WFPS depends on both total porosity and water content in the soil. Soil moisture affects nitrification and denitrification process which emits N2O. According to Hellebrand et al. (2008), N2O emissions from dry soils (WFPS below 60%) are produced by nitrification process in the soil. This occurs when nitrifiers switch from the oxidation of NH4+ to NO3- to the reduction of hydroxylamine and NO2- to NO and N2O when the O2 supply is decreasing. In addition, this process is stimulated by high concentrations of NH4+ and does not require an organic C source (Wrage et al., (2001); Sanchez-Martin et al., (2008). While Kavdir et al., (2008) reported, when soil is re-wetted, there will be an increase in carbon mineralization as well as N immobilization to meet the demands of the active soil microbial population in the soil. 
Rainfalls intensify N2O emission through denitrification process where oxygen availability in the soil is limited, and WFPS was high and generated anaerobic sites in which denitrification of NO3- was intensified (Gomes et al., 2009). Snyder et al. (2009), reported that flushes of N2O can occur when soil become moistened or saturated from precipitation or irrigation. According to Gomes et al., (2009) high NO3- concentration in the soil may have inhibited the conversion of N2O to N2 because of the preference for NO3- instead of N2O as the final electron acceptor which explained the high N2O emission after rainfall. The conversion of NO3- to N2 can be completed with a small and variable portion of the N is emitted as N2O gas. 
The Pearson Correlation showed that there is a correlation between the total N in soil and the N2O emissions where the value of r2 is 0.532. The results indicate the application of N fertilizer increase the N2O emissions from soil due to the increase in soil organic matter. The results from this study confirmed earlier work done by Pathak (1999) and Gomes et al., (2009) studies, where they found that organic carbon and total nitrogen are important factors that exert a direct effect on N2O emission.


Table 36: Pearson Correlations between N2O emission and environmental variables

	   Environmental variables
	N2O emission (ug/m2/hr)

	Soil Moisture 
	Pearson Correlation
	.527**

	
	Sig. (2-tailed)
	.006

	
	N
	26

	Soil Temperature
	Pearson Correlation
	.098

	
	Sig. (2-tailed)
	.634

	
	N
	26

	Soil pH
	Pearson Correlation
	.373

	
	Sig. (2-tailed)
	.061

	
	N
	26

	Rainfall (mm)
	Pearson Correlation
	.756**

	
	Sig. (2-tailed)
	.000

	
	N
	26

	Air Temperature
	Pearson Correlation
	-.671**

	
	Sig. (2-tailed)
	.000

	
	N
	26

	Total N (%)
	Pearson Correlation
	.532**

	
	Sig. (2-tailed)
	.005

	
	N
	26

	Org C (%)
	Pearson Correlation
	.113

	
	Sig. (2-tailed)
	.582

	
	N
	26

	% WFPS (%)
	Pearson Correlation
	.527**

	
	Sig. (2-tailed)
	.006

	
	N
	26

	**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).



As shown in Table 36, Pearson Correlation analysis conducted on N2O emission and environmental variables data showed that N2O emissions were not significantly correlated with soil pH and soil temperature (p > 0.05). However, the correlation analysis also indicated that there is a weak correlation between N2O and both soil pH and soil temperature. The Pearson’s value for soil pH is 0.373, while soil temperature is 0.098. It thus can be concluded that the lower the pH of the soil, the higher the N2O emission would be from the soil. 
Allen et al., (2010) reported that the lower soil pH produces higher N2O emissions as found in acidic soils due to the reduction of N2O to N2 which is inhibited more than the reduction of NO3- (Dalal et al., 2003). Previous studies by most researchers such as Choudary et al., (2002); Flessa et al., (2002); Lamers et al., (2007); Kavdir et al., (2008); Hellebrand et al., (2008) found that N2O emission is affected by soil temperature and influenced by seasonal variability especially during freezing and thawing processes. However, as Malaysia is non-seasonal it can be concluded that soil temperature did not affect N2O emissions in the soil. This result confirmed the studies conducted by Akiyama et al., (2000) where they found no correlation between soil and air temperature and N2O fluxes. However in this study, there is a correlation between air temperature and N2O emission. As shown in Figure 53, the high N2O emission occurred at low soil temperature and soil pH did not vary significantly for each gas fluxes measurements.
The correlation analysis also showed no significant relationship between organic carbon and N2O fluxes (Table 36). No distinctive importance was observed as the correlation values were very low which indicates weak relationship between the variables. These results are supported by Maljanen et al., (2004) where the addition of mineral soil does not increase soil N contents. 
From Figure 53, it can be observed that there are significant relationship between soil moisture and %WFPS and N2O emission from the soil. When the variables (environmental factors) are high, the emission is high and vice versa. Meanwhile air temperature did not vary significantly with N2O fluxes.


Figure 53: N2O fluxes and environmental variables (soil moisture, soil temperature, pH, air temperature and %WFPS)

The results of this study showed the potential contribution of N2O emission from soils applied with nitrogen fertilizer to the total greenhouse gas emission from agricultural production. The strong correlation between N2O emissions and rainfall indicated that factors related to soil moisture such as soil %WFPS are important in the assessment of N2O fluxes. Thus, mitigation practices to reduce N2O emissions should be concentrated on these factors. For instance, fertilizer application can be avoided during rainy season to reduce the N2O emissions from soil.
The correlation analysis showed the important role of nitrogen fertilizers in contributing to the emission of N2O to the CO2 equivalents from oil palm plantation. One possible alternative to reduce GHG is to use N fertilizer more efficiently and reduce the use of current N fertilizers such as ammonium sulphate to a more eco-friendly fertilizer. The efficiency of N fertilizer can be improved using the right source, at the right rate, at the right time, and with the right placement without affecting yields (Roberts, 2007; Snyders et al., 2009). Snyders et al., (2009) has listed the principal fertilizer best management practices (BMPs), which can assist in minimizing GHG from agricultural industry. Akiyama et al., (2000), studies suggest the application of nitrification inhibitor may be used to reduce N2O emission. However, previous studies reported that the use of organic nitrogen sources such as compost or manure stimulated denitrification and increased N2O emission (Sánchez-Martín et al., 2008; Jones et al., 2005; Jones et al., 2007; Azam et al., 2002,) and nitrate leaching from agricultural land (Basso, 2005).
The emissions of CO2 in oil palm plantation are mainly contributed by the use of fossil fuels and the production process of agricultural inputs such as fertilizers. This study showed that the emissions of N2O are mainly caused by the production process and application of N fertilizers in the plantation. In terms of total emission in oil palm plantation, i.e. in kg CO2 equivalents, the emission of N2O is more significant than CO2. The result of this study has confirmed the findings of a previous study conducted by Kramer et al., (1999).
From the GHG emission analysis (Table 33), it can be concluded that the amount of CO2 and N2O produced from the oil palm cultivation is very low and would not have negative impacts to the environment. However, further studies and long term monitoring are required in order to obtain more comprehensive and reliable data and to improve our understanding of the factors that influence N2O emissions.



CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion
As the palm oil industry is rapidly growing and expanding globally, the production of palm oil has increased tremendously in order to satisfy the increasing demands for food and biofuel. To produce a larger volume and a better quality of palm oil, application of various chemicals such as fertilizers, pesticides and herbicides are essential. However, problems occurred when there is inefficiency in fertilizer management which lead to the negative impacts to the environment (e.g. ground and water contamination, eutrophication, acidification and greenhouse gases emission). 
Previous Life Cycle Assessment (LCA) studies by (Yusoff and Hansen, 2007; Plenjai and Gheewala, 2009; Vijaya et al., 2010; Zulkifli et al., 2010; Stichnothe and Schuchardt, 2011) found that fertilizer plays a major role in contributing to the environmental impacts and greenhouse gases (GHG) emissions. As of today, GHG emissions and their impact to climate change has become an important issue for agricultural sustainability especially the emission of the nitrous oxide (N2O), the most important GHG emitted from the agricultural sector. 
Palm oil industry has a great potential in the biodiesel industry as it is currently the least expensive oil and has the highest yield per hectare of all vegetable oil, thus, an intensive mitigation plan is needed in order for palm oil industry to remain competitive in the industry. Therefore, there is a need for: (1) a compilation of data and information on the entire processes and energy involved in the production of palm oil and; (2) an evaluation of the environmental impact (especially on the GHG emission) from the consumption of fertilizer in palm oil production for the purpose of planning and implementing mitigation towards a sustainable production.
This study was conducted to collate data and information on the inputs used throughout the production processes where the scope of study has been confined to oil palm plantation and the utilization of nitrogen fertilizer. The study has successfully fulfilled all the four objectives set at the beginning of the study. All inputs involved in the production of one tonne fresh fruit bunch (FFB) has been compiled in the Life Cycle Inventory especially the inputs of nitrogen fertilizer. The most significant environmental impacts and potential contributors have been identified using the Life Cycle Impact Assessment. Moreover, the nitrous oxide (N2O) emissions from soil applied with nitrogenous fertilizer were measured from the field and the relationship between the N2O emissions and environmental variables were identified.
From the Life Cycle Assessment study, the total weighted impacts for the production of one tonne FFB is equivalent to the impact from 4.312 person (European) in a year. Among the significant impacts are the depletion in fossil fuels (1.79 Pt), respiratory inorganics (1.26 Pt), climate change (0.45 Pt) and acidification/eutrophication (0.33 Pt) (weighted values, 1 Pt equivalents to the impacts from one-thousandth person per year). Fertilizers associated with the production and application was identified as the main contributor to the environmental impacts.
From the analysis, the amount of carbon dioxide (CO2) and nitrous oxide (N2O) emitted from the oil palm cultivation is 0.932 kg CO2 equivalents and 38.49 kg CO2 equivalents, respectively. The study shows that from the production of one tonne FFB, the emission of N2O is the most significant with 98% from the total emission compared to CO2 with only 2% from the total emission. Based on the analysis done, it was found that the input of nitrogenous fertilizer is the most significant contributor to the total N2O emissions in the plantations. From these results, a field study was conducted to justify the relationship between nitrogen fertilizer and N2O emission.
Meanwhile, from the field study, it was found that there was no significant differences in the nitrous oxide fluxes (0.978, p>0.05) emitted from ammonium sulphate (3.61 x 10-3 μg m-2 hr-1) and urea application (3.28 x 10-3 μg m-2 hr-1). This shows that although nitrogen fertilizer (namely ammonium sulphate and urea) contributes to the N2O emission, however, different rates of nitrogen fertilizers did not affect the amount of emissions. 
The environmental parameters that are highly correlated with nitrous oxide emission are the amount of rainfall (r2=0.756), total N in soil (r2=0.532), soil moisture (r2= 0.527), and percentage of water-filled pore space (%WFPS) (r2= 0.527). From the field measurements, it was observed that there is a strong correlation between N2O emissions and rainfall which indicate that factors related to soil moisture are important in the emissions of N2O. This can be explained because Malaysia is a non seasonal country with a high amount of rainfall distribution throughout the year. 
In summary, although the nitrogenous fertilizer is the major contributor to the emission of N2O in the oil palm plantation, however the total N2O emission (38.49 kg CO2 equivalents) from the production of one tonne FFB is very low and does not have significant impact to the environment. As N2O is an important GHG in agricultural sector, a further study on the N2O emission and environmental factors is recommended. 




5.2	Recommendation for improvement
One way to reduce the emission of GHG is to increase the efficiency of N fertilizer using the right source, at the right rate, right placement and the right time. A guideline on the fertilizer best management practices (BMPs) by Snyders et al., (2009) can be adapted in the plantations to minimize GHG from the agricultural industry. 
Furthermore, the reduction of current N fertilizers such as ammonium sulphate to a more eco-friendly fertilizer is another possible alternative to reduce the emission of GHG. Organic residues from the palm oil industry can be recycled in the plantations to reduce the consumption of inorganic nitrogen. A good management in N usage will not only increase the crop productivity, but will also reduce the greenhouse gases emissions from N fertilizer.
A good and efficient monitoring by the management of plantation is very important in order to reduce the environmental impacts from the oil palm plantations. The involvement of agronomist in the plantation management is essential to achieve an optimal rate in fertilizer consumption in order to reduce the excessive use of fertilizer in plantations. The environmental awareness among the workers of plantations especially the manager should be enhanced and improved. The manager of the plantations should be more firm and wise in dealing with chemical and waste in the plantations. 
As there is a strong correlation between N2O emissions and factors related to soil moisture, thus, mitigation practices to reduce N2O emissions should be concentrated on these factors. For instance, fertilizer application can be avoided during rainy season to reduce the N2O emissions from soil. In addition, environmental impacts could be reduced by enhancing the yield of oil palm. This can be achieved using good planting material and right fertilizer management.
From the study, the inventory and the results compiled can be used towards sustainable production of palm oil industry. The data and the information gathered especially on the GHG emission can be used to aid the development of Eco-labelling and carbon footprint inventory of palm oil products. As today’s consumers are smarter and wiser in choosing their products, Eco-labelling and carbon footprint inventory is an effective way of informing consumers about the environmental impacts of a product. An Eco-label makes the customer more aware of the benefits of certain products, especially related to the environment. The availability of Eco-Labelling and carbon footprint inventory will increase the potential of palm oil products in the international market.
The graphical and precise data on the GHG emission obtained from the study can be used to supplement and aid other on-going research particularly in understanding the relationship between GHG emissions and the common agricultural practices. The variability and pattern of emissions observed can contribute to comprehend the entire processes for a better understanding in the GHG emission. The data can be used in the formulation of climate change policy by the government.
Furthermore, the data and the information compiled can be used as a reference to formulate an appropriate standard as a benchmark to improve the environmental performance in the palm oil industry. From the data, mitigation strategies can be planned particularly on the issues to reduce and minimize waste, GHG and to increase the efficiency of energy in the palm oil industry. 
Apart from that, from the results, regulations can be developed for the relevant authorities for more efficient monitoring especially on the GHG emission and management of waste. The best agricultural practices in the plantation and other alternatives can be formulated in achieving a greener production in the palm oil industry. Overall, data obtained can be used by the industry to improve knowledge and information towards a sustainable production which will be able to reduce overall GHG emission.

5.2.1	Recommendation for future research work
Values obtained from SimaPro software (LCA study) are not comparable with the field measurement for the time being. For further studies, more factors especially the environmental variables should be considered in the field measurement in order to achieve comparable results with Ecoinvent methodology in the SimaPro software.
Due to the time constraint, certain aspects of the analysis were not included in this study as stated in 3.1.4. However, there are other variables that may affect the outcome of the study. Therefore, a more intensive study on the N2O emission is recommended as N2O emission is important to the environmental impact in the agricultural sector. The study can be improved by expanding the scope of the study including: 
(1) Site variation
More site study should be considered to increase the accuracy of the results. Instead of one plantation, studies can be done in several plantations to reduce the uncertainties of the results and if possible, to represent the actual scenario of oil palm plantation in Malaysia.
(2) Types of soil
As this study only focused oil palm planted on the mineral soil, peat soil should be considered in the future studies as oil palm cultivation is expanding on the peat soil especially in Sabah and Sarawak. Previous studies show that peat soil emits more GHG than mineral soil.


(3) Environmental and soil variables or parameters
More environmental variables should be considered in the future studies to achieve more accurate results and to reduce uncertainties in the study. For example; soil nitrate and ammonium, bulk density, precipitation, solar radiation and others.
(4) Types of fertilizer
The study focused only two types of commonly used nitrogenous fertilizer. In future studies, not only more types of nitrogen fertilizer should be considered, but also other nutrient such as phosphorus and potassium fertilizer for example ammonium nitrate, ammonium chloride, rock phosphate, MOP, kieserite and others.
(5) Different rates of fertilizers
Studies on more rates of fertilizers should be done in the future as the results obtained can be compared to determine the best rates for both palm growth and environmental aspects.
(6) Different age of palm
The GHG emission will be varied from different age of palm. Studies can be done from immature stage until mature stage (1-25 year) to observe more variety in emissions pattern.
(7) Microorganism activities
The study does not cover in detail on the microorganism activities. As microorganism activities are very important in GHG emission from soil, futures studies should consider measurement of nitrification and denitrification processes from the soil. 


(8) Seasonal changes
From this study, it was found that the N2O emission is at the highest after flooding has occurred. As Malaysia has two distinct seasons; the dry and monsoon season, therefore, further studies should be conducted during both season to observe the variability and pattern of GHG emissions.
(9) Instrument and experimental design
More replicates should be done for every treatment in the study. If possible current results obtained from the instrument used should be compared with other results obtained from same experimental design but using different instrument to get a more accurate data and to reduce the uncertainties in the experiment.
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APPENDICES
 
	The following is the questionnaire survey used and distributed to oil palm plantations throughout Malaysia. The data from the survey were used in the Life Cycle Assessment study to determine the environmental impacts for the production of one tonne FFB.

LIFE CYCLE (LCI) FOR UPSTREAM OIL PALM PRODUCTION

PART 1:	IMMATURE PHASE (year 1 and year 2)

1.0     	Company Information


	Organization
	

	Full Address
	

	Contact Person
	

	Position
	

	Tel No
	

	Fax No
	

	Email Address
	


	
Questionnaires were developed and distributed to the selected oil palm estates throughout Malaysia including Sabah and Sarawak


Collection of questionnaires from estates including licensed smallholders, government agencies and private estates	


Data verification through telephones, interviews and site visits, 


The development of life cycle inventory (LCI)


The environmental impacts and hotspot identification using life cycle impact assessment  (LCIA) in SimaPro 7.1


Interpretation and evaluation on the environmental impacts. Estimation on the greenhouse gases emission  based on IPCC methodology


















Site selection and plotting


Background measurement and application of fertilizer


Data collection: Nitrous oxide and environmental parameters measurement 


Data analysis


Interpretation of data















Goal and scope definition


Inventory Analysis                 (Life Cycle Inventory)


Impact assessment                (Life Cycle Impact Assessment)


Interpretation












Series 1	
1950	1960	1970	1980	1990	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	0.1	0.1	0.4	2.6	6.1	10.8	11.8	11.9	13.4	14	15	15.8	15.8	17.7	17.5	16.989999999999789	Year

Crude palm oil production (million tonnes)

Series 1	
1970	1980	1985	1990	1995	2000	2001	2003	2004	2005	2006	2007	2008	2009	2010	0.26	1.02	1.48	1.980000000000036	2.54	3.38	3.5	3.79	3.88	4.05	4.17	4.3	4.4800000000000004	4.6899999999999995	4.8499999999999996	Year

Total planted area (million hectare)

2008	China	Pakistan	EU	India	USA	Egypt	Japan	3.79	1.26	2.0499999999999998	0.97000000000000064	1.04	0.35000000000000031	0.54	2009	China	Pakistan	EU	India	USA	Egypt	Japan	4.03	1.77	1.8900000000000001	1.35	0.86000000000000065	0.61000000000000065	0.53	2010	China	Pakistan	EU	India	USA	Egypt	Japan	3.48	2.13	2.06	1.1700000000000021	1.03	0.94000000000000061	0.55000000000000004	Year

Total palm oil export (million tonnes)


Sales	
Private Estate	Smallholders	FELCRA	FELDA	RISDA	State Scheme	60	13	3.4	15	1.6	7	Total Oil Palm Planted Area (%)
Column1	
Peninsular Malaysia	Sabah 	Sarawak	167111.1	115744.7	34304.950000000012	
Usage of Fertilizers in Oil Palm Plantation
Amount of Application (kg/tonne FFB)	
AS	AN	Urea	MOP	Phosphate rock	Kieserite	9.9050000000000047	2.5000000000000216E-2	0.44000000000000156	13.361000000000002	7.9480000000000004	7.8879999999999955	
Usage of Pesticides in Oil Palm Plantation
Column1	
Glyphosate	[sulfonyl]urea-compounds	Bipyridylium-compounds	2,4-D Dimethylamine	Organophosphorus-compounds	Pyrethroid-compounds	Thiocarbamate	Pesticide unspecified	68.09	2.1	14.4	2.8299999999999987	5.24	7.0000000000000021E-2	0.24000000000000021	6.24	
GHG Emission for production of 1 tonne FFB 
(kg CO2 eq)
East	
Carbon dioxide	Nitrous oxide	0.93200000000000005	38.49	



CO2 Emission from the Production of One Tonne FFB (kg)
Series 1	
Seedling	Ammonium Nitrate	Ammonium Sulphate	Urea	Phosphorus pentoxide	Potassium Chloride	Glyphosate	Sulfonyl urea	Bipyridylium	Pyretroid	Organophosphorus	Carbofuran	2,4-D Amine	Pesticide unspecified	PE bag	Traction	Truck 16t	Truck 28t (Fertilizer)	Truck 28t (Pesticide)	4.5600000000000002E-2	1.8600000000000467E-3	0.57199999999999995	1.9000000000000405E-2	6.2600000000000034E-3	0.19900000000000001	1.3200000000000081E-2	2.1600000000000753E-4	1.5600000000000355E-3	1.3400000000000546E-5	5.7600000000000023E-4	3.0700000000000292E-5	1.3799999999999999E-4	6.2900000000001692E-4	6.4600000000000019E-2	4.6629999999999956E-2	4.8500000000000001E-3	1.2800000000000081E-3	8.2800000000000766E-6	Parameters

Emissions (kg)

N2O Emission from the Production of One Tonne FFB         (kg CO2 eq)
Series 1	
Seedling	Input of N	Ammonium Nitrate	Ammonium Sulphate	Urea	Phosphorus pentoxide	Potassium Chloride	Glyphosate	Sulfonyl urea	Bipyridylium	Pyretroid	Carbofuran	Organophosphorus	2,4-D Amine	Pesticide unspecified	PE bag	Traction	Truck 16t	Truck 28t (fertilizer)	Truck 28t (pesticide)	1.2300000000000546E-7	0.129	1.6210000000000747E-7	6.7270000000000134E-5	2.5250000000000885E-6	4.8380000000002076E-6	3.3390000000000011E-5	7.215000000000268E-6	1.0600000000000565E-7	7.8200000000002815E-7	7.3800000000002741E-6	1.5800000000000655E-5	2.8000000000001087E-7	4.5600000000000024E-5	2.9000000000001221E-7	2.0000000000000795E-6	5.9300000000003407E-7	1.1700000000000719E-7	1.3000000000000656E-7	8.4000000000004066E-7	Parameters

Emissions (kg CO2 Eq)

N2O emission from soil (μg/m2/hr)
Background reading	
3.6060000000000692E-3	3.2770000000001053E-3	1 month after fertilizer application	
AS (2.5kg/palm)	Urea (2.0kg/palm)	4.8980000000000004E-3	5.1624999999999996E-3	2 months after fertilizer application	
AS (2.5kg/palm)	Urea (2.0kg/palm)	1.8530000000000063E-3	1.4564999999999995E-3	3 months after fertilizer application	
AS (2.5kg/palm)	Urea (2.0kg/palm)	5.2950000000000122E-4	9.2700000000000226E-4	6 months after fertilizer application	
AS (2.5kg/palm)	Urea (2.0kg/palm)	7.144000000000001E-3	5.5600000000000024E-3	Types of N Fertilizer Applied

N2O emission (ug/m2/hr)


AS	1 month 	2 months	3 months 	6 months 	4.8979999999999996E-3	1.8530000000000033E-3	5.3000000000000139E-4	7.1440000000000002E-3	Urea	1 month 	2 months	3 months 	6 months 	5.1630000000000001E-3	1.4570000000000021E-3	9.2700000000000226E-4	5.5600000000000024E-3	Rainfall	1 month 	2 months	3 months 	6 months 	40	37.5	58.5	447	Months after fertilizer application

N2O emission (ug/m2/hr)

Amount of Rainfall Recorded
 (mm)


Urea	1 month 	2 months	3 months 	6 months 	5.1630000000000001E-3	1.4570000000000021E-3	9.2700000000000226E-4	5.5600000000000024E-3	AS	1 month 	2 months	3 months 	6 months 	4.8979999999999996E-3	1.8530000000000033E-3	5.3000000000000139E-4	7.1440000000000002E-3	Soil Moisture	1 month 	2 months	3 months 	6 months 	12.296333333333335	11.878	10.905000000000006	24.426666666666666	Soil Temp	1 month 	2 months	3 months 	6 months 	26.7	26.7	28.533333333333236	25.686666666666667	pH	1 month 	2 months	3 months 	6 months 	4.0133333333333434	4.468	4.0257499999999995	4.4933333333333501	Air Temp	1 month 	2 months	3 months 	6 months 	27.5	27.7	27.7	25.899999999999988	WFPS	1 month 	2 months	3 months 	6 months 	21.723435328480907	20.984382729135696	19.265422938308131	43.153605163357021	Months after fertilizer application 

N2O emission (ug/m2/hr)




Palm Oil	Soybean Oil	Animal Fats	Rapeseed Oil	Others	Sunflower Oil	Palm Kernel Oil	27.5	21.9	14.9	13	12	8	3	
Palm oil	Average oil yield (tonnes/ha/yr)	4.09	Soy bean	Average oil yield (tonnes/ha/yr)	0.39000000000000989	Rapeseed	Average oil yield (tonnes/ha/yr)	0.73000000000000065	Sunflower	Average oil yield (tonnes/ha/yr)	0.45	
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Analyzing 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / characterization
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Analyzing 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / normalization

FFB production (CLU) overall Nursery with Pesticide  Emissions
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Analyzing 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / normalization

FFB production (CLU) overall Nursery with Pesticide  Emissions
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Analyzing 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / weighting

FFB production (CLU) overall Nursery with Pesticide  Emissions
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Analyzing 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / damage assessment
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Analyzing 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / single score
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Comparing 1 ton 'FFB production (CLU) overall', 1 ton 'FFB production (CLU) overall (FFB 17)' and 1 ton 'FFB production (CLU) overall (FFB 31)';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / weighting
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Comparing 1 ton 'FFB production (CLU) overall (Low N)' with 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / weighting
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Comparing 1 ton 'FFB production (CLU) overall (High N)' with 1 ton 'FFB production (CLU) overall';  Method: Eco-indicator 99 (H) V2.03 /  Europe EI 99 H/A / weighting
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