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Abstract
Environmental problems caused by the food processing industry have always been one of the concerns
for the public. Herein, for the �rst time, a gate-to-gate life cycle assessment (LCA) was employed to
evaluate the environmental impact of rice bran oil production. Four subsystems namely transportation of
the raw rice bran to oil factory, crude oil extraction, oil re�ning as well as oil storage were established. The
product sustainability software GaBi and the method CML 2001-Jan. 2016 were used to calculate and
analyze the environmental burdens at each stage of the rice bran oil production chain. The results show
the oil re�ning stage had the greatest environmental impact, followed by the oil extraction stage. High
demands for coal and electricity, make a critical difference in generating vast majority of environmental
impacts. Modifying the electricity source and replacing traditional fuels with cleaner ones will do bring
bene�ts to the sustainable development of the industry.

1. Introduction
The agri-food industry occupies an important position in the economy and society. Along with agricultural
production, massive amounts of agricultural by-products are produced each year, some of which are used
as animal feed or rejected as waste, leading to a great loss of natural nutrients as well as environmental
pollution (Ben-Othman et al., 2020; Kalhor and Ghandi, 2019; Lai et al., 2017; Zhang et al., 2019). High
value-added utilization of these by-products has always been a public concern which deserves great
attention (Lai et al., 2017; Rico et al., 2020). Global growing population calls for more agricultural
products while combating the increasing burden on resources and environment, which indicates the need
for more products rich in nutrition to be produced in ways that cause minimal impacts on the
environment (Bommarco et al., 2013; Notarnicola et al., 2017; Soussana, 2014). Low-carbon development
concerns the future of humanity and has become a global consensus. Identifying and quantifying the
environmental performance of agricultural and sideline products production process is of great
signi�cance for promoting the full utilization of industrial and agricultural wastes and increasing
agricultural productivity (Ma et al., 2017; Wang et al., 2018; Wimbadi and Djalante, 2020).

Edible oil is among products that make the largest environmental impacts in processes of production and
consumption (Tukker and Jansen, 2006). Rice bran oil, extracted from rice bran, is unique among edible
oils as a rich source of nutritionally phytoceuticals such as γ-oryzanol, lecithin, squalene, phytosterols,
polyphenols, tocopherols, tocotrienols, and trace minerals (Lai et al., 2019; Park et al., 2017). Rice bran is
the most valuable byproduct of the rice milling with large and stable yield every year, which constitutes
about 10% of the total weight of rough rice (Ghasemzadeh et al., 2018; Gul et al., 2015). According to
statistics by the Food and Agriculture Organization, the global rice production is 782 million tons which
resulted in more than 70 million tons of rice bran in 2018. Researches on phytochemistry of rice bran
have demonstrated that phytonutrients found in rice bran have potential applications in preventive and
clinical medicine, particularly γ-oryzanol (Gallyas et al., 2019; Perez-Ternero et al., 2017; Samad, 2015). In
this context, rice bran oil, is of steadily growing popularity, especially in Japan, Korea, India, China and
Indonesia(Friedman, 2013; Lai et al., 2019).
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Life Cycle Assessment (LCA) is a useful tool in identifying and quantifying the potential environmental
impacts throughout a product's life cycle, from the raw material acquisition through production, use, end-
of-life treatment, recycling and up to the �nal disposal (from cradle to grave). (ISO 14040: 2006 and ISO
14044: 2006). System boundaries can vary according to the speci�c research purpose. For the current
study, a “from gate to gate” approach was applied.

Many researches have been published on LCA of some major cooking oils. For example, Tsarouhas et al.
(2015) assessed the environmental performance of olive oil production by investigated fourteen sub-
systems of olive oil production in Greece, aiming to identify key areas for environmental impact
improvement. Khatri et al. (2017) adopt a “from cradle to gate” approach in evaluating the environmental
impacts of mustard oil production in India. Meanwhile, the effects of system variables such as oilseed
processing scales, extraction method and allocation choice on the LCA results were also studied. Khanali
et al. (2018) quanti�ed the environmental performance of packaged canola edible oil production in
Isfahan province of Iran and comparisons of environmental burdens at each stage were made to provide
targeted suggestions to achieve e�cient management as well as reduce environmental footprints. And
Khatri and Jain (2017) in a review analyzed and discussed the application of life cycle analysis in edible
oil systems to make predictions about the challenges that future research in this area might encounter,
aiming to provide reference for the transition to sustainable agri-food system. However, none research on
LCA of rice bran oil production can be found.

To the best of our knowledge, this is the �rst study to assess the environmental impact of rice bran oil
production using LCA methodology. The objective was to identify and evaluate the environmental impact
potential of rice bran oil production in the selected enterprise, and further comparative analysis of
subsystems was conducted to identify the environmental hotspot and key factors that resulted in the
majority of impact categories. As to the uncertainty of the research, effect of uncertainty in normalization
step on the results was considered using a Monte Carlo simulation. Additionally, some practical and
feasible proposals were put forward to promote the transformation and upgrading of edible oil
production to cleaner production by improving the environmental performance of production activities.

2. Methodology

2.1. System description
Panjin Best Oil Factory, a rice bran deep processing enterprise, was selected as the research object with
annual processing 60000 tons of rice bran, annual production of re�ned rice bran oil 30000 tons. The
production process route is the overall optimal for current optimization recommended by the engineer.
Speci�c process and data on various stages and processes of rice bran oil production were mainly
collected by interviewing with engineers and technical staff of the plant. The required background data
for material and energy production were extracted from GaBi database. The process �owsheet diagram
of rice bran oil production is depicted in Fig. 1.
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The general stages of rice bran oil production include: (1) transportation of the raw rice bran to the
factory, (2) crude oil extraction, (3) oil re�ning, and (4) oil storage. Furthermore, to determine the key
factors leading to prominent environmental burdens, the oil extraction stage is divided into pretreatment
and oil leaching; and the oil re�ning stage includes degumming, decoloring, dewaxing, deacidi�cation,
alkali re�ning, secondary decoloring, deodorization, and defatting processes. The system �ows and
boundary of rice bran oil production investigated are shown in Fig. 2.

2.1.1. Transportation
The raw material, rice bran, is transported from rice plants in nearby and surrounding provinces to oil
plant by 30-ton diesel trucks. Considering the locations of rice plants and oil plant comprehensively, the
transportation distance was set as 510 km.

2.1.2. Oil extraction
Two sections, pretreatment of raw materials and oil leaching are involved in this stage. Firstly, the raw
rice bran enters the pretreatment workshop after separation by chaff rotary sifter. Impurities are removed
with a vibrating screen and a magnetic separator. Subsequently, the rice bran enters the dryer for drying
before being delivered to the bulking machine. Due to high moisture content, the puffed rice bran is air-
dried and transported to the extraction workshop.

Once entering the extractor, the puffed rice bran is placed in different material compartments and leached
in a countercurrent leaching way. After multiple cycles of leaching, the concentration of the mixed oil
gradually decreased, and �nally extracted with pure hexane solvent. At this time, the rice bran becomes
bran meal, and is dripped and dried before transported to the desolventizer. The bran meal is heated and
the hexane steam is sent to condense for recovery. The mixed oil is treated by a three-stage evaporator to
separate hexane solvent. The solvent removal process is performed under negative pressure, to ensure a
low temperature environment so that the target product is light in color, which facilitates the later oil
re�ning.

2.1.3. Oil re�ning
This stage consists of eight steps.

Degumming: The extracted oil from the leaching workshop is pumped into the �lter to remove residual
impurities. After being heated, it is sent to the acid re�ning mixer and fully contacted and mixed with the
phosphoric acid and water input by the acid metering pump, so that the colloidal impurities of the oil
mainly phospholipids can be hydrolyzed. Then the mixture is pumped into the centrifuge to separate the
oil feet. The obtained oil is fully washed with water, which is separated by the centrifuge next. The
residual water is removed under negative pressure to make the water content ≤ 0.5%.

Decolorization: After degumming, the phospholipid remained in oil is removed with active clay to make
preparations for dewaxing in the later. The oil is quantitatively mixed with activated clay in a negative
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pressure decolorization tower, and �ltered after removing water at 105℃. Usually, a closed leaf �lter is
adopted, and the �ltered oil enters the dewaxing crystal growth tank.

Dewaxing: The phosphorus content in oil after decolorizing is ≤ 20ppm, and now it is time for dewaxing.
After the decolorized oil enters the dewaxing crystal tank, it is cooled according to the scheduled cooling
procedure. When it drops to 20℃, the oil is fed into the �lter machine by means of differential pressure or
screw pump for �ltration. Employing the box type �lter press or the membrane �lter press, of which the
price of the latter is higher, but the �lter cake can be compacted further after �ltering to enhance the oil
yield. During the �ltration process, the ambient temperature should be controlled to be consistent with
that of the oil.

Deacidi�cation: The phosphorus content in dewaxed oil is no more than 5ppm. After passing through the
heat exchanger and the heater, the temperature rises to 230–240℃ and the oil enters the physical
deacidi�cation tower. Under the condition that the vacuum residual pressure at the top of the tower is ≤ 
300Pa, the free fatty acids in oil are removed by the direct steam at the bottom of the tower, and the acid
value of the oil output from the tower is between 2 and 3mgKOH/g. After the oil passes through the heat
exchange system, the temperature is further reduced to 50℃ via a cooler.

Alkali re�ning: The oil is proportionally mixed with sodium hydroxide (12% concentration) at 50℃, and
then they are delivered into a centrifugal to separate the soap feet. The clean oil needs to be tested for
acid value and grain content. Normally the acid value is between 0.3-0.4mgKOH/g (phenolphthalein
indicator), otherwise the amount of liquid caustic soda should be adjusted. Peculiarly, the acid value
should be maintained at 1.5mgKOH/g if producing edible oil with high oryzanol content. The alkali
re�ned oil needs to be washed with water, which is separated by a centrifuge afterwards. After being
heated, it enters the dryer for negative pressure dehydration to bring the moisture content ≤ 0.5%.

Secondary decolorization: The soap and pigment remained in the alkali re�ned oil need to be removed.
For this decolorization, the color of the oil is required to directly reach the target value, usually requiring
the 5-inch groove of the Lovibond colorimeter R/Y/B = 5/35/0, and then the heat-sensitive decolorization
effect of the deodorization can make it reach R/Y/B = 4/35/0, reaching the national standard for �rst
grade oil. The oil is quantitatively mixed with activated clay in the negative pressure decolorization tower,
�ltered after removing water at 105℃, and the decolorized oil enters the temporary storage tank before
deodorization.

Deodorization: At this time, the phosphorus content in oil is close to zero. After passing through the heat
exchanger and the heater, the temperature rises to 240–250℃ and the oil enters the deodorization tower.
When the tower top vacuum residual pressure is ≤ 300Pa, the low-boiling point substances in oil will be
removed by the direct steam. Grease retention time in deodorant tower needs to be controlled. Excessive
residence time will result in generation of toxic substances and the loss of oryzanol. After leaving the
tower, the oil is cooled down and enters the degreasing crystal cultivation tank.
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Defatting: The deodorized oil shall be cooled automatically according to the predetermined procedure.
When it drops to minus 3℃, the oil is fed into the �lter by differential pressure or screw pump for
�ltration. Then the clean oil is �ltered out and stored in a temporary tank. After passing the test, it is
poured into the product oil tank through a safety �lter with a pump.

2.1.4. Oil storage
The re�ned rice bran oil is temporarily stored in storage tanks for further packaging and sale.

2.2. Life cycle assessment (LCA)
The study was performed following the methodological framework of LCA based on ISO (International
Standardization Organization) 14040 and ISO 14044 standards, which describes the principles and
framework coupled with requirements and guidelines for life cycle assessment. There are four phases in
an LCA study: 1) the goal and scope de�nition, 2) the inventory analysis, 3) the impact assessment, and
4) the interpretation.

2.2.1. Goal and scope de�nition
The goals of the LCA in this study are: ( ) to determine the material and energy �ows and emissions
throughout the rice bran oil production chain; ( ) to quantify the potential environmental impacts of the
rice bran oil production processes in each stage (transportation, oil extraction, oil re�ning, and storage)
and phases of different stages (pretreatment and oil leaching in the oil extraction stage; and degumming,
decolorizing, dewaxing, deacidi�cation, alkali re�ning, secondary decoloring, deodorization, and defatting
in the oil re�ning stage); ( ) to analyze and compare the environmental impacts at each stage and phase
of production chain to identify environmental hotspots as well as factors that are critical to the outcome
for further improvement.

The Functional Unit (FU) was determined to be one ton of re�ned rice bran oil. The system boundary was
from gate to gate, including transportation of raw materials from rice factories, auxiliary materials and
energy inputs, rice bran oil production as well as emissions associated with these processes. The
transport and disposal of by-products are not considered within the system boundaries since we pay
close attention to the rice bran oil production process. In addition, no consideration is given to the
environmental impact of worker activities.

2.2.2. Inventory analysis
In this section, an inventory of raw and auxiliary materials and energy consumed together with pollutant
emissions to air, water, and soil throughout the life cycle of rice bran oil production per FU was
established.

All data in this study are based on the production capacity and current situation of the enterprise studied.
The daily processing capacity of crude oil extraction system is 150 tons, and that of oil re�ning system is
200 tons for the purpose of balancing production and sales,
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Transport data on diesel fuel consumption came from truck drivers and the relevant emissions were
quanti�ed referring to factors for diesel combustion based on the Eco-invent database. And the transport
distance was determined comprehensively considering the locations of rice plants and the oil plant.

As for systems of the oil extraction, oil re�ning and oil storage, data of each process, including input of
raw and auxiliary materials, energy consumption, intermediate products and process emissions output,
were provided by the technical engineer according to the statistical yearbook and EIA reports of the
enterprise. The data regarding the electricity generation, hard coal mining and acquisition, as well as the
production of other auxiliary materials were primarily extracted from the GaBi database.

In addition, it is necessary to note that bleaching earth, mainly composed of bentonite, silicon dioxide,
ferrous oxide and alumina was neglected in view of its small dosage and insigni�cant environmental
impact. The waste water produced in the production process is disposed by the sewage treatment system
before being discharged. The relevant discharge data in this article refers to that after sewage treatment.
Finally, the life cycle inventory data to produce one ton of rice bran oil is shown in Table 1.

2.2.3. Impact assessment
The life cycle impact assessment is the core step of LCA, aiming to identify and evaluate the magnitude
and signi�cance of the potential environmental impacts. For this purpose, GaBi ts version 9.2.1.68
software was employed. Mandatory elements: the selection of relevant impact categories, classi�cation
and characterization were performed using a midpoint approach and the World 2000 was adopt for the
normalization step. The environmental impact categories investigated are: abiotic depletion potential
(elements) (ADPe), abiotic depletion potential (fossil) (ADPf), acidi�cation potential (AP), eutrophication
potential (EP), freshwater aquatic ecotoxicity potential (FAETP), global warming potential (GWP), human
toxicity potential (HTP), marine aquatic ecotoxicity potential (MAETP), ozone layer depletion potential
(ODP), photochemical ozone creation potential (POCP), and terrestrial ecotoxicity potential (TETP).

2.3. Allocation
Multi-output systems require allocation, to quantitatively associate inputs and outputs with the relevant
products. For the present study, co-products were observed in both oil extraction and oil re�ning stages.
Referring to study by Khanali et al. (2018), mass allocation is adopted for all subsystems. The inventory
of each process is assigned to all of its products proportionally to their mass. The product systems are
shown in Table S1.

2.4. Monte Carlo simulation
The Monte Carlo simulation captures the uncertainty of parameter estimation based on the probabilistic
statistical theory by performing random experiments using the computer software to generate numbers
randomly within the given range of variable parameters (Liu et al., 2017; Yuan et al., 2017). In this paper,
the Monte Carlo simulation was employed to analyze the uncertainty of the LCA results with the software
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Oracle Crystal Ball 11.1.2.4. Random trials repeated 10000 times each time. The general steps are as
follows: (1) determine the parameter variables and their distribution functions involved in the model; (2)
construct the model; (3) perform multiple random sampling based on the given parameter ranges; and (4)
obtain the distribution of the output variables (Zhao et al., 2017).

3. Results
The analysis herein is based on the CML2001-Jan. 2016 methodology. Table 2 shows the normalization
results of rice bran oil production at subsystem level, from transportation of the raw material to the
re�ned oil storage.

Besides, to consider the uncertainty in the normalization step, 10000 iterations of Monte Carlo
simulations were performed and the 95% con�dence interval was calculated. The combined results are
shown in Figs. 3. According to the results, the trends of the uncertainty ranges did not change the overall
ranking of the stages.

As presented in Fig. 3, the normalization results for the transportation, oil extraction, oil re�ning, and oil
storage stages were 6.31E-11 year, 1.70E-10 year, 1.81E-10 year, and 1.11E-11 year, respectively. The oil
re�ning stage had the largest environmental impact, slightly higher than the oil extraction, followed by the
transportation and oil storage stages.

As can be seen from the inventory, electricity demand for the re�ning stage was 37.2% higher than the oil
extraction, whereas 21.55% higher coal consumption was observed in the extraction stage than that of
the oil re�ning. Besides, the applications of chemicals such as hexane, sodium hydroxide and phosphoric
acid also generate signi�cant impacts on the environment. More details are described below.

According to the characterization results, oil re�ning stage accounts for the largest share in most impact
categories, contributing 35.85–80.51% to all impacts except ADPf, GWP, POCP and FAETP, for which it
contributes 35.95%, 38.9%, 21.67% and 9.8%, respectively. The oil extraction stage contributes most to
ADPf (41.09%), GWP (44.03%), POCP (68.72%) and transportation contributes 80.15% to FAETP. No
signi�cant environmental impact was observed in the temporary storage stage.

Figure 4 shows the percentage contribution of each input consumed in oil re�ning stage in developing
environmental impacts. It can be observed that emissions of background systems in generation of
electricity and coal coupled with those pollutant emissions arising from fossil fuel combustion during oil
re�ning constitute the most signi�cant factors in computing impact categories, such as AP, HTP, MAETP,
ODP and TETP. Besides, the applications of auxiliary chemicals like sodium hydroxide and phosphoric
acid, contribute most to ADPe (55%) and EP (83%) impact categories, respectively.

According to in-depth analysis of normalization results, degumming, deacidi�cation and deodorization
processes made outstanding contributions to the environmental impacts compared with the others.
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As shown in Fig. 4, phosphoric acid consumed for the enzymatic hydrolysis of phospholipids in
degumming process, is responsible for the vast majority of eutrophication impact (83%) in re�ning stage,
but also generates remarkable effect on acidi�cation potential with a contribution of 26%. Furthermore,
according to the inventory, high amount of coal is required in both deacidi�cation and deodorization
steps to maintain the deacidi�cation tower at 230–240℃ and the deodorization tower at 240–250℃ so
that the steam inside the tower can keep carrying away the speci�c components smoothly. Consequently,
the releases of sulfur dioxide, and nitrogen oxides from coal combustion in these processes, resulted in a
share of 71% of acidi�cation impact. Additionally, the discharge of wastewater containing phosphorus,
COD and ammonia in these three processes plays a secondary role in the formation of EP and AP impact
categories. With regard to MAETP and HTP impact categories, discharges resulted from electrical power
generating system and coal mining are two major contributors. As depicted in Fig. 4, the contributions to
MAETP and HTP impact categories are 76% and 59% for the electricity generation, and 18% and 19% for
the latter contributor, respectively.

Environmental impacts of crude rice bran oil production in the oil extraction stage are exhibited in Fig. 5.
Compared with the re�ning stage, oil extraction stage ranked the �rst in fossil fuel consumption,
greenhouse gas emissions and photochemical ozone creation aspects. High volumes of raw material
need to be processed in this stage, which resulted in 21.55% higher coal was consumed than the oil
re�ning. As a result, fossil fuel production and emissions made considerable contributions in creations of
ADPf and GWP impact categories both at rate of 93%. Meanwhile, the application of hexane solvent for
higher oil extraction rate in oil leaching process, plays a dominant role in aggravating POCP impact
category.

Figure 6 demonstrates the normalized contribution of each stage in producing one ton of rice bran oil. It
is evident that the oil re�ning stage has the highest contribution to the majority of the environmental
impacts per one ton of rice bran oil production, due to high demands for electricity and fossil fuel which
provides power for physical and chemical re�ning processes. The oil extraction stage follows next. From
the total environmental impact, it is easy to �nd that the MAETP impact category occupies the most
environmental burden in producing one ton of rice bran oil, wherein the major contribution arises from the
background processes in production of energy mix. As graphically represented in Figs. 4–5, electricity at
grid (background processes) serves as the most important contributors in creation of MAETP impact
category, meanwhile, fossil fuel extraction and processing also plays a signi�cant role. Apart from this,
the values for AP, ADPf, GWP, POCP, EP, and HTP impact categories are also prominent. It can be
ascribable to the emissions of carbon dioxide, sulfur dioxide and nitrogen oxides from energy utilization
and those pollutant discharges during the production of auxiliary chemicals such as phosphoric acid and
hexane.

Sensitivity analyses of key parameters are shown in Fig. 7. It indicated that the LCA results were most
sensitive to coal consumption and electricity use. Speci�cally, most of the life cycle impact categories in
producing 1 ton of rice bran oil were most sensitive to coal consumption, such as abiotic fossil depletion,
acidi�cation, eutrophication, global warming and photochemical ozone creation potential (Fig. 7a, b, c, e,
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and i). When the coal consumption changed by ± 20%, the life cycle global warming impact changed to
2445.89 and 1785.97 kg CO2-eq, respectively, corresponding to 115.9% and 84.63% of the baseline life
cycle global warming impact, respectively. Besides, similar rates of change are observed in ADPf and AP
impact categories. A 20% change in coal consumption results in 14.82% and 15.64% changes happening
to abiotic fossil depletion and acidi�cation impacts, respectively. In the same case, POCP changes by
9.34% while EP is little �uctuation with a variation of 2.57%. Meanwhile, electricity usage is the second
most important factor for life cycle environmental impact of rice bran oil production. Varying demand for
electricity by ± 20% led to changes of life cycle marine aquatic ecotoxicity, ozone layer depletion and
human toxicity impacts by ± 11.56%, ± 12.93% and ± 7.39%, respectively. In addition, freshwater aquatic
ecotoxicity potential displays the greatest sensitivity to transport distance, generating a variation of ± 
15.89% in respect to ± 20% change in transport distance. Other factors, such as wastewater volume and
n-hexane discharge, caused 1.65% and 8.9% changes in EP and POCP, respectively, when changed by
20%.

4. Discussion
The environmental performances show that the oil re�ning stage generates the largest environmental
impact, slightly higher than the oil extraction stage on the whole. The results can be attributed to high
level of coal and electricity consumption in these stages, which resulted in massive emissions released in
both production and use phases. Energy-intensive characteristics of production lines and a high
proportion of coal-based power generation make their dominant roles in developing environmental
impacts. It can be observed that the enterprise relies mainly on electricity and fossil fuel for power
providing, which exerts destructive effects on the environment. In many food processing industries,
electricity and fuel consumption continues to dominate the generation of environmental impacts,
especially MAETP and GWP impact category, for example, in production of processed tomato product De
Marco et al. (2018) and sea cucumber Hou et al. (2019). To reduce emissions from electricity and fuel oil
utilization, modifying the electricity source with substitution of portion of the electricity grid with
electricity produced by the installed photovoltaic panels, and replacing the fuel used in the heat
exchangers with biogas or lique�ed petroleum gas, to some extent, can prevent the negative effects of
fossil fuel-derived energy consumption. Wang et al. (2020) revealed that compared with the traditional
coal-�red electricity generation, the solar photovoltaics electricity generation could reduce carbon
emissions by 87.35–94.9%, which turned out to be a good alternative in reducing greenhouse gas
emissions.

Reducing reliance on fossil fuels will signi�cantly improve the environmental sustainability of production,
which highlights the need for sustainable energy generation and renewable biofuels development
(Bórawski et al., 2019). The utilization of crop residues for energy generation can not only reduce their
environmental burden on society by refraining from faulty disposal of these leftover materials, but also
alleviates energy shortages and fossil reserves depletion (Prasad et al., 2020). Quispe et al. (2019)
investigated rice husk as an alternative energy source to coal for energy production. And it indicated that
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the environmental impacts of generating 1 MJ energy from rice husks was less than that from coal in
global warming, acidi�cation and eutrophication categories, decreased by 97%, 88% and 80%,
respectively. It can be attractive that substituting fossil fuel partly with rice husk will not only improve the
environmental performance of the systems studied but also solve the agricultural by-product rice husk
disposal problem. Based on the fact that biomass, as a good resource with characteristics of renewability
and low pollution however discourages most enterprises due to its low energy density and high
transportation costs, numerous researches have been performed to improve its practicality. For example,
Thengane et al. (2020) assessed the life cycle emissions of processing rice husk into torre�ed pellets for
energy generation in different reaction conditions, and highlighted the techno-economic prospects for
decentralized torrefaction facilities at rice mills. Moreover, Unrean et al. (2018) compared three different
rice husk-to-fuel biore�nery technologies-hydrothermal carbonization with pelletization, pyrolysis and
anaerobic co-digestion process in aspects of techno-economic performance and environmental impacts
and drew the conclusion that compared with direct combustion for combined heat and power, these
conversion technologies had lower impacts on global warming, photochemical oxidation and
acidi�cation based on the LCA results. It suggests that co-products utilization combined with biore�nery
technologies will bring it more competitive than fossil-based and direct combustion-based processes.

5. Conclusion
This study evaluated environmental impact of rice bran oil production for the �rst time using life cycle
thinking from the transportation of raw materials to the �nished products before factory. The LCA results
indicated that the oil re�ning stage had the largest environmental impact, followed by the oil extraction
stage, slightly lower at the same order of magnitude. It can be ascribable to the high demands for coal
and electricity, which turned out to be the dominant contributors to the most impact categories. To relieve
these impacts, modifying the electricity source, for example increasing proportion of electricity from
hydro power and solar photovoltaic, rather than traditional coal-�red ones, and substituting the fuel used
in the boiler and heat exchanger systems with biogas can be bene�cial.

As a supplement to the researches on cleaner production of edible oil industry, this research takes the unit
operations that constitute the processes into account, rather than regarding the industrial process as a
“black box”, enhancing the transparency and reproducibility. Based on the LCA results, it is expected to
provide references for enterprises to make decisions on the transformation of energy structure to clean
energy.
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8. Tables
Table 1

Life cycle inventory data to produce one ton of rice bran oil.

  Objects/Phases Transportation Oil Extraction Stage Oil storage

Pretreatment Oil leaching

Input Electricity (kWh) – 62.158 15.656 0.576

Coal (kg) – 228.185 68.266 28.823

Hexane (kg) – – 1.517 –

Diesel (kg) 80.817 – – –

Output CO2 (kg) 238.523 593.282 181.497 74.941

SO2 (kg) 0.077 5.476 1.638 0.692

NOx (kg) 3.394 1.597 0.478 0.202

COD (kg) – – 1.365 –
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  Objects/Phases Oil Re�ning Stage

DG DC DW DA

Input Electricity (kWh) 18.075 7.618 24.125 11.738

Coal (kg) 27.959 16.93 8.042 78.255

Bleaching earth (kg) – 20.457 – –

H2O (kg) 140 – – 1956

Phosphoric acid (kg) 2.936 – – –

Active carbon (kg) – – – –

Output CO2 (kg) 76.649 44.017 20.909 205.29

SO2 (kg) 0.671 0.406 0.193 1.878

NOx (kg) 0.196 0.119 0.056 0.548

Phosphorus (kg) 0.077 – – –

COD (kg) 1.398 – – 0.13

Ammonia nitrogen (kg) 0.084 – – –

  

  Objects/Phases Oil Re�ning Stage

AR SDC DO DF

Input Electricity (kWh) 12.386 7.253 5.676 19.888

Coal (kg) 13.763 16.118 78.84 3.978

NaOH (kg) 6.881 – – –

Bleaching earth (kg) – 52.383 – –

H2O (kg) 138 – 2150 –

Active carbon (kg) – 13.432 – –

Output CO2 (kg) 39.677 41.907 206.991 10.342

SO2 (kg) 0.330 0.387 1.892 0.095

NOx (kg) 0.096 0.113 0.552 0.028

COD (kg) – – 0.143 –
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DG = degumming; DC = decoloring; DW = dewaxing; DA = deacidi�cation; AR = alkali re�ning; SDC =
secondary decoloring; DO = deodorization; DF = defatting.

 

Table 2

The LCA normalization results of per one ton of rice bran oil production.

  Transportation Pretreatment Oil leaching Degumming Decoloring Dewaxing

ADP e 2.71E-14 2.04E-14 5.59E-15 4.28E-15 2.02E-15 4.45E-15

ADP f 1.06E-11 1.74E-11 5.17E-12 2.37E-12 1.36E-12 1.09E-12

AP 8.33E-12 3.19E-11 9.51E-12 1.60E-11 2.40E-12 1.35E-12

EP 2.89E-12 1.52E-12 6.41E-13 2.01E-11 1.18E-13 8.51E-14

FAETP 1.00E-12 9.15E-14 2.62E-14 1.57E-14 8.05E-15 1.24E-14

GWP 6.55E-12 1.70E-11 5.11E-12 2.39E-12 1.32E-12 1.04E-12

HTP 4.25E-12 3.59E-12 9.91E-13 7.34E-13 3.51E-13 7.42E-13

MAETP 2.59E-11 3.49E-11 9.26E-12 8.51E-12 3.81E-12 1.01E-11

ODP 1.41E-22 1.51E-21 3.93E-22 3.88E-22 1.70E-22 4.78E-22

POCP 3.45E-12 9.38E-12 2.34E-11 1.22E-12 7.19E-13 4.96E-13

TETP 9.70E-14 8.62E-14 2.37E-14 1.81E-14 8.52E-15 1.86E-14
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  Deacidi�cation Alkali
re�ning

Secondary
decoloring

Deodorization Defatting Oil
storage

ADP e 5.55E-15 2.66E-13 1.92E-15 4.57E-15 3.55E-15 1.34E-
15

ADP f 5.80E-12 1.48E-12 1.30E-12 5.71E-12 7.06E-13 2.05E-
12

AP 1.09E-11 2.07E-12 2.28E-12 1.09E-11 7.43E-13 3.96E-
12

EP 5.28E-13 1.22E-13 1.12E-13 5.24E-13 5.38E-14 1.82E-
13

FAETP 2.84E-14 1.48E-14 7.67E-15 2.62E-14 9.49E-15 8.50E-
15

GWP 5.67E-12 1.55E-12 1.26E-12 5.60E-12 6.77E-13 2.00E-
12

HTP 9.67E-13 5.56E-13 3.34E-13 8.00E-13 5.90E-13 2.49E-
13

MAETP 8.16E-12 8.88E-12 3.62E-12 5.74E-12 8.21E-12 1.47E-
12

ODP 3.37E-22 1.32E-21 1.62E-22 2.19E-22 3.91E-22 4.86E-
23

POCP 3.15E-12 6.62E-13 6.85E-13 3.12E-12 3.06E-13 1.13E-
12

TETP 2.49E-14 2.23E-14 8.12E-15 2.09E-14 1.48E-14 5.73E-
15

ADP e, abiotic depletion potential (elements); ADP f, abiotic depletion potential (fossil); AP, acidi�cation
potential; EP, eutrophication potential; FAETP, freshwater aquatic ecotoxicity potential; GWP, global
warming potential (GWP 100 years); HTP, human toxicity potential; MAETP, marine aquatic ecotoxicity
potential; ODP, ozone layer depletion potential; POCP, photochemical ozone creation potential; TETP,
terrestrial ecotoxicity potential.

Figures
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Figure 1

The process �owsheet diagram of rice bran oil production.

Figure 2

System boundary and four stages of rice bran oil production.
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Figure 3

Environmental impacts of the four stages of rice bran oil production.
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Figure 4

Percentage contribution of inputs consumed in the oil re�ning stage for various impact categories. ADP e
= Abiotic Depletion Potential elements, ADP f = Abiotic Depletion Potential fossil, AP = Acidi�cation
Potential, EP = Eutrophication Potential, FAETP = Freshwater Aquatic Ecotoxicity Potential, GWP = Global
Warming Potential 100 years, HTP = Human Toxicity Potential, MAETP = Marine Aquatic Ecotoxicity
Potential, ODP = Ozone Layer Depletion Potential, POCP = Photochemical Ozone Creation Potential, TETP
= Terrestrial Ecotoxicity Potential.

Figure 5

Percentage contribution of inputs consumed in the oil extraction stage for various impact categories.
ADP e = Abiotic Depletion Potential elements, ADP f = Abiotic Depletion Potential fossil, AP = Acidi�cation
Potential, EP = Eutrophication Potential, FAETP = Freshwater Aquatic Ecotoxicity Potential, GWP = Global
Warming Potential 100 years, HTP = Human Toxicity Potential, MAETP = Marine Aquatic Ecotoxicity
Potential, ODP = Ozone Layer Depletion Potential, POCP = Photochemical Ozone Creation Potential, TETP
= Terrestrial Ecotoxicity Potential.



Page 21/22

Figure 6

Normalized contribution of each production stage in producing one ton of rice bran oil. ADP e = Abiotic
Depletion Potential elements, ADP f = Abiotic Depletion Potential fossil, AP = Acidi�cation Potential, EP =
Eutrophication Potential, FAETP = Freshwater Aquatic Ecotoxicity Potential, GWP = Global Warming
Potential 100 years, HTP = Human Toxicity Potential, MAETP = Marine Aquatic Ecotoxicity Potential, ODP
= Ozone Layer Depletion Potential, POCP = Photochemical Ozone Creation Potential, TETP = Terrestrial
Ecotoxicity Potential.
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Figure 7

The changes of ADP f, AP, EP, FAETP, GWP, HTP, MAETP, ODP, and POCP due to varying key parameters by
±20% for one ton of rice bran oil production. ADP f = Abiotic Depletion Potential fossil, AP = Acidi�cation
Potential, EP = Eutrophication Potential, FAETP = Freshwater Aquatic Ecotoxicity Potential, GWP = Global
Warming Potential 100 years, HTP = Human Toxicity Potential, MAETP = Marine Aquatic Ecotoxicity
Potential, ODP = Ozone Layer Depletion Potential, POCP = Photochemical Ozone Creation Potential.
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