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Abstract: Providing the farmers alternative sources of fuslhsas biodiesel produced from
waste cooking oil is one possible way of helpingnthreduce their dependence on fossil fuels.
Waste cooking oil (WCO) can be a stable sourceed$tock for biodiesel production since it
can be easily accessed from restaurants and fastefstablishments. If farmers would be able
to use biodiesel, not only will they have a cheagmirce of fuel for their farm equipment but
they will also aid in the reduction of greenhouse gmission. Moreover, they can have the
chance of earning additional income from glycedmy-product of the biodiesel processing
that could be used to manufacture soap, among @ib&sible products.The utilization of
waste cooking oil for biodiesel production couldahelp solve the problem of its improper
disposal which would lead to some serious heattheis. This study was therefore conducted
to: (1) gather baseline data in the processing adtevcooking oil to biodiesel, (2) develop a
system for a large scale processing of waste cgokih to biodiesel, and (3) test the
performance of biodiesel on different rice farmmgchinery. The cruzesterificatiorprocess
developed by Dr. Rico Cruz was adopted in procgsie WCO into biodiesel. To account
for the varying quality of purchased WCO, each aowr purchased from local food
establishment was subjected to testing to detertheg@roper amount of KOH to be used per
batch of mixing. It was observed that highly reusedking oil required up to 21 grams KOH
per liter of WCO with a conversion rate of 72-758CO which was relatively less degraded
on the other hand only required 11-15 grams KOHiliparof WCO with a recovery rate of as
much as 92-95%. Using a fabricated micro-procgspiant, the production of biodiesel in
larger volumes was tried to enhance the systemanfystion and utilization of biodiesel from
WCO for farming operations. The processed biadiegere tested in PhilRice-CES farm
machinery in different blends: B20, B50 and B10@0End B50 biodiesel blends were tested
in a 75hp four-wheel tractor. Moreover, B20, B5@ &100 biodiesel blends were tested in an
8hp diesel engine. One notable difference wasdblatrless smoke came out of the exhaust
pipe in engines run on biodiesel blends as comptetie black smoke emitted in 100%
petroleum diesel fuelled engines. No notable peréorce difference was observed in the
engines run in biodiesel blends compared to 100&6leeim diesel.
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Introduction

staple food for millions of Filipinos. Without therthe Philippines, like any other rice-importinguodry,

would be totally dependent from the rice produgedfother countries. Imported rice may not alwags
available as the risks of crop failure is becontiigh due to extreme climate events such as drowgtadloods
whose frequency and severity has increased in almalbsrice-producing countries of the world. With
investments in agriculture becoming riskier thaerdyecause of these climate hazards, there isfthera need
to provide support to the farmers in order to pamore rice and ultimately for the Philippinesable to
attain rice self-sufficiency.

Farmers are the producers of food. In the Philippireey produce rice, among other crops, whiclnés t

One of the supports that could be provided to #&mmérs is in helping them reduce their dependendd® use
of fossil fuels especially during conditions of fmeged drought (El Nifio). In rainfed rice areagnfars are
consuming at least 100 liters of diesel per heatamstly for irrigation. This does not only meanign#icant
expense on the part of the farmers but also asldedaburden on our environment since for each ditefiesel
used, a corresponding 2.67 kg of carbon dioxidelesased to the atmosphere as greenhouse gas.
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Providing the farmers alternative sources of fumlhsas biodiesel produced from waste cooking oiCQY is
one possible way of helping them reduce their ddepece on fossil fuels. WCO can be a stable soufce o
feedstock for biodiesel production since it carebsily accessed from restaurants and fast foodlestaents.

If farmers would be able to use biodiesel, not oni§l they have a cheaper source of fuel for thaim
equipment but they will also aid in the reductiohgoeenhouse gas emission. Moreover, they can ttave
chance of earning additional income from glyceapy-product of the biodiesel processing that cdddised

to manufacture soap, among other possible products.

The utilization of WCO for biodiesel production ddwalso help solve the problem of its improper disg.
Studies have shown that recycling used cookinfpoifrying food could form a toxin called 4-hydrotsans-2-
nonenal (HNE). Consumption of foods containing H&mn recycled cooking oils has been associated with
increased risks of cardiovascular disease, str@k@kinson’'s disease, Alzheimer's disease, Huntimgto
disease, various liver disorders and cancer (Kal.g2014).

A Filipino scientist based in the US, Dr. Rico Crtad developed a simple method of processing WEQ i
biodiesel calledCruzesterificationwhich has potential for adoption by the farmersause, among other things,
it does not require sophisticated equipment andcsoof external heat unlike in the conventionakgftation
process.

However, before the technology of processing waseteking oil to biodiesel can be promoted to therters,
several issues have to be addressed and verif@ttetns on the sustainability and efficiency ofdiésel from
waste cooking oil can be addressed by a more imetesting of the biodiesel on different farm miaehies.

Objectives
» Gather baseline data in the processing of wastking®il to biodiesel;

» Develop a system for a large scale processing sfen@oking oil to biodiesel,
e Test the performance of biodiesel on different fax@ning machinery;

Review of Literature

Impending global crisis paved way to the search dibernative sources of fuel. Moreover, high costs
petroleum based fuel (fossil fuels) made way fa search of cheaper sources such as biofuel. Bigldie

defined by the American Society for Testing and dfials (ASTM) as monoalkyl esters of long chairtyfat
acids derived from a renewable lipid feedstockhsag vegetable oil or animal fat.

It takes 40 million years for fossil fuels to berfeed while vegetable and animal oil only takes Jiths to be
produced. It is with this difference that severalups moved for the utilization of biodiesel to dmed in neat
form or mixed with petroleum-based fuel. Severalaadages on the use of biodiesel include the fatigvas
cited by Zhang et al (2003): a) decreased relimmctssil fuel imports; b) it is biodegradable arah-toxic; c)
it has a more favorable combustion emission profilech as low emissions of carbon monoxide, pdatieu
matter and unburned hydrocarbons; d) carbon diopidduced by combustion of biodiesel can be redyble
photosynthesis, thereby minimizing the impact ofdi@sel combustion on the greenhouse effect (Karbh@99;
Agarwal and Das, 2001); e) it has a relatively Higbh point (150°C), which makes it less volatited safer to
transport or handle than petroleum diesel (KrawcA@96); and f) it provides lubricating propertibsit can
reduce engine wear and extend engine life (Von \lVa881).

Biodiesel is mostly processed through transestatifin which is a catalyzed chemical reaction ivirg
vegetable oil and an alcohol to yield fatty acillyhlesters. Recently, a simpler process was deweeldgy Dr.
Rico Cruz, termed as cruzesterification. Cruzefitation is the process of reacting the triglycesdor
vegetable oils, with alcohol (methanol or ethamoRhe presence of catalysts at room temperataraddition,
this process no longer involves heat applicatichfael washing, making biodiesel production easier.

In the Philippines, the use of coconut oil as bébfaource has been explored by the Philippine Qatcon
Authority (PCA). The project was led by The PCA-Zmoanga Research Center (PCA-ZRC) wherein biofuel
was produced through cruzesterification. A pil@mlwith a capacity of 130 liters of crude filtereaconut oil
per batch was established. From 1995-2000, abqQ0Q2iters were produced and used at their tasiclas at
blends of 40% to 100% coconut biodiesel and smabunts were used in a small generator, hand tractdr
irrigation pump.

Wide-scale adoption on the use of biodiesel asrdtve fuel has been limited by the availability aheap
feedstock and simple production process. Mostlgdieisel is produced from food-grade oils (Canak6i)7)
such as rape seed oil, palm oil, sunflower oil anglbean oil (Van Kasteren and Nisworo, 2007). Hawev
these feedstocks are not economically viable bec#éosd-grade oils are more expensive than diesal fu
(Canakci, 2007). Over 70% of the total cost of sdl production is accounted to oil feedstock ¢Gsthetri,



Fenangad et al./ OIDA International Journal ofsgainable Development 08:12 (2015) 27

Watts and Islam, 2008). Waste cooking oil usedeasistock would be a great aid to lessen the tostl af
biodiesel production.

Studies have been conducted for the use of biddissalternative fuel source. A study on the préidacand
utilization of biodiesel and by-products in Bulgaspearheaded by Sampo, Inc. has been conductedinvhe
282 tons of used cooking oil among other feedstwak processed to biodiesel (Zamfirov et al, 2002
biodiesel produced by Sampo, Inc. was used irrdissport fleets and vehicles while the glycerinpbgduct
was processed by the company for industrial puip@gamifrov et al, 2002).

Cruz (2009) presented the simpler production ofligisel from waste cooking oil and provided accoamshe
biodiesel utilization in various blends and in saveutomobiles such as an old Ford Bronco withogota
engine (100% biodiesel), a 2005 Volkswagen New IBe@% to 100% biodiesel), and a 10 hp boat engine
(100% biodiesel).

An experiment was conducted by Di, Cheung and HY(2009) on a 4-cylinder direct-injection diesel iy
using ultra-low sulfur diesel, biodiesel and tHagnds to investigate the regulated and unreguletaidsions of

the engine. In their results, with the increasbiotliesel in the fuel, the brake specific fuel ammgtion and the
brake thermal efficiency increase. Also, the HC &fd emissions decrease while N@&nd NQ emissions
increase. For the unregulated gaseous emissionsn wie biodiesel content of the fuel is increaséed,
emissions of formaldehyde, 1-3 butadiene, toluendene decrease, however acetaldehyde and benzene
emissions increase.

Though waste cooking oil is proved to be a goodidezck for biodiesel production, problems have ¢ b
addressed to achieve the optimal benefits of #asl$tock. Waste cooking oil contains high level§ed fatty
acids (FFA) and moisture, which reduce the efficienf transesterification in converting this feexts$t to
biodiesel (Canakci, 2007). A study was conducted Ganakci (2007) to determine the level of these
contaminants in feedstock samples. His results eHothat levels of FFA varied from 0.7% to 41.8% and
moisture from 0.01% to 55.38%. He affirmed thatsthevide ranges indicate that an efficient process f
converting waste grease and animal fats must teleravide range of feedstock properties.

In transesterification, the amount of the catalgstritical because the older the oil, the more RFéontains,
which competes with the catalyst (Cruz, 2009). $esterification was studied by Felizardo et al @00ith

the purpose of achieving the best conditions fodigisel production. According to their findings, ianrease in
the amount of methanol or catalyst quantity seeansirhplify the separation/purification of the metlegters
phase, as shown by a viscosity reduction and aeasmg purity to values higher than 98% for metstier
phase.

Considering the erratic diesel price, exploringaegé scale production of biodiesel using a relgtiebeaper
feedstock such as waste cooking oil and a simptazgss like cruzesterification is worth venturingpi

Materials And M ethods
I. Gathering of Baseline Data in the Processing oft&/@soking Oil to Biodiesel

Extensive data collection on the processing of evaebking oil to biodiesel was conducted to essaldiiaseline
data and document the processing itself as weib atevelop an efficient system of producing biodigfsom

waste cooking oil. Waste cooking oil was subjedtethe cruzesterification process. However, tooaaot for

the varying quality of the waste cooking oil, crstegification process was revised which includebjestting

waste cooking oil samples to titration to determtime amount of potassium hydroxide to be applied.

II. Development of a System for Large-scale Processfigaste Cooking Oil to Biodiesel

Design and fabrication of a micro-processing plaas done to cater a large-scale processing of wasteng
oil to biodiesel. Large scale processing involvalricating a 100 liter capacity mixer. Design cdasations for
the processing plant were: it should require l@srdn supervision and minimal exposure to the chalsic

lll. Performance Test of Biodiesel on Different FarmcMaery

Testing of the biodiesel on the different rice fargymachinery was done in different blends sucB23, B50
and B100. Data gathered were fuel consumption (@) smoke emission.
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Results and Discussions

Gathering of Baseline Data

The methodology used by Dr. Rico Cruz (cruzestaifon) was modified to account for the varying lgyaf

oil purchased. It was found out that the recommdntie grams of potassium hydroxide (KOH) per litér o
waste cooking oil is insufficient to convert wasteoking oil to biodiesel when the quality of oil éghly
degraded. To account for this varying quality, fxased waste cooking oil was subjected to testimgipean
basis to determine the proper amount of KOH todelper batch of mixing. It was observed that lyigauised
cooking oil will require up to 21 grams KOH petelitof waste cooking oil with a conversion rate 8{75%.
Waste cooking oil which was relatively less degrhda the other hand will require 11 to 15 grams K
liter of waste cooking oil and will be convertediiodiesel by as much as 92-95%.

A small-scale mixing of used cooking oil (UCO) tindiiesel was conducted to compare the biodieselymed
from newly purchased UCO (less than 3 months irag) and old stacked UCO (more than a year irag&)r
The recommended ratio of methanol and potassiunokide (KOH) according to Dr. Rico Cruz is: for eyé&

L of UCO, 1 L of methanol and 55 g of KOH will besad. From this recommendation, different ratio of
methanol and KOH were used as treatments. Tallewssthe different ratios used and the amountadibsel
produced from newly purchased and old stacked UCO.

Table 1. Different ratio of methanol and KOH used for eakatment and the amount of biodiesel produced
from the newly purchased and old stacked used ngaki

Biodiesel Biodiesel
Used Cooking Oil Methanol (mL) Potassium Produced from Produced from
(mL) Hydroxide (g) Old stacked UCO Newly Purchased
(mL) UCO (mL)
500 100 55 200 520
500 100 5 175 570
500 100 6 135 560
500 110 55 150 540
500 110 5 330 560
500 110 6 110 580
500 90 55 190 540
500 90 5 110 540
500 90 6 180 500

From the results shown, newly purchased UCO pratineere biodiesel as compared to the old stacked .UCO
The 110 mL methanol and 6 g KOH ratio producedhilghest quantity of biodiesel at 580 mL. It waseed
that biodiesel from newly purchased UCO is lighitecolor than the old stacked UCO (Figure 1). Far dld
stacked UCO, there was difficulty extracting it®guced biodiesel because some of the glycerin didettle

at the bottom of the container and this may calisdaw quality of the produced biodiesel.

Figure l. Biodiesel produced from newly purchased (left] atd stocked (right)
used cooking oil for the first three treatments.
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Development of a Processing System

A micro-processing plant was fabricated for theydascale processing of waste cooking oil to bicaieEhe
set-up for the biodiesel processing plant has al1€pacity (Figure 2).

\
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Figure 2. The fabricated and design of the micro-procesplagt for biodiesel production

Large-scale mixing was conducted to initially tés# micro-plant and at the same time to checkafehwould
be possible revisions in the design. 12 L of nepuychased cooking oil was used as a preliminatintgsf the
micro-plant. The 110 mL methanol and 6 g KOH rates used for this test since this ratio producechighest
quantity of biodiesel basing from the previous temtducted. Separate container was used for thangnof
methanol and KOH to make sure that the KOH wadlyotlissolved in the methanol. Biodiesel produceairf
this test was 8 L.

Problems encountered and recommendations:

1. Difficulty was encountered during the hauling of OGn its container. It is recommended that
stairs should be incorporated in the design so lthating will be easier and accidents will be
avoided.

2. Almost half of the UCO were not deposited into thixing tank because the placement of the
valve in the container is high. It is better to évthe valve so as to make sure that no UCO that
can still be convertible to biodiesel will be wakte

3. Filter or screen should be placed in the contafoethe UCO so that the food morsels in the oil
will be removed.

A follow-up test was conducted using the micro-g@ssing plant to process used cooking oil to biaditsbe
used for the test of the different blends of bigdle Two batch of 10-L UCO, labeled as A and B wailen
from two different cans and were processed. A angr@®luced 10 L and 10.4 L of biodiesel, respecyivel
(Figure 3).

Figure 3. Biodiesel produced by batch A (10 L) and batcliB.4 L)
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Performance of biodiesel in different farm machinery

Initial processing of waste cooking oil to biodieseas conducted to test the viability of the tedogy for
adoption. Processed biodiesel were tested in RI&HRES farm machinery in different blends such 28,B50
and B100. B20 and B50 biodiesel blends were tdstéioe Kubota M7530 four-wheel tractor. Moreove20B
B50 and B100 biodiesel blends were tested in a EURK80 engine. No engine performance difference wa
observed in the engines run in biodiesel blendspased to 100% petroleum diesel. One notable diffege
however is that colorless smoke came out of thaesthpipe in engines run on biodiesel blends idstéahe
usual black smoke emitted in 100% petroleum difgdled engines.

B20, B50 and B100 were tested on a RK-60 diesahen@rigure 4) and a load was not considered mtdst. 2
L of the biodiesel blend was filled in the enginedawas run for 1 hour. After each run, the oil lefas
measured for the computation of fuel consumpticefoBe the next run, the engine was cooled dowr foour.
The biodiesel used for the blends was batch B gssed from the previous testing).

Table 2. Fuel consumption of B20, B50 and B100 blends ofligisel (average of three replications)

BLEND FUEL CONSUMPTION (L/h)
B20 0.16b
B50 0.17b
B100 0.30a

Means followed by a common letter in the same coldmnot differ significantly at 5% level of sigoénce
using DMRT

Figure 4. Kubota RK-60 diesel engine used for the test on
the different blends of biodiesel

According to the results shown (Table 2), the thd#ferent blends performed well and colorless senome
out of the exhaust pipe which proved that biodigsenvironment-friendly. In terms of fuel consuiopt B20
and B50 showed no significant difference, howe®¥00 showed significant difference when the treame
means were compared statistically.

The different blends of biodiesel were also tesbeda centrifugal pump (Figure 5). Table 3 shows the
specifications of the pump and engine used for tifss. Same blends were used (B20, B50 and B10D) an
petroleum diesel was added to serve as control.plimep was run for 1 hour and for every run, 2 Lthof
biodiesel blend was filled in the engine. After gveun, the fuel left was measured and recordedtlier
computation of fuel consumption. Before the stdrthe first run, the engine was started and run1f6+30
minutes so as to allow the engine to warm up.
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Table 3. Specifications of the pump and engine used fotake

PUMP SPECS ENGINE SPECS
Centrifugal Pump Kubota RK-80
Size: 4in Maximum Output: 5.97 kW
Maximum Capacity: 550 GPM Speed: 2400 RPM
Maximum Total Head: 60 ft. Continuous Output: 5.22 kW
Speed: 1800-2400 RPM Speed: 2200 RPM

Figure 5. Pump used for the testing on the different blerfdsiadiesel

As shown in the results (Table 4), B20 consumedmntiust fuel followed by B100 at 0.5 L/h and 40 L/h,
respectively. However, when the means of eachnreait were statistically compared, it showed noifigant
difference. Hence, there was no difference in tedgpmance when the pump was run on different tdesfd
biodiesel compared to 100% petroleum diesel. THéerdnce however, as proven from the initial tests
conducted, is that colorless smoke came out ofettfeaust pipe when the pump was run on the different
biodiesel blends instead of the black smoke emiitieen petroleum diesel was used.

Table 4. Fuel consumption in L/h of the different blendstwbdiesel and petroleum diesel run on a pump
(average of three replications)

BLEND FUEL CONSUMPTION (L/h)
B20 0.50a
B50 0.37a
B100 0.40a

DIESEL 0.38a

Means followed by a common letter in the same coldm not differ significantly at 5% level of sigo#nce
using DMRT

Summary and Conclusion

This study was conducted to: (1) gather baselirta oathe processing of waste cooking oil to bisdle (2)
develop a system for a large scale processing efen@oking oil to biodiesel, and (3) test the pamiance of
biodiesel on different rice farming machinerfhe cruzesterificatiormethod developed by Dr. Rico Cruz was
verified to account for the varying quality of @iirchased. The purchased waste cooking oil wagced to
testing per tin can basis to determine the propesuat of KOH to be used per batch of mixing. 100L
capacity micro-processing plant was also fabricdtedorocessing of waste cooking oil to biodieselarger
volumes for actual use by farm machines using diffe blends. From the results of the study, thiofohg
conclusions could be drawn:

1. Under actual farming conditions, the biodiesel pdtbn from WCO using theruzesterification
process is more practical to use than the traditibransesterification process as no external lseat
needed,;

2. Newly recovered WCO is best for processing intall@eel. For old stock, there is a need to adjust t
amount of KOH. The older the stock, the more K@Hthéeded. Stocks older than _ months are not
recommended for use.
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3. Farm machines operating using the WCO processt#dsrstudy had clear emission in contrast to those
using the petrodiesel in terms
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