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ABSTRACT

Concern over high transportation fuel costs, trdefcits, depleting resources, energy
security, and mounting evidence of global climdtargge has led to re-investigation of
fossil fuel alternatives. For this reason EthiopMmistry of Water and Energy has
started promoting bio-energy as a means to tramstbe nation’s abundant renewable
biomass resources into cost competitive, high pdveiuels and products. Biodiesel
offers one renewable fuel option that can be predutom non edible vegetable oil
sources. Fortunately Ethiopia has many opportunifeg biodiesel production. The
country’s favorable climatic condition for the dudition of non edible vegetable oil
bearing plants and the abundance of ethanol algofomluced from the byproduct of
local sugar factories gave the country a greatmtage in producing biodiesel and get a
little relief from petroleum related problems. Hoxge, the effort made to introduce the
technology and take the most out of it is so loviai@e policy makers and encourage
local and foreign businessmen towards the produdidiodiesel using local resources.

Therefore this research tries to fill this gap.

The main purpose of this research is therefore deeldp a biodiesel production
technigue from Jatropha oil (Jatropha curcas Lingpand a locally produced ethanol
alcohol. Special attention was paid to the optitnra of base-catalyzed
transesterification for converting fatty acid etegter (FAEE). The crude Jatropha oll
used in the transesterification contained 5.01 HKy of acid and after neutralization
it was possible to bring down the acid value tobIngg KOH/g. Inorder to determine
the optimum condition for tranestefication of Jdtamil using ethanol and caustic soda
as input, 16 experiments varyings ethanol-to-oillanaatio (6:-9:1) and reaction
temperature (55, 65, 70, and 78). Reaction time, mixing intensity, and catalyst
concentration was fixed to 3 hrs, 600 rpm, and% By weight of the oil respectively.

The optimum conditions found for transesterificatiwere an ethanol-to-oil molar ratio
of 9:1 and a reaction temperature of’@0 At the optimum condition obtained a FAEE
conversion of 80 % v/v was achieved. The resulliajopha biodiesel has, a density of
0.86 g/ml, viscosity of 4.13 mffs, acid value of 0.71 mg KOH/g, and flash point of
173°C satisfing ASTM D6751-02 and EN 14214 biodiesahdfrds. The production
proces developed in this work will be used in piighn of a small scale plant withh
capcity of 300 liter per day.
Vi
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CHAPTER 1
1. INTRODUCTION

1.1 Background and Justification

The worlds’ energy demand is escalating exponigniiae to the rise in population
and income. The escalated demand along with deplefi existing resources is fueling
the escalation of fuel price. Beside the ever gngwprice of petroleum, the world is
also anguishing from its emission related problsoth as global warming, ozone layer

depletion and the consequence of climate changegtit, and flooding.

Ethiopia, imports its entire petroleum fuel reqment and the demand for petroleum
fuel is rising rapidly due to a growing economy agxpanding infrastructure. The
annual consumption of petroleum fuels amounts toentisan 1.2million tones which

is equivalent to 5.4% of total final energy constiom Imported petroleum products

accounts about 40% of the total imports and absg0Bs of export earnings.

These and other related problems are forcing thatcp to find some other alternative
fuel that can substitute petroleum and helps tagaté the consequential problems
related with petroleum. Among the alternatives,dsésel which can be produced from
non-edible oil like Jatropha is the best solutib® production from Jatropha becomes a
worldwide issue for its multi dimensional advantdageluding its drought—resistant,
growing ability in marginal/poor soil, and its yikhg ability for about 50 years. More-
over this wonder plant produces seeds with oil@in84% by weight and its oil can be

combusted without being refined [37]. The by-prade@lso a good fertilizer.

®In Ethiopia the gross available potential land giovduction of feedstock for biodiesel
is estimated about 23.3 million hectares. Regignéfle available land in million ha is:
Oromia 17.2, Benishangul-Gumuz 3.1, Gambela 2.8 dho0l.5, Amhara 1, Southern
Nation Nationalities 0.05, and Tigray 0.007.

4 Source: Ethiopian Petroleum Enterprise Report1201
® Source: FDRE Ministry of Mines and Energy “The fBiel Development & Utilization Strategy”, Aug
2007
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Consequently Ethiopian government has developdchtegy based on the assumption
that Jatropha Curcas as a principal feed stockitmtiesel production. Even though the
country possesses such an opportunity, practi¢elraare not taken to produce the oil
and make it available to the local consumption. hBatthere are more than 50
developers registered only involved in plantatidremergy crops mainly Jatropha and

Castor.

This research, therefore, is intended to fill thap by setting up a technical insight
towards a small scale biodiesel production fromota curcas. Small scale production
of biodiesel consists of three steps such as tiiaetton, oil purification, and processing
of oil. Oil extraction from jatropha seeds can loael by three different methods. These
are mechanical extraction using a screw pressesbkxtraction and intermittent pres
extraction techniques. The selection of the extacinethod will be subjected to
availability, coast, quality, etc. The purificatiavill be carried out by boiling the oil
with water. After the oil is purified it will be dected to the third step. This step is the
final step in processing the vegetable oil intosdieoil. In this process the oil will be
transesterified using base catalysts like potassiyaroxide/sodium hydroxide and
ethanol. Ethanol is preferred here since it is lalée at a local market. After the

transesterification process biodiesel fractionhef il is then washed and dried.

Quality assessment of the biodiesel is then willppeformed for the three phases of
production namely pre-production, production, angtgproduction phases. In the pre-
production phase the physical property and qualithe feed stock will be assessed. In
the production phase, the production process qualii be assessed based on the
procedure given by ASTM and EN stanadards. Inlfptaase, which is the post-
production quality of the produced biodiesel wil &ssessed taking storage condition as
a main variable. This assessment will be condutaéthg the ASTM 6751-02 for

biodiesel as a bench mark.
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1.2 Objectives

The general objective of this thesis is to find blest way of optimizing the production
system of biodiesel from jatropha curcas oil ardcally produced ethanol alcohol and
catalayst (NaOH).

Specific objectives of this research are:

+ Acquisition of biodiesel production process
+ Pilot plant design of small scale biodiesel prodwucplant
+ Biodiesel production optimization from jatropha cas oil (JCO) using ethanol
alcohol and sodium hydroxide catalyst
» Optimization of ethanol content and
» Reaction temperature for the transesterificatimtess
+ Quality assessment for the biodiesel productiotesys
* Pre-production quality

* Post-production quality
1.3 Thesis Organization

This thesis is divided into five chapters. Follogithis chapter, the second chapter,
Review of Literature, deals with the literatureieav and past work done in this area.
The third chapter, Materials and Method, involvesdtiption of the materials and their
design used to solve the given problem. More olvdeals with the lab scale biodiesel
production procedure. Besides it lists the asswonptmade during the entire.

The fourth chapter, Results and Discussions, desthie results that were obtained and
discuss why those results are obtained. The fiftrapter, Conclusions and
Recommendation, describes the conclusion made fin@mesults obtained and points
out some points recommended for future work thabssible in this area.
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CHAPTER 2

2. LITERATURE REVIEW

2.1 Overview of Small Scale Biodiesel Production andQuality

Assessment

Because of concern for the the environmental dlegien and the escalation of fuel
prices of fossil-fuels, developing alternative aexes of energy as a substitute for
traditional fossil fuels has been risen. Biodieisehmong those alternatives that can
prtially replace fossil fuels. Biodiesel in shost defined as alternative fuel for diesel
engines produced by chemical reaction of a vegetaiblor animal fat with an alcohol
such as ethanol [31, 32].

Straight vegetable oils (SVO) were proposed astlfegls as they are widely available
from a variety of sources and they are renewahl®&Q2 However, they were found to
be problematic due to their higher viscosity whadfects the piston of injection pump
and cause carbon deposits on piston and the eylinglad [2, 62]. Conversion of the
oils to their alkyl esters reduces the viscosityéar the diesel fuel levels and produced
a fuel with properties that is similar to petrolebased diesel fuel which can be used in
existing engines without modifications. The mainatages of using biodiesel fuels as
100 % methyl or ethyl esters of vegetable oil anuinal fat or biodiesel blends (up to
20 % blend to the diesel fuel) are producing lesske and particulate matter, results in
higher cetane numbers that makes combustion smaadhproduces lower carbon

monoxide and hydrocarbon emissions [30].
2.2 Feedstocks Development for Biodiesel Production

Biodiesel can be produced from a great varietyeefitocks. These feedstocks include
most common vegetable oils (e.g., soybean, cotemhgElm, peanut, rapeseed/canola,
sunflower, safflower, coconut) and animal fats @llsutallow) as well as waste oils

(e.g., used frying oils) and in recent publicationgrobial algae is also declared as a
third generation feed stock [77]. Many researchense reported on the use of different
vegetable oils to produce biodiesel. Several rebeas [25, 35, 61, 70, 75] used

jatropha oil to produce a biodiesel that satisiy &5TM standards. On the other hand

4
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other reseachers studied the parameters affettnggansesterification process of castor
oil [46] and tested the performance of an integwhbustion engine using a biodiesel
derived from castor bean oil [4]. Similar works revedone on transesterification of
soybean oil and beef tallow [15, 22, 27].

From these research works it is clear to understiaatdthere are a wide variety of feed
stocks but the choice depends on local availabilffordability and government
incentives. For example, rapeseed oil is prefemed/estern Europe, while the United
States favors refined soybean oil as a feedsto@k Eithough Brazil is the world's
second-largest producer of soybeans, its governnsefdstering a castor oil-based
biodiesel industry. On the other hand jatropha &siis the primary feed stock in India
and China [13].

2.3 Status of Biodiesel Production: World Vs Ethiopia

World

The global market for biodiesel is showing an iasiag growth rate for the last ten
years. Biodiesel has shown an average annual egeogyth rate of 41.2%tfrom 2000
to 2008 which is the highest growth rate comparétl wther energy sources. As Fig
2-1 shows the world biodiesel production has esedladom 916.8 millions of liters in

2000 tomore tharl7.8 x 103 millions L in 2009 The consumption is also growing from
year to year as shown in Fig 2-2. This increasgrawth rate is due to its correlation
with sustainable development, energy conservatimanagement, efficiency and

environmental preservation.

It is expected that Biodiesel could represent ashras 20% of all on-road diesel used
in Brazil, Europe, China and India by the year 208D Rapid growth in biodiesel
demand in the EU, USA and Asia is driving investtriarthe global trade of alternative
feedstocks.In terms of the market size, the biodiesel industas reached more than
17.8 x 10® millions gal in 2009, with Europe having the lasgshare of the market (the
market share for Europe has reached 56% in2(Q089)].

 Source: US Energy Information Administration Indegent Statistics and Analysis
5
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Ethiopia

Ethiopia, as most of non petroleum producing coesiris entirely dependent
imported products of petroleum., Gasoil, Gas¢(, Jet/Kerosenefuel oil and LP( are
the main imported products of petroleum. Form th@eeucts gasoil/diesel oil takes i
major part from the imported product. The repogamized by EPEFig 2-3) reveals
that the demand for gascthasdoubled within a decade. Moreover the-metric ton
price has also imeased by three fold inten years. This shows clearly that how

economy of the country &ffected by the imported of petleum product.

6
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Source: EthepPetroleum Enterprise

Therefore to speed up the development of the cploytimproving export-import trade

balance, the imported quantity or the per-metricepshould be curtailed. Since the
later is impractical, the only option is to minimizthe imported quantity and

compensate the deficient with appropriate substigiich as Biodiesel that can be
produced locally. For this reason the FDRE migistf Energy and Water has

formulated “The Biofuel Development & Utilizationtr&tegy” to facilitate adequate

production of biofuels from indigenous resourcescdding to the strategy the
biodiesel that is to be produced frgatropha curcas, caster beamndpalm treeaimed

to

» Ensure use of biodiesel for transportation
» Ensure a high level of blend

» Substitute biodiesel for domestic cooking and liggpfuel, etc
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Based on this strategy local and foreign privatestors have started growing plants for
producing biodiesel. Until recently, the progrebs\gs that over 14 private investors
are undertaking preparations for the productionweiger, not a single company
reported to start the biodiesel production yet! #aececently, its is stated to
subsistitute 5%of diesel fuel by Jatropha in the Green develofns¢artegy of the

country.
2.4 Jatropha Curcas Linnaeus: The Renewable Energy Bht

2.4.1 Name and Plant Description:

The genusglatrophabelongs to tribedoannesieaef Crotonoideaan theEuphorbiaceae
family and contains approximately 170 known spe{2€$. The genus naméatropha
derives from the Greek woildtros (doctor) androphé(food), which implies medicinal
uses.Curcasis the common name for physic nut in Malabar, If{did. The father of
modern taxonomy, the Swedish botanist Carl Linnaeas the first to name the physic
nut Jatropha curcas in 17588] according to the binomial nomenclature of “Gpe
Plantarum.” Scientists Bijan Dehgan and Grady Waldsave postulated thaatropha
curcasis the most primitive form of th@atrophagenus. Some research works stated
that this plant was originated from the Caribbe&here the species was already been
used by the Mayas, was most likely distributed bytiyuese ship via the Cape Verde
Island and Guinea Bissau to other countries incafand Asia [68].

It is a small tree or large shrub, which can grdssveen 3 to 5 meters in height, but
can attain a height up to 8 to 10 m in favorableditions. The branches contain latex,
roots are formed from seeds, one central (tap @ad)four peripheral. Cuttings, when
planted do not form tap root. The plant is monosi@and flowers are unisexual.

Pollination is by insects. The life span of thenples more than 50 years [47].
2.4.2 Potential Uses of Jatropha curcas L

It is reported that Jatropha is planted as a heddieing fence by farmers all over the
world around homesteads, gardens and fields, bectissnot browsed by animals [36].

& Ethioipian Petroluem Enterprise Report, 2011
® Source: FDRE Ministry of Mines and Energy “The Biel Development & Utilization Strategy”, Aug
2007

8
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The root, stem, leaves, fruit, seed, bark and lafeke plant are largely used for many
medicinal purposes in different parts of world. Tlosvers also attract bees and thus the

plant has a honey production potential [10].
Hedge

Jatrophais an excellent hedging plant in fields and setdleta. This is mainly because
it can easily be propagated by cuttings and bectdngesspecies is not browsed by cattle.
It is one of the hedge plants mostly found in défg parts of the world such as, El
Salvador, Upper Guinea, Mali, India, Zambia [36, 38], Ethiopia [28], etc.

Fig 2-4 Jatropha hedge around a homestead

Medicine

All parts of the plant, including seeds, leaves hatk, are used in traditional medicine
especially for veterinary purposes [10, 36]. Sitlee seed oil has purgative action it is
widely used to heal eczema and skin diseases amsodihe pain that is caused by
rheumatism. A decocted leaves is also used agamgih and as a disinfectant after
birth [36]. A decoction of the root is reportedtteat diarrhea and gonorrhea [68]. The
latex that is extracted from the stem has been tmedealing wounds and stopping
bleeding. [36, 68].

Fertilizers
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Since the seed cake is highly rich in nitrogeis @n excellent source of plant nutrients.
Some research reported that in a green manurenittakice in Nepal, an application of
10 tons of fresh jatropha biomass gives an incrgésdd of many crops [72]. As a
straight fertilizer, its nutrients were comparedhithose of other organic fertilizers with

regard to nitrogen, phosphorus and potassium comteich is shown in the Table 2-1

Table 2-1 Nutritional analysis of Jatropha oil seakes, and manure (%)

Nutrients J. Curcas o}l Neem Oil Cow
caké cake manure
Nitrogen 6 5.0 0.97
Phosphorus 3 1.0 0.69
Potassium 1 15 1.66

Pesticide

Extract from all parts of the jatropha plant shansecticidal properties. The seed oill,
extracts of physic nut seeds and phorbol esters the oil were used to control various
pests with, in many cases, successful result. hemge the agueous extract of jatropha
seed and leaves were proved effective in contglimsects of pests of cotton, corn,

sorghum, and potato [36].
Erosion control and improved water infiltration

Jatropha has proven effective in reducing erosibisod by rainwater. The taproot
anchors the plant in the ground while the profusiblateral and adventitious roots near
the surface binds the soil and keeps it from bemghed out by heavy rains. Jatropha

also improves rainwater infiltration when plantedines to form contour bunds [68].
Soap

The glycerin which is a by-product of biodiesel dsnused to make soap, and soap can

be produced frondatrophaoil itself. In either case the process producesfi durable

2 Source: Ashwani Kumar et. al. "Biofuels (alcohols and bastil) applications as fuels for internal
combustion engines”, 2006

® Source: Chinmoy Baroi et al. ‘Biodiesel Production from Jatropha curcas Oil Usifptassium
Carbonate as an Unsupported Catalyst”, 2009
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soap and is a simple one, well adapted to housedrosinall-scale industrial activity
[10, 14, 25, 41].

Fig 2-5 Soap Produced from Jatropha Oil
Food

Though jatropha seed is toxic when consumed, neig-t@riety of jatropha is reported
to exist in some province of Mexico and Central Aicee which do not contain phorbol
ester [10, 14, 36]. José Angel Sotolongol et a0@®Preported that jatropha seed is
eaten in certain region of Mexico (in the regionMisantla, Veracruz, there is a non

toxic variety) once it is boiled and roasted.
Energy Ssource

The oil from Jatrophais regarded as a potential fuel substitute. Thedypf fuels,
which can be obtained directly from tBatrophaplant, are; wood, the whole fruit and

parts of the fruit which can be burnt separatelynarombination [2, 42, 75].
2.4.3 Yield of Jatropha

Jatropha trees are said to begin producing a maalsuamount of nuts at 18 months,
but are not expected to reach maturity and optineddls until after 6 years. Seed yield
in jatropha curcas varies widely, which is logiéal a plant that can grow in different
conditions. Conditions such as spacing betweentglatimatic condition, soil status
(ranging from marginal to fertile, and if fertilizavas applied), age of the plants, and
water feed systems (whether it is rain feed ogated) are the major conditions that can
influence the yield of the plant. For example aelydspaced plant can yield more than
a closely spaced since there will be a less cotmpetof moisture and nutrients.

11
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Similarly an irrigated plant will yield continuoysthroughout the year whereas a rain

feed plant will give only seasonally.

Recent publications reported that seed yield vdrams 0.2 to more than 2 kg / plant /
year depending on the age of plant and soil/clienaiinditions [47, 65, 68].

On an area basis, Richard Brittaine et al.(2019)citing [58] reported seed vyields
between 0.4 to 12 tons/ha, [67] reported a proditgtof the plant varying from 1.5 to 6
tons/hal/year, and [36] reports another yield raogfveen 0.1 and 8.0 tons/ha. Larger
range of yield from 0.1 to 15 tons/halyr is als@pamed by [10]. This kind of
discrepancy in yields of jatropha plant is origethtiue to over projection based on the
yield of single tree or few trees. For example, igorously growing six-year old
Jatropha tree growing on a farm produced more tBé&nkg of seed. It will be
unrealistic, however, if the per ha seed producisoastimated based on the unusually
high seed yield of this single tree [23]. Moreoviiese yield figures are accompanied
by little or no information on genetic provenanege, propagation method, pruning,

rainfall, tree spacing, soil type or soil fertilitgnd location of plantation.

Since climatic condition and soil status are thgomgactor in influencing the yield of

jatropha, | will brief a little on these issuesfalkows.

Table 2-2 Jatropha Curcas L. seed yield

Country Seed yield Plant Spacing Plant Age Referenc
Mali 2800 kg/yr/hal Not Specified Not Specified (37
Nicaragua 5000 kg/yr/lhaNot Specified Not Specified
2500 kg/ha/yn Not Specified after 4 years 9
Brazil 335 kg/ha 4x3m; 833 pl/ haafter 12 months
190 kg / ha 8x2m; 625 pl/ haafter 9 months [65]
56 kg/ha 8x2m; 625 pl/ ha after 7 months
India 600 kg/ha 833 pl/ha after 2.5 years 165
1450 kg/ha 1667 pl/ha after 2.5 years
4000 kg/ha/yn Not Specified after 5 years (9
2000 kg/ha/yr Not Specified after 3 years

 Experimental results on marginal soil
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2.4.4 Favorable Climate and Soil Condition

Jatropha grows in tropical and sub tropical regievigh cultivation limits at 30N and

35°S (refer °Fig 2-6). It also grows in lower altitudes of 0-50teters above sea level
[36]. While jatropha can survive with as little 250 to 300 mm of annual rainfall, at
least 600 mm are needed to flower and set fruitt ©ptimum rainfall for seed

production is considered between 1000 and 1500 &m [

Jatropha showed, as reported by [9], significantuoence for Annual Mean
Temperature between 18 and 29, with optimal values of 26-2%C. Very high

temperatures can depress yields. Jatropha hasbegrrio be intolerant of frost.

The best soils for jatropha are aerated sands @ardd of at least 45 cm depth [36].
Heavy clay soils are less suitable and should lo&ad, particularly where drainage is
impaired, as jatropha is intolerant of waterloggedditions. Ability to grow in alkaline
soils has been widely reported, but the soil pHukhbde within 6.0 to 8.5. Jatropha is
known for its ability to survive in very poor drgits in conditions considered marginal
for agriculture, and can even root into rock cresicHowever, survival ability does not
mean that high productivity can be obtained frotnoha under marginal agricultural
environments. Being a perennial plant in seasonalty climates, soil health
management under jatropha production would befiefin conservation agriculture
practices. This would result in minimum soil diftance, an organic mulch cover on the

soil surface and legume cover crops as intercrops.

& Source: Richard Brittaine et. al. “Jatropha: A Sthalder Bioenergy Crop The Potential for Pro-Poor
Development”, 2010
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Fig 2-6 Jatropha Belt (30° N, 35° S)

2.4.5 Composition of Jatropha Seed

The fruit of J. curcas contains mostly three seé&tls. seeds make up about 70% of the
total weight of the fruit (30% fruit coat) [58, 65the mature fruits have a moisture
content of about 15%, the seeds about 7%. Thes @lared in the interior of the seed:
the kernel, which makes up about 65% [1] of thaltotass of the seed. The moisture
contents are about 10% for the hull and 3-11% 73$,for the kernel. Lots of previous
works have been done by different scholars so aetermine oil content of jatropha
seed. As Table 2-3 shows there is a wide rangd tontent and this is possibly due to

the variation in plantation condition and/or oitection method.

The seed of JCL is about 6.6% water, 18.2% prot@&#9 oil, 17.2% carbohydrates,
15.5% fiber, and 4.5% ash by weight of seed [45re the amount of actual oil

produced from seeds and kernels is contingent whffierent conditions such as

plantation condition and mostly the method of exticm. For example with hand

presses extruding only about 20% and more sopaistica much higher quantity can be
obtained [14].

When it comes to the fatty acid compositions treaee three main types of fatty acids
that can be present in a triglyceride of Jatroptéuich are saturated (Cn:0),
monounsaturated (Cn:1) and polyunsaturated withdwthree double bonds (Cn:2,3)
[10]. Though various vegetable oils are potenteddstocks for the production of a
biodiesel, the quality of the fuel will be affectég the oil composition. Ideally the
vegetable oil should have low saturation and loviyyasaturation i.e. be high in

monounsaturated fatty acid [25].
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Table 2-3 Oil content of Jatropha Curcas L

Oil content
Fruit part (%) Reference
33.6-37 [65]
33-39.1 B4
37.4 [48]
38 [45]
Seed
35-40 [14]
40 [10]
30-50
(5]
45-60
55-60 [14]
46.2-58.1 B4
46.0-48.6 [48]
Kernel
21-74 71
63.16 [25]
66.4 [1]

Based on this fact jatropha seed oil has an adgantver other vegetable oils such as
palm oil, sunflower oil and soybean oil for possaegs highest monounsaturated/Oliec
acid. Here also (refer Table 2-4) different figuogdatty acid compositions have been
reported in different works. The reason for thiskleof similarity in fatyy acids

composition is the same as the oil content. Buteguires a thorough research to

investigate the exact reason.
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Table 2-4 Fatty acid composition of seed oil &fgpha curcas L

References
Fatty acid

[3¢] | 40 | [62 [25] [47]
Myristic acid (C14:0) NA 0.15 0.1 0.1 0.38
Palmitic acid (C16:0) 15.38 12.3 15.1 14.2 16.0
Palmitoleic acid (C16:1) NA 0.55 0.9 0.7 1-35
Stearic acid (C18:0) 6.24 2.8 7.1 7.0 6-8
Oleic acid (C18:1) 40.23 47.1 44.7 44.7 42-43/5
Linoleic acid (18:2) 36.32 | 36.7 | 314 | 328 | 33-345
Linolenic acid (18:3) NA 0.18 0.2 0.2 0.8
Arachidic acid (20:0) NA NA 0.2 0.2 NA

2.5 Biodiesel Production

2.5.1 Vegetable Oil as a Fuel

The use of vegetable oils in diesel engines islyear old as the diesel engine itself.
The inventor of the diesel engine, Rudolf Diesehartedly used groundnut (peanut) oll
as a fuel for demonstration purposes [31]. Dr. Bliéa his book entitled “Liquid
Fuels,” addresses the use of vegetable oils asla f&or [the] sake of completeness it
needs to be mentioned that already in the year p&0Q oils were used successfully in
a diesel engine. During the Paris Exposition inQl@small diesel engine was operated
on peanut oilby the French Otto Company. It worked so well thialty a few insiders
knew about this inconspicuous circumstance. Thenengas built for petroleum and
was used for the plant oil without any change.”|[50

From the day of the Paris exposition the world besn using vegetable oil in diesel
engines. In the 1930s and 1940s, vegetable oile weed as diesel substitutes as

emergency fuels and for other purposes, espedaliyng World War 1l [2, 50] In this

& Sample specifically from Pueblillo (Papantla, Yemrovince, Mexico
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period for example the Japanese battleship calldatoreportedly used edible refined

soybean oil as bunker fuel [50].

Even though vegetable oils are good substitutepetfoleum-diesel, due to their
economical infeasibility the world has given hiskdor the issue. However, because of
the increase in crude oil prices, limited resouroésfossil oil and environmental
concerns in recent days, there has been a reneyeed bn vegetable oils in many
countries. Depending upon climate and soil cond#jodifferent nations are looking
into different vegetable oils for diesel fuels. F@tample, soybean oil in the USA,
rapeseed and sunflower oils in Europe, palm c8antheast Asia (mainly Malaysia and
Indonesia), and coconut oil in Philippines are beoonsidered as substitutes for

mineral diesel [31].

There are still some problems that hinder the Gisegetable oil for substitute of petro-
diesel. Vegetable oils have about 10% less heataige than diesel for the oxygen
content in the molecule and the viscosity of velgletail is several times higher than
that of mineral diesel due to large molecular weigihhd complex chemical structure.
This high viscosity of vegetable oil, 35-60 Risncompared to 4 mfts for diesel at 40
°%C [2], leads to problem in pumping and spray charistics (atomization and
penetration etc.). The inefficient mixing of oil twi air contributes to incomplete
combustion. High flash point attributes to its loweolatility characteristics. The
combination of high viscosity, low volatility, anthe polyunsaturated character of
vegetable oils cause poor cold starting, misfgeijtion, high carbon deposit formation,
injector coking, piston ring sticking and lubricati oil dilution and oil degradation [2,
62]. Because of these problems, vegetable oils meisthemically modified to a more
suitable and compatible fuel for existing engin€hkis fuel modification is mainly
aimed at reducing the viscosity to get rid of flamd combustion-related problems. This

can be done in either of the following ways:

» Direct use and blending

» Micro-emulsion

» Pyrolysis (thermal cracking)
>

Transesterification
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Direct use and blending

Caterpillar (Brazil) in 1980 used pre-combustiorarciver engines with a mixture of
10% vegetable oil to maintain total power withony alterations or adjustments to the
engine. At that point, it was not practical to dithte 100% vegetable oil for diesel fuel,
but a blend of 20% vegetable oil and 80% minerabeli was successful. Some short-
term experiments used up to a 50/50 ratio. Pram&@&3, has found that 40 to 50%
blend of Jatropha oil can be used in diesel engithout any major operational
difficulties but further study is required for tleng-term durability of the engine. Direct
use of vegetable oils and/or the use of blende@bils have generally been considered

to be not satisfactory and impractical for bothredirand indirect diesel engines.
Micro-emulsion

A micro-emulsion is defined as a colloidal equiliion dispersion of optically isotropic
fluid microstructures, formed spontaneously frono twormally immiscible liquids.
They can improve spray characteristics by explosiaporization of the low boiling
constituents in the micelles. Micro-emulsions wsthivents such as methanol, ethanol
and 1-butanol have been investigated in order kgegbe problem of the high viscosity
of vegetable oils. Short term performance of mienmdlsions of aqueous ethanol in
soybean oil was nearly as good as that of no.2eli@s spite of the lower cetane
number and energy content. In a laboratory scregesmmalurance test, however, irregular
injector needle sticking, heavy carbon depositspimplete combustion and an increase

of lubricating oil viscosity were reported [39].
Pyrolysis

Pyrolysis is the conversion of one substance intileer by means of heat or by heat in
presence of a catalyst. The payrolyzed material liarvegetable oils, animal fats,
natural fatty acids or methyl esters of fatty acidi®e pyrolysis of fats has been
investigated for more than 100 years, especiallthose areas of the world that lack
deposits of petroleum [2]. Many researchers hawdiet the pyrolysis of triglycerides
to obtain products suitable for diesel engine. Wardecomposition of triglycerides
produces alkanes, alkenes, alkadines, aromaticscarabxylic acids. Soybean oll
pyrolyzed distillate had a CN of 43, exceeding thfladoybean oil (37.9) and the ASTM
minimum value of 40. The viscosity of the disti#avas 10.2 mfts at 38°C, which is
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higher than the ASTM specification for DF2 (1.9-4nirf/s) but considerably below
that of soybean oil (32.6 nfis) [31]. Though pyrolyzed vegetable oils possess
acceptable amounts of sulphur, water, and sedimsmell as giving acceptable copper
corrosion values, they are unacceptable in ternaslof carbon residues, and pour point.
No matter how the products are chemically simitapétroleum-derived gasoline and
diesel fuel, the removal of oxygen during thermabgessing also eliminates any

environmental benefits of using an oxygenated [8@].
Transesterification

Transesterification is the reaction of a fat or with an alcohol (in the presence of
catalyst) to form esters and glycerol as a by-pcodA, 39, 40]. Suitable alcohols
include methanol, ethanol, propanol, butanol, amglalcohol. Methanol and ethanol
are utilized most frequently, because of their loest and physical and chemical
advantages [29]. The reactions are often catalymedn acid or a base, since the
alcohol is sparingly soluble in the oil phase. Tdesalyst promotes an increase in
solubility to allow the reaction to proceed at asenable rate. The most common
catalysts used are strong mineral bases such asnsdaydroxide and potassium
hydroxide [43] but there are also some other catslysed such as acid, enzymes and
non-ionic base catalysts.. This process has bedelyvused to reduce the viscosity of
triglycerides, thereby enhancing the physical pridge of renewable fuels to improve
engine performance. Thus, fatty acid methyl eslenewn as biodiesel fuel) obtained
by transesterification can be used as an alteméati®l for diesel engines. Therefore the
best way to use vegetable oil as a diesel fuelcuedcoming the related problem is to
convert it in toBiodieselthrough a transesterification process. The detditee process
of transesterification and biodiesel productiongiven as follows.

2.5.2 Biodiesel Production Process

Biodiesel is the name of a clean burning mono-adlsger-based oxygenated fuel made
from natural, renewable sources such as vegetdbléeay., soybean, cottonseed, palm,
peanut, rapeseed/canola, sunflower, safflower, raat¢cojatropha) and animal fats
(usually tallow) as well as waste oils (e.g., uBgihg oils) [50]. The resulting biodiesel
is quite similar to conventional diesel in its maiharacteristics. Since biodiesel is

miscible with petro-diesel in all ratios, in manguatries, this has led to the use of
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blends of biodiesel with petrodiesel instead oftriéadiesel. The level of blending with
petroleum diesel is referred as Bxx, where xx iatiis the amount of biodiesel in the
blend (i.e. B20 blend is 20% biodiesel and 80% al)esThe biodiesel production is
comprises of two main sub processes namely oilaetttm & purification and

Transesterification processes. The details of thegsses are discussed here after.

a) Oil Extraction and Purification

Oil Extraction

The ripe fruits are plucked from the trees and &hde free from sand and dust. To
prepare the seeds for oil extraction, they shoelchéated, either in full sunlight on a
black plastic sheet for several hours or in a ingspan for 10 minutes. The seeds
should be heated, but not burnt. This process brdatvn the cells that contain the oll,
allowing the oil to flow out more easily. The heddo liquefies the oil, which improves

the extraction process.

After the seed is prepared, it will be possiblecémry on the extraction process. The
extraction can be done by three different methddese are mechanical extraction
using a screw press, solvent extraction and intezntipres extraction techniques. The
oil yield varies depending on the extraction tegaei With mechanical oil expellers,
for example, up to 75 - 80 % of the oil can be a&stied. Whereas with a hand press like
the Bielenberg ram press like the one shown in2Figonly 60 - 65 % of the oil can be
extracted (5 kg of seeds give about 1 liter of |@)].

Oil Purification
The oil extracted from the seed can be purifiedhyfollowing means:

» Sedimentation: This is the easiest way to get clear oil, butkesabout a week
until the sediment is reduced to 20-25% of the odwolume.

» Boiling with water: The purification process can be accelerated tremesig
by boiling the oil with about 20% of water. The loog should continue until
the water has completely evaporated (no bubblewaiér vapor anymore).
After a few hours the oil then becomes clear.

» Filtration: Filtration of raw oil is a very slow process and e advantage in

respect of sedimentation. It is not recommended.
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Fig 2-7 Bielenberg ram press for JCL seed

b) Transesterification

The transesterification reaction, explained in isect2.5.1, involves stepwise

conversions of Triglyceride to Diglyceride to Mormygeride to Glyceride producing 3

mol of ester in the process [29]. Since the react® reversible, excess alcohol is
required to shift the equilibrium to the produatlesi Among the alcohols that can be
used in the transesterification process are methati@nol, propanol, butanol and amyl
alcohol. Alkali-catalyzed transesterification igpapximately 4000 times faster than that
catalyzed by the same amount of an acidic catétgsisesterification. Partly for this

reason and partly because alkaline catalysts asederrosive to industrial equipment
than acid catalysts, most commercial transestatifins are conducted with alkaline
catalysts. Sodium alkoxides are among the mostiefii catalysts used for this purpose
[39, 29].

Kinetics of alkaline-catalyzed transesterificati@actions

The transesterification reaction with alcohol reyerged by the general equation shown
in Fig 2-8 consists of a number of consecutive i@l reactions. The first step is the
conversion of triglycerides to diglycerides, which followed by the conversion of
diglycerides to monoglycerides and of monoglycesitteglycerol, yielding one methyl
ester molecule from each glyceride at each step.stdichiometry of transesterification

reaction is as follows:
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Fig 2-8 Stoichiometry of Transesterification of dlgiceride

Stepwise Reactions

Catalyst

1. TG + ROH ————— DG + FRCOZR
Catalyst )

2. DG + ROH ——— MG + RCOZR
Catalyst

3. MG + ROH —— glycerol + R'COZR

Fig 2-9 Stepwise Reaction in Transesterification
2.5.3 Transesterification Process Details

Since transesterification is the major process iodpction of biodiesel | will

concentrate on the details of the process as fellow

a) Oil Heating

In order to speed up the reaction as well as renaoyewater residue, the jatropha oil
should be boiled at 105-1%D for at least 30 min [49, 54]. Heating should tmpped if

there is no more water bubbles in the oil. Whenewg present, particularly at high
temperatures, it can hydrolyze the triglycerideditdycerides and form a free fatty acid
[43]. It is important to stir the oil as it is hedt This will result in a more even heating
and reduce the temperature of oil exposed dirdctlyhe heating element. After the
entire water residue is removed from the oil itiddde cooled to a temperature a little

lower than boiling temperature of ethanol.

b) Mixing of Ethanol and NaOH
The purpose of mixing ethanol and the catalyst (Np@B to make the reaction for the

two substances to form Ethoxide. Ethanol is preférfor two reasons; one for its
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abundance in local market and the other is focaggability for being renewable. It can
be produced from agricultural renewable resourges faEom molasses, which is a

byproduct of sugar industry.

c) Transesterification Reaction

In the transesterification reaction, the reactamtglly form a two phase liquid system.

Hence the reaction is diffusion controlled and pdifiusion between the phase results
in a slow rate. Therefore in order to speed up rdeetion between the mixture of

Ethoxide and the oil, a mixing mechanism shouldhsre. Experiment conducted by
[51] reveals that transesterification of Jatropbecas oil into butyl ester was function

of mixing intensity. Best reaction rate in this eRment is observed for a rotational
speed above 200 rpm. However this mixing effeahast significant during the slow

rate region of the reaction. As the single phaseestablished, mixing becomes
insignificant and the reaction rate is primarilflienced by the reaction temperature.
Many researchers [15, 22, 29] have conducted lbtexperiment so as to find an

optimum temperature. For an optimum yield of etstler the reaction should be close
enough to the boiling temperature of ethanol.

d) Draining of Glycerol
After the transesterification reaction, one musitviar the glycerol to settle to the
bottom of the container. This happens because glyce heavier than biodiesel. The
settling will begin immediately, but the mixturesghd be left a minimum of eight hours

(preferably 12) to make sure all of the glycerd battled out.

There will be a difference in viscosity and col@tween the two liquids. Glycerol looks
very dark compared to the yellow biodiesel. Thecossty difference is large enough
between the two liquids that the difference in flivam the drain can be seen.

e) Biodiesel Washing
The purpose is to wash out the remnants of thdysatand other impurities. There are

three main methods:

» Water wash only (a misting of water over the fuddaining water off the
bottom)
» Air bubble wash (slow bubbling of air through theslf)
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» Air/lwater bubble wash (with water in the bottom thie tank, bubbling air
through water and then the fuel)

Which method works the best is dependent on thétgud the fuel. The mostly used
method is a combination of water washing and apbibeiwashing. Warm water, usually
from 49-60°C [43], is misted above the fuel. Thee u¥ warm water prevents
precipitation of saturated fatty acid esters andrds the formation of emulsions with
the use of a gentle washing action. The amountashwwvater should equal from 25-
100% of the volume of ail [3, 19] and can be drditleroughout the washing process.

After the water is drained, the air washing proasss start. At this point, the biodiesel
is usually a pale yellow color. Air should be buablkthrough the biodiesel mixture for
approximately 8 hours. The bubbling should be prsbugh to agitate the biodiesel
surface. A final drain of accumulated contaminastslone immediately after the air
bubble wash is finished. The fuel is now ready dse. During the washing process,

gentle agitation is required to avoid the emulsion.

f) Biodiesel Drying
After the biodiesel is washed, it should be driedlut is crystal clear. This can be done
by letting the biodiesel sit uncovered in a sunogation for a few days, or it may be
heated to about 4%C for a few hours. Another popular technique isroedating the
biodiesel from the bottom of the drying tank thrbug shower head or sprayer
suspended above the top of the open tank. Thi®ased contact with air will dry
biodiesel in about an hour, depending on humiditghould have a pH of close to 7, or

chemically neutral and it should have no methagiblih it [19].
2.5.4 Variables Affecting the Yield of Transesterificatio

The yield of biodiesel in the process of transé#tation is affected by several process
parameters/variables. The most important variadfiesting the yield of biodiesel from

transesterification are:

Reaction temperature
Molar ratio of alcohol and oil
Catalyst concentration

Reaction time

ASERNEE R NN

Presence of moisture and free fatty acids (FFA)
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a) Effect of Reaction Temperature
The rate of reaction is strongly influenced by tbaction temperature. However, given
enough time, the reaction will proceed to near detign even at room temperature.
The maximum yield of esters occurs at temperataeging from 60 to 8T at a molar
ratio (alcohol to oil) of 6:1 [2, 53]. Generallje reaction should be conducted close to
the boiling point of the alcohol (in this case siribe alcohol is ethanol, the temperature
shouldn’t exceed 78 so as to not starve the reaction with ethanoltatospheric
pressure for an optimum yield [29]. Several redsens have studied the effect of
temperature on conversion of oils and fats intaligisel. P. Nakpong et. al 2010 [60],
studied the transesterification of jatropha cumiasvith methanol to oil ratio (6:1), 1%
NaOH catalyst, at four different temperatures @0,40, and 32C. The results indicate
that methanolysis could occur at room temperatB2é), but it would be incomplete,
even if the reaction time were extended to 40 neiswFor the same reaction time, the
methyl ester content increased with temperaturee Trethanolysis proceeded to
completion in 40 minutes at 60°C, yielding a metlgter content of 98.6% wi/w.
Similar result is also reported by other reseasii2Z®, 56]. The increase in the methyl
ester content might have been due to the viscadityhe oil decreasing with an
elevation of reaction temperature, which resulte@n increase in the solubility of the
oil in the methanol, leading to an improvementhe tontact between the oil and the
methanol. Hence, the reaction was faster at a higngperature. The same methyl ester
content was achieved at a lower temperature as tuatlthe reaction time had to be
increased. It shows that temperature clearly imibeel the reaction rate and yield of
esters and transesterification can proceed satsilgcat ambient temperatures, if given
enough time, in the case of alkaline catalyst.

b) Effect of Molar Ratio
Another important variable affecting the yield after is the molar ratio of alcohol to
vegetable oil. The Stoichiometry of the transefitation reaction requires 3 mol of
alcohol per 1 mol of triglyceride to yield 3mol faftty esters and 1 mol of glycerol. To
shift the transesterification reaction to the rjgiutis necessary to use either a large
excess of alcohol or remove one of the products fitee reaction mixture continuously.
The second option is preferred wherever feasilmegesin this way, the reaction can be
driven towards completion. When 100% excess methaneed, the reaction rate is at

its highest. A molar ratio of 6:1 is normally usedndustrial processes to obtain methyl
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ester yields higher than 98% by weight. Freedmaal.et1984, studied the effect of
molar ratio (from 1:1 to 6:1) on ester conversioiithwegetable oils. Soybean,
sunflower, peanut and cottonseed oils behaved aiyiland achieved highest
conversions (93-98%) at a 6:1 molar ratio referZf. Ratios greater than 6:1 do not
increase yield (already 98-99%), but it could shorthe reaction time. Experiment
conducted by [60] has recorded a yield of 93.1%afonethanol-to-oil ratio of 8:1 and
10:1 after 10 and 5 minutes respectively. Howeweareasing the molar ratio beyond
the 6:1 may interfere with separation of glyceretause there is an increase in glycerol
solubility. When glycerin remains in solution, iilmdrive the equilibrium back to the

left, lowering the yield of esters [62].
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®Fig 2-10 Effect of Molar Ratio on Ester Formation

c) Effect of Catalyst Concentration
Partly due to faster esterification and partly heseaalkaline catalysts are less corrosive
to industrial equipment than acidic catalysts, mostnmercial transesterification

reactions are conducted with alkaline catalysts TR alkaline catalyst concentrations

& Adopted from Freedman B. et al. "Variables Affiegtthe Yields of Fatty Esters from Transestedifie
Vegetable Oils’, 1984

26



MSc. Thesis on Biodiesel Production Optimization & Quality Assessment Using Jatropha Oil & Ethanol

in the range of 0.5-1% by weight yield 94-99% cosim of vegetable oils into esters
[29]. Nakpong et al., 2010, studied methanolysislatfopha oil with NaOH catalyst.

The result indicated that catalyst concentratiol.8% w/w of oil provided a higher

methyl ester content than that of 1% w/w of oil &irreaction times, but they suggested
that such a concentration should be avoided fordignificant reasons: the cost of the
additional NaOH, and the cost of removing the nesliccatalyst in the methyl ester
layer. Moreover, the methyl ester layer obtain@nnfrusing this catalyst concentration
has to be washed with hot distilled water sevamés$ in the water washing step, so
there is a possibility of losing some biodieselduct to emulsion formation. For these

reasons, 1% w/w of oil was considered to be tharaph catalyst concentration [60].

Sodium methoxide was found to be more effective thadium hydroxide presumably
because a small amount of water is produced upamgNaOH and MeOH [39, 40].
Sodium alkoxides are among the most efficient gatalused for this purpose, though

NaOH, due to its low cost, has attracted its wide in large scale transesterification

2].

d) Effect of Reaction Time
The conversion rate increases with reaction timeediman et al., (1984)yansesterified
peanut, cottonseed, sunflower and soybean oilsruhdecondition of methanol to oil
ratio of 6:1, 0.5% sodium methoxide catalyst an®@®0An approximate yield of 80%
was observed after 1 min for soybean and sunflailer After 1 h, the conversions
were almost the same for all four oils (93—-98%yebtigation performed by [60] shows
that at a reasonable alcohol to oil molar ratio aathlyst concentration a maximum

yield is obtained after 40 minutes of reaction.

e) Effect of Moisture and FFA
Freedman et al, (1984), have noted that the stantiaterials used for transesterification
of triglycerides should meet certain specificationbe glyceride should have an acid
value less than 1, and all materials should betaobally anhydrous. The addition of
more sodium hydroxide catalyst compensated fordrigicidity, but the resulting soaps
caused an increase in viscosity or formation of geld interfered with separation of
glycerol and contribute to emulsion formation dgrihe water wash [29, 32]. As little

as 0.3% water in the reaction mixture reduces gbfcgelds by consuming catalyst.
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Other researchers have also stressed the impomdaceearly dry oil substantially free
(<0.5%) of fatty acids [27, 29, 35].

In general up to 3% of FFA content, the reaction sall be catalyzed with an alkali
catalyst without affecting the process negativel@][but additional catalyst must be
added to compensate for that lost to soap. The ceaped during the reaction is either

removed with the glycerol or is washed out durimg water wash.
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CHAPTER 3

3. PILOT PRODUCTION PLANT AND METHODS

3.1 Introduction

In this Chapter, the materials and methods usedifmtiesel production and quality
assessment are described. The setups for biogesgliction and quality assessment
are explained along with their operation. The Caaptoceeds in describing details of
the procedures used to carry out the productiortgases in conjunction with the
various experimental analyses present in the stBdgr to the biodiesel production
process oil purification or neutralization was penied. Biodiesel production was
performed using a thermostatically controlled wdiath reactor. Sixteen experiments
were carried out in order to optimize the produtti@he quality of the produced
biodiesel is then assessed for different imponanameters. In addition to see the effect
of storage condition on the property of biodiesal, experiment was carried out for
different storage conditions.

3.2 Materials for Sample Preparartion

Reactants for sample preparation and biodieselyatoxh

+ Ethanol (GHsOH): A 40 L of Ethanol alcohol with concentratior o
about 99.7% was supplied bifle Petroleum PLC This ethanol alcohol
of course was produced Metahara Sugar Factory using its byproduct
molassess the main feedstock.

4+ Sodium hydroxide (NaOH), analytical grade, Concaett Hydrochloric
acid solution (HCL), Anhydrous Sodium Sulphate (8aS supplied by
Gigra PLC a local chemical supplier

+ Jatropha Curcas Oil: A 20 L of purified JCO wappied by Horn of
Africa Environment Management and Research Center.

Reactants for physicochemical property tests

+ Phenolphthalein: for PH indication

+ Diethyl ether: for acid value determination
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+ KOH: for acid value determination
Apparatus for physicochemical property tests:

+ digital scale
+ Burrete, graduated in 0.1 ml
+ Conical flask, of alkali resistance glass, 250 apacity

+ Reflux condenser with interchangable ground-glasgg
Apparatus fotab- scalebiodiesel production

+ Stirrer motor with a capacity of 1000 rpm
+ Water bath reactor with circulating thermostat aoddenser
+ Rotary distillation unit

+ Electric oven
3.3 Small Scale Pilot Plant System Design

A complete system schematic is shown in Fig 3-1le Bmall scale pilot plant is
designed for 200 L of biodiesel production per ddgre most of the equipments will be

produced from sheet metal.
Biodiesel pilot plant

The pilot plant consists of crude oil tank, purktank, reactors, ethoxide mixing tank,
water tank, biodiesel washing tank, dryer tank,dldsel storage tank, glycerine
collector, and circulating pump. The plant is atspiiped with %2” diametr pipe fittings

valves and flexible hoses to assisst a controlle of reagents.
Oil Tanks

The crude oil is to be purified in a 275 It cylircll sheet metal tanker. This tanker is
provided with the necessary hoses, inlet and oudbtes. At the bottom of crude oll
purification tanker a 1000 It cylindrical sheet alatontainer is attached for the purpose

of collecting the slurry.
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A 240 L pure oil storage tanker is connected wité purification tanker through the
outlet valve of purification tank. Pure oil tankes the purification tank, is produced

from a sheet metal.

Alcohol/ catalyst mixing tank

A 40 liter sheet metal mix tank of dry NaOH catalgmnd ethanol is designed and
produced. In this design it is assumed that theurexis to be prepared on the ground
manually by shaking. Therefore there will be nocheka stirring mechanism.

Main reactor

The main types of reactors in small scale induateybatch reactors. This approach is
more flexible as it allows the process parametenset adjusted for each batch so it is
relatively easy to compensate for differences @dftock characteristics [33]. Based on
this thought the research utilizes tanks and drthms served as batch reactors. The
reactor’s outside cover is shielded by an insulatarder to keep up inside reaction
temperature at the required temperature. A coniptom is allowed for easier
separation and draining of the denser glycerin ypebodinlet and outlet valves are
provided for oil & ethoxide admission and glycegirbiodiesel exit respectively. On the
top of the rector motor connected with a propeletded at one end of a stainless steel

rode is installed so as to assist the mixing o&oi ethoxide through agitation.
Water wash tank

The removal of any remaining trace contaminantedgiace in the 275 It heated and
insulated wash drum. This step is critical for nmegtuel quality specifications. A hot
water tanker with 48 It volume is installed to geli hot and clean water for washing. A
mist apparatus will be built from %2-inch pipe witbgger mist nozzles deliver pure
water to the top of the esters, The unit was shapacross pattern to lay flat across the
top of the tank. Following mist application, a\amit resistant air stone was used for

continuous overnight air bubbling, which leavesfiie polished and almost clear.

Drying tank
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A final drum tank was designed for drying the estefhe ester is planned to be heated
through a pipe-plug immersion heater while re-datad within the drying drum. The
heated esters will be sprayed tangentially to hgeu inner surface of the open drums.
This spraying of the hot esters allowed maximunfaser area for water evaporation.
The drying process required approximately one limm the time the oil is heated to

about 70 °C depending on humidity and ambient teatpee.

Pure
Jatropha oil

Pure
H,O

Reaction
75°C, 1hr

Crude Biodiesel

Biodiesel

i i Washing
W Pure Biodiesel
Key
m [ | Process

a Tanker

— Process line

Fig 3-1 Biodiesel Production Process Flow Chart
Fuel storage

The finished biodiesel will be filtered using a owl filter and stored in a 660 L
corrosion resistant painted sheet metal tank detilery is made.

Note: even though the pilot plant is developed thisy to produce 200 liters of
biodiesel per day, the production is not testedtigdugh this plant. This is mainly

because:

a. A lab scale production has to be performed pimopitot scale production in
order to investigate the theoretically claimed hsspractically and
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b. The result of this lab scale production has tothedardized so that it will be
used in controlling the quality of the pilot planitput.

More over there is also a budget and time consttaintest the production in the

designed pilot plant.

Fig 3-2 Biodiesel Pilot Plant

1. Crude Oil Tank 6. Water Tank

2. Pure Oil Tank 7. Dryer Tank

3. Reactors 8. Biodiesel Storage Tank
4. Ethoxide Mixing Tank 9. Glycerine Collector

5. Biodiesel Washing Tank . 1Qirculating Pump
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3.4 Methods

3.4.1 Characterization of physicochemical properties c€Q

Certain physicochemical properties of the supptigdhas to be determined prior to the
production process. The feedstock status deterimimdtelps not only to know the
condition of the oil but also helps to make certdagision on whether it requires further
treatment or not. The main physicochemical propsrthat have to be determined are
percentage of FFA content, acid value, relativesdgnkinematic viscosity, specific
gravity, and saponification number. These parareeat@ectly or indirectly affect the

guality of the final product/biodiesel.
Sample Preparation

According to the nature of the determination to dagried out, the sample made
homogeneous by separating the substances insafutile particular Jatropha oil or by
eliminating water. The sample preparation stasnfrendering it as homogeneous as
possible by turning the container upside down favesal times. For those
determinations in which the result might be affdctey the possible presence of
moisture in the oil to be analyzed ( Acid valuég sample should be previously dried.
For this purpose the sample which was thoroughkenhis placed in an electric oven at
50 °C after adding anhydrous sodium sulphate$Rg in the proportion of 1 g per 10
g of JCG. The sample heated with sodium sulphate is vigglyostirred and filtered

with vacum filter.
1. Determination of specific gravity

A Specific gravity (SG) or relative density (RD) ah oil at a given temperature is the
ratio of the mass in air of a given volume of thieab that temperature to that of the
same volume of water at 20°C [33]. Usually it ipmssed as “sp gr @ t°C/20°C".
Hydrometer was used to measure the SG of the @D €. The sample was filled into

graduated cylinder (100 ml) and its temperature ngasrded.

& This ratio is based on Ethiopian Standards fdblediil and fats ( ES B.K8.002)
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b HORIZONTAL PLANE

DETAIL | SURFACE QF LIQuID

~BOTTOM OF MENISCUS
(1] pe—

Fig 3-3 Hydrometer for measuring specific gravVity
2. Removal of free fatty acids with caustic treatment

While using feedstocks with a considerably highentent of FFA (in which % FFA
greater than 1), employing a neutralization proeaessg a base catalyst to deliberately
form soap from the FFAs and removing the soap & e¢hsiest and the cheapest
alternative [17, 43].

Fig 3-4 shows the schematic diagram of neutrabmagirocess. In the process the soap

is recovered, the oil dried, and then used in aeotional base catalyzed system.

Hi-FFA Td
— ¥

Neutralizaton |—»| Separation -LOYFFAl prying > TG Feed
NaOH TG

'

Watel
Soap

Fig 3-4 Removal of free fatty acids with cauStic

In this neutralization treatment a 0.5 N (NormaliyaOH solution was added to the
crude oil (which was heated to approximately °@). A constant stirring at 800 rpm is
applied for thorough mixing of the two phases. 8odichloride (about 10% of the
weight of the oil) was added to help settle thepsimamed. After an hour of mixing

2 Adopted from J. Van Gerpen, et al. ‘Biodiesel Btiaal Methods’, 2004
® Adopted from J. Van Gerpen et al., ‘Biodiesel Ktiaal Methods ’, 2004
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the mixture was transferred into a separatingnel and allowed to stand for 1 h.
The soap formed was separated from the oil. Wagsisithen followed by adding hot
water gently again and again until the soap remgim solution was removed. The
neutralized oil was then drawn off into beaker. eTdppropriate amount of alkaline

solution (NaOH) required to neutralize the fre¢yfaicid was calculated as follows:

_ Pof oit * 1000

L
MN

eql

Where:

L = appropriate amount of N molar amueeNaOH solution [L]

p = Density oil [gm / It]

M = molecular weight of fatty acid (tag oleic acid’s molecular weight=278)

N = concentration of aqueous NaOH $out

3. Acid Value Determination

Acid value (or heutralization numbéror "acid numbeér or "acidity”) is the quantity of
base, expressed as milligrams of potassium hydeopet gram of sample, required to
titrate a sample to a specified end point [43]sltsed to quantify the amount of acid
present, for example in a sample of biodiesel. typacal procedure, a known amount of
sample dissolved in organic solvent is titratechvat solution of potassium hydroxide
with known concentration and with phenolphthalesnaacolor indicator. Applying this
principle acid value for JCO was determined ushmgAOCS standard method (Ca-5a-
40) [52]. According to this method, about 2 g gfwified JCO was thoroughly mixed
with a mixture of 25 ml of neutraliz&éthanol alcohol and 25 ml diethylether followed
by two drops of phenolphthalein indicator in aaiion flask and then titrated against
0.01 N aqueous solution of KOH until pinkish colppeared. From the titrated data
acid value was calculated using the following emunat

_ NXVXM

AV
w

Where

N The normality of aqueous solution of KOH

 Neutralization is required since alcohols getlcior prolonged storage.
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Vv Volume of titrant used for titration [ml]
M Molecular weight of KOH
wW The weight of oil sample

4. Free Fatty Acid (FFA)

Percentage free fatty acid/FFA content of the @bkwalculated empirically using the

acid value previously determined as follows:

AV
%FFA:m eq3

Where:

% FFA = Percentage free fatty acid content in teofimdeic acid [33].
AV = Acid value of the oil.

5. Kinematic Viscosity

A digitalized Vibro-viscometer was employed to detme the viscosity of oil. The
sample was kept in the bath for 30 minutesreach the required temperature.
The reading was recorded for a fixed volume ofitiq®since the reading of the Vibro-
viscometer was dynamic viscosity the value hadeadrrected to find the kinematic

viscosity using the following equation [42]:
n
Vv =— eq 4
P q

Where:

n dynamic viscosity of the oll
p density of the oil

v kinematic viscosity
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Fig 3-5 Vibro-Viscometer
3.4.2 Laboratory Scale Biodiesel Production

The biodiesel produced in this work was prepareidgus purified JCO, a locally
produced ethanol alcohol (approximately 99.7%) amdhlytical grade sodium
hydroxide. Diferent reaction parameters, such eshall to oil molar ratio and reaction
temperature, are considered while producing theiésel. The parameters considered

will be discussed in the following section.

a) Experimental Design

An optimization for percentage yield of biodiesedsadesigned for two selected factors:
ethanol to JCO molar ratio and reaction temperatiitee selection of parameters levels
was based on previous research works and practieasiderations. The upper
temperature level (78°C) was the theoretical bgilpoint of ethanol, and catalyst
concentration of 1.5 % by weight of oil was basedliterature data [18]. The lower
molar ratio (6:1) was the theoretically declaredkimaum yield giving molar ratio [43],
and the upper molar ratio (9:1) was based on pusviesearch. The reaction time and
mixing intensity were fixed at 3 hours and 600 rpespectively for all experimental
runs. The order for conducting the 16 experimenias was presented in Table 3.1
using the selected levels for reaction temperata@ar ratio of ethanol to JCO, NaOH

concentration, reaction time, mixing intensity, arsg¢ed sample quantity.
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Table 3-1 Order for conducting experimental runs

No Temp MR | Catalyst Conc. | Used oil pernf Used Ethanol per
[ °C] test [ml] test [ml]
1 55 1.50% 300.0 108.6
2 65 6:1 1.50% 300.0 108.6
3 70 1.50% 400.0 144.8
4 78 1.50% 300.0 108.6
5 55 1.50% 300.0 126.7
6 65 7:1 1.50% 300.0 126.7
7 70 1.50% 300.0 126.7
8 78 1.50% 300.0 126.7
9 55 1.50% 400.0 193.0
10 65 8:1 1.50% 400.0 193.0
11 70 1.50% 400.0 193.0
12 78 1.50% 337.0 162.6
13 55 1.50% 400.0 217.1
14 65 9:1 1.50% 400.0 217.1
15 70 1.50% 400.0 217.1
16 78 1.50% 400.0 217.1

b) Experimental set-up
The transesterification reaction system utilizedhis work is shown in Fig 3-6. The
experimental set up consists of a 1000 ml two néckater batch reactor which is
equipped with a motor (IKA WERKE, max 2000 rpmixdd with stainless steel rod
stirrer provided the mixing requirement and conden€oil. The reactor (borosilicate
glass) was immersed into a constant temperatureerwiaath equipped with a
thermostatically controlled heater. Sixteen readtiovere carried out over the entire

duration of experimental work.
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Stirrer Motol

Condense
Stirrer
Thermoste
Reacto
Water bat

Fig 3-6 Experimental set-up used

c) Production Procedure
Ethanol and sodium hydroxide mixture was preparedper the requirement. This
mixture was agitated continuously until all the isma hydroxide dissolved completely.
The reactor was then charged with required amoud€C® and the ethoxide solution as
per the design. Then the reactor assembly was cheéatéhe desired temperature by
using the circulating thermostat. Mixing, assist@th mechanical stirrer motor, was
started immediately by gradually increasing themsity to 600 rpm. After three hours
of the reaction time the resulting mixture wasutralized by adding about 1 g of
tannic acid. Then the mixture was transferred &o rotary evaporator unit so as to
recover for the excess alcohol. The mixture, whalsehol was recovered, was then

transferred to a clean separating funnel and alioweseparate.
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After the separation is completed the biodiesetlayas collected and transferred to
another separation funnel for washing. The biodieser was purified by washing with
warm water [43] to remove ethanol, residual catadysl soaps. A water wash solution
at the rate of 28% by volume of oil and 1 g of taracid per liter of water is added to
the ester [24]. During the washing process, geagigation was applied to avoid the
emulsion. After separation of the layer for 30 nt@s) the wash water layer was drained
off from the bottom of the separating funnel. Thasiing process was repeated until
the ester layer became clear. About five dropsheinplphthalein solution was added
while washing is carried on as a PH indicator. Washing was continued until most of
the unreacted oil, catalyst, alcohol, and traceegiye are washed away. After washing
process, the biodiesel was dried using anhydrodsisosulphate to take away trace of
water in the biodiesel. The sodium sulphate was fiieered using vacuum filter. For
further drying the biodiesel was allowed to stayaimoven for several hours at %D
[74].

acuum creator

Fig 3-7 Vacuum filter

3.4.3 Post-Production Quality Determination

Post production quality determination is nothing the physicochemical properties
characterization of the produced biodiesel. Theatdtarization involves determination

of specific gravity, acid value, kinematic viscgsiand flash point of the biodiesel.
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A. Specific gravity (at 15°C), kg/t

The procedure described in section 3.4.1 was usel@termine the specific gravity of
biodiesel.

B. Kinematic viscosit, mris

The procedure described in section 3.4.1 was usdétermine the kinematic viscosity

of biodiesel.
C. Flash point (°C)

The flash point of the biodiesel was determinedchgisipen cup method. The cup was
filled with the biodiesel (about 75 ml) and the oups heated by a Bunsen burner. A
small open flame was maintained from an externgbluof LPG. Periodically, the

flame was passed over the surface of the oil. Wherflash temperature was reached
the surface of the oil catch the flame. Therefbeetemperature at which the surface of

the oil catches the flame was noted and reportdidsts point temperature.
D. Acid value (mg KOH/qg)

The procedure described in section 3.4.1 was ugedetermine the acid value of

biodiesel.
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CHAPTER 4

4. RESULT AND DISCUSSION

This chapter discusses the results obtained frenexiperimental runs performed on the

crude/purified JCO. The experiments were perforindtiree steps.

X/
L X4

Step 1(Crude oil status determination)-An experimentah rwas

conducted to perform a pre-production quality essesnt on the crude
JCO. Under this experimental run the acid valuegkiatic viscosity,

specific gravity, and the free fatty acid contemttloe crude oil were
determined.

Step 2 (Crude oil Purification)-In this step theude oil was

purified/neutralized using caustic treatment methéwllowing the

caustic treatment an experimental run was perforsteds to determine
the acid value, the kinematic viscosity, specifiawity, and the free fatty
acid content of the purified oil.

Step 3 (Biodiesel production and characterizati@®veral experimental
runs were conducted under this step so as to deierthe best yield
giving parameter combinations and also to assesgdst production

quality of the produced biodiesel.

4.1 Physicochemical Properties Analysis of Crude anBurified JCO

The acid value, percentage FFA content, kinemasicogity, and specific gravity of the

crude as well the purified jatropha oil are the anghysicochemical properties those

were investigated as the first step of the expeartalework and results of the

investigation are presented in Table 4-1.

Specific gravity of the crude Jatropha oil was gnement with the result reported by

[25] and [45] which was 0.903 and 0.92 respectivéihereas the kinematic viscosity

of the crude Jatropha oil was a little lower thlaa value reported by [62] but still in
agreement with results obtained by [25, 45, 74]civhivas around 41.5-43 nifs at

room temperature. As the result indicates the tatrstatment had no effect on specific

gravity and kinematic viscosity.
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Table 4-1 Physicochemical properties of jatropha oi

Properties Crude Oill Purified Oil | Unit

Color Golden yellow Light yellow

Specific Gravity 0.91 0.90
Kinematic Viscosity @ 26C 44.25 42.34 mnt/s

Acid Value 5.01 1.35 mg KOH/g
FFA % 2.52 0.68

Physical state at room temperature Liquid Liquid

Fig 4-1 Components of oil purification process @&ude oil (B) Purified oil (C) Soap

The acid value of the crude Jatropha oil was le litigher than the value reported by [1]
and [49] which was (4.24-2.59 mg KOH/g). Thishiscause the oil used in this
research was stored for a long time ( more thammirths) and due to this prolonged

storage as well the intrusion of contaminants thgai deteriorate [61].

According to Table 4-1 the acid value of the CJ@@s not in the range, which
was acceptable for base catalyzed transestdidh reaction (acid value of oll
should be below 2mg KOH/g) and preferabl9.85 %, according to ASTM and
EN standards [42]. Therefore the oil was tredatededuce the acid value to 1.35 mg
KOH/gm which was less than the required acadue to use for base catalyzed
transesterification process.
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In general the reason for the difference in phydiemical properties of CJCO of this
work and others mainly relied on the chemical cosipmn of the crude oil which is

definitely influenced by:

1. The plant species

2. Agro-climatic conditions

3. Oil processing mechanism employed (e.g. mechaeiaaction/solvent
extraction)

4. Oil handling (e.g. short/prolonged storage, stored closed/open

container)
4.2 Biodiesel Yield

The biodiesel yield was investigated mainly for tiweo major parameters namely
ethanol to oil molar ratio and reaction temperatdinethis investigation the reaction
time, catalyst concentration, and mixing intendigpt constant (3 hours, 1.5% by
weight of oil, and 600 rpm respectively) for allpeximental runs. The biodiesel was

synthesized using batch wise transesterificatiocgss.

After the transesterification reactions werempleted, the resulting biodiesels
were not separated from the glycerol easitywds the major hurdle that was faced
while doing this experiment. The main reason fos thas the far better solubility of

ethanol in the ethyl ester phase when comparedetbanol. Another important reason
is the higher degree of saponification during etitysis. For these reasons phase
separation of glycerol required a little modificati than the classical biodiesel
production process. Before the transesterified unétwas subjected in to rotary

evaporation unit for ethanol recovery the mixtur@sweutralized by adding about 0.8 g
of tannic acid, an inorganic acid, to hinder thieefof the catalyst [18]. Easy agitation

was applied to speed up the solubility.

After the neutralization was completed the mixtwes subjected to the rotary
evaporator (working with water bathed heater) wover the excess alcohol. Through
this process about 30 % of the excess alcohol Wwhksta recover. After the alcohol
recovery was done the mixture was then centriftagetD00 rpm for 20 minutes. After
centrifugation the glycerol were settled &e tbottom of the centrifuging tube,
the biodiesel were separated from the glycerdl\washed several times with warm
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water (ca 50°C) until the biodiesel got clear. The biodieselnthdried by adding
anhydrous sodium sulphate (10 % by weight of bisglleand the final product, dried
biodiesel, were measured. The biodiesel yield gr@age by volume of the oil used) for
the experiments is presented in Table 4-2. Experisn#5, 1, and 3, render the highest
biodiesel yields.

Biodiese

Glycerine

Fig 4-2 Transesterification phase separation
4.2.1 Effect of temperature

The experimental results show that the bialieyield was affected by reaction

temperature.

Fig 4-3 clearly shows the effect of reaction tenapare for the 4 ethanol to oil molar
ratios. At a lower reaction temperature the yieddhigher for a lower ethanol to oil
molar ratio. As the reaction temperature increabgdl10 °C the vyield decreased
irrespective of the change in molar ratio (refeg &3). At a reaction temperature of 70
°C the vyield increased for almost all molar ratidsis is due to the fact that at the
altitude where the experiment was carried out (Adbaba) the actual boiling point of
ethanol is around 73C. Therefore near to this temperature the transisation
process got completed with less saponification. & maximum reaction temperature
(a theoretical boiling temperature of ethanol °Z§ the transesterification process yield

was too low. This is because at this temperatueestponification is higher and this
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hinders the separation of glycerol. The phenomenonessed above is true for t
tested molar ratios.

70

(A)

Transesterification yield [% v/v of oil]

161
7.1
ug:1l
55 65 70 78
Reaction Temperature [°C]
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Fig 4-3Effect of reaction temperature on transesterifosayield. (A-for molar ratio
6:1, 7:1, and 8:1 (k-for molar ratio 9:1
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Table 4-2 Results of the experiments

Expe. No | Temp [°C] | MR |% Yield | ®Specific gravity | °Viscosity [mm?/s]
1 55 64.33 0.86 4.01
2 65 _ 53.00 0.86 4.09
3 70 o 55.00 0.86 4.40
4 78 47.67 0.86 4.07
5 55 44.67 0.86 413
6 65 _ 40.67 0.86 4.09
7 70 7'1 51.67 0.86 4.38
8 78 40.30 0.86 4.17
9 55 51.25 0.86 4.43
10 65 _ 49.00 0.86 4.21
11 70 o 55.00 0.86 4.28
12 78 46.88 0.86 4.45
13 55 46.00 0.86 4.26
14 65 _ 43.75 0.86 4.15
15 70 > 80.00 0.86 4.13
16 78 41.00 0.86 4.43

4.2.2 Effect of molar ratio

To optimize the amount of ethanol required for tleaction, experiments were
conducted with 6:1, 7:1, 8:1, and 9:1 molar raticethanol to oil. The results of this
study are presented in Fig 4-4. At a reaction teatpee of 55, 65, and 7& the effect
of molar ratio is somehow negative. For such teaipees a better yield was observed
for the lowest molar ratio. This was because tip@sidication effect is lower at a lower
molar ratio. Hence as the concentration of the raltancreases to 7:1 the yield
decreases. Similar effect was also observed fang#hén concentration of alcohol from

8:1 to 9:1.When it comes to a temperature of@Q@he effect of molar ratio is positive.

& Specific gravity at room temperature (Z0)
® Kinematic viscosity at 48C
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Especially for molar ratio 7:1 and beyond as theaedl concentration increases
transesterification yield also increases. TF for the reason that thecreas in ethanol
concentration reduce somehow the emulsificattbnthe biodiesel with the glycert
and make the separation a little bit ea:

(A)

70

m55°C
=65 °C
=78°C

Transesterification yield [% v/v of oil]

71 8:1 9:1

Ethanol to Oil molar ratio

%0 (B)

80 —

70

60

m70°C
50 — —
40 — —
30 T . :
6:1 71 8:1 9:1

Ethanol to Oil molar ratio

Transesterification yield [% v/v of ail]

Fig 4-4 Effect of ethanol to oil molar ratio on transeification yield. (A)-for 55, 65,
and 78 °C. (B)- for 70 °C
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100

Key
A=9:1@70°C
B=6:1@55°C
C=6:1@70°C
D=8:1@70°C
E=6:1@65°C
F=7:1@70°C
G=8:1@55°C
H=8:1@65°C
I=6:1@78°C
J=8:1@78°C
K=9:1@55°C
L=7:1@55°C
M=9:1@65°C
N=9:1@78°C
O=7:1@65°C
P=7:1@78°C

80

60

40

Percentage biodiesel yield

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig 45 Summary of the experimental results

Fig 4-5summarizes the transesterification yield of theegperimental runs. The resu
are arranged in descending order making the yibtdilmed at a molar ratio of 9:1 a
reaction temperature PC the top by 80 % vyield and the yield obtained ataamrato

of 7:1 and reaction temperature °C the bottom by 40.3 % vyiel(for details of the
yield of each experimental runs please rTable A-5). From Fig 4 it is possible to
see that the average yield for the 16 experimenta is around 51 % with a stand
deviation of 10.1. Thiglearlyindicates thatnost of the experiments are giving a yi

more than 40 % lower th the claimed results of [57] and [6d]here could be so mai

reasons for this but the main possible reason

A. The difference in alcohol used most foreign research works
biodiesel production employed methanol instead tfamol for its
abundance in their local markeFortunately methanol has almost
problems related with saponification and separati@cause of thi
reason a better yield could be found with less mstightedproduction
process.
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B. Inaccuracy of production equipments most of the laboratory
equipments used were not that much accurate foergmpnts that
requires too much care. The water bath was openbanduse of this
there was a possibility of water vapor intrusiortarthe reactor through
the opening of the condenser tube (refer Fig 3-6).

C. Hygroscopic characteristics of ethanolin ethanolysis process the
ethanol alcohol must be as dry as possible, sosearehers even fix the
water content to less than 0.5 % [18, 29]. Ethamplnature is too
hygroscopic it could even absorb moisture from shgrounding humid
air; due to this property of ethanol moratev was present in the
reaction than the minimum required value. Phesence of water
cause hydrolysis of triglycerides, this intern reek the ester yield. In
the laboratory where the experiments done, it vabad to keep the
alcohol perfectly anhydrous.

D. Inappropriate equipmentone of the equipment used in the biodiesel
production was a rotary evaporator, for ethanolovecy. So as to
distillate the excess ethanol from the transesterifnixture the rotary
evaporator had to supply a temperature at leasvaqut to the actual
boiling temperature (which in this case was ab@ftlG) and the mixture
had to stay in the evaporator until enough of tkeess ethanol was
recovered. This of course has taken a longer tiooel @nough to distort
the reaction temperature and speed up the sapatioficreaction. Since
there was still unrecovered ethanol, unreactedand, most importantly a
catalyst to undergo a saponification reaction at temperatureThis

phenomenon actually was the major reason for tecgon of the yield.
4.3 Physicochemical Properties of Biodiesel

The top three tests, based on their yield, werecssdl and the production was repeated
with the same parameters. The yields were detedramel no significant change was
observed. The quality of biodiesel is very crudia the performance and emission
characteristics of a diesel engine. Thus thessetfatropha curcas biodiesel produced
were engaged for pro-production quality testing edcamine the physicochemical

properties of the biodiesel samples. The charaetgon was performed for the four
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properties namely density, kinematic viscosity,dagalue, and flash point. These
properties were selected for two main reasons. ewause they are the defining
properties of biodiesel and the other is becaudbeofimitation of resource to perform
other tests. The results were then compared wBTM D6751-02 and EN 14214

standards. Table 4-3 depicts the result of pro4uebdn quality assessment.

The density of the biodiesel produced for experinigs 1, and 3 were 0.86, 0.86 and
0.86 g/ml, which was slightly lower than the vaheported by [60] and [62] which was
0.88. However these results are still within tA&TM  standard value which is
between 0.86 and 0.90 g/ml.

Table 4-3 Physicochemical properties of the produmediesels

Properties JOEE ASTM EN Units

Exp 15 |Exp 1l [ Exp 3 D6751-02 | 14214
Density @ 15°C | 0.86 0.86 | 0.86 | -------- 0.86-0.90 gm/ml
Kinematic 413 |401 |440 |15-60 |[35-50 |mnr/s
Viscosity @ 40°C
Acid Value 0.71 0.63 0.77 0.8 max 0.5 max mg KOH/g
Flash point 173.3 | 187.7 | 183.7 | 130 min | 101 min | °C

The density shows about 5.5 % reduction from thgiraal oil for experiment nd5, 1,

and 3 after the transesterification process.

The kinematic viscosity measured for the biodieseasured for experiment 15, 1 and 3
were found to be 4.13, 4.01 and 4.4 fremespectively. The kinematic viscosity of the
original oil at 20°C was more than 40 nffs. As the result indicates the ethanolysis
significantly reduces the kinematic viscosity ofethprimary jatropha oil by
approximately one-tenth of its initial value. Thesults are still within the limit of the
ASTM specification i.e. (1.9 — 6.0 nffs).

The flash points of the biodiesels were wheteer according to the standard
procedure for flash point measurement of flasimipoi biodiesel, i.e. ASTM D93. The
observed flash point of the biodiesels fort test1%and 3 (refer Table 4-3) were 173,
187.7 and 183.7C, respectively. The resulted flash points for Hiediesels were
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within the specified standards limit of ASTM i.enit 130°C). As the result shows the
flash points of the three tests were’Glabove the minimum requirement. It is the

indication of the purity of the biodiesel from egsesthanol residue.

The acid value for the experiments 15, 1 and 3 viered to be 0.71, 0.63 and 0.77 mg
KOH/gm respectively. It is clear to see from tlesult that the ethanolysis process
successfully reduces the acid value of the indialEven though the result shows that
the acid values for the three tests are withinABaM limit they are slightly higher

than the value reported by [62] which was 0.4. Thigf course due to the difference in

feedstock property, the material used in the prodagcand the production process.
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CHAPTER 5
5. CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In this research biodiesel was prepared atemdifft reaction parameters from
Jatropha oil and ethanol alcohol with sodiumrbyde catalyst in a laboratory
scale. Reaction temperature and ethanol to oilamchtio were the considered
parameters for the optimization investigation. Untihés investigation two parameters
with four levels were considered. From the experitation it was found that maximum
biodiesel yield of 80 % was obtained by gsireaction parameters such as ethanol
to oil molar ratio of 9:1, NaOH 1.5 %, reacti@mtperature of 70C and reaction time

of 180 minutes followed by a yield of 64.33 % at @nolar ratio & 55°C and 55 % at
6:1 molar ratio & 70C.

After the production is completed the physicocheinproperties of biodiesel prepared
were tested to check whether the products couisfgdhe international standard or not.
For this test only the top three products were csetk right only for the sake of
minimizing cost and time. The tested physicochehypecaperties for the selected were
found to be within the ASTM specified limit.

From the lab scale production of biodieséle tethanolysis process was found to
be a bit difficult, for the reason explained irttsen 4, than the ordinary methanolysis
process. Because of that reason the vyield of elysinoprocesses of biodiesel
production were lower than the value reported Hyeotesearchers. To increase the
separation efficiency, it was necessary to modifg tlassical biodiesel separation
method by adding two intermediate processes namelytralization and ethanol

recovery; though perfect separations were not aeliget.

Generally speaking, from this research one cantlsaly'YES IT IS POSSIBLE TO
PRODUCE A BIODIESEL FROM JATROPHA OIL AND FROM LOGAY
AVAILABLE, CAUSTIC SODA AND ETHANOL ALCOHOL THAT CAN MEET
INTERNATIONAL STANDARDS!Y
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5.2 Recommendations

Since Ethiopia has the potential of harvesting ald@u6 million tons of jatropha seed
per year plus ethanol is being produced locallypygroduct sugar production, it is
highly recommended to use these resources in piraglec biodiesel, an eco-friendly
fuel, that can substitute a fossil based petro etlieShis research confirmed the
possibility of producing biodiesel from those locasources.

Even though the result of this study was satisfgctan the basis of producing biodiesel
from those local resources and meeting an intemnailistandard, the yield of every
experimental runs was not as good as the expetheefore the following points are
recommended in order to step up the yield of tharalysis process:

1. The experimental set up should be absolutely ffegater; this could be
achieved by using an oil bathed reactor which idepdy sealed from
introduction of any contaminants. If water by angans introduced into
the reactor the yield will decreases due to soapdton.

2. The ethanol alcohol which supposed to be useddrrtnsesterification
reaction should not be stored for a longer timec&idue to prolonged
storage alcohols in general get acidic this intédl affect the yield of
transesterification.

3. Most importantly a great effort has to be put ottigg an efficient way
of phase separation. This could be achieved firbilyperforming a
perfect neutralization of catalyst using anotheorganic acid. And
secondly by finding an efficient and effective wafyethanol recovery
system. One thing | could recommend for the latee @ to use a
vacuum distillation system. If a vacuum distillatieystem is employed,
it will be possible to distillate the excess etHanom the transesterified
mixture using a much lower temperature. This inteliminates the

saponification problem and of course minimizesdhergy consumption.

More over this study was only concentrated the production optimization of
biodiesel from Jatropha curcas oil with aldolkthanol taking in to account only the
effect reaction temperature and ethanol to oil mo#&io on ethanolysis yield and
determining selected physicochemical propertigisthe biodiesels. For better
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understanding of the biodiesel production amd determine the optimum
production parameters the transesterificatieaction kinetics at different reaction
parameters such as catalyst concentration andiceaonme should be studied in
detail. All the physicochemical properties of thediesel that determines the quality

should be analyzed.

Finally product quality is the major factdnat determines the widespread use of
biodiesel fuel, especially for local producti@and use. Therefore it is essential to
establish the product quality standardizati@applicable to the country, which

agrees with the internationally accepted stahdpecifications as ASTM and EN.
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APPENDIX

A. Tables

Table A-1 World Top 20 Biodiesel Producing Cougdr{Million of Liters/year)

Country Years
2005 [2006 |2007 |2008 | 2009

Germany 2263.18| 4085.34| 4543.78| 3580.47| 2971.15
FRIIEE 487.46| 673.15| 1085.17| 1996.24| 2385.05
United States 343.66| 948.02| 1854.19| 2559.90| 1911.09
lialy 446.83 673.15 533.88/ 760.20| 760.20
Brazil 0.74| 69.00| 404.33| 1163.94| 1608.05
Argentina 11.61| 34.82| 435.23| 887.86| 1340.50
Spain 185.70, 69.64| 191.50 249.53| 638.33
China 46.42| 232.12| 348.18| 464.24| 464.24
Austria 92.85| 139.27| 301.76| 243.73| 353.99
Thailand 2321 23.21| 69.64| 446.83 609.32
Czech Republic | 14392 127.67] 92.85| 87.05| 175.83
Belgium 1.16| 28.43| 185.70| 313.36| 470.05
Poland 69.64| 104.45| 52.23| 290.15| 388.80
United Kingdom 52.23| 220.52| 168.29| 214.71| 156.68
Malaysia 0.00 63.83| 145.08 261.14| 330.77
Portugal 1.16| 104.45 203.11| 179.89| 284.35
Denmark 81.24| 81.24| 81.24| 104.45 104.45
Korea, South 11.61| 52.23| 98.65 185.70| 290.15
Slovakia 87.05| 92.85 52.23| 162.49 116.06
NEIEREmEE 0.00| 20.31| 98.65 116.06/ 313.36

Source: US Energy Information Administration Indegent Statistics and Analysis
http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIR8&fm?tid=79&pid=79&aid=1
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Table A-2 World Top 20 Biodiesel Consuming Courgtriilillion of Liters/year)

Country Years
2005 2006 2007 2008 2009

Germany 2263.18| 4004.10| 4520.57| 3429.59 2971.15

413.18| 783.41| 1468.17| 2356.03| 2640.38
343.82| 986.42| 1355.77| 1192.15| 1192.90

France

United States

Brazil 3.48| 63.83] 370.23) 1108.38| 1564.93
ltaly 226.32| 255.33| 232.12| 806.62| 1346.30
United Kingdom | 3, 65| 168.20| 348.18| 882.06 986.52
Spain 185.70, 69.64| 342.38| 667.35| 1149.00
Sl 98.65| 319.17| 359.79| 353.99) 441.03
China 46.42| 232.12 348.18| 464.24| 464.24
Thailana 580 580 63.83] 446.83 609.32
Poland 17.41| 52.23|  29.02| 388.80| 504.86
Netherlands 2.90| 28.43| 284.35 230.38] 295.95
Portugal 0.17| 92.85| 174.09 162.49 295.95
Korea, South 11.61| 5223 98.65 185.70| 290.15
Sweden 1161 5803 127.67| 162.49 174.09
Sl 0.00| 1.16| 116.06/ 110.26| 290.15
Eurasia 11.61] 20.54| 56.35| 180.47| 190.34
Colombia 0.00 000/ 580 81.24 319.17
Romania 0.00| 29.02] 52.23| 150.88| 168.29
Canada

11.61| 46.42 92.85| 98.65| 105.03
Source: US Energy Information Administration Indegent Statistics and Analysis.

http://tonto.eia.doe.gov/cfapps/ipdbproject/IED Ir8&fm?tid=79&pid=79&aid=1
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Table A-3 Ethiopian Gasoil Import per Metric tonderin USD

Months Years

1999 /| 2000 /| 2001 /| 2002 /| 2003 /| 2004 /| 2005 /| 2006 /| 2007 /| 2008 /| 2009 /
2000 | 2001 | 2002 |2003 | 2004 | 2005 |2006 |2007 |2008 2009 2010

Jul 147.56| 306.51| 214.14| 211.26| 224.46| 335.74| 520.31| 651.37| 645.94 | 1259.91557.47

Aug 161.17| 261.89 216.14| 213.49| 236.91| 374.66| 529.21| 645.03| 624.39 | 1004.12| 615.37

Sep 174.41| 299.23| 222.92| 233.76| 237.68| 393.04| 555.42| 568.27| 684.44 | 902.60| 580.46

Oct 178.38| 287.49| 192.87| 236.62| 245.50| 418.01| 528.33| 539.33| 718.76 | 636.25 | 616.94

Nov 185.45| 253.80| 16.97 | 221.87 255.36| 396.48| 509.26| 533.84| 806.41 | 531.06| 651.36

Dec 192.26| 229.86| 158.39| 234.28| 263.21| 353.68| 470.69| 529.54| 789.12 | 460.53 | 627.90

Jan 215.79| 199.09| 165.41| 242.30| 294.31| 356.94| 328.34| 498.12| 789.05 | 461.24| 649.18

Feb 215.06| 192.85| 170.00| 280.69| 277.67| 390.48| 493.76| 535.01| 835.10 | 387.70 | 636.54

Mar 248.32| 195.28| 193.58| 247.83| 277.26| 462.97| 544.70| 554.15| 946.58 | 415.47| 678.52

Apr 190.94| 223.82| 216.09| 209.35| 287.49| 474.62| 465.73| 606.13| 1038.47| 464.82 | 730.54
May 197.96| 232.06| 218.02| 205.15| 329.54| 437.83| 433.56| 615.73| 1186.77| 507.79 | 677.08
Jun 219.31| 223.45| 213.04| 211.78| 308.79| 488.29| 639.65| 617.97| 1232.49| 595.67 | 662.75

Average | 193.88| 242.11| 183.13| 229.03| 269.85| 406.90| 501.58| 574.54| 858.13 | 635.60| 640.34

Source: Ethiopian Petroleum Enterprise
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Table A-4 Ethiopian Gasoil Import Quantity from 29® 2010 in 1dMT

Months | Years

1999 /| 2000 /| 2001 /{ 2002 /| 2003 / 2004 /| 2005 /| 2006 /| 2007 /{2008 [/ 2009 /
2000 | 2001 |2002 | 2003 2004 | 2005 2006 | 2007 | 2008 2009 2010

Jul 63.82 | 34.04 | 62.12| 59.73 59.51 72.40 58.04 81.52 55%64.| 97.55 109.73

Aug 55.62 | 4254 54.65 | 3550 |70.08 |42.89 |[62.69 |73.34 |88.16 100.06 | 100.65

Sep 13.50 | 87.43 | 33.61| 56.47 47.94  69.00 38.37 57.Y3 7872.| 84.34 94.17

Oct 36.97 |54.28 | 32.63 | 68.09 |3597 |48.17 |5559 |67.18 |67.65 71.89 129.64

Nov 37.99 | 32.18 | 83.55| 57.75 54.25 37.70 74.32 57.99 1003.| 87.72 86.36

Dec 68.53 | 48.15 |60.97 | 6291 |44.68 |93.84 |71.34 |89.72 |96.91 99.83 107.89

Jan 30.22 | 72.99 | 42.70| 45.92 59.13 68.96 80.78 87.40 .8%02( 90.39 102.66
Feb 44.72 |45.87 |57.60 | 65.99 |76.29 |61.95 |66.53 |91.08 |102.60 |114.51 |61.93
Mar 69.59 | 49.61 | 35.04| 67.99 72.50 59.83 72.95 80.830 6585.| 103.88 127.81
Apr 46.70 |54.00 | 58.35 | 65.97 |57.72 |68.79 |91.65 |68.17 |109.82 |128.52 |117.79
May 21.83 | 34.41 | 60.88| 65.97 50.3%5 49.04 63.83 85.17 7580.( 111.21 99.60
Jun 59.31 |55.35 |41.07 |26.99 |60.09 |100.68 | 75.60 |65.88 |108.34 |113.68 |99.69

Total 548.79 | 610.83 623.20 679.283 688.53 773.26 811.6%.480| 1073.15| 1203.57 1237.92

Source: Ethiopian Petroleum Enterprise
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Table A-5 Summary of transesterification yield

Rank | Temp | Molar | NaOH | Yield Specific| Viscosity
[°C] Ratio | Conce. gravity | [mm#%s]
1 70 9:01 | 1.50% | 80.00 0.86 4.13
2 55 6:01 | 1.50%| 64.33 0.86 4.01
3 70 6:01 | 1.50% | 55.00 0.86 4.40
4 70 8:01 | 1.50%| 55.00 0.86 4.21
5 65 6:01 | 1.50% | 53.00 0.86 4.09
6 70 7:01 | 1.50%| 51.67 0.86 4.03
7 55 8:01 | 1.50% | 51.25 0.86 4.07
8 65 8:01 | 1.50%| 49.00 0.86 4.45
9 78 6:01 | 1.50% | 47.67 0.86 4.28
10 78 8:01 | 1.50%| 46.88 0.86 4.26
11 55 9:01 | 1.50% | 46.00 0.86 4.15
12 55 7:01 | 1.50%| 44.67 0.86 4.38
13 65 9:01 | 1.50% | 43.75 0.86 4.05
14 78 9:01 | 1.50%| 41.00 0.86 4.42
15 65 7:01 | 1.50% | 40.67 0.86 4.43
16 78 7:01 | 1.50%| 40.30 0.86 4.17
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Table A-6 Effect of ethanol to oil molar ratio oreld, density, and viscosity

MR Temp [°C] |Yield |Specific gravity | Viscosity [mn/s]
55 64.33 0.86 4.01
_ 65 53.00 0.86 4.09
o 70 55.00 0.86 4.40
78 47.67 0.86 4.07
55 44.67 0.86 4.13
_ 65 40.67 0.86 4.43
e 70 51.67 0.86 4.38
78 40.30 0.86 4.17
55 51.25 0.86 4.43
_ 65 49.00 0.86 4.21
o 70 55.00 0.86 4.28
78 46.88 0.86 4.45
55 46.00 0.86 4.26
_ 65 43.75 0.86 4.15
> 70 80.00 0.86 4.13
78 41.00 0.86 4.42
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Table A-7 Effect of reaction temperature on yieldnsity, and viscosity

Temp | MR Temp | Yield Specific gravity | Viscosity [mm?/s]
[°C]
6:1 64.33 | 57.70 0.86 4.01
7:1 44.67 38.00 0.86 4.38
> 8:1 51.25 | 46.30 0.86 4.43
9:1 46.00 41.00 0.86 4.26
6:01 | 53.00 | 46.30 0.86 4.09
7:01 40.67 34.00 0.86 4.43
o 8:01 49.00 | 44.00 0.86 4.21
9:01 43.75 38.80 0.86 4.15
6:01 | 55.00 | 50.00 0.86 4.09
7:01 51.67 45.00 0.86 4.38
0 8:01 | 55.00 | 50.00 0.86 4.28
9:01 80.00 75.00 0.86 4.13
6:01 | 47.67 | 41.00 0.86 4.07
7:01 40.30 33.70 0.86 4.17
8 8:01 | 46.88 | 40.90 0.86 4.45
9:01 41.00| 36.00 0.86 4.42
CH2,0
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