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Abstract: A major challenge in the biodiesel industry is the comparatively high cost of raw materials for
production. A cost build-up analysis of biodiesel production from J. curcas oil shows that catalyst alone
contributes about 50.9% of the total production cost. This paper aims at highlighting the effects of two different
commonly used catalysts on the yield of biodiesel. Samples of biodiesel were produced by three different
methods namely single stage transesterification (SST), double stage transesterification (DST) and foolproof
(FP) processes in which sodium hydroxide (NaOH) and potassium hydroxide (KOH) were used. The effects of
each catalyst on the production yield were analyzed and compared. NaOH gave production yields of 79%, 81%
and 84% for the SST, DST and FP processes respectively. KOH produced comparatively lower yields of 68%,
71% and 75% for SST, DST and fool proof processes respectively. Although the use of KOH slightly raises the
cost of biodiesel production as compared to NaOH, the local production of KOH from cocoa husks could
minimize the production cost.

Abbreviations: BDF = Biodiesel fuel; PDF = Petroleum diesel fuel; DF = Diesel fuel
Key words: Transesterification  Alkaline catalysts  Biodiesel yield  Biodiesel  KOH  NaOH

INTRODUCTION global food delineation. It is estimated that the global total

The near exhaustion of fossil-based energy sources provide approximately 20% of the total global petroleum
coupled with the gradual change in climate has prompted diesel use [3, 4]. Non edible oil crops such as Jatropha
researchers to look into more environmentally friendly curcas L., Carapa procera etc. have also been adopted to
sources of energy that are renewable. As a result, offset the problem of completion of oil crops for food and
biodiesel production has increased global with the hope fuel. However, though most of these crops have been
of replacing the exhaustible fossil fuel. Though biodiesel reported to thrive well on non-agricultural land, they may
presently cannot entirely replace petroleum diesel, the need certain land management and plant establishments
detrimental effects of fossil fuel combustion on the before they can do well. Fertilizer, pesticides and other
environment would be reduced when a blend of biodiesel chemical use on these plants may also increase the cost
and petroleum diesel (e.g. B5) is used. For instance, a life of feedstock production hence high cost of biodiesel.
cycle analysis of biodiesel showed that overall CO Recently, microalgae have been reported by many2

emissions were reduced by 78% compared with petroleum researches [5-7] to have extremely high oil yield compared
diesel [1, 2]. to all other oil crops for biodiesel production hence have

Edible oil crops such as palm oil, soybean oil, been under intensive research and development currently.
coconut oil etc. have been the commonly used feedstock The cost of biodiesel however depends mainly on the
for biodiesel production. However, the use of these edible cost of oil and catalysts used. Among the other variables
oil crops for biodiesel production has raised concerns on that affect biodiesel production such as the molar ratio of

acreage of land under cultivation of edible crops can only
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alcohol to vegetable oil, temperature and residence time, MATERIALS AND METHODS
the type of catalyst used in biodiesel production is found
to contribute more than 50% of the total production cost Materials and Chemicals: Crude soybean oil was
[8] hence an urgent need to adopt a cheaper and effective obtained from Ghana Nut Limited, Techiman in the Brong-
catalyst. It is possible that in the next ten to twenty years Ahafo region of Ghana. Methanol, sulphuric acid (H SO ),
the use of biodiesel may be profitable without a special tax sodium hydroxide (NaOH) and potassium hydroxide
incentive. This study assesses the type of alkaline (KOH) pellets of purity 99%, 96%, 98% and 85%
catalyst (i.e. sodium hydroxide and potassium hydroxide) respectively were used for the experiment. Stock solutions
that produces high biodiesel yield using three different (methoxide,  i.e. methanol and catalyst) of 1.8 wt/v%
transesterification with soybean oil. NaOH in methanol and 2.9 wt/v% of KOH in methanol per

Biodiesel is produced by the chemical reaction such 1000 ml soybean oil were prepared and used in the three
as  thermal  cracking  (pyrolysis   of   vegetable  oil), processes of transesterification. An amount of 400 ml of
micro-emulsion of oil, transesterification of oil with water per 1000 ml of soybean oil was used for the washing
alcohols using catalyst etc. to form alkyl esters and process.
glycerol [4, 9, 10]. Various researches have reported
success in biodiesel production from J. curcas oil [11], Reaction Conditions: Experiments were designed to
Brassica Carinata oil [12], canola oil [13], safflower oil determine the yields of methyl esters (biodiesel) using two
[14-15], waste cooking oil [16], soybean oil [17] etc. using different catalysts (i.e. KOH and NaOH) for the three
different catalysts. Acid catalysts (such as hydrochloric different processes of transesterification (i.e. SST, DST
acid, sulphuric acid etc.) give very high yields of alkyl and Foolproof processes). A molar ratio of 5:1 of soybean
esters but the reactions are slow and require temperatures oil to methanol was used throughout the reactions. All
above 100°C for longer reaction time [4, 9, 18]. reactions were carried out at atmospheric pressure
Transesterification   reaction   with   alkaline  catalysts maintaining the reaction temperature at 55°C. Reaction
(e.g. sodium hydroxide, potassium hydroxide etc.) time varied from one process to another.
however is quick and requires low temperatures [18]. On
the other hand, soap formation during alkaline catalysis Apparatus: A 2000 ml glass beaker equipped with a
may reduce the quality of the biodiesel produced thus magnetic stirrer hot plate and a thermometer was used.
making acid catalysis more preferable. However, presently Separation of products was done using a separating
commercial biodiesel production still use basic or alkaline funnel. Volumes of products were measured with a
catalyst because they are cheaper, less corrosive and use graduated glass measuring cylinder. Figure 1 shows the
minimal energy compared to acidic catalysis. simplified flow diagram of biodiesel production.

2 4

Fig. 1: Simplified flow diagram of biodiesel production
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Experimental Procedure properties were also analyzed. The FP method recorded
Process 1 (Single-Stage Transesterification): Both the highest biodiesel yield (84% and 75%) with NaOH and
NaOH and KOH were used to transesterify soybean oil to KOH catalysts respectively compared to those for SST
obtain samples SST1 and SST2 respectively. The reactor and DST processes when the separation time was 8 hours.
was initially charged with 1000 ml soybean oil. The stock Figure 1 summarizes the biodiesel and glycerin yields
solution of the catalyst (NaOH or KOH) was added to the using the three processes with NaOH and KOH catalysts.
oil and mixed continuously for 30 minutes with a magnetic When the separation time was extended to 24 hours, all
stirrer at a temperature of 55°C. After completion of the the three processes recorded high yields compared to the
reaction, the mixture was made to settle for 8 hours and 8 hours period.
the bottom layer (i.e. crude glycerin) was decanted into a NaOH produces a better yield than KOH in all the
beaker by a separating funnel and the methyl ester transesterification processes. KOH yielded 68% 71% and
(biodiesel) layer also poured into a measuring cylinder. 75% for the different processes whilst NaOH produced
Volumes of the samples were taken after three rounds of 71% 79% and 84% for SST, DST and FP methods
washing to ensure the removal of all soap in the biodiesel respectively. From the experiment, it was shown that the
before dried. volume of unwashed methyl esters were almost the same

Process 2: the Double-Stage Transesterification 1090 ml for 1000 ml of oil). This indicates that the variance
Process: Three-quarter (3/4) of the prepared stock in the yield resulted from the process of washing.
solution of methoxide was added to 1000 ml of soybean oil When the biodiesel-glycerin separation time was
at 35°C and heated to 55°C for an hour. It was allowed to extended to 24 hours, better yields were obtained. KOH
settle for 8 hours and the products (biodiesel and yielded 77%, 84% and 88% whilst NaOH produced 88%,
glycerin) were separated. The biodiesel obtained was 91% and 93% for SST, DST and FP methods respectively.
heated to 55°C and the remaining ¼ of the methoxide was The differences in the yield during washing can be
added and mixed for an hour. The mixture was allowed to explained from the fact that soaps are formed as a result of
settle for another 8 hours and the products were the reaction between the free fatty acid and the base
separated. The biodiesel from this second stage was catalyst. However, it is an established fact that NaOH
washed and dried. Samples DST1 and DST2 were forms hard soap whilst KOH forms soft soap. It is
obtained at this stage. therefore certain that much shorter time is required to

Process 3: Foolproof Process: 80 ml of methanol was than to settle that for KOH catalyzed biodiesel. Figure 2
added to 1000 ml of soybean oil and mixed together. 1 ml shows the effect of separation time on biodiesel yield for
of  H SO  was  then  added  to  neutralize  the  base all the three transesterification methods catalyzed by both2 4

(NaOH and KOH) and continuously stirred keeping the KOH and NaOH.
mixture temperature at 35°C for 1 hour. The mixture was Considering the properties measured such as gravity,
allowed  to  settle  for  8 hours  after  which  half of the total acid number, ash content, viscosity etc. all fell within
2.58 wt/v%  prepared stock solution of the catalyst in the standard range given by ASTM D6584. However for
methanol was added and stirred again for 5 minutes. The properties like carbon residue and water sediment, the
mixture was heated to 55°C and the temperature was results were outside the standard range. The product from
maintained throughout the reaction at this stage. The KOH using the DST and FP processes resulted in flash
second  half  of  the  stock solution of catalyst in points >200°C which were in the standard range. All other
methanol  was  then  added, stirred for 2 hours and sample results were below the minimum 130°C according
allowed to settle for an hour. Biodiesel was decanted, to the ASTM 6584 test method. The samples from NaOH
washed and dried. Samples FP1 and FP2 were obtained at using the basic method gave a total sulphur content of
this stage. 0.03% which was more than the 0.02% max stated in the

RESULTS AND DISCUSSIONS with the standards. It is obvious from the test result that

Two major alkaline catalysts namely KOH and NaOH gives a better biodiesel quality. Table 1 summarizes the
were used in the transesterification of soybean oil into physical and chemical properties of biodiesel samples
methyl esters. The effect of each catalyst on biodiesel from the foolproof method catalyzed by both KOH and
yield was determined and their physical and chemical NaOH.

when KOH and NaOH were used (between 1040 ml and

settle the relatively hard particles formed by the NaOH

standards. However, all other samples were in conformity

NaOH gives a better yield than KOH whilst the KOH
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Table 1: Physical and chemical properties of foolproof process biodiesel sample

Property Limit (ASTM-D6584) NaOH KOH

Specific gravity, kg/m 820-890 887 8883

Carbon residue, % wt Max 0.05 0.24 0.14

Colour - Dark brown Dark brown

Total acid number, mg KOH/g Max 0.80 0.42 0.29

Total sulphur, % wt Max 0.02 0.03 0.02

Ash, % wt Max 0.02 0.005 0.001

Water and sediment, % vol. Max 0.05 0.10 0.05

Flash point, °C Min 130 112 200

Viscosity @ 37.8°C 1.9-6.0 5.5 4.9

Fig. 1: Biodiesel and glycerin yields obtained from SST,
DST and FP processes using NaOH and KOH as
catalysts

Fig. 2: Effect of settling time on biodiesel yield with
NaOH and KOH catalyst for single stage
transesterification (SST), double stage
transesterification (DST) and Foolproof processes

KOH can be produced locally from cocoa pod husks
which are abundant as wastes in cocoa producing
countries including Ghana. In order to economically
produced biodiesel, the cost of the catalyst which forms
more than half the total production cost can be reduced
by effectively converting the cocoa pod husks into
potash.

CONCLUSION

An experimental study to investigate the effects of
alkaline catalysts on biodiesel yield and quality was
carried out. It was established that NaOH gives high
biodiesel yield compared to those catalyzed by KOH. The
foolproof process recorded high biodiesel yield compared
to the other methods (single stage and double stage
transesterification processes). However, for better
biodiesel quality, better fertilizer production and a positive
impact on trade balance and domestic employment, it is
recommended that KOH could be used for commercial
biodiesel production in countries which are cocoa
producers (such as Ghana) and have abundant cocoa pod
husks as wastes.
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