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Productivity differences in Small Scale Palm Qil Processors using different

processing technologies in Ghana

INTRODUCTION

Palm oil processing provides employment and income for a proportion of rural population with
poor access to resources in Ghana. Palm oil is extracted from the palm fruit with palm kernel as a
by-product which can further be processed into products such as palm kernel oil and palm kernel
cake. The oil is used as food and also as an industrial raw material for the manufacturing of soap,
candle, paints, margarine, biscuits, lubricants for machinery, cosmetic and polishing liquids
(Ayodele and Eshalomi, 2010). Small scale palm oil processing units accounts for about 60% of
Ghana's crude palm oil (CPO) production annually (Osei-Amponsah et al., 2012). Small scale
palm oil processing unit refers to one that can produce up to 5 metric tons of CPO per day with
fresh fruit bunches (FFB) with CPO extraction rates of 10-15% using semi-mechanized mills or
the traditional method of palm oil processing (Fold and Whitefield, 2012). Accordingly, Medium
scale processing mills have capacities ranging from 10-20 metric tons of CPO per hour of FFB
with CPO extraction rates of 19-21%, whiles, Large scale processing mills have capacities above
20 metric tons of crude palm oil (CPO) per hour. (MoFA, 2010). In order to provide adequate
palm oil to feed these purposes, and given the large proportion of small scale processors in the
country, there is the need to examine efficiency of available small scale processing technologies.
This will provide useful information ways of improving productivity of these technologies. In
Ghana, the use traditional processing techniques which results in low quality of the palm oil
impedes the countries’ capacity to produce to meet the rising local and global demand (Ayodele
and Eshalomi, 2010). For instance, in 2014, Ghana produced 495,000 metric tons (MT), of the
oil but consumed 760,000 MT, subsequently, resulting in 300,000 MT imported with only,
35,000 MT exported (Osei-Amponsah et al., 2018). The situation is worsened within the
ECOWAS sub-region which is charaterised by an unmet demand of about 850,000 tons (MoFA,
2015). In order to explore the opportunities in the sub-regional demand of the oil, and the
comparative advantage in producing oil palm, calls for an urgent need to develop the palm oil

industry. furthermore, increasing the production of high quality palm oil (particularly from the



small-scale mills) could reduce the huge importation and also provide opportunity for economic

growth in rural areas, through job creation (Osei-Amponsah et al., 2018).

However, in recent times, the quality of the oil from the small scale palm oil processors have
been questioned which have affected the international markets and prices (Osei-Amponsah et al.,
2012), and this has been traced to the use the traditional methods. To address this issue, there has
been a campaign to encourage the use of improved small scale processing technologies. The two
most commonly used improved processing technologies in Ghana are the engine powered
digester with a separate manually operated press and the engine powered palm oil expeller

(MASDAR, 2011).

In spite of these improved technologies, small scale palm oil processors still use the traditional
methods of processing, although evidence points to the ability of improved palm oil mill
technology to alleviate poverty (Olagunju, 2008). This could be because since the introduction of
the improved technologies, there have not been any study to examine the productive efficiencies
of these technologies’ vis a vis the tradtionional technology. Furthermore, the inherent inertia
associated with the adoption of new technologies could also account for the low adoption of

these technologies.

The study compares performance of small scale oil palm processors using traditional, digester
and expeller technologies in Ghana. Our results provide useful information for processors on
which among these three alternatives is more efficient to hence their incomes and livelihoods.
Additionally, the findings provide concrete evidence for policy makers to make relevant policies
to enhance the promotion of efficient processing technologies to improve the welfare and reduce
poverty of small scale processors. Finally, the findings will offer insights for private investors
interested in cashing in on investments in equipment for efficient processing technologies to

make informed investment decisions.

A number of studies have investigated various areas of palm oil processing (Olagunju, 2008;
Osei-Amponsah, et al., 2012; Osei-Amponsah et al., 2018; Abdulsalam et al. 2014), however,
only Abdulsalam et al. (2014) measured technical efficiency differences between traditional and
improved small scale palm oil processing methods in Cross River State, Nigeria, using the
stochastic frontier model. They found a mean efficiency of 62% for traditional and 81% for

improved technologies. However, their study failed to compare the technical efficiencies



between the two technologies in order to make informed policy recommendations. In addition,
their study lumped all improved technologies together without accounting for the variations in
efficiencies for to the types of improved technologies. This could result in confounding policy

recommendations.

This paper contributes to the literature in the following ways. Firstly, to the best of our
knowledge there has not been any study that has really compared productivities of small scale
palm oil processors using different processing technologies. This paper fills this gap through
empirical evidence by comparing the productivities of small scale palm oil processors using
different processing technologies in Ghana. Unlike in Abdulsalam et al (2014) who estimated the
technical efficiencies of the two processing technologies, this study will employ the metafrontier
approach (O’Donnell et al., 2008; Battese et al., 2004) to compare these processing technologies.
Secondly, it provides evidence of productivity differences across specific improved technologies
and hence provide useful information for well targeted policies to enhance the palm oil industry

in Ghana.

The rest of the article is organized as follows. Section 2 reviews the literature on small scale
palm oil processing in Ghana and factors influencing the technical efficiency of small scale palm
oil processors. Section 3 presents the data and describes the variables employed in the study. The
conceptual framework and empirical results are discussed in Sections 4 and 5 respectively. The

final section concludes.

Small scale palm oil processing in Ghana

In Ghana, three methods are employed in small scale palm oil processing. The traditional
method; the engine powered digester with a separate manually operated press; and the engine
powered expeller. The major differences among methods include the duration of storage of the
fruits before processing, the method of digestion and oil pressing. The amount of water and

energy used and quality of the product are also affected by the method employed.

The traditional methods of palm oil processing involve pounding the boiled fruits in large
wooden mortars with wooden pestle or trampling the boiled but cold fruits in wooden containers

with the feet. The harvested oil palm fruits (FFB) are further stored for 1-3 weeks by traditional



palm oil processors before processing, possibly allowing some fermentation to reduce labour
costs and increase extractability. However, this practice is found to increase the levels of free
fatty acids and may reduce the quality of palm oil (Osei-Amponsah et al., 2012, 2018). The foot-
trampling of the cooked but cold fruits in containers could contaminate the output and affect the
quality of the oil. The method requires a lot of water and spillages occur frequently leading to
wastage. The traditional method is thus labour intensive, energy consuming, unhygienic and has
a very low production level. In the digester technology, the extraction is done in two stages; the
first stage involves the use of a motorized digester and the extraction of the palm oil from the
digested material is done using a manually operated screw press. Major disadvantages are that
the presses rely on manual labour for pressure development and the presses and digesters are
typically positioned separated from each other and therefore extra labour is required to load the
cages from material discharged from the digester. However, the digestion process reduces
contamination of oil compared with the traditional method. The palm oil expeller technology
involves a low-pressure, continuous-feed expeller that digests and presses out the palm oil. The

ability to simultaneously de-pulp and press is a major advantage of the expeller.

Review of factors influencing the technical efficiency of small scale palm oil processors

The technical efficiency of small scale palm oil processors is influenced by several factors.
Generally, access to formal educational training is likely to enhance the performance of
processors; therefore, education is expected to have a positive effect on technical efficiency.
Education empowers the procrssors to better appreciate and apply improved practices which are
likely to increase their technical efficiency (Amaza and Maurice, 2005; Dadzie and Dasmani,
2010; Kadurumba et al., 2009). Small scale palm oil processors who are better educated tend to
be more efficient due to their ability to acquire technical knowledge and make good use of
information about processing techniques (Latifat et al., 2013; Zigah 2014). Processing
experience is found to have a positive effect on technical efficiency. Kadurumba et al. (2009)
found a positive impact of processing experience on technical efficiency among traditional palm
oil processors (Latifat et al., 2013; Ojo, 2005; Abdulsalam et al., 2014). Ojo (2005) indicated that
experience decreased inefficiency in productivity and improved technical efficiency of small

scale palm oil extraction mills. Abdulsalam et al. (2014) found that processing experience had



positive effects on technical efficiencies of processors using both traditional and improved

methods of processing oil palm.

Membership of association is assumed to have a positive effect on technical efficiency because
belonging to a processor association tend to enhance efficiency as the association serve as a
medium for sharing information that can improve processing activities. Kadurumba et al. (2009),
Ojo (2005) and Zigah (2014) reported that membership of association positively influenced
technical efficiency levels of small scale palm oil processors. Abdulsalam et al. (2014) found that
membership of association had a positive effect on technical efficiency improved palm oil
processing technology users and a negative effect on technical efficiency of traditional palm oil
technology users. Shehu et al. (2010) also found that membership of association had negative
effect on technical efficiency of traditional palm oil technology users. The effect of access to
credit on technical efficiency of small scale palm oil processors is not clear. Abdulsalam et al.
(2014) found access to credit to have a positive effect on technical efficiency of both traditional
and improved palm oil processing technology users. Zigah (2014) found that processors who
have access to credit are more inefficient than those who do not have. This could be as a result of
untimely access of the credit which may lead to diversion of credit to other non-oil palm
processing activities. If credit is invested into a production enterprise, it is expected that it should
lead to higher level of output, but in case the credit is not accessed on time, it may, the expected
impact will not be obtained. Okike et al. (2001) and Bifarin et al. (2010) also found that

receiving credit contributes to farmers’ inefficiency.

Processing period tends to influence technical efficiency of small scale palm oil processors
negatively (Abdulsalam et al. 2014). As the number of days for processing oil palm increases,
palm oil output decreases. Onwubuya (1997) stated that delay in the time interval between
harvest and final output may render the quality and quantity of palm oil produced low; hence,
reduces the net returns from the final output. Extension contact tends to have a positive effect on
technical efficiency of small scale palm processors (Abdulsalam et al., 2014). Seidu (2008)
explains that farmers who have adequate contact with extension agents easily have access to
modern agricultural technology on input use which helps them to decrease inefficiency. Studies
by Stefan et al. (2011) and Tchale (2009), confirm that extension contact promotes technical

efficiency.



EMPIRICAL STRATEGY

This paper compares the production technologies and measure the productivity of small scale oil
palm processors using three processing technologies in Ghana. To estimate the technical
efficiency for specific processors using the different processing technologies, the parametric
Stocastic Frontier Analyses (SFA) is estimated. Following Battese et al., (2004) and O’Donnell
et al., (2008) a metafrontier model is used to compare TE and measure differences in

performances across the different palm oil processing technologies.

Stochastic frontier model
Following Battese et al. (2004), we define the stochastic frontier model for the k-processing

technology as follows:

Y=f(x B exp (V' -UD), (1
Where Y represents the output of the i-th processor; x;is an (/ x k) vector of input quantity (in
their natural logarihms) of the i-th processor; [3"is the (kxI) vector of unknown parameters to
be estimated for the k-th processing technology group; the V's represent statistical noise and are
assumed to be independently and identically distributed as N(0,07, ) random variables; and the

Ulsrepresent technical inefficiency effects and are defined by the truncation (at zero) of

N(u!,07)-distributions (k=1,2,...,K), and the #s are defined by the Battese and Coelli (1995)
inefficiency model. Using data on outputs and inputs of small scale processors using the k-th

technology, maximum-likelihood estimates of the unknown parameters, ‘s are estimated using

the STATA 15 and SHAZAM software packages.

Estimates of the technical efficiency for the i-th processor using the k-th procrssing

technology is expressed by the ratio of the actual output to the frontier output by:

) . k
k __ i _ .U
TE] = =e )

Equation (2) specifies the performance of the i-th processor relative to the appropriate processing
technology frontier.



Metafrontier model

This approach provides a measure of technology ratios that compare the productivity of small
scale palm oil processors using the different processing technologies relative to the metafrontier.'
Following O'Donnell et al. (2008), a deterministic metafrontier model for the palm oil proceccors

can be expressed as:
Y = f(xf) ="’ 3)

where Yi* denotes the metafrontier output and “is a vector of parameters for the metafrontier

which satisfy the constraints:

XA > xp* forall i=1,2,...N,,k=1,23; (4)

and N, is the number of sample farms in the k-th processing technology (NV,=264, N,=194,

N,=200). The constraints in equation (4) imply that it is impossible for the metafrontier to fall

below any of the processing technology frontiers. This illustrates that performances of
individual small scale palm oil procrssors are examined relative to their processing technology
frontiers (Traditional, Digester and Expeller processing technologies) which represents the
achievable technical efficiencyies for the Traditional, Digester and Expeller processing
technologies. The metafrontier (MF) thus, envelopes the three three procsssing technology

frontiers and presents a common frontier for comparing among procsssing technology frontiers.

Following Battese et al. (2004), the processing industry metafrontier is estimated by
solving the optimization problem that minimises the sum of the squares of the deviations of the
values on the metafrontier from those of processing technology-specific stochastic frontiers at
the observed input levels. Decomposing equation (2) allows the technical efficiency with respect
to the metafrontier and the metatechnology ratio (MTRs) to be obtained as:

Y =e Y x ex'}ﬂk x X 5)

i .
exlﬁ

' In Battese, Rao and O’Donnell (2004), the metafrontier model is presented in terms of firms being in one of &
groups and sample data are obtained on firms in the k£-th group. Our discussion is in terms of the sample farms in the
three agroecological zones (k=3).



The first term on the right-hand side is the technical of the i-th processor with respect to the
processing technolohy-k frontier, defined by equation (3). The second term on the right-hand
side is the MTR which is expressed as:

eXih

k _
MRS == (6)

Where €%/ is the deterministic component of equation (1) and ¢’ s defined in equation (3).
The MTR is therefore estimated by substituting the estimates of S and 8* into equation (7).
Following equations (2), (5) and (6), the TE of the i-th processor with respect to the metafrontier
is given by:

TE =L (7)

i X, g+Vk
e BV

Similar to equation (2), the TE relative to the metafrontier is defined as the ratio of the observed
output to the metafrontier output, after taking into account the differences in processing
technologies (O’Donnell et al., 2008). The TE with respect to the metafrontier can appropriately

be predicted using the decomposition:
TE, = TE* x MTR" (8)
The estimates of the TEs relative to the metafrontier can be obtained by substituting estimates for

TE' and MTR"in equation (8), i.e., TE, =TE' xMIR’, where the estimates of the terms on the

right-hand side of equation (8) use maximum-likelihood estimates for the parameters involved.

Empirical model

The three processing technologies have different processing characteristics and hence are
unique from each other. Given that differences in the processing technologies could influence the
processing performances and efficiencies in palm oil extraction, we estimate the specific
frontiers for each processing technology using SFA whilst the MTRs are obtained using the
metafrontier approach. In line with related literature (Bravo-Ureta et al., 2007; Villano et al,

2019), we use the Cobb-Douglas functional form to represent each processing technology in each



group defined in equation 1. This choice is hinged on the fact that the Cobb-Douglas satisfies
key regularity conditions derived from economic theory. In addition, the results of preliminary
functional form testing was in favour of the Cobb-Douglas functional forms (see Table 3) The

C-D stochastic frontier model for the k-th processing technology (k= 1, 2, 3) is specified as:
5
InY =g +> BiinX, +y H +V'-Uf (9)
Jj=1

whereY; denotes the palm oil output; x, represents the amount of the j-th input (j = 1, 2 and 3)

for the i-th processor (1, 2, ..., Ny) in the k-th processsing technology; ﬁ; = ,5; for all j and &;
k=1, 2 and 3 represent the use of the traditional, digester and expeller technologies, respectively;
X, represents the Family labour (in man-days); X,denotes the Hired labour (in man-days); X
represents the total palm fruits transport cost (in GHC); X, denotes the cost of palm fruits used

in processing palm oil (in GHC); X, denotes the duration of storage of the palm fruits; the Vs
(for all i=1, 2, ..., Ny) are random errors assumed to be independently and identically distributed
as normal random variables with mean zero and standard deviation, GIV‘ ; the Ul.ks (forall i=1, 2,
..., Np) are assumed to be independently distributed for different processors using processing

technoogy k (and of the Vs ), obtained by truncation (at zero) of the normal distribution with

mean, 4, and standard deviation, 4, where is defined below in equation (10). Basic

production variables such as labour, fruits and transport cost have been used extensively in
previous studies (Obayelu, Moncho and Diai, 2016; Dziwornu and Sarpong 2014; Kramol et al.,
2013; Abdulsalam et al. 2014; Latifat et al. 2013; Tsekouras et al., 2010; Boshrabadi et al., 2008;
Seidu, 2008). These variables are expected to have a positive influence on palm oil processing.

Following Battese and Coelli (1995), the technical inefficiency” model u ! defined for the
k-th agroecological zone is specified as:

2 5
u=8+>08D,+> 87, (10)
j=1

J=1

? Technical inefficiency measures the distance between the individual processors’ output and the processing frontier



where the 5,k (=0, 1, ..., 7) are unknown parameters; D, is the dummy variable for proceccors

organisation that has a value of 1 if the processor is a member of an proceccors

organisation/cooperatives, and 0 otherwise; D, is the credit dummy variable that has a value of
1 if the processor obtained credit for his proeccing activities, and 0 otherwise; Z, is the
education variable (in years of formal education); Z, denotes Household Size; Z, represents
processing experience (in years) Z,is the distance to improved processing site (in kilometres);

Z represents the duration of storage of the fruits.

The inclusion of these variables in the inefficiency model allows for better understanding of the
inefficiencies in palm oil processing (Abdulsalam et al. 2014; Onwubuya, 1997; Seidu, 2008;
Latifat et al. 2013) and have been thoroughly explained in section 2.

Sampling and data description

The empirical analysis was based on primary data collected through individual interviews using
a structured questionnaire from palm oil processors in the Ashanti, Central, Eastern and Western
regions of Ghana. Multi-stage sampling procedure was used to collect the data. First, four
regions were purposively selected including the Ashanti, Eastern, Central and Western due to the
high commercial production of palm oil and evidence of large concentrations of small-scale palm
oil processing mills and processors. This was followed by purposive selection of two (2) palm oil
processing districts from each of the four selected regions. The eight (8) districts selected for the
study were the Adansi North and Ejisu-Juaben in the Ashanti Region, West Akim and
Kwaebibirem in the Eastern Region, Assin South and Assin North in the Central Region, and
Bibiani/Anwhiaso /Bekwai and Wassa Amenfi East in the Western Region. Since the selected
districts had different populations of processors, the list of small scale palm oil processors was
obtained from the palm oil processors’ associations and the respective district or municipal
assemblies from which a representative sample is randomly selected from each district and based
on categories of proceeding technology in use following Bryman (2008). In all a total of 658
small scale palm oil processors comprising 264 Traditional processors, 194 Digester processors

and 200 Expeller technologies were involved in the study. Table 1 presents the distribution of the
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sample across region, districts and processing technologies. Data collected included information
on household characteristics, input prices and quantities, output prices and quantities, as well as

institutional and social characteristics.

Table 1: Distribution of sampled Processors

Type of processors per technology

Region District — - Total
Traditional Digester Expeller
, Ejisu-Juaben 28 21 21 70
Ashanti Adansi North 33 25 25 82
West Akim 19 14 14 48
Eastern Kwaebibirem 69 52 52 173
Assin South 56 42 42 141
Central Assin North 17 13 13 43
Bibiani/Anwhiaso 47
Western /Bekwai 19 14 14
Wassa Amenfi East 22 16 16 54
Total Sample () 264 194 200 658

Descriptive statistics

The variables used in the analysis are described in Table 2. The result shows that 67.8% of
respondents were females and 32.2% were males. This reflects the dominance of females in the
small scale palm oil processing sector (Adjei-Nsiah et al., 2012; Nwalieji and Ojike, 2018).
However, significant differences exist in terms of the mean age, sex use of hired labour and
family labour, membership of organisations and net returns among palm oil processors across the
three processing technologies. Comparatively, more women (85%) use the traditional technology
than men (15%). Traditional technology users had significantly more years of processing
experience (25 years) than those using digester and expeller technologies who had mean

experiences of about 11 years and about 10 years, respectively.

Table 2: Descriptive statistics of processors by technology groups

Traditional ™" Digester Expeller

Variable (N=264) (N=194) (N=200)

All (N=658)

11



Sex (men=1) 0.15 (0.36) 0.45 (0.50) 0.43 (0.50) 0.32" (0.47)
Age (years) 59.9 (78.1) 41.9 (59.10 45.3 (55.2) 50.7 (65.6)
Education (years) 2.86 (2.94) 7.37 (4.03) 6.89 (4.57) 5.42 (4.36)
Married (yes=1) 0.61 (0.49) 0.81 (0.39) 0.74 (0.44) 0.71 (0.46)
Household size (N) 7.14 (1.71) 5.32(2.10) 5.39 (2.24) 6.07 (2.18)
Processing exp. (years) 24.99 (9.14) 11.15(7.99) 10.15 (7.88) 16.40" (10.99)
Access to credit (yes=1) 0.69(0.46) 0.61 (0.49) 0.64(0.48) 0.65 (0.48)
Org. membership (yes=1) 0.05 (0.21) 0.38 (0.49) 0.26 (0.44) 0.21 (0.41)
Duration of storage (days) 14.54 (3.30) 8.76 (3.84) 5.99 (3.78) 10.23 (5.14)
Dist. processing site (km) 9.65 (8.43) 5.37 (3.71) 4.88 (3.13) 6.94 (6.36)
Hired labour (man- .
days/month) 1.19 (3.74) 8.98 (6.89) 10.07 (8.67) 6.18  (7.70)
Family labour (man- ok
days/month) 5.75 (4.80) 3.81 (2.14) 2.83 (1.12) 4.10  (7.09)
: 14596.06 59401.51 22516.12"
Palm fruit cost (GH¢) 392.16 (123.43) (5.317.82) (3.5194.40) (199041.30)
1741.92 7238.64 2889.66"
Transport cost (GH¢) 37.19 (23.43) (593.64) (5050.04) (2909.75)
Output per year (ton) 1.64 (2.18) 10.09 (11.89) 16.08 (27.44) 8.52 (17.57)
: 12869.64 24126.64 12142.6277(11
Net income (GH¢) 2529.56 (749.45) (1938.70) (12295.81) 319.47)
Ashanti (yes=1) 0.42 (0.49) 0.10 (0.31) 0.11 (0.31) 0.23 (0.42)
Central (yes=1) 0.18 (0.39) 0.42 (0.50) 0.27 (0.45) 0.28 (0.45)
Western (yes=1) 0.22 (0.41) 0.14 (0.35) 0.08 (0.28) 0.15 (0.36)
Eastern (yes=1) 0.19 (0.39) 0.34 (0.47) 0.54 (0.50) 0.34 (0.47)

MFigures are means and those in parentheses are standard deviations.

Exchange rate at

December, 2017; 1 US Dollar. = 4.5205 Gh¢. The asterisks, " and *" denote difference in means
between the three processing groups are significant at the 1% and 5% levels, respectively
obtained using the ANOVA F-statistics tests.

Users of the traditional technology were comparatively old with a mean age of about 56 years as
compared digester technology and expeller technology adopters who had mean ages of about 49
years and about 45 years respectively. Average net returns for expeller technology users exceed
that of digester users which in turn exceed that of traditional technology users. Whereas the
number of man-days per month of family labour used in among processors using the traditional
processing was significantly greater, than those using the other two technologies, the number of

man-days of hired labour used was the least in the traditional system. This is as a result of the

12



increasing availability of family labour for the most of the processing activities when using the

traditional processing technology.

EMPIRICAL RESULTS AND DISCUSSION

Hypotheses testing and functional form specifications

Table 3 presents tests of various hypotheses®, regarding the specifications of the stochastic

frontiers with inefficiency effects (Battese and Coelli, 1995). The null hypothesis was tested

between the two popular production functional forms, Cobb-Douglas and translog frontiers, and

the translog frontiers was strongly rejected for the three processing technologies implying that

Cobb-Douglas frontier adequately represents the data.

Table 3: Hypotheses testing

Hypotheses In[L(Hy)] In[L(H;)]  Test stat. Koo (df) Decision
Hy:65s=0,7=0
Traditional 44.13 64.34 40.42 10.737 (5) Reject Hy
Digester -94.32 -62.68 63.28 10.73 (5) Reject Hy
Expeller -83.15 -74.18 17.94 10.73 (5) Reject Hy
Polled’ 137.99 158.22 40.46 10.73 (5) Reject Hy
H().‘ ﬁ: =0
Traditional 62.6 64.34 3.48 17.67 (10) Do not reject Hy
Digester -66.3 -62.68 7.24 17.67 (10) Do not reject Hy
Expeller -78.63 -74.18 8.9 17.67 (10) Do not reject Hy

3 The various hypotheses for the parameters in the production frontier and inefficiency models were carried out
using the generalized likelihood-ratio tests. The test statistic is defined by 4 = —2{In[L(H )/ L(H )]} , where L(H,)

and L(H;) denote the values of the likelihood function under the null (H)) and alternative (H;) hypotheses,
respectively. The critical values for the generalized likelihood ratio test are obtained from Table 1 of Kodde and

Palm (1986).

* This statistic is obtained by estimating the frontier model with the data for all three processing technologies polled.
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H().’ 55{5‘ =0

Traditional 57.32 64.34 14.04 13.40(7) Reject Hy
Digester -71.45 -62.68 17.54 13.40(7) Reject Hy
Expeller -81.41 -74.18 14.46 13.40(7) Reject Hy

Same technology frontiers’
-72.52 158.22 461.48 50.42 (36) Reject Hy

"The critical value for testing =0 is obtained from Table 1 of Kodde & Palm (1986).
The hypothesis that inefficiency effects in the model do not occur by chance and hence

explanatory variables in the model for technical inefficiency effects have zero coefficients, that
is, ,b’,f =0 are also strongly rejected for all processing technologies. This indicates that the

traditional production function is not an appropriate fit for the data, given the assumptions of the
stochastic frontier models. We also tested the hypothesis that technical inefficiency in palm oil

processing is not influenced by any of the explanatory variables in the inefficiency model
defined in equation (10), that is 5;‘ s =0. This null hypothesis is rejected for all the processing

technologies denoting that at least one or more of the explanatory variables in the inefficiency

models explains variations in technical inefficiency in palm oil processing.

Lastly, we test the null hypothesis that the stochastic frontiers for the palm oil outputs were the
same for farmers across the three processing technologies. This null hypothesis is strongly
rejected, implying that the estimated stochastic frontiers are distinct for the three processing
technologies, hence, the use of the metafrontier for comparing technical efficiencies of

processors using the three processing technologies is appropriate.

Production frontiers and metafrontier estimates

The maximum likelihood estimates of the Cobb-Douglas stochastic frontiers for the different
technology groups and the technical efficiency scores relative the stochastic frontiers for the
groups are presented in Table 4. The estimates show that the mean efficiency score of processors

using Traditional, Digester and Expeller technologies are 63.45%, 66.93% and 83.41%,

> The value of In [L(H,)] is the sum of the values for the three processing technologies for the first hypothesis above;
and the value of /nf/L(H,)] is that obtained by estimating the frontier model by pooling the data for the three
processing technologies.
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respectively. This implies that small scale palm oil processors generally operate below their
optimal level with their available resources and given technology. It further implies the
processors using the traditional technology was less efficient than those using other two
technologies. The findings resonate with Abdulsalam ef al. (2014), who found traditional users
achieved lower mean technical efficiency (62%) than improved technologies (81%). The
estimated coefficients for all inputs, which represent partial output elasticities, fall between zero
and one for all three processing technologies as well as the metafrontier, hereafter, satisfying the

monotonicity condition.

The results further indicate that he most important factors increasing the palm oil processing
across all three processing technologies are family labour and the cost of palm fruits. This
finding highlights the significance of labour and cost of materials in essential factors in

determining the productivity of palm oil processing.

Table 4: Estimates of the Cobb-Douglas stochastic frontiers for three processing
technologies

Processing technology

. 0 .8
Variable Traditional Digester Expeller Pooled Metafrontier

Constant 0.011 0.767 0.856 0.884 0.884"
(0.264) (0.254) (0.261) (0.118) (0.124)

Family labour 0.059" 0.079" 0.082" -0.093"  -0.093""
(0.033) (0.042) (0.043) (0,024) (0.004)

Hired labour 0.067"" 0.002 0.0417 0.058"" 0.060""
(0.020) (0.025) (0.023) (0.013) (0.014)

Duration of storage -0.110 0.059 0.032 -0.037 -0.036
(0.085) (0.063) (0.038) (0.023) (0.023)

Palm fruifs cost 0.819 0.7617" 0.723" 0.785 0.765
(0.022) (0.037) (0.042) (0.018) (0.018)

Transport cost 0.043"" 0.062" 0.047 0.055 0.045""
(0.015) (0.027) (0.039) (0.015) (0.012)

Sigma-squared 0.036" 0.11277 0.2 0.093
(0.003) (0.013) (0.013) (0.005)

Wald chi-square 3845 1312" 14577 11266

Log-likelihood

fanotion 64.34 -62.68 -74.18 -151.62

N 264 194 200 658

“The values are the coefficients of each processing technology, the figures in parenthesis are the
standard errors. In the SFA production function model of equation (9), the inputs are referred to
as Family labour, Hired labour, Duration of storage, Palm fruit cost and Transport cost.
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However, in Table 4, the variables involved are actually the logarithms of these respective
inputs. For convenience, we refer to these inputs as they appear in the Table. ‘The metafrontier
estimates and their respective standard errors (SE) are obtained using linear programming and

sk kek

bootstrapping techniques, respectively. The asterisks, ., , and ~, indicate significance at the
1%, 5% and 10% levels, respectively.

It implies that apart from the cost of palm fruits which are direct inputs for processing, the
availability of family labour to assist with the processing activities are very essential in
enhancing the overall processing, hence signifying that processing households with large
households are more productive regardless of the processing technology. The coefficient of hired
labour is however only significant in the traditional and expeller technologies, but insignificant
in the digester technology. This indicates a significantly high labour requirements in both the

traditional and expeller technologies for palm oil processing than the digester technologies.

The cost of transportation significantly determined the performance of palm oil processors using
the traditional and digester technologies only. Generally, the quantity of fruits required per unit
for processing is relatively larger for the traditional and digester technologies compared to the

expeller technologies, hence, the cost of transportation in obtaining such fruits is also higher.

Technical efficiencies and productivity gaps

The productivity across processing technologies are assessed using the metatechnology ratios
(MTRs) and the technical efficiency relative to the metafrontier (MF). Summary of the mean
values of the MTRs and the MFs are presented in Table 5. The estimated average TE with
respect to the individual processing technologies are 0.635, 0.669 and 0.834, traditional, digester

and expeller technologies, respectively.

Table 5: Metatechnology ratios and technical efficiencies in palm oil processing
technologies in Ghana

Processing technology

Models Traditional (N=264)  Digester (N=194) Expeller (N=200)
TEs with Technology Frontiers

Mean 0.635 0.669 0.834

Min 0.921 0.999 0.975

Max 0.086 0.087 0.132
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SD 0.148 0.186 0.088

Metatechnology Ratios (MTRs)

Mean 0.778 0.894 0.956
Min 1.000 1.000 1.000
Max 0.349 0.491 0.795
SD 0.052 0.128 0.051
TEs with the
Metafrontier
Mean 0.494 0.598 0.797
Min 0.921 0.999 0.975
Max 0.030 0.043 0.105
SD 0.008 0.024 0.004

The mean estimated MTRs are 0.778, 0.894 and 0.956, respectively for traditional, digester and
expeller technologies, respectively. Higher MTRs implies closeness to the metafrontier which is
the industry frontier. This suggest that there are possibilities for increasing the palm oil
production by 35%, 33% and 17%, respectively using the traditional, digester and expeller
processing technologies to be fully efficient. Expeller technology users in the industry achieved

the highest mean technical efficiency relative to the metafrontier of 79.7%.

Digester technology users achieved a mean technical efficiency relative to the metafrontier of
59.8%, whilst traditional technology users achieved the lowest mean technical efficiency relative
to the metafrontier of 49.4%. This suggest that with the available resources, processors using the
Expeller technology are closer to the metafrontier than those using other two processing

technologies.

The result also shows that the maximum value for the MTR for each group is 1.00. It suggests
that in each of the processing technologies, there is a processor who attains an MTR of unity
implying that there is a strong potential for palm oil processors to improve productivity by
increasing managerial performance of each processors within their processing technology which
can be attributed to the various factors affecting processing inefficiency. Subsequently, all
factors remaining the same, processors using the Expeller technology more are likely to reach to
their maximum processing potential output faster than those using the other processing
technologies. Furthermore, the average MTRs for the three processing technologies are

statistically different from each other with an F-stat of 13.02 with p-value of 0.000. This also
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indicates evidence of technology gaps in palm oil processing across the three processing

technologies.

Technical inefficiency in small scale palm oil processing technologies in Ghana

The maximum likelihood estimates of the factors influencing technical inefficiency in palm oil
processing in the three processing technologies are presented in Table 6. The results show
consistency in the inefficiency factors across the processing technologies, implying a well
specified frontier model. Although with different magnitudes, the inefficiency factors had
constituent effects across the processing technologies. For example, across the three palm oil
processing technologies, technical inefficiency was decreased with education, processing
experience, household size, organisation membership and access to credit. Accordingly,
technical inefficiency was smaller for experienced and educated processors with larger
household sizes, who are members of organisation and had access to credit. The positive effect
of processing experience implies that farmers with experience in processing tend to be more
efficient in palm oil processing across the processing technologies. More experiences of
processors grant them opportunity to appreciate challenges faced during processing and are able
to better manage such challenges than less experienced palm oil processors. This finding is
consistent with Kadurumba et al. (2009), Ojo (2005) and Abdulsalam et al. (2014) who found
experience to reduce technical efficiencies of processors using both traditional and improved

methods of processing palm oil.

Table 6: Factors influencing technical inefficiency in palm Oil processing across
technologies in Ghana

Processing technology

Variable Traditional Digester Expeller
(N=264) (N=194) (N=200)
Coeft. SE'T Coeft. SE Coeff? SE

Constant 0.851 0.061  0.851 0.061 0.882"  0.086
Years of education -0.0277"  0.004 -.0186 0.004 -0.0107 0.004
Household Size -0.082"  0.008  0.0137 0.006 0.017"  0.008
Processing experience -0.0097"  0.002  0.0047 0.001  0.001  0.003
Organization membership -0.0277  0.036  -0.148" 0.035 -0.266"  0.037
Dist. to improved processing

site 02217 0.099  0.069™ 0.019 0.17277  0.025
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Access to credit -0.013" 0.002 -.11527 0.539 -0.150"  0.051

R R

Duration of storage 0.008" 0.005 0.287 0.029  0.144 0.027

" SE denotes Standard errors. ° The asterisks, ,  and , on the coefficients denote statistical
significance at the 1%, 5% and 10% levels, respectively.

Membership of organizations tend to decrease technical inefficiencies of processors using the
three processing technologies. Processing organizations offers its members with access to
information, and improved processing techniques, access to palm fruits and other processing
resources which otherwise is difficult to access individually, hence, decreasing inefficiencies in
palm oil processing. Our finding resonates with similar studies (Kadurumba et al., 2009; Ojo,
2005; Zigah, 2014; Shehu et al., 2010) who found membership of processing associations to

influence the technical efficiency in palm oil processing across processing technologies.

Technical inefficiency decreases with access to credit among small scale processors using the
three processing technologies. Access to credit enhance the purchasing capacity of processors
and hence empowers them to purchase the needed inputs and other resources in time to meet
processing targets, hence more likely to reduce inefficiencies in palm oil processing (Abdulsalam
et al., 2014). However, this finding contradicts with that of Okike et al. (2001) and Bifarin et al.
(2010) and Zigah (2014) who found access to credit to increase technical inefficiency. Credit
was not received on time in order to ensure efficient processing or credit could be diverted for

other competing uses than for palm oil processing (Zigah, 2014).

Access to formal education reduced technical inefficiency in palm oil processing among
processors using the three processing technologies. Access to formal education tend to enhance
the ability of processors to better appreciate, adopt and apply improved processing techniques
that are likely to increase their productive efficiency (Amaza and Maurice, 2005; Dadzie and
Dasmani, 2010; Kadurumba et al.; 2009). Additionally, such farmers tend to be more efficient
due to their ability to acquire technical knowledge and make good use of information about

processing techniques (Latifat et al., 2013; Zigah 2014)

CONCLUSIONS AND POLICY RECOMMENDATIONS

This paper examines the performance of small scale processors using three different processing

technologies — Traditional, Digester and Expeller technologies in Ghana and understand the
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sources of differences in technologies. Performance of each processing technology examined
was examined using technical efficiency which was estimated using separate production
frontiers, and the productivity and differences across the technologies are compared based on the
metafrontier approach. The result shows evidence of differences in productivities across the
three processing technologies. Largely, the technical efficiencies with respect to the

agroecological zone frontiers are relatively greater than those estimated with the metafrontier.

One main finding from paper is that, it provides evidence of pronounce variations in both
managerial performance and processing technologies across the three processing groups where
processors using the Expeller technologies are consistently attaining high productivity levels
than those using the traditional and digester technologies. Furthermore, increasing the
productivity of small scale palm oil processing in Ghana will require strategies enhancing
processors access to credit, participation in processing organizations, enhanced access roads to

improved processing sites to reduce cost of transportation.

The implication is that small scale palm oil processors using different processing technologies
are faced with distinct challenges, subsequently, requiring districts policies in order to enhance
performance of individual processors given the available technological constraints. For instance,
for processors using the Expeller processing technology, major driver of productivity will be a
shift in the production frontier for the entire palm oil processing industry in Ghana and this can
he achieved through optimising expenditure on family and hired labour as well as well-organized
transportation systems for ensuring the availability of palm fruits from the hinterlands to the
processing centres. However, for processors using the Digester technology which is charaterised
by low technical efficiency but high technology ratios, policy recommendations should target
efficient management of expenditure on family labour and stable price of palm fruits for
increasing the processing productivity. For processors using the traditional processing
technology, productivity can be improved in two essential policy routes, by enhancing improved
access to hired and family labour for processing activities and also by permitting benchmarking
of processors for existing technologies especially by processors using the Digester and Expeller

technologies.
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