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Abstract: This research studied the commercial exploitation of an indigenous African crop in order
to formulate high value products, with a potential significant impact on the local economy. More
specifically, the present work investigated the extraction of polysaccharides from baobab in a bench-
scale unit, focusing on the overall yield and the techno-economic assessment of the extraction
process. Preliminary technoeconomic analysis for two scenarios (with and without ethanol recycling)
was performed to determine the economic viability of the process and the development of the
baobab market both in Nigeria and the UK. A full economic analysis was undertaken for each of
the two scenarios, considering all operating and capital costs, and the production cost of baobab
polysaccharides was estimated based on a constant return on investment. Combining the operating
cost with the average polysaccharide yield, the minimum profitable selling price in the UK was
estimated to be between £23 and £35 per 100 g of polysaccharide, which is comparable to the
commercial selling price of high purity polysaccharides. An assessment of a scaled-up plant was also
performed under Nigerian conditions and the results showed that such an investment is potentially
viable and profitable, with a minimum profitable selling price of £27 per 100 g, a value comparable to
the UK-based scenarios.

Keywords: baobab; polysaccharide extraction; techno economic analysis; scale up; Nigeria

1. Introduction

Baobab (Adansonia digitata L.), which belongs to the Malvaceae family, is an indigenous
African tree widespread in arid savannah regions of Madagascar, mainland Africa, the
Arabian peninsula, and Australia, and it was once classified as the “lost crop” of Africa [1].
Baobab is a multipurpose tree and has attracted research interest from many industries,
as most parts of the tree (fruits, leaves, bark, and seeds) can be used for either fodder,
medicine, food, or to produce valuable utensils. The bark is soft and can be used to weave
rope and clothes, whereas the fruit is one of the modern “superfoods”. Only the baobab
leaves remain unexploited and are only being used by the local population as part of their
diet. For these reasons, it has been nicknamed as “the small pharmacy tree” or “chemist
tree” [2]. In Africa, many parts of the baobab tree are consumed by humans for nutritional
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purposes. However, in Europe only the baobab fruit pulp is consumed and only since 2008,
when the European Commission provided marketing authority as a novel food ingredient
(2008/575/EC). Similarly, in the United States of America, it has been approved as a food
ingredient since 2009 [3].

1.1. Uses of Baobab

The baobab fruit has an oblong or oval shape and consists of black seeds embedded
in a chalky, white pulp [4,5]. The baobab fruit pulp is the most popular food source, as it
contains high levels of calcium and is a ten times richer source of vitamin C than oranges [6].
It is usually sold as a dry powder and when dissolved in milk or water, it can be used as a
drink, food sauce, substitute for cream-of-tartar in baking, or fermentation agent in local
brewing [6]. In addition, it is a significant source of polysaccharides and is low in protein.
Because of the presence of saponins, sterols, and triterpenes, it has been traditionally used
for analgesic, immuno-stimulant, pesticidal and anti-inflammatory purposes [7]. On an
industrial scale, the baobab fruit is already being used in food and cosmetics applications,
and there are a few companies that process and trade baobab fruit products worldwide.

On the other hand, baobab leaves are not yet authorised as a novel food in Europe and
are only consumed in Africa. More specifically, baobab leaves are used in the preparation of
soup and are a staple in Africa, due to the significant levels of minerals (e.g., iron, calcium,
potassium, magnesium, zinc, and phosphorus). Young leaves are commonly used fresh
or as a dried powder, and consumed as salad, or used to prepare sauces [8]. Furthermore,
they are a significant source of essential and non-essential amino acids but also of vitamins
C and A. In addition, they consist of mucilage, which explains their traditional use as
thickening agent in the African culture, and mostly in the Southern countries [9].

1.2. Importance for the African Countries

Smart and effective utilisation of indigenous agricultural resources is a key area,
through which developing African country economies may grow. There is a continuous
need to increase the agricultural production and, consequently, the income of farmers,
who are pressured by international markets to maintain production at competitive prices.
However, one major gap in the African agricultural sector is its inability to create and
sustain export chains for agricultural produce, driven by poor knowledge of target markets.
To that end, the commercial exploitation of an indigenous crop for the formulation of high
value products might have an important economic impact to the local economy.

Baobab fruit is an ideal trade product for villagers, since the crops are light to trans-
port, easily dried, and readily accessible. However, in the majority of countries it goes
to waste because of the lack of demand and knowledge of the fruit properties. More
specifically, baobab, as an important source of polysaccharides, has not been fully exploited
due to limited information on its properties. With the knowledge gained from this re-
search, polysaccharides that improve the performance of food systems could be developed.
Furthermore, the application of baobab polysaccharides may not be limited to the food
industry and could be expanded to the cosmetics and pharmaceutical industries.

Another significant impact that baobab can have to the local community is to help
promote gender equality, since, traditionally, women are in charge of the baobab trees. An
Africa-inspired health food brand and social business has been using baobab fruit as a key
ingredient for their health and beauty products, in collaboration with Ghanaian partners.
The company has been promoting the use of baobab worldwide, by developing an online
campaign #MakeBaobabFamous, showcasing the importance of the crop to the local society
and economy. They state that over 1000 women have been working with them, either by
harvesting the baobab fruits or in the processing centre. This has led to an increase in their
annual income from £9 to £119, enabling the women to provide food, education, healthcare,
and other basic needs for their families [10].

Focusing on Nigeria, which is the case study region for our research, an area of ap-
plication for these polysaccharides could be the flour and baking industry. This would
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strengthen the use of indigenous flours and increase the income of local farmers. Nigeria’s
agricultural policies aim at accelerating industrialisation through research and develop-
ment into utilisation and value addition of under-utilised agricultural commodities, such
as baobab. This can lead to sustainable economic growth and employment, improved
agricultural production and a new income source for small scale food producers or ru-
ral population who harvest and sell such commodities in local markets. During the past
decade, the Nigerian Government initiated a policy on 10% cassava flour inclusion in bread,
as part of efforts to boost the utilisation and create markets for farmers and small/medium
scale processors. The program drove the demand for cassava, increasing productivity by
approximately 10 million tonnes in six years, making, temporarily, Nigeria a top world
producer. Similarly, baobab polysaccharides can be used as a natural improver in wheat-
cassava breads and subsequently increase the market demand for baobab.

1.3. Research Objectives

Functional polysaccharides, with their ability to modify rheology of food systems,
can ultimately improve baking quality of composite flours and enhance the use of locally
produced non-wheat flours. The industrial exploitation of polysaccharides depends on an
understanding of their characteristics. Therefore, it is critical to isolate and characterise
baobab polysaccharides, if they are to serve as raw materials in industrial applications
and create value for Nigeria. An assessment of the economic viability of extracting such
polysaccharides on a large scale is equally important, along with investigating the potential
market for such products.

The present work evaluates the extraction of polysaccharides in a bench scale plant,
focusing on the yield and the techno-economic assessment of the process. The objective
was to determine indicative production costs of baobab polysaccharides under realistic
scenarios and to estimate the minimum selling price of the polysaccharide in order to make
the process economically viable. The novelty of this paper is not on the methodology used,
but on the actual case study examined. To the best of our knowledge, there is no study
in literature presenting both a technoeconomic assessment and a scale-up analysis of a
polysaccharide extraction unit from baobab. Therefore, this study aims to pave the way for
the development of the baobab market in Nigeria and other African countries. The positive
results indicated by this study can lead to the wider exploitation of baobab leaves and
crops and have a significant positive impact to the local economy. The development of new
baobab processing plants can be supported by the findings of this study and new jobs can
be created for the local workforce. Moreover, the development of the baobab market can
give women a chance to harvest and sell their own product, increase their annual income,
and reduce the social inequalities in the region.

2. Materials and Methods

The following section summarises the materials and methods used to isolate pectin
from baobab on a bench scale unit. The reported parameters and the corresponding values
are those that have been deemed critical for the technoeconomic analysis and the scale up
process. Before the bench scale extraction, processing 1 kg of baobab, a smaller laboratory
scale extraction, processing 100 g of baobab, was performed to optimise the process. The
detailed description of both experimental methods as well as the physical and chemical
properties of the extracted polysaccharides have been presented in [11].

2.1. Materials

Two different types of baobab varieties were examined: one with oblong and another
with oval shape fruits. Moreover, two different parts of the baobab tree were analysed,
i.e., leaves and fruits. Fresh baobab leaves and fruit pulp have been bought from local
Nigerian markets. They have been processed (dried at 45 °C and grinded to a fine powder)
at the University of Ibadan in Nigeria and shipped to the University of Huddersfield for
extraction and analysis.
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The isolation protocol used to extract polysaccharides from baobab was based on
previous work of the authors on pectin extraction from lemons and arabinoxylans from
sugarcane bagasse [12,13]. All buffer salts, monosodium phosphate monohydrate, dis-
odium phosphate heptahydrate, sodium azide, isopropanol, and ethanol were of analytical
grade and were purchased from Sigma Aldrich.

The bench scale plant, used for the polysaccharide extraction (Figure 1), consists of
a mash tank (A), and a distillation column (B), part of the GUNT CE 640 Biotechnical
Production of Ethanol unit. The unit is located at the Chemical Engineering lab of the
School of Applied Sciences at the University of Huddersfield. The mash tank, used for the
aqueous extraction process, is made of stainless steel and has a capacity of 60 L (cylindrical
shape with maximum diameter of 341 mm and maximum height of 675 mm). The contents
of the tank can be heated either directly, by injecting steam from the bottom of the vessel
through a jet (which leads to an increase of the liquid content by around 15%), or indirectly,
by circulating hot water (up to 80 °C) in the jacket of the vessel. The stirrer speed ranges
from 105 to 200 rpm. The distillation unit is a modified boiler heater with water bath,
with a capacity of approximately 40 L. The still and the dephlegmator are made of copper
whereas the condenser and the water bath are made of stainless steel. The stirrer speed is
constant at 135 rpm. A programmable logic controller (PLC) controller is available in order
to monitor and control the major experimental variables (temperature, pH, stirring speed).

Figure 1. Extraction facility—(A) Extraction tank and (B) Distillation column.

2.2. Isolation of Baobab Polysaccharides

Figure 2 describes the isolation protocol used to extract polysaccharides from baobab
leaves and fruits. A baobab sample (1 kg) was mixed with water (at a mass ratio of 1:25)
and chemical reagents to control the pH. The mixture was then added to the mash tank,
where it was heated to 80 °C for 1 h in the jacketed tank with continuous stirring, in order to
carry out the aqueous extraction. To achieve a quicker result, a continuous steam injection
was selected for heating, until the temperature reached the desired value. However, the
jacket was also filled with hot water before the beginning of the process, in order to reduce
the heat loss to the environment.
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Figure 2. Isolation protocol of polysaccharides from baobab.

Subsequently, the extracted material was cooled down and neutralised at 25 °C. The
next two steps involved the centrifugation and ultrafiltration of the mixture with a 10 kDa
molecular weight cut-off membrane in order to remove impurities and concentrate the
extracted material. The extracted material was then mixed with ethanol at a 1:2 volume ratio
and was stored overnight at 4 °C, so that most alcohol insoluble solids can be obtained.
Finally, the precipitate was centrifuged and washed with isopropanol and then oven
dried at 70 °C for 1 h. In order to improve the viability of the process, the recycling
of the ethanol waste stream (Recycling Scenario in Figure 2), which was produced as a
result of the precipitation, was examined. For that reason, the distillation column was
operated (Figure 1B), to separate and obtain pure ethanol, which could then be reused in
the precipitation step.
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Table 1 presents the yields and molecular weights of baobab polysaccharides that
were extracted from the two different varieties of baobab leaves and fruits. Clearly, there
was a significant difference in yield between leaves and fruits, which indicates structural
variations of the polysaccharide backbone, as the same extraction protocol was followed
for all samples. In addition, the weight-average molecular weight (Mw) was evaluated by
size exclusion chromatography (SEC) coupled to a multi-angle light scattering detector
(SEC-MALS). Polysaccharide solutions were filtered using a 0.45 pm syringe filter before
being injected [11]. It was visually observed that the polysaccharide extracted from the
leaves were more viscous than those in fruits, as the molecular weight was higher. Since
the fruits had a higher yield than the leaves, and since they are the only part of the plant
that is approved for consumption in Europe (and, therefore, of economic significance), it
was decided that the present work would focus on polysaccharides extracts from baobab
fruits (which from here onwards will be referred to as baobab) and the technoeconomic
assessment of this process.

Table 1. Yield and molecular weight of baobab polysaccharides extracted from baobab leaves

and fruits.
Baobab Polysaccharide (g Polysaccharide/100 g of My x 103
Dry Raw Material) (g/mol)
Oval leaves 24 605
Oblong leaves 6.0 704
Oval fruit 30.2 132
Oblong fruit 29.5 55

2.3. Technoeconomic Assessment

The technoeconomic assesssment of the polysaccharide extraction process is per-
formed in three steps. The first step includes a preliminary economic analysis of the bench
scale extraction process, for both examined scenarios (with and without ethanol recycling).
The assessment is based solely on the resources consumed during the experimental process
and estimates the break-even price for the final product (the extracted polysaccharide), i.e.,
the minimum selling price that would achieve at least zero profit. If this price is comparable
to the commercial prices of similar polysaccharides, then the corresponding scenarios are
selected for the second step, the scale-up analysis.

The scale-up analysis is based on the approach presented in [14], which has been
widely applied in various chemical engineering scale up studies. The scaled-up polysac-
charide extraction process was evaluated for a 15-year project life time, assuming the plant
to be operational for 330 days/year. Initially it is assumed that the plant will operate in
the UK. Its economic assessment is based on the simple payback period. The target set
is a payback period of six years, and the break-even price of the final product that can
achieve that target is estimated. This price is again compared to the commercial prices
of similar products. The scenario(s) that are found to be viable are then assessed in a
Nigerian environment (third step). All assumptions remain the same, but the prices/costs
are adapted to the local economy.

The assumptions used and the results of these three steps are presented in detail in
the following three respective Sections 3.1-3.3.

3. Results
3.1. Economic Analysis for the Bench Scale Extraction

A preliminary economic analysis for both scenarios (with/without ethanol recycling)
was been performed to determine the economic viability of the process, based on the
bench scale extraction. In addition, Table 2 reports the operating costs of the raw materials,
utilities and chemicals that were used during the extraction. The prices of the chemicals
were extracted from the websites of common industrial suppliers for the largest quantity
available, industrial use prices were assumed for the utilities, and the price of baobab for
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bulk purchase for the UK was quoted from an online seller (Source: Personal Communica-
tion in 2019). It was also assumed that steam is being produced onsite by a gas fired boiler
with a typical efficiency of 85%. Natural gas price was taken as 2 p per kWh [15] whereas
the calorific value was assumed to be 40 MJ/m?.

Table 2. Purchase price of raw materials, utilities, and chemicals.

Components/Utilities Unit Price
Baobab Fruits 8£/kg
Monosodium phosphate monohydrate 17.54£/kg
Disodium phosphate heptahydrate 25.97£/kg
Sodium azide 80£/kg
Ethanol 2.84£/L
Isopropanol 2.19£/L
Steam (3 bar) 11.13£/m3
Water 0.001£/L
Electricity 0.1£/kWh

Table 3 presents the operating costs for each stage of the polysaccharide extraction
and the overall cost for both scenarios (base case and with ethanol recycling). For the base
scenario, the total operating cost is estimated to be 63.8£/kg of raw material. It is observed
that the most critical stages are the precipitation (accounting for 62% of the total cost), due
to large amounts of alcohol used, and the extraction (23%) stage. Finally, 13% is allocated
to the pre-experiment stage, which includes the shipping costs of raw material. For the
ethanol recycling scenario, the total processing cost is lower, reaching only 31.5£/kg of raw
material. In this case, the most critical steps are extraction (47%) and pre-experiment (25%)
with precipitation accounting only for 17% of the total cost.

Table 3. Operating costs (in £/kg of processed baobab) per extraction stage.

Stage Base Scenario Ethanol Recycling
Pre-Experiment 8.0 8.0
Extraction 31.9 31.9
Centrifugation 0.8 0.8
Ultrafiltration 0.3 0.3
Precipitation 39.6 5.5
Centrifugation 0.3 0.3
Oven Drying 0.1 0.1
Distillation 0.0 1.8
Total Operating cost 81.0 48.7

Combining the operating cost with the average polysaccharide yield, which is approx-
imately 300 g/kg of raw material, the average cost per 100 g of extracted polysaccharide
is estimated to be 21.1£/100 g, for the base scenario, and 10.4£/100 g, for the ethanol
recycling scenario. These values correspond to the break-even price for the final product
of the extraction process, i.e., the minimum price that the extracted polysaccharide could
be sold, and at the same time the total cost and the total revenues would be equal. These
values are similar to the price of commercially extracted pectin at large scale. However,
they are much higher compared to the actual production cost of commercial pectin. For
that purpose, a scale up analysis was performed, to assess if the overall cost would drop,
and, thus, the potential profit of an industrial extraction plant would be higher, rendering
such an investment viable.

3.2. Profitability Analysis of a Scaled-Up Extraction Plant

It was assumed that a batch process will operate at the facility, and the daily processed
mass of baobab at the plant will be 100 kg, with an expected yield of 30 kg of polysaccharide
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per day. The construction year was assumed to be 2018, with a construction period of six
months. All the purchase costs for the plant were estimated according to [14] and calculated
in British Pounds (£). Due to lack of data, the capital cost of the ultrafiltration unit was
estimated from [16]. All capital costs have been brought forward for the construction year
2018 based on the Chemical Engineering Plant Cost Index. The indirect cost factors for
the physical plant cost, the fixed capital cost, and the total investment required were also
extracted from [14] and presented in Table 4.

Table 4. Indirect cost factors.

Physical Plant Cost Factors % of the Purchase Cost
Equipment Erection 0.4
Piping 0.7
Instrumentation 0.2
Electrical 0.1
Buildings 0.1
Site Development 0.05
Fixed Capital Cost Factors % of the Physical Plant Cost
Design and Engineering 0.3
Contingencies 0.1
Total Investment Cost Factors % of the Fixed Capital Cost
Working Capital 0.05

Table 5 illustrates the purchase costs of the equipment (PCE), the physical plant cost
(PPC), the fixed capital cost (FCE), and the total investment required for each of the two
scenarios. Under ethanol recycling, all costs are slightly higher, as expected, because of the
distillation column used to recover the ethanol.

Table 5. Total investment required for a scaled-up extraction plant (in £2018).

Stage Base Case (£) Ethanol Recycling (£)

Pre-Experiment 18,100 18,100
Extraction 31,400 31,400
Separation 32,000 32,000
Distillation 0 17,800
Storage /Miscellaneous 37,700 37,700
PCE 119,200 137,000

PPC 304,200 349,600

FCE 426,000 489,500

Total Investment 447,300 514,000

Regarding the operating and variable costs, all the relevant values for labour, facility-
dependent costs (e.g., maintenance, depreciation, insurance, local taxes), and other miscel-
laneous costs were extracted from [17,18] and are presented in Table 6. The raw material,
chemicals, and utilities prices presented in Table 2 were also used in this part of the analysis,
whereas the basic labour rate was extracted from [19].
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Table 6. Assumptions for variable costs calculations.

Labour Assumption
Tanks 0.4 workers/unit/shift
Dryers 0.5 workers /unit/shift
Ultrafiltration 0.5 workers/unit/shift
Centrifuge 0.5 workers/unit/shift
Grinder 0.4 workers/unit/shift
Basic labour rate 19 (£/h)
Supervision 15% of total labour
Administration 60% of total labour
Fringe benefits 40% of total labour
Labour Assumption
Maintenance 10% of PPC
Insurance 1% of FCE
Local taxes 2% of FCE
Factory expenses 5% of FCE
Labour Assumption
Laboratory/QC/QA 15% of total labour

Table 7 analyses the raw materials and utilities related annual costs for each scenario,
highlighting the huge difference in the cost between the base case and the ethanol recy-
cling scenario. Clearly, it can be observed that the subtotal for raw materials in the base
case is almost four times higher (1,834,500£/ year) than in the ethanol recycling scenario
(528,000£/ year). In contrast, the total value for utilities is slightly increased in the ethanol
recycling scenario, due to the higher energy requirements as a result of the distillation
column.

Table 7. Total annual variable costs (in £2018/year).

Stage Base Case Ethanol Recycling
Raw Materials 1,834,500 528,000
Baobab (incl. shipping cost) 264,000 264,000
Monosodium phosphate monohydrate 171,900 171,900
Disodium phosphate heptahydrate 78,900 78,900
Sodium azide 13,200 13,200
Ethanol 1,126,000 N/A
Isopropanol 180,500 N/A
Utilities 838,000 897,800
Energy 830,000 889,400
Water 8000 8400
Labour 474,000 544,000
Facility 64,500 74,000
Miscellaneous 105,000 121,000
Total 3,316,000 2,164,800

Table 7 also summarises the raw material annual costs for each scenario as well as the
utilities, the labour related and facility dependant annual operating costs for each scenario.
Clearly, the ethanol recycling option and the subsequent addition of the distillation column
increased the total utilities cost by approximately 10%, because of the higher energy require-
ments. The labour and the facility-dependent costs also increased after the implementation
of the ethanol recycling scenario. However, the total annual variable costs were decreased
by approximately 35%, due to the significant savings in solvent usage.

Since the polysaccharide extraction from baobab is a novel process, it is difficult and
uncertain to assume a specific price for the final product in order to calculate the expected
revenues and, thus, assess the economic viability of the investment. For that reason, the
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production cost of the polysaccharide was calculated for a minimum acceptable economic
result, as expressed by the payback period, one of the most commonly used criteria for
the economic performance assessment of a plant [17,20]. Table 8 summarises all the costs
and the expected revenue from selling the final product for both scenarios, assuming
corporation tax set at 30% and linear depreciation for the 15 years of the plant life. The
minimum profitable selling price in determined for payback period of six years (which
would give a return on investment of approximately 16.7%).

Table 8. Profitability analysis.

Base Case Ethanol Recycling
Total Investment Required (£) 447,300 514,000
Total Variable Costs (£/year) 3,316,000 2,164,800
Total Revenue (£/year) 3,465,000 2,336,000
Gross Profit (£/year) 149,000 171,300
Taxes (30%) 44,700 51,400
Depreciation 29,800 34,300
Net Profit 74,500 85,600
Simple Payback Period (year) 6.00 6.00
Minimum Selling Price (£/100 g) 34.8 23.4

The estimated minimum profitable selling price ranges between £23 and £35 per 100 g
of polysaccharide and is comparable to the commercial selling price of high purity polysac-
charides (£40-60/100 g) [21]. However, the commercial selling price varies depending on
the functionality and may be lowered down to £2/100 g (Source: Personal Communication
with industrial pectin producer) for simple gelation applications. Considering that the
two major components of the total annual variable costs are the raw materials (including
shipping baobab from Nigeria to the UK) and the labour cost, it was decided to perform
the scale-up analysis under Nigerian conditions, i.e., build the extraction plant closer to the
source of the raw materials. This might make the investment more versatile, secure, and
competitive in the long term, under the uncertainty of the market and the global economy
and at the same time will have multiple benefits for the local economy and society.

3.3. Scale up and Implementation in Africa

Since the ethanol recycling scenario is more profitable than the base case, it was
decided that only this one would be assessed for a potential scale-up installation in Nigeria.
With respect to the purchase price of raw materials and utilities, appropriate values were
used. When values in literature were found in Nigerian Naira (NGN), the conversion used
is £1 = 450 NGN.

Electricity prices in Nigeria range from £0.01 to 0.4 per kWh [22,23] and an average
value of £0.15 per kWh was used for the analysis. Steam prices were considered to be equal
to £28.5 per m®. It was assumed that steam is produced on site using a diesel boiler with a
typical efficiency of 85%. The price for diesel in Nigeria was taken as £0.55 per litre [24], with
typical density of 0.85 kg/L and calorific value of 45.5 MJ/kg. Water price was assumed to
be 0.125p per L [25]. Finally, shipping costs for baobab were assumed to be equal to zero
since the plant is going to be installed close to the baobab crop collection facilities.

The other two changes in the data used compared with the UK economic analysis
were the labour cost, which was assumed to be £0.5 per hour [26] and the corporation
tax was set at 32%. The capital costs were initially assumed to be the same, since there
were no detailed data for all the different components. However, a sensitivity analysis was
performed to consider a potential over or underestimation of the total capital/installation
cost. The minimum profitable selling price was again determined for payback period of six
years (which would give a return on investment of approximately 16.7%), and was found
to be £27 per 100 g. The value is comparable to the UK-based scenarios, meaning that the
implementation of the plant is potentially viable and profitable in the Nigerian economy.
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Through the comparison presented in Table 9, it was observed that the major component
that affected the final product prices, and, thus, the viability of the plant, was the cost of
utilities (mostly steam).

Table 9. Total annual variable costs (in £2018/year).

Stage Ethanol Recycling (UK) Ethanol Recycling (NIG)
Raw Materials 528,000 264,000
Utilities 897,800 2,190,000
Labour 544,000 14,000
Facility 74,000 74,000
Miscellaneous 121,000 75,000
Total 2,164,800 2,617,000

For that reason and due to the uncertainties in the estimation of the economic input,
a sensitivity analysis was performed to estimate the overall range of the final product
price. Steam price, electricity price, and capital costs were chosen as the three uncertain
variables. Five alternative values were chosen for each; the base value, +25% and £+50%
compared to the base value. The results presented in Figure 3 show that the impact of
uncertainty in capital cost and price of electricity does not significantly affect the viability of
the project. On the contrary, fluctuations in the steam price (and the respective fluctuations
in the diesel price) play a critical role in the final decision. In the best-case scenario, the
minimum profitable price might even drop below £20/100 g, leaving a bigger margin for
profit and making the product more competitive than existing commercial products. Thus,
it is critical to perform a more detailed market analysis regarding the steam producing unit
and the fuel that would be used, considering not only the efficiency of the boiler but also
parameters such as the stability of the price and its long-term variations. A biomass-fired
boiler might be even considered an option in this case, with slightly lower overall efficiency
but also locally sourced and cheaper fuel [27].
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Figure 3. Sensitivity analysis for the final product price.

4. Discussion

An economic viability assessment was performed for the isolation and extraction of
baobab polysaccharides on a large scale and the potential market for such products were
examined. As the extraction process uses large amounts of ethanol for the polysaccharide
precipitation (accounting for 62% of the total cost), this allows the opportunity to investigate
two alternative scenarios: a base case (without ethanol recycling) and a circular scenario
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with ethanol recycling. For this reason, a preliminary economic analysis for both scenarios
(with/without ethanol recycling) was performed to determine the economic viability of the
process, based on the bench scale extraction and considering all the capital and operating
costs. The results showed that the average cost per 100 g of extracted polysaccharide was
estimated to be 33.9£/100 g, for the base scenario, and 22.5£/100 g, for the ethanol recycling
scenario by combining the operating cost with the average polysaccharide yield. The
values were similar to the price of commercial pectin; however, they were higher compared
to the actual production cost of commercial pectin. In addition, a scale up analysis was
evaluated for a 15-year project lifetime, to assess if the overall cost would drop, and, thus,
the potential profit of an industrial extraction plant would be higher, rendering such an
investment viable.

However, as the polysaccharide extraction from baobab is a novel process, it was
difficult and uncertain to assume a specific price for the final product in order to calculate
the expected revenues and, thus, assess the economic viability of the investment. For
that purpose, the production cost of the polysaccharide was calculated for a minimum
acceptable economic result, as expressed by the payback period. The minimum profitable
selling price was estimated to be between £22 and £34 per 100 g of polysaccharide, which
was comparable to the commercial selling price of high purity polysaccharides. Since the
two major components of the total annual variable costs were the raw materials and the
labour cost, a scale-up analysis with the ethanol recycling scenario was examined under
Nigerian conditions, as it was the most profitable.

In addition, a sensitivity analysis was performed to estimate the overall range of
the final product price. The major component that affects the final product prices and,
thus, the viability of the plant, was the cost of utilities and mostly steam. The results
revealed that fluctuations in the steam price play a critical role although the best-case
scenario showed that the minimum profitable price might even drop below £20/100 g,
leaving a bigger margin for profit and making the product more competitive to existing
commercial ones. On this basis, a more detailed analysis on a case-by-case basis is necessary
to investigate more accurate values for purchase costs as well as alternative options for
steam production in order to optimize the baobab polysaccharide extraction process and to
establish a profitable price of baobab polysaccharide as a food or pharmaceutical ingredient.
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