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Abstract 
Tomato processing has been promoted as a pathway for reducing 
post-harvest losses and strengthening domestic value addition in 
Nigeria’s agri-food system. This study evaluates the economic viability 
of tomato processing enterprises in Kaduna and Oyo States using a 
10-year Benefit–Cost Analysis framework. Primary data were collected 
from all identified processors within wholesale markets and 
processing clusters in the two states. Investment 
indicators—including Benefit–Cost Ratio (BCR), Net Present Value 
(NPV), and Internal Rate of Return (IRR)—were estimated to assess 
long-term profitability. Results indicate that tomato processing is 
economically viable for MSMEs. BCRs exceed unity across all 
categories: pooled sample (2.37), custom millers (15.31), regular 
processors (1.89), Kaduna (2.20), and Oyo (2.98), with positive NPVs 
confirming financial feasibility. However, IRRs (2.36–8.17%) fall below 
the assumed 10% discount rate, suggesting that, while profitable, 
returns may be insufficient to attract large-scale private investment 
without policy support. Important cross-state differences also emerge, 
with start-up costs and revenues are in Kaduna, and stronger relative 
returns (higher BCR) seen in Oyo. Custom millers (who process 
customers’ tomatoes for a fee without owning the product) 
outperform regular processors in terms of capital efficiency. Overall, 
tomato processing is viable but constrained by scale, cost structure, 
and modest returns, indicating the need for supportive investment 
and market-stabilization policies.
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1. Introduction
Globally, approximately one-third of tomato production is said to be lost after harvest, with only about a quarter being
processed.1,2,3,4,5 Factors that explain this low rate of processing include inadequate logistics, poorly performing
processing industries, substandard packaging, insufficient storage facilities, and underdeveloped marketing channels.
In countries that rely partly on tomato imports, a high level of post-harvest loss widens the gap between supply and
demand.6,7,8

Developing the processing capabilities within the agrifood value chain can plausibly reduce post-harvest losses in
quantity and quality, thereby enhancing the benefits of increased production. The significance of processing as a critical
node in the tomato value chain cannot be overstated. The processing node also has implications for a country’s import
dependency. Nigeria is the second-largest producer of fresh tomatoes in Africa.9 At the same time, it ranks as the 13th
largest importer of tomato paste globally and the third in Africa.10 A robust processing sector can improve domestic
supply and reduce the country’s reliance on imported processed tomatoes. This strategy could therefore help Nigeria fully
leverage its comparative advantage in tomato production.

However, the establishment of a tomato processing plant requires significant capital investment. Processors often make
substantial investments in fixed capital, including processing plants and storage facilities, which are essential for handling
perishable products like tomatoes.11,12,13,14 For micro, small, or medium-sized enterprises (MSMEs) in Nigeria[1], this
cost burden may be prohibitive.

To promote the growth of Nigeria’s tomato processing industry, it is essential to understand the costs and revenues
associatedwithMSMEs engaged in this industry. A detailed benefit-cost analysis can provide insight into the profitability
and risks of tomato processing, helping policymakers identify key areas for support. This benefit-cost analysis of tomato
processing enterprises in Nigeria fills a gap in the literature to inform policy design and support for this crucial segment of
the tomato value chain.

This study examines the cost structure (both variable and fixed costs), revenue, and profitability of a typical tomato
processor; evaluates the long-term investment performance of a representative 10-year enterprise using the Net Present
Value (NPV), Benefit–Cost Ratio (BCR), and Internal Rate of Return (IRR); and analyzes how these metrics vary across
processor types (regular processors versus custommillers; nano-scale versus micro/small-scale; men versus women) and
across Oyo and Kaduna States.

2. Literature review
Processing is a crucial component of the development of the tomato value chain, particularly in countries likeNigeriawith
high production potential and a need to reduce post-harvest losses.15 In areas where fresh tomatoes may be challenging to
access or require considerable effort to obtain and preserve, processed tomato products such as tomato paste present a
convenient alternative. These products can be easily purchased from stores, offering greater convenience to consumers—
especially as more women enter the labour force and have limited time to source and preserve fresh foods.16 Processed
tomatoes, therefore, offer the utility of form, place, and time, catering to the evolving needs of urban households.

The COVID-19 pandemic has further exposed vulnerabilities in countries heavily reliant on food and agricultural
imports, underscoring a need for shorter value chains that emphasize market flexibility and predictability and help
producers minimize losses.17 Addressing these challenges involves introducing new technologies and innovative
solutions to improve infrastructure for fresh food markets and processing facilities, as well as enhancing post-harvest
management and cold chain capacity.17 This is in line with the World Bank 2030 agenda, in which processing is among
the approaches recommended to transform food systems in order to reduce post-harvest losses.18

Food systems encompass all activities involved in the production and consumption of food, from farm to fork to landfill.
This includes activities that produce, aggregate, process, distribute, consume, and dispose of food.19 Unfortunately, one-
third of all food produced globally is either lost or wasted, representing a significant economic loss and contributing to
global greenhouse gas emissions.20,21 In the absence of cold storage, surplus tomatoes will spoil unless they are
preserved. However, processing allows fresh tomato to be kept for longer periods. Well-preserved tomato products
can be kept for up to a year or more, depending on processing techniques and storage conditions.22 Enhancing the

[1]According to the 2021–2025 National Policy, MSMEs are categorised based on employee numbers and investment amounts: Nano/
Homestead enterprises, with 1–2 employees and a turnover of less than N3 million; micro enterprises: 3–9 employees and a turnover of N3–25
million; small enterprises: 10–49 employees and a turnover of 25+ but less than N100 million; and medium enterprises: 50–199 employees
and a turnover of N100+ but less than N1 billion.
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efficiency of food systems, particularly in the processing and distribution segments, is critical to reducing food loss and
waste and ensuring sustainable food security.18,23,24

There are different types, levels, and forms of tomato processing/preservation being done in Nigeria.15 Tomatoes have
very highmoisture content; without removing this moisture, they spoil rapidly, especially in tropical climates. To address
this, tomatoes are sometimes dried, usually in slices laid out on the ground. This introduces a risk to food safety as the
tomato product sometimes mixes with sand and other dirt. The process is weather-dependent and slow. In addition, this
drying process can be laborious if done at the local level. Manual labour associated with drying tomatoes includes placing
and rearranging the tomato slices, turning them to dry evenly, and protecting them from rain, night humidity, insects, and
contamination from dust or dirt. These tasks are time-consuming and require ongoing hands-on attention.25 Further value
can also be added by grinding the dried tomato into powder. While costs are minimal when this is done at the household
level, these activities require considerable capital investments in machinery if they are undertaken at a larger scale.
Another popular type of processing inNigeria is the production of tomato paste, which can be packaged in a sachet or a tin
and is broadly accepted in the Nigerian market.26

There is a wide variety of tomatoes cultivated in Nigeria, but only a few are considered suitable for processing.27 (When
there is a limited supply of suitable tomatoes, processing may not be profitable because the use of unsuitable varieties
undercuts the quality of the processed products. Quality traits in tomato varieties chosen for processing include taste,
colour, flavour, nutrient content, and other industrial usefulness.28

Many authors have noted the importance of vertical coordination in the agri-food supply chain as a cost minimisation
strategy.29,30,31,32,33 Productive partnerships among tomato producers and processors are a kind of vertical integration
characterised by collaboration among independent firms. The partners share interests as well as knowledge and resources
to improve the outcomes of supply chain activity. This can take different organizational forms such as stable, long-term,
and trust-based cooperation or contracts.34 Vertical coordination in the tomato supply chain can take the form of tomato
producers who produce only for a particular processing company for the sole aim of processing, and this is aimed at
sustaining the flow of supply and quality.35,36

One of the main reasons that processors enter into contracts is the ability to control input supplies. Processors use
contracts to achieve uniformity and predictability to suit consumers, but they also benefit from reduced costs in
processing, packaging, and grading.37,38,39,40 Theoretically, vertical coordination is more likely to favour large-scale
farming. However, processors in many developing economies depend on many small-scale farmers for their tomato
supply, thus incurring high costs to assemble the needed quantity to support production. Some studies have shown that
wholesale tradersmost often bridge the gap by purchasing from small-scale farmers and supplying the processorswith the
needed quantity and quality.41

The global literature has established that the processing of tomatoes is capital-intensive because it involves various types
of equipment and, like other enterprises in the food and beverage sector, it can sometimes consume a high amount of
energy and water for various processes.42 However, there is a dearth of focused assessments to ascertain whether tomato
processing is worth the heavy investment, either on a small or large scale, especially in a developing economy like
Nigeria. Notably, tomato production is seasonal, especially in many developing countries, including Nigeria. Coupled
with small-scale production, as earlier highlighted, this may affect the profitability of a tomato processing firm.

Much of the existing literature on the tomato value chain in developing countries has focused on production and
marketing. Research has predominantly examined production efficiency,43 post-harvest losses,44 and marketing strat-
egies, with limited attention to the processing sector, and few studies address the profitability of processing.45 A few
studies have analysed the activities of the tomato processor by studying the importance of water use efficiency in tomato
processing,42 though this did not take the form of a comprehensive benefit-cost analysis. This study aims to fill this gap by
conducting a rigorous assessment of the profitability of tomato processing enterprises in Nigeria. The general objective is
to measure the overall profitability of tomato processing enterprises, with attention to start-up costs and durable
investments in addition to variable costs.

A comparison among scale of production can help determine whether it is worthwhile to produce at a nano scale or micro/
small scale, depending on the return on every N1 spent on investment. It is expected that the NPV, BCR, and IRR of
micro/small scale processors will be far higher than at the nano scale level of production.

A comparison across geographies can indicatewhether becoming a tomato processor is relativelymoreworthwhile (or even
not worthwhile) in Kaduna and Oyo State. Processing investment in Kaduna benefits from abundant and cheaper raw
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materials, making large-scale or semi-industrial processingmore economically viable. On the other hand, rawmaterial costs
are typically higher in Oyo, which may reduce processing margins unless compensated by higher product prices.

A comparison across genders can shed light on whether becoming a tomato processor is more worthwhile for men or for
women. A comparison across different types of processors can indicate whether it is preferable to become a custommiller
(a processor that sells their processing services for a fee but does not ever own the product) or a regular processor (one that
purchases and takes ownership of the tomato before processing and reselling it as processed product).

3. Materials and methods
3.1 The study area
The study area for this research was Oyo and Kaduna States in Nigeria (Figure 1). Oyo State is in southwestern Nigeria,
with the capital city of Ibadan. It is the sixth most populated state in Nigeria, with a projected population of 7,976,100 in
2022. Oyo State has an equatorial climate with distinct wet and dry seasons. The dry season lasts from November to
March, and the wet season lasts from April to October. It is 28,454 square kilometers in area, making it the 14th largest
state inNigeria. It is bordered byKwara State to the north, Osun State to the east, Ogun State to the south, and theRepublic
of Benin to the west. The economy of Oyo State is primarily based on agriculture and handicrafts, and the main
agricultural products include tomato, yams, corn, cassava, beans,millet, plantains, tobacco, cacao, palm oil, palm kernels,
cotton, kola nuts, indigo, and fruits.

Kaduna State is located in northwest Nigeria and is one of the country’s most prominent states in terms of landmass and
population. It is the fourth largest state by area and the third most populous in Nigeria, with an estimated population of
about 8.9 million people as of 2021. The state is widely recognized as a major hub for agriculture and trade and is often
referred to as a “Centre of Learning” due to the presence of numerous educational institutions. Geographically, Kaduna
State lies within theGuinea Savannah ecological zone and experiences a tropical climate characterized by distinct wet and

Figure 1. Study sites.
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dry seasons. It shares boundaries with Niger, Zamfara, Katsina, Kano, Bauchi, and Plateau States, as well as the Federal
Capital Territory, Abuja. The state is traversed by the Kaduna River, which supports agricultural activities, including
tomato production and processing.

Both states were selected because of their important role in tomato production in their respective regions (APS, 2020) and
to other regions (such as Kaduna supplying tomatoes to the South including Oyo State; and Oyo State farmers supplying
the South, including major cities in the state such as Ibadan).

3.2 Sampling and data collection
This study is based on the universe of tomato processors identified in the two study states, Oyo andKaduna. In each state,
we listed all processors found in wholesale markets, as well as in processing clusters. This listing of tomato processors
was supplemented by data from the Small andMedium Enterprise Development Association of Nigeria (SMEDAN) and
the National Association of SMES (NASME) in each state, as well as various donor projects operating in the horticultural
sector in each state. A snowball sampling method (applied to identified processors) was used to identify additional
processors. The universe of identified tomato processors was included in the study, with a total sample of 317 (156 in
Oyo, 161 in Kaduna). Questionnaire administration was done between June 2024 and February 2025 to each processor
identified. The questionnaires collected detailed data on the tomato processors’ business operations over the November
2023 to October 2024 reference period, making it possible to calculate their annual costs and revenues.

The sampling exercise revealed two distinct types of processors: regular processors (196 out of 317) and custom millers
(121 out of 317). Regular processors procure raw tomato and transform the produce into various value-added forms such
as dried tomatoes, paste, and chopped products for onward sale. In contrast, custommillers function as service providers.
Equipped with milling and blending machinery, they process tomatoes on behalf of clients who supply their own raw
produce. Their revenue is fee-based and confined strictly to processing services, without engagement in raw material
procurement or product marketing.

3.3 Benefit-Cost analysis
Benefit-cost analysis (BCA) is a decision-making tool that aids in evaluating the economic feasibility of an investment by
assessing the costs and comparing them to the benefits.46 BCA is used in investigating and evaluating a project or
investment to maximise allocative efficiency,47 and the BCA process entails producing a discounted stream of costs and
benefits over a certain time period. These values can be combined to calculate the Net Present Value (NPV) and the
benefit-cost ratio (BCR) of a project or investment.48 The NPV can also be used to determine which investment
(or variation of an investment) performs better among several alternatives when they all have positive NPV. The
investment with the largest NPV is considered to be the best.47

The data on tomato processors in Oyo andKaduna States are analysed using BCA. Three decision metrics of profitability
were used, namely NPV, BCR, and Internal Rate of Return (IRR).

The NPV is the value of the discounted future net benefits.47 A project or adaptation practice with an NPV > 0 is deemed
viable and should be adopted. A project is rejected if otherwise (i.e., NPV < 0). The functional model is given as:

NPV¼
Xn

t¼0

CFt

1þ ið Þt

where CFt= Cash flow in year t:

i = Discount rate

The discount rate is an important parameter used in BCA. It captures the time value of a reward—in other words, howmuch
reward at handwould equal a promised reward at a future time.49 Analysts discount future costs and benefits so that all costs
and benefits are in a common metric—the present value.47 The discount rate is generally higher in lower-income settings,
where people need to prioritize their current needs over a future reward. These relatively high discount rates capture liquidity
constraints and stronger preferences for present consumption over future gains.47 In Nigeria, private investment discount
rates commonly range between 15% and 30%, reflecting high lending rates, inflation volatility, and macroeconomic risk.
Public-sector appraisals, however, typically apply lower social discount rates between 8% and 15%.

The IRR is the discount rate which gives the project an NPV of zero. The IRR can then be compared with the
predetermined discount rate. The decision rule is to consider implementing a project (or establishing an enterprise) if
the calculated IRR is greater than the predetermined discount rate (IRR>i).
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The Benefit Cost Ratio (BCR) measures the viability of a business venture. BCR will be estimated as in the equation
below:

BCR¼
Pn

t¼0
Bt

1þið ÞtPn
t¼0

Ct

1þið Þt
¼Discounted Revenues

Discounted Costs

The decision rule, in this case, is similar to that of NPV, where an enterprise is deemed worthwhile if the ratio is positive
and greater than 1. This implies that the benefits realised can completely offset the costs incurred, with some residual
benefits.

3.4 Model structure
The BCA in this paper is based on a 10-year time horizon for a typical tomato processor in our study site. Key parameters
include start-up costs, variable costs (including the cost of tomato inputs), and revenues (income from the sale of
processed tomato products). In each case, the mean value was used to generate parameters that characterize a “typical”
tomato processor enterprise.

Noting that tomato processors seem to operate on a smaller scale when they are very young (as will be demonstrated in
section 5), the model assumes that the processor incurs one-third of the average annual costs and receives one-third of the
average annual benefits in the first year of the enterprise’s lifespan. For year 2, the processor incurs two-thirds of the
average annual costs and sees two-thirds of the average annual benefits. For years 3 through 10, the full values of these
two parameters are used.

Respondents reported their fixed costs as of the year each cost was incurred. To undertake a BCA, all historical
expenditures were inflated to 2024 naira such that year 0 of themodelled enterprise was 2024, and themodel extends from
2024 to 2034. At the 5-year mark, halfway through the enterprise’s modelled lifespan, the enterprise replaces 50% of its
purchased equipment (i.e., it incurs a cost in this year that is 50% of the value of any start-up costs).

As noted, in estimating the cash flow of an enterprise, there are fixed costs associated with long-term operation. All
purchased processor equipment/vehicles are depreciated using a rule-of-thumb that 10% of the remaining value is lost
each year. In year 10 (the final year of the enterprise’s modelled operations), a “salvage value” is calculated for all
purchased equipment and vehicles. This is the value of the item that remains after 10 years, and it enters the model as a
benefit in the final year.

As noted, a key parameter in any BCA is the discount rate, or the rate at which future streams of income are discounted in
the eyes of the business owner. We follow the example of Akinyi et al.46 and use a discount rate of 10% for Nigeria. This
value reflects an appropriate social opportunity cost of capital in a developing-country context. In development
economics, discount rates used for project appraisal typically range between 8% and 15%, particularly where the
analysis evaluates medium-term productive investments with broader economic and social implications rather than
purely private commercial returns. A 10% rate balances the need to account for time preferences and capital scarcity while
avoiding the distortion that excessively high market lending rates may introduce in smallholder and MSME-level
agrifood investments. It is widely applied in cost–benefit analysis of agricultural and rural development projects,
especially in low- and middle-income countries, where it approximates the social opportunity cost of capital rather than
short-term commercial borrowing costs.47,50,51 Using 10% therefore ensures comparability with established development
appraisal standards while providing a conservative yet realistic benchmark for evaluating the long-term viability of
tomato processing enterprises over the 10-year investment horizon.

4. Results
4.1 Descriptive analysis
4.1.1 Characteristics of processors and enterprises

The descriptive results indicate a clear gender and spatial pattern in tomato processing activities across the study areas
(Table 1). Overall, male processors dominate the sector, with a higher concentration observed in Kaduna State (94%
male). In contrast, Oyo State records a higher proportion of female processors (62% female). Custommillers also show a
higher concentration of female processors (55% female) compared to regular processors (20% female). In Kaduna, it is
very rare to find any female regular processors (1%), whereas in Oyo, about half (52%) of the regular processors are
female. In Kaduna, custommillers are 21% female, whereas this value is 71% for custommillers in Oyo. This distribution
reflects regional and cultural differences in processing roles within the tomato value chain.
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The mean age of processors across all categories is approximately 43 years, placing them within Nigeria’s economically
active population. This suggests that tomato processing is largely undertaken by individuals in their productive years,
who are capable of making meaningful contributions to the agro-processing subsector and the broader economy.

In terms of educational attainment, themajority of processors possess basic formal education: about 89% have completed
primary education, while approximately 50% have attained secondary education. Female processors were found to be
relatively more educated than their male counterparts, a factor that may influence enterprise management decisions,
technology use, and processing choices.

Multiple tomato processing methods were identified in the study (Table 2), with sun-dried tomato processing undertaken
by the largest share of processors in the sample (56%). Dried tomato products are more commonly produced in Kaduna
State in northern Nigeria; this is due to a surplus of fresh tomato supply and favourable climatic conditions characterized
by abundant sunshine and lower humidity, which facilitates sun-drying. Conversely, blended or ground tomato
processing, largely undertaken through custom milling, was more prominent among female processors in Oyo State.
This pattern may be attributed to prevailing socio-cultural norms in southern Nigeria, where tomato blending is
commonly perceived as a market- and neighbourhood-based activity traditionally carried out by women.

The scale distribution reveals that more than half of the processors operate at the nano level, with some in the micro
category and very few in the small-scale category. This underscores the predominantly small-scale and informal nature of
tomato processing enterprises in the study area.

4.1.2 Start-up cost analysis

Start-up costs for a tomato processing enterprise include the costs associated with license and registration, as well as any
equipment or other assets that are purchased. The average start-up costs of tomato processors are presented in Table 3.
These results reveal notable variation across processor types, locations, gender, and scale of operation. Regular
processors require higher start-up capital compared to custom millers, with start-up costs generally higher in Kaduna

Table 1. Basic characteristics of tomato processors.

All Processor type State Gender Scale of
enterprise

Regular
processors

Custom
millers

Kaduna Oyo Male Female Nano Micro/
small

Gender of
ownership (%)

Male only 66 80 43 94 38 100 0 64 71

Female only 33 20 55 5.6 62 0 98 35 29

Male and
femalea

0.63 0 1.7 0.62 0.64 0 1.9 0.96 0

Age (mean)

Age of owner
(years)

43 43 43 40 46 41 47 42 45

Education (%)

Completed
primary
school

89 87 92 83 95 86 93 89 88

Completed
secondary
school

50 46 58 42 60 48 55 51 50

State (%)

Kaduna 51 63 31 100 0 72 9.3 53 46

Oyo 49 37 69 0 100 28 91 47 54

aJointly (male and female) ownedbusinesses are classified as female-ownedwhen the sample is disaggregated by gender. This is because,
in both cases, a female was the respondent for the survey.
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State than in Oyo State. Start-up investment is also higher among women than men and among micro/small-scale
processors compared to nano-scale operators.

Across all categories, expenditure on vehicles constitutes the largest proportion of start-up costs, followed by the
purchase of grinders/blenders and baskets (Table 4). Regular processors incur higher vehicle-related costs due to the need
to transport fresh tomatoes from farms or markets, whereas custommillers allocate a greater share of their start-up capital
to grinders and blenders, which are central to their operations.

InKaduna State, a larger proportion of start-up costs is devoted to vehicles, reflecting the dominance of regular processors
in the state. Both male and female processors allocate substantial portions of their start-up capital to vehicles and grinding
equipment. Notably, no expenditures on ovens were recorded across all categories, indicating minimal reliance on
mechanized drying technologies.

4.1.3 Variable cost analysis

The variable cost structure also differs significantly across processor categories (Table 5). Regular processors incur, on
average, 19 times the variable costs of custom millers, primarily due to expenditures on tomato purchase and vehicle
rental. Variable costs are also higher in Kaduna State than in Oyo State, reflecting the larger number of regular processors
in Kaduna. Additionally, male processors incur higher variable costs than female processors, largely because men are
more engaged in regular processing activities that involve tomato procurement.

Micro and small-scale processors record higher variable costs than nano-scale operators, consistent with their larger scale
of operation. Custom millers spend relatively more on packaging materials, electricity or fuel, and labour, while regular
processors incur higher costs for vehicle rental after tomato inputs.

An examination of the annual variable cost composition shows that tomato inputs, labour, and vehicle rental are themajor
cost components for most processors (Table 6). However, for custom millers, packaging materials and energy costs are
more prominent. This reflects the need for appropriate packaging to deliver blended tomato products and the energy
requirements of milling and blending machines.

Table 4. Distribution of start-up costs (%).

All Processor type State Gender Scale of
enterprise

Regular
processors

Custom
millers

Kaduna Oyo Male Female Nano Micro/
small

License and
registration

3.5 2.0 7.4 2.4 5.5 5.0 1.7 3.8 2.9

Assets (purchased)

Scales 0.8 1.1 0.0 0.3 1.6 0.3 1.3 0.3 1.6

Blenders
(grinder/milling
machine)

21.1 3.3 69.0 9.1 43.2 21.3 20.8 19.8 23.1

Racks (and
tarpaulin)

0.7 1.0 0.0 0.4 1.3 1.2 0.1 0.5 1.1

Furniture 5.7 5.6 6.0 5.8 5.5 7.4 3.7 4.9 6.9

Baskets/crates/
sacks

10.0 11.3 6.6 11.1 8.0 15.6 3.8 9.1 11.5

Phones 7.0 6.5 8.2 3.8 12.8 7.7 6.2 7.7 5.8

Other electronics 0.8 1.0 0.0 1.2 0.0 0.0 1.6 1.2 0.0

Ovens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Generators 0.1 0.2 0.0 0.0 0.3 0.2 0.0 0.0 0.3

Other tools/
equipment

4.1 5.1 1.5 5.3 1.8 0.9 7.8 5.2 2.3

Other assets
(excl. vehicles)

0.3 0.4 0.0 0.3 0.3 0.2 0.5 0.3 0.3

Vehicles 45.9 62.5 1.2 60.1 19.6 40.1 52.5 47.0 44.1
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4.1.4 Revenue analysis

Production output varies considerably across processing types (Table 7). Sun-dried tomato processors record the highest
average output, producing approximately 15,849 kg per processor at an average price of ₦3,204 per kilogram.[2] In
contrast, blended or ground tomato processors produce an average of 25,702 kg per processor at ₦618 per kilogram.
These differences likely reflect consumer preferences across northern and southern markets, as well as differences in
product form, shelf life, and pricing.

Despite differences in production processes and costs, net revenues (exclusive of fixed costs) for regular processors and
custom millers are broadly comparable (Table 8), indicating that custom milling is not an inferior or less profitable

Table 6. Distribution of annual variable costs (%).

All Processor type State Gender Scale of
enterprise

Regular
processors

Custom
millers

Kaduna Oyo Male Female Nano Micro/
small

Labor (casual) 8.5 8.3 15.8 6.9 14.8 7.5 13.1 9.2 7.6

Labor (long-term) 4.3 4.1 12.4 4.7 2.8 1.6 16.4 0.3 9.6

Vehicle rental 19.1 19.4 11.4 21.9 8.7 22.6 3.5 20.6 17.1

Other recurring
costs

Taxes and license
renewal

0.2 0.2 0.5 0.3 0.1 0.3 0.1 0.2 0.3

Workspace rental 1.4 1.2 7.9 1.4 1.4 1.5 1.4 0.7 2.5

Electricity, water,
diesel

1.1 0.4 24.1 0.4 3.6 0.5 3.5 1.3 0.8

Ingredients
(besides tomato_

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maintenance 0.7 0.3 11.5 0.3 2.0 0.4 1.8 0.8 0.6

Other bills
(insurance,
telephone)

0.4 0.4 1.7 0.3 0.7 0.3 1.0 0.5 0.3

Packaging
materials, ice,
and other

3.8 3.5 14.8 3.8 3.6 1.4 14.2 5.2 2.0

Tomato inputs 60.4 62.3 0.0 59.8 62.4 63.8 45.1 61.3 59.2

Table 7. Average quantities produced and prices received, by product.

Mean values

Number of observations Quantity produced (kg) Price or fee per kg
(naira)

Blended/Ground
tomato

119 25,702 618

Pureed tomato 5 2,926 2,000

Oven-dried tomato 10 27,720 2,662

Sun-dried tomato 176 15,849 3,204

Chopped tomato 10 9,690 2,626

Other forms of tomato 7 38,616 1,249

Note: Some processors produced multiple products.

[2]The exchange rate in 2024 was ₦1,478.97 = $1.
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enterprise option. Processors in Kaduna State record over two times higher revenues than in Oyo State, attributable to
higher levels of investment and larger-scale operations. Male processors earn higher revenues than female processors,
consistent with their higher variable costs and greater involvement in regular processing activities. Net revenues for nano
and micro/small-scale processors are also similar, even though micro/small-scale processors incur higher variable costs.
A calculation of net revenue as a percent of total revenue indicates that, for all processors, this value is 59.6%. However,
for custom millers, this value is considerably higher at 94.6%.

Average net revenues vary according to the age of the enterprise, as illustrated in Figure 2. While the pattern fluctuates
(especially after ten years), this figure shows that very young enterprises tend to see smaller net revenues than those that
are more established. This justifies our modelling decision to have the “typical” tomato processing enterprise incur one

Table 8. Average annual revenues and net revenues.

Mean values (naira)

Variable
costs

Total
Revenue

Net revenue
(exclusive of
fixed costs)

Net revenue relative
to total revenue (%)

All 7,348,831 17,840,870 10,638,297 59.6

Processor
type

Regular processors 11,350,969 21,789,330 10,438,362 47.9

Custom millers 599,464 11,182,026 10,582,562 94.6

State Kaduna 11,414,588 25,657,654 14,243,066 55.5

Oyo 3,152,761 9,773,548 6,620,787 67.7

Gender Male 9,049,751 22,186,866 13,137,114 59.2

Female 4,010,576 9,311,346 5,300,770 56.9

Scale of
enterprise

Nano 6,316,548 16,733,008 10,416,461 62.3

Micro/small 9,346,490 19,984,788 10,638,297 53.2

Figure 2. Average annual net revenue by age of business.
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third of the average costs and one third of the average benefits in year 1 of the enterprise’s lifespan and two thirds of these
values in year 2, while the complete average values are used for years 3–10.

4.2 Benefit-Cost analysis
The average values for startup costs in year 0, variable costs in years 1–10, and revenues in years 1–10 are used as
parameters in a benefit-cost analysis. As noted earlier, startup costs are incurred in year 0 before the enterprise begins
operating. The enterprise operates at a reduced level in years 1 and 2 before building up to full operation in years 3–10. At
year 5, the enterprise replaces half of its purchased assets, and at year 10, the ownership of the enterprise retains a
depreciated value of its purchased assets, which is counted as a benefit in the final year. The discount rate used is 10%.

As shown in Table 9, the net present value (NPV) of a 10-year tomato processing enterprise in our study sites is ₦54.3
million. That this is a positive value indicates that tomato processing is profitable in Nigeria, even when accounting for
fixed costs. The internal rate of return (IRR) for the “typical” processor is 5.5. In settings where capital can readily be
redirected towards its most profitable use, a standard rule-of-thumb is to pursue an investment if the IRR exceeds the
weighted cost of capital, which is about 10% in Nigeria.52 By this rule, tomato processing is not a preferable investment.
However, we observe that tomato processors rarely draw on bank loans to fund their startup costs and do not generally
engage with capital markets. In this setting, the IRR can be another metric to decide between different investments or
different business structures, with a higher IRR being preferable.

The benefit-cost analysis results further reveal that male processors, custom millers, processors in Kaduna State, and
nano-scale operators record higher IRRs, in that order. The NPV estimates are positive across categories, and a
comparison by subgroup suggests that custom milling outperforms regular processing, micro-scale operations outper-
form nano-scale operations, Kaduna State outperforms Oyo State, and male processors outperform female processors in
terms of investment returns. Across all categories investigated, the NPV is lowest for women processors and for those
operating in Oyo State.

The Benefit–Cost Ratio (BCR) estimates in Table 9 indicate that tomato processing enterprises in the study area are
economically viable across all categories examined, as all BCR values exceed one. A BCR greater than one implies that
the discounted benefits of tomato processing outweigh the associated costs, confirming profitability and investment
attractiveness. For all processors, the BCR of 2.37 indicates that every ₦1.00 invested in tomato processing yields an
average return of₦2.37, reflecting strong overall investment performance within the sector. Regular processors recorded
a BCR of 1.89, while custom millers exhibited a substantially higher BCR of 15.31, suggesting higher benefit–cost
efficiency for custom milling operations. Across the geography, processors in Kaduna state recorded a BCR of 2.20,
whereas those in Oyo state achieved a higher BCR of 2.98, indicating that tomato processing is profitable in both
locations, with relatively stronger benefit–cost performance observed in Oyo State. Gender-disaggregated results show
that male processors recorded a BCR of 2.41, while female processors achieved a BCR of 2.19. Both values exceed one,
indicating economic viability for both genders, with a marginally higher benefit–cost ratio among male processors.
Looking at the scale of operation, nano-scale processors recorded a BCR of 2.58, compared to 2.09 for micro/small-scale
processors. This suggests that smaller-scale processors derive relatively higher returns per unit of cost than their micro/
small-scale counterparts. Overall, the BCR results demonstrate that tomato processing is a profitable enterprise across
processing types, geographic locations, gender groups, and enterprise scales within the study area.

Table 9. Net present value and internal rate of return for a typical 10-year tomato processing enterprise.

Net present
value

Benefit-cost
ratio

Internal rate of
return (IRR)

All 54,262,853 2.37 5.50

Processor type Regular processors 53,819,919 1.89 4.81

Custom millers 54,980,522 15.31 7.37

State Kaduna 73,729,1332.58 2.20 5.80

Oyo 34,172,650 2.98 4.95

Gender Male 68,334,249 2.41 8.17

Female 26,646,102 2.19 2.36

Scale of
enterprise

Nano 53,923,254 2.58 5.80

Micro/small 54,920,036 2.09 5.02
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5. Discussion
The analysis of tomato processing enterprises in the study area reveals several important insights into the economic
dynamics and investment potential of small- and medium-scale processing. These findings have implications for policy,
market development, and technology adoption in agro-processing value chains in Nigeria.

The relatively low start-up costs identified for tomato processing enterprises in the study area suggest that entry into the
business is accessible to a wide range of actors, including, for example, smallholder farmers, youth, and women
entrepreneurs. This is in line with FAO,19 which states that limited capital barriers lower the threshold for participation
and expand the pool of potential investors, contributing to inclusive economic growth. However, this is contrary to
others,11,12,13 who suggest that agro-processing enterprises in many parts of Africa face prohibitive capital requirements
due to expensive machinery and infrastructure. The observed cost structure in Kaduna indicates that processors can begin
operations with minimal equipment and other fixed costs. This accessibility, combined with the positive profit margins
seen in this study, supports the notion that tomato processing is not only commercially feasible but also moderately
profitable in the current market context.

Electricity-related costs are marginal among the processors surveyed, with energy use largely restricted to custommilling
activities. This pattern underscores the reliance on manual and small-scale mechanical operations, rather than intensive,
mechanized processing technologies. Notably, none of the processors in the study invested in dryers or ovens, which are
necessary to produce higher-value products like sun-dried tomato slices or tomato powders. Previous studies of the
Nigerian agro-processing sector have highlighted the challenges of electricity reliability and high energy costs, which
discourage investment in mechanized drying technologies.53 The absence of such investments in this study can be
interpreted as a rational response to inconsistent power supply, which would make large-scale mechanized drying
economically unattractive in the short term.

The limited adoption of mechanized drying technologies is somewhat contrary to a narrative of rapid transformation in
Nigeria’s agri-food sector and furthermore has implications for product diversification. While traditional sun drying
remains common and cost-effective, it is weather-dependent and yields products with shorter shelf-life compared to oven-
or solar dryer-processed products.54 Future interventions that enhance access to affordable, efficient energy solutions,
such as solar dryers or community-shared processing hubs, could significantly enhance product quality.

The cost–benefit analysis reveals that both nano-scale and micro/small-scale tomato processing enterprises showed
positive Net Present Value (NPV) and Internal Rate of Return (IRR), indicating financial viability across different scales
of operation. Positive NPVs demonstrate that the present value of future net cash inflows surpasses the initial investment
cost, while an IRR above the prevailing discount rate would confirm that these enterprises generate returns exceeding the
cost of capital.55 The findings of this study are consistent with evidence from similar agro-processing contexts in sub-
Saharan Africa, where even small-scale processing units demonstrate profitability when market linkages are strong and
processing costs are contained.56 The consistency of positive investment indicators across scales supports the tomato
processing enterprise as a sustainable livelihood activity and suggests that scaling up when strategically planned can
further enhance economic outcomes for processors. At the same time, the rate of return likely needs to increase if tomato
processing is to be an attractive investment among agri-food entrepreneurs.

The analysis further highlights that custom millers achieve net revenues comparable to those of regular processors,
suggesting that custom milling is a viable and competitive processing option. Custom milling, where processors charge
fees to process tomatoes for third parties, allows operators to generate income streamswithout bearing the full market risk
of productmarketing and sales. The competitive performance of custommillers in the study area illustrates the viability of
diversified enterprises within the tomato value chain and underscores the importance of service-oriented processing.

The observed gender patterns in processing activities indicate greater participation by women in custom milling, which
alignswith both economic rationality and existing literature on gender in agro-processing.Women’s strong representation in
custom milling can be attributed to its relatively lower capital requirements and operational flexibility, which reduce entry
barriers for women who may face constraints in accessing finance and productive assets.57 This pattern is consistent with
other authors,58,59 who reiterate that women in agribusiness tend to engage in segments of value chains that require lower
fixed capital and allow for part-time operation alongside household responsibilities. The comparable profitability of custom
milling enhances women’s economic agency and suggests that targeted support, such as access tomicro-credit and business
training, could further strengthen women’s participation and empowerment in tomato processing.

Although structural cost differences exist between Kaduna and Oyo States, the cost–benefit indicators (Benefit–Cost
Ratio, NPV, and IRR) remain positive, and profitability levels are comparable across both states. This finding suggests
that geographic variations in cost structures, possibly driven by differences in input prices, labour costs, and logistical
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factors, may not translate into substantial differences in investment efficiency. Instead, processors in each location appear
to adapt their cost allocations to local conditions, enabling them to remain financially viable. The ability of enterprises in
both states to maintain a positive performance demonstrates resilience and suggests that broader policy support, such as
infrastructure improvement and access to finance, could further enhance investment attractiveness across regions.

6. Conclusion
This study examined the economic viability of tomato processing enterprises in Nigeria using a cost–benefit analysis,
with particular attention to enterprise scale, processing type, gender, and geographic location. The findings demonstrate
that tomato processing is a profitable and financially viable activity across all categories of processors considered. The
consistently positive Net Present Values (NPVs), and Benefit–Cost Ratios (BCRs) above a value of 1 indicate that
investments in tomato processing generate returns that exceed their associated costs, regardless of scale or location.
However, Internal Rates of Return (IRRs) (2.36–8.17%) fall below the assumed 10% discount rate, suggesting that while
profitable, returns may be insufficient to attract large-scale private investment without policy support.

Overall, the study shows that strengtheningMSME-level tomato processing in Nigeria can play a critical role in reducing
post-harvest losses, improving the domestic supply of processed tomato products, and reducing Nigeria’s dependence on
imports. Given the scale of post-harvest losses and growing food security concerns, policy interventions that ensure
reliable energy and make available appropriate processing technologies particularly for nano and micro-scale enterprises
are essential. By supporting the tomato processing enterprise, Nigeria can better leverage its comparative advantage in
tomato production, enhance value addition, and realize a future of greater national food security.

Ethical approval and consent statement
All studies in this project involving humans were approved byMichigan State University Institutional ReviewBoard and
were conducted in accordance with the local legislation and institutional requirements. This project has the Michigan
State University IRB Study ID: STUDY00007403 and was determined exempt Category: Exempt 2ii. The participants
provided their written informed consent to participate in this study.

Data availability statement
Data will be made available on request.

Acknowledgements
This work was funded in part by the Gates Foundation via the project INV-034790_2021 RSM2SNF, “Actionable
Research to Support African MSMEs to Supply Affordable, Safe, and Nutritious Foods,” at Michigan State University.
The findings and conclusions contained within are those of the authors and do not necessarily reflect positions or policies
of the Gates Foundation. Informed consent was obtained from all survey participants at the start of data collection.
ChatGPT, an A.I. tool, was used for editing the authors’ original writing.

References

1. Okunoya JA: Controlling post-harvest losses in tomato and
pepper. Journal of Tropical Post-Harvest. 1996; 2: 136–142.

2. Benton J: Tomato plant culture: In the field, greenhouse, and home
garden. London: CRC Press; 2007.

3. Asrat F, Ayalew A, Degu A:Postharvest loss assessment of tomato
(solanum lycopersicum L.) in Fogera, Ethiopia. Turkish Journal of
Agriculture - Food Science and Technology. 2019; 7(8): 1146–1155.
Publisher Full Text

4. Dennis MG: Challenges and opportunities in tomato production
chain and sustainable standards. Int. J. Hortic. Sci. Technol. 2020;
7(3): 235–262.

5. AberaG, IbrahimAM, Forsido SF, et al.:Assessmentof post-harvest
losses of tomato (Lycopersicon esculentem Mill.) in selected
districts of East Shewa Zone of Ethiopia using a commodity
system analysis methodology. Heliyon. 2020; 6(4): e03749.
PubMed Abstract|Publisher Full Text|Free Full Text

6. Hanson P, Chen JT, Kuo CG, et al.: Suggested cultural practices for
tomato. 2001. 11/12/2008.
Reference Source

7. Justina A: Nigeria Tomatoes Production Now 2.3 Million Metric
Tonnes. Transcontinental Times. 2021.
Reference Source

8. IbrahimH,DanejiMI, AhmedAS: Evaluationof livelihood status of
Fadama III tomato farmers in Kano State, Nigeria. Journal of
Agripreneurship and Sustainable Development. 2022; 5(2): 32–44.
Publisher Full Text

9. Food and Agricultural Organisation of United Nations: Hand-In-
Hand Initiative. 2024.
Reference Source

10. Peoples Gazette: Nigeria 14th largest tomato producer, 13th
largest importer of paste globally: NIHORT. 2021. August 11.
Reference Source

11. Cicek A, Akcay Y, Sayili M: A research on profitability, production costs,
and inputs of some important vegetables in Erbaa-Tokat. Publication of
Faculty of Agriculture, Gaziosmanpasa University, No.34; 1999.

12. TanrivermisH: Economic analysis of pesticide use on tomato growing in
Middle Sakarya River Basin. Publications of Agricultural Economics
Research Institute, No.42; 2000.

13. Koc A, Tanrivermis H, Budak F, et al. : Pesticide use in Turkish
agriculture: Ineffectiveness, problems, and impacts of alternative
organizations. Publications of Agricultural Economics Research
Institute, No.64; 2001.

14. Mattia L, GiuseppeB:Analysis of the risk of bankruptcy of tomato
processing companies operating in the inter-regional

Page 17 of 18

VeriXiv 2026, 3:138 Last updated: 21 MAY 2026

https://doi.org/10.24925/turjaf.v7i8.1146-1155.2460
http://www.ncbi.nlm.nih.gov/pubmed/32368639
https://doi.org/10.1016/j.heliyon.2020.e03749
https://doi.org/10.1016/j.heliyon.2020.e03749
https://doi.org/10.1016/j.heliyon.2020.e03749
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7184524
http://www.avrdc.org/LC/tomato/practices.html
https://www.transcontinentaltimes.com/nigeria-Tomato-production-now-2-3-million-metric-tonnes/
https://doi.org/10.59331/jasd.v5i2.313
https://www.fao.org/hand-in-hand/hih-IF-2024/nigeria/en
https://gazettengr.com/nigeria-14th-largest-tomato-producer-13th-largest-importer-of-paste-globally-nihort/?tztc=1#:~:text=%E2%80%9CHowever%2C%20the%20country%20is%20also,make%20the%20required%20economic%20impact


interprofessional organization “OIPomodoroda IndustriaNord
Italia”. Sustainability. 2018; 10: 947.
Publisher Full Text

15. Ugonna CU, Jolaoso MA, Onwualu PA: Tomato Value Chain in
Nigeria: Issues, Challenges and Strategies. Journal of Scientific
Research & Reports. 2015; 7(7): 501–515.
Publisher Full Text

16. LatinoME, Menegoli M, Corallo A: Relevant attributes influencing
consumers’ tomato acceptance: A systematic review and
research agenda. Journal of Agricultural & Food Industrial
Organization. 2021; 21(2): 129–146.

17. Food and Agricultural Organisation of United Nations (FAO): FAO
COVID-19 Response and Recovery Programme - Food systems
transformation: Building to transform during response and recovery.
Rome; 2020.
Publisher Full Text

18. World Bank: Addressing Food Loss and Waste: A Global Problem with
Local Solutions. Washington, DC: World Bank; 2020.
Publisher Full Text|Reference Source

19. Food and Agriculture Organization of the United Nations (FAO):
Sustainable food systems: Concept and framework.
Reference Source

20. Siming Y, Sonne C, Park Y, et al. : Food loss and waste: A carbon
footprint toobig tobe ignored. Sustainable Environment.2022;8(1):
2115685.

21. Jeremić M, Matkovski B, Đokić D, et al. : Food Loss and Food Waste
Along the Food Supply Chain – An International Perspective.
Problemy Ekorozwoju. 2024; 19: 81–90.
Publisher Full Text

22. Naika J, Jeude JVLD, Martin MDG, et al. : Cultivation of tomato
production, processing and marketing. Wageningen: Agromisa
Foundation and CTA; 2005; 2005. Agrodok-series No. 17.

23. Areche FO, Gondal AH, Landeo OT, et al. : Innovative trends in
reducing food waste and ensuring a more sustainable food
system and environment. CABI Reviews. 2022.

24. Wani NR, Rather RA, Farooq A, et al.:New insights in food security
and environmental sustainability through waste food
management. Environ. Sci. Pollut. Res. Int. 2024; 31: 17835–17857.

25. National Agricultural Extension & Research Liaison Services
(NAERLS): Tomato Processing and Utilization. National Agricultural
Extension & Research Liaison Services; 2022.
Reference Source

26. Adeoye IB, Aderibigbe OR, Amao IO, et al. : Tomato Products’
Market Potential and Consumer Preference in Ibadan, Nigeria.
Scientific Papers Series Management, Economic Engineering in
Agriculture and Rural Development. 2018; 17(4).

27. Adegboye K, Omotesho K, Adeniyi A: Assessment of variety
preference among tomato farmers in Oyo State, Nigeria. Journal
of Applied Life Sciences and Environment. 2021; 54(1): 25–41.
Publisher Full Text

28. Sainju UM, Dris R: Sustainable production of tomato. Dris R,
editor. Crops: Quality, Growth, and Biotechnology. Helsinki, Finland:
WFL Publisher; 2006.

29. Reardon T, Timmer CP: Transformation of markets for
agricultural output in developing countries since 1950: Howhas
thinking changed?. Handbook of Agricultural Economics. Elsevier;
2007.

30. Reardon T, Barrett CB, Berdegué JA, et al. : Agrifood industry
transformation and small farmers in developing countries.
World Dev. 2009; 37(11): 1717–1727.
Publisher Full Text

31. Crespi JM, Saitone TL, Sexton RJ: Competition in U.S. farm product
markets: Do long-run incentives trump short-run market
power?. Appl. Econ. Perspect. Policy. 2012; 34(4): 669–695.
Publisher Full Text

32. Sexton RJ: Market power, misconceptions, and modern
agricultural markets. Am. J. Agric. Econ. 2013; 95(2): 209–219.
Publisher Full Text

33. Thomas K, Richard JS: Farmers, traders, and processors:
estimating thewelfare loss fromdoublemarginalization for the
Indonesian rubber sector. 59th Annual Conference, Braunschweig,
Germany, September 25-27. German Association of Agricultural
Economists (GEWISOLA); 2019; 2019: 292318.

34. World Bank: The Dynamics of Vertical Coordination in Agri-food Chains
in Eastern Europe and Central Asia: Implications for Policy and World
Bank Operations, ECSSD. World Bank Publications; 2005.

35. Hanf JH: Processor-driven integration of small-scale farmers into value
chains in Eastern Europe and Central Asia. A synthesis paper to Regional
Office for Europe andCentral Asia. FoodandAgriculturalOrganization
of the United Nations; 2014.
Reference Source

36. Swinnen JFM, Maertens M: Globalization, privatization, and
vertical coordination in food value chains in developing and
transition countries. Agric. Econ. 2007; 37(1): 89–102.
Publisher Full Text

37. Tsoulouhas T, Vukina T: Integrator contracts with many agents
and bankruptcy. Am. J. Agric. Econ. 1999; 81: 61–74.
Publisher Full Text

38. Drabenstott M: Consolidation in U.S. Agriculture: The new rural
landscape and public policy. Econ. Rev. 1999; 84: 63–71.

39. Boland M, Barton D, Domine M: Economic issues with vertical
coordination. Agricultural Marketing Resource Center; 2002.

40. Sykuta M, Parcell J: Contract structure and design in identity-
preserved soybean production. Rev. Agric. Econ. 2003; 25(2):
332–350.
Publisher Full Text

41. Borodina O: Processor-driven integration of small-scale farmers
into value chains in Ukraine. FAO bulletin. 2013.
Reference Source

42. Elham E, Emad A, Giovanna F, et al.: Enhancing resource efficiency
and sustainability in tomato processing: A comprehensive
review. J. Clean. Prod. 2023; 425: 138966.

43. Čechura L, Žáková Kroupová Z, Samoggia A: Drivers of
productivity change in the Italian tomato food value chain.
Agriculture. 2021; 11(10): 996.
Publisher Full Text

44. Njume C, Ngosong C, Krah CY, et al. : Tomato food value chain:
Managing postharvest losses in Cameroon. IOP Conf. Ser.: Earth
Environ. Sci. 2020; 542(1): Article 012021.

45. Adams F, Wongnaa C, Coleman E: Profitability and choice of
marketing outlets: Evidence from Ghana's tomato production.
Journal of Agribusiness in Developing and Emerging Economies. 2020.
Publisher Full Text

46. Akinyi DP, Ng’ang’a SK, Ngigi M, et al. : Benefit-cost analysis of
prioritized climate-smart agricultural practices among
smallholder farmers: evidence from selected value chains
across sub-Saharan Africa. Heliyon. 2022; 8(4): e09228.
PubMed Abstract|Publisher Full Text|Free Full Text

47. Boardman A, Greenberg D, Vining A, et al. : Benefit-Cost Analysis:
Concepts and Practice. Upper Saddle River, New Jersey: Pearson
Education, Inc.;4th ed 2018.
Publisher Full Text

48. Munthali MG, Chilora L, Goliath M, et al. : The Economic Cost-benefit
Analysis of Black Soldier Fly as an Alternative Animal and Fish Feed
Ingredient in Malawi. Working Paper No. 23/01. Lilongwe: MwAPATA
Institute; 2023.

49. Tasdighikalat S, Sankaranarayanan S, Trivedi A: What is Your
Discount Factor?. Hillston J, et al. , editors QEST + FORMATS 2024.
LNCS. Springer Nature Switzerland AG; 2024; 2024; 14996.

50. Gittinger JP: Economic Analysis of Agricultural Projects. Johns Hopkins
University Press;2nd ed 1982.

51. World Bank: Discounting Costs and Benefits in Economic Analysis of
World Bank Projects. World Bank Group; 2016.

52. Novatia Consulting: Cost of Capital Analysis in Nigeria. Blog. n.d..
Reference Source

53. World Bank Enterprise Survey (WBES):World Bank Enterprise Survey:
Understanding the Questionnaire. Washington, DC: 2014.

54. Owureku-Asare M, Oduro I, Saalia FK, et al.: Drying characteristics
and microbiological quality assessment of solar-dried tomato.
Int. J. Food Sci. 2022; 13: 2352327.
Publisher Full Text

55. Wang S: Net Present Value (NPV) Vs. Internal Rate of Return
(IRR): Evaluating Investment Rules in Financial Markets.
Highlights in Business, Economics and Management. 2025; 59:
273–282.
Publisher Full Text

56. Eilitta M, Boyer M: Supporting agro-processing in Africa.
Proceedings of 2022 AOCS Annual Meeting & Expo. 2022.

57. David S: Women in agribusiness value chains in Africa: A white
paper on constraints and opportunities for developing a
gender-responsive agribusiness sector. 2021.
Reference Source

58. Kawarazuka N, Hoa PT, Huyen LTT, et al. : Social reproduction: the
sidelined aspect in gender and agricultural research. Front.
Sustain. Food Syst. 2023; 7: 1220486.
Publisher Full Text

59. Farnworth CR, Galiè A, Gumucio T, et al. : Women's seed
entrepreneurship in aquaculture, maize, and poultry value
chains in Ghana, Kenya, and Tanzania. Front. Sustain. Food Syst.
2024; 8: 1198130.
Publisher Full Text

Page 18 of 18

VeriXiv 2026, 3:138 Last updated: 21 MAY 2026

https://doi.org/10.3390/su10040947
https://doi.org/10.9734/JSRR/2015/16921
https://doi.org/10.4060/cb0281en
https://doi.org/10.1596/34521
http://hdl.handle.net/10986/34521
http://hdl.handle.net/10986/34521
http://hdl.handle.net/10986/34521
https://openknowledge.fao.org/server/api/core/bitstreams/b620989c-407b-4caf-a152-f790f55fec71/content
https://doi.org/10.35784/preko.5991
https://naerls.gov.ng/wp-content/uploads/2022/11/Tomato-Processing-and-Utilization.pdf
https://doi.org/10.46909/journalalse-2021-003
https://doi.org/10.1016/j.worlddev.2008.08.023
https://doi.org/10.1093/aepp/pps045
https://doi.org/10.1093/ajae/aas102
http://www.fao.org/europe/agrarian-structuresinitiative/en/
https://doi.org/10.1111/j.1574-0862.2007.00237.x
https://doi.org/10.2307/1244450
https://doi.org/10.1111/1467-9353.00142
https://www.fao.org/3/au851e/au851e.pdf
https://doi.org/10.3390/agriculture11100996
https://doi.org/10.1108/JADEE-06-2019-0090
http://www.ncbi.nlm.nih.gov/pubmed/35399383
https://doi.org/10.1016/j.heliyon.2022.e09228
https://doi.org/10.1016/j.heliyon.2022.e09228
https://doi.org/10.1016/j.heliyon.2022.e09228
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8991273
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8991273
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8991273
https://doi.org/10.1017/9781108235594
https://novatiaconsulting.com/cost-of-capital-analysis-in-nigeria/
https://doi.org/10.1155/2022/2352327
https://doi.org/10.54097/dk5r9k48
https://agra.org/wp-content/uploads/2022/05/Women_in_agribusiness_value_chains_in_Africa.pdf
https://doi.org/10.3389/fsufs.2023.1220486
https://doi.org/10.3389/fsufs.2024.1198130

