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High postharvest loss is one of the major challenges faced by farmers in many African countries in their e�orts to achieve food and
nutrition security. Several postharvest techniques have been developed and introduced to farmers aimed at reducing food losses.
�is study evaluated the economic viability of four such grain storage techniques using capital budgeting techniques. Two grain
protectants were applied at recommended rates in three treatment combinations to jute sacks, PICS sacks, polytanks, and poly
sacks at di�erent treatment levels and at di�erent discount rates. Under maize storage, the net present value of all treatments
yielded positive net returns. �e polytank technique proved to be the most economically viable storage technique, followed by
PICS and then jute sacks. Under cowpea storage, polytank proved to be the most viable, followed by PICS.�is is consistent under
replacement chain method and equivalent annual annuity under the three di�erent discount rates used. Cowpea is best stored in
polytanks and PICS sacks. Polytank is recommended as the most economically viable storage technique for both maize and
cowpea storage. PICS is also recommend for both maize and cowpea storage. However, jute sacks and poly sacks are not suitable
for cowpea storage even under chemical treatment, especially under long-term storage (over 6 months). �e choice of storage
technique should consider the commodity under consideration.

1. Introduction

1.1. Postharvest Losses and Food Security. Food losses and
waste are the results of the ine�ective functioning of food
systems. Postharvest losses (PHL) in the food system refer to
the quantitative and qualitative loss of food in various post-
harvest operations. “Food loss” is de�ned too as food available
for human consumption but not consumed. Minimizing PHL
is a priority development and policy issue across agencies such
as the FAO and world development banks [1–3]. About a third

of the food produced in the world per year for human con-
sumption is lost or wasted [4, 5]. Food losses and waste total
approximately $680 billion in industrialized countries and
around $310 billion in developing countries.

At a time when the demand for food of a growing
population is a major global problem, more than a third of
food is lost or wasted in postharvest agricultural operations.
�erefore, reducing waste after harvest, especially in devel-
oping countries, can be a sustainable solution to increase food
availability, reduce pressure on natural resources, eliminate
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hunger, and improve farmers’ living conditions. Cereal crops
are the basis of food in most developing countries around the
world.'emaximum losses after harvest are estimated on the
basis of calories among all agricultural products. As much as
50–60% of cereal yields can be lost at the storage stage due to
the lack of technical capacities for their proper harvesting and
storage. 'e use of scientific storage methods can reduce
storage losses by up to 1–2% [6, 7]. Depending on the volume
or area in which these losses occur, they generate economic,
social, environmental, and health effects.

One of the challenges faced by African countries in
achieving food security is high postharvest losses. It has been
estimated that the value of postharvest losses in sub-Saharan
Africa is about US$48 billion a year. A report by the World
Bank [8] revealed that, each year, significant volumes of food
are lost after harvest in sub-Saharan Africa (SSA), the value
of which is estimated at USD 4 billion for grains alone.
Storage of grains is critical for food supply and seed
availability for small-scale farmers [9].

Storage is a process by which agricultural produce or
products are preserved for future use [10]. Poor storage
infrastructure creates vulnerability for rural businesses.
Insect pests are the major challenge to grain storage in sub-
Saharan Africa [11]. Farmers are compelled to sell grain
during the harvest period, usually when prices are at their
lowest levels [12, 13]. Grain storage is very strategic for the
agricultural business [14, 15]. Grain spoilage and food waste
can be minimized through the use of improved storage
technologies [16].

Many farmers are mostly compelled to sell their produce
immediately after harvest to avoid storage losses due to pest
attack and therefore forfeit potential profits [17, 18]. Reducing
the postharvest losses, especially in developing countries,
could be a sustainable solution to increase food availability,
reduce pressure on natural resources, eliminate hunger, and
improve farmers’ livelihoods [19]. In Ghana, for example,
postharvest losses for maize, cassava, and yam are estimated
to be 35%, 35%, and 24%, respectively [20]. According to the
World Bank [8], important volumes of cereals are lost after
harvest in developing countries which worsens the hunger
situation. In addition to the loss in volumes, quality of grain is
compromised, resulting in lower market opportunities and
nutritional value. In fact, in 1975, the United Nations brought
postharvest storage losses into international focus when it
declared that “further reduction of postharvest food losses in
developing countries should be undertaken as a matter of
priority” [21]. Based on these reasons, experts now agree that
investing in postharvest losses (PHLs) reduction is a quick
impact intervention for enhancing food security [22].

1.2. Maize and Cowpea Postharvest Status. Maize and
cowpea are important staple food crops in all parts of Ghana.
Currently, maize-based cropping systems have become
dominant in drier northern savanna areas of Ghana, where
sorghum and millet were the traditional food security crops.
According to SRID [23], maize is the most cultivated in
Ghana, occupying up to 1,023,000 ha on arable land com-
pared to rice (197,000 ha), millet (179,000 ha), sorghum

(243,000 ha), cassava (889,013 ha), yam (204,000 ha), and
plantain (336,000) [23]. Currently, Ghana is a net importer
of maize and rice, even though it has great potential to be a
self-sufficient and net exporter. Per capita consumption of
maize is estimated at 44 kg/person/year [24].

Over the last few decades, a myriad of maize, rice,
cowpea, and soybean varieties and hybrids have been re-
leased.'ese genotypes possess traits such as early maturing,
drought resistance, diseases, and pest resistance, Striga re-
sistance, as well as additional nutritional values. Grains of
these genotypes possess diverse textural, physical, and
compositional characteristics which relate differently to
light, moisture, and temperature as well as susceptibility to
insect pests and disease pathogens, particularly during
prolonged storage. 'is requires commensurate postharvest
techniques and strategies to contain harvested surpluses.
Also, due to intensification and productivity increase, the
need for bulk and prolonged storage has become critical.'e
crop productivity increase can be attributed to government-
and donor-assisted projects such as providing subsidies on
agricultural inputs and capacity building on good agronomic
practices. Nonetheless, current storage methods are suited
for small-holder farmers requiring storage of less than one
ton. Interventions to introduce large storage units such as
community warehousing, community grain banks, or metal
silos, which can contain several tons of grain, are still
constrained by national agricultural policies as well as low
adoption from farmers.

Generally, stored maize and cowpea can be damaged by
insect pests if they are not properly conditioned and pro-
tected [25]. 'is challenge may be exacerbated due to
cropping intensification, introduction of hybrid cultivars,
late harvesting after the cessation of the rainy season, and
prolonged storage beyond 8 months after harvest. Grains are
often stored in traditional grain silos or in jute and poly-
propylene sacks with or without chemical protection.
However, pest infestation is a perennial constraint; the
conditions favorable for grain storage are as well suitable for
insect pest reproduction.

Additional challenges including on-farm infestation of
notorious storage pests such as larger grain borer (Proste-
phanus truncatus), lesser grain borer (Rhyzopertha dominica),
weevil (Sitophilus zeamais), and granary weevil (S. granarius)
as well as mycotoxins accumulation are a threat in grain
storage. Indiscriminate use of common grain protectants such
as actellic (pirimiphos-methyl), bioresmethrin (pyrethroid),
phostoxin, and Gastox (aluminum phosphate) is widespread
among small-holder farmers [26]. Most farmers acquire ag-
rochemicals from nonaccredited input dealers without any
training on appropriate use. 'ere is a need to integrate
production and postharvest practices to achieve quality food
for consumers. Integration of good agronomic operations,
pest management, and appropriate storage techniques to
minimize pest damage is therefore very essential.

1.3. Cowpea Grain Storage Practices. Cowpea contributes
greatly to the household income and food security in Ghana.
However, high postharvest losses remain a perennial
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constraint in cowpea storage compared to other dry cereals.
'e introduction of several improved varieties and climate
change may exacerbate such high losses in most parts of sub-
Saharan Africa. In many communities, farmers utilize tra-
ditional storage methods which are unable to protect stored
grain from biological, physical, and environmental hazards,
leading to unbearable economic losses. During storage, grain
cowpea is vulnerable to the cowpea weevil (Callosobruchus
maculatus; Coleoptera: Bruchidae). Damage caused by this
weevil approaches 20 to 50% within the first 3 months of
storage if the grain is not protected.

A review of postharvest losses in Ghana showed losses
between 8 and 28% in cowpea [27]. Farmers’ declared losses
in the northern savanna zone are pegged at 22%, but a lower
estimate (13.5%) was obtained using standardmeasurements
in farm stores [28]. Apart from the economic losses, insect
contamination of grains via dead insects, pupae, larval co-
coons, and integument has recently been reported to contain
carcinogenic compounds such as ethyl, methyl, andmethoxy
quinines which cannot be denatured by boiling or baking
[29]. Quite recently, PICS bags have been promoted as a
potential insecticide-free, long-term storage of cowpea and
are now promoted for maize and cereals except paddy rice
[28]. Despite its potential, cost and access to the PICS bags
are still a limitation requiring the attention of policymakers.

Several studies suggest the integrated use of improved
storage methods such as PICS bags and safe grain protec-
tants [28, 30]. For instance, treatment combination in-
volving jute bags recorded higher losses (68.3 to 71.8%)
compared to grain stored in PICS bags (6.4 to 7.1%) and
plastic drums (6.7 to 11.1%) [28]. 'e application of either
grain protectant significantly reduced losses compared to the
control, but no significant differences existed between the
two grain protectants. For all treatment combinations in-
volving jute bags (control or treated), the ideal storage
duration for the grain was below 4 months, when losses
hovered at 18.1 to 24.2%. Grain with a high level of damage
will attract low market prices, particularly in urban markets
where consumers are sensitive to physical appearance.
Ordinarily, farmers do not store cowpea beyond 2months in
farm stores, except for extremely small quantities for
household consumption.

1.4. Maize Grain Storage Practices. Reference [31] reported
that weevils account for 36% of the total loss for maize, while
the large grain borers (LGB) account for more than half of
the losses recorded for maize in Tanzania. In a similar study,
Dick [32] reported that the LGB alone could increase losses
of stored maize and dried cassava to 30%. A similar ob-
servation was made in Sudan, where 8.34% of sorghum
inside nonairtight sweibas (cylindrical mud bins) for 8
months was lost. But, the loss was reduced to 2.23%when the
sweibas were hermetically sealed and raised above the
ground [33]. A study on maize storage revealed that losses of
2.2 to 5.8% were incurred in grain stored in PICS bags and
plastic drums as compared to 7.2 to 21.7% losses when stored
in jute and polypropylene bags during 12 months of storage
[34]. Due to differences in varieties, harvest timing, and

drying operations among farmers, the use of grain protec-
tants should be considered where prolonged storage of 8 to
12 months is anticipated, particularly if jute and polypro-
pylene bags are to be used. Treating grain with chemicals
may not be necessary when using PICS bags or plastic drums
during 1 year of storage.

As part of the activities of a project titled “containing
productivity increases of maize in Northern Ghana through
large-scale storage methods” [35], four major grain storage
technologies were evaluated by farmers to assess their ef-
fectiveness. 'ese technologies were able to reduce the
postharvest losses of maize from 36.7% to 3.1% and cowpea
from 77.8% to 6.4% during 12 months of storage [28];
however, there is very little work done on their financial and
economic viability and also they do not control for the
difference in lifespans; hence the need for this study. 'e
economic and financial viability of these techniques will be
very necessary to serve as a decision support tool to guide the
public and policymakers [36–38].

2. Materials and Methods

2.1. Study Area. Situated on the coast of the Gulf of Guinea
in western Africa, Ghana is bordered to the northwest and
north by Burkina Faso, to the east by Togo, to the south by
the Atlantic Ocean, and to the west by Côte d’Ivoire. Relief
throughout Ghana is generally low, with elevations not
exceeding 3,000 feet (900 meters). Apart from providing the
bulk of national income, agriculture, forestry, and fishing
employ more than half of the population. 'e value of food
produced for local consumption is considerable.'e soil and
climate favor the production of a wide range of food crops.
Yam, cassava, and cereals such as maize, rice, cowpea,
soybean, groundnut, sorghum, and millet are produced
primarily in the northern savanna zone. Successive gov-
ernments have strongly supported diversification of food
production to reduce reliance on a few crops and to cut
down on food imports, but these measures have often been
contradictory because of the emphasis on exports capable of
earning foreign exchange.

'is study was specifically conducted in the Upper East
region of Ghana (UER). 'e region lies between longitude
1015′W to 005′E and stretches from latitude 10030′N to
1108′N. 'e region lies in the Sudan savanna agroecology,
which forms the semiarid part of Ghana. 'e area is part of
what is sometimes referred to as interior savanna and is
characterized by level to gently undulating topography.
Important crops include millet, sorghum, maize, rice, sweet
potato, groundnut, cowpea, soybean, cotton onion, and
tomato. 'e shea nut tree grows wild, and it is an important
cash crop. It has alternating wet and dry seasons, with the
wet season occurring between May and October, during
which about 95% of rainfall occurs. Maximum rainfall oc-
curs in August-September, and severe dry conditions exist
between November and April each year. Annual rainfall
ranges from 800 to 1200mm. 'ere is wide fluctuation in
relative humidity, with as low values as 30% in the dry season
and above 75% in the wet season (https://www.
ghanadistricts.com).
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2.2.DescriptionofExperiment. Maize and cowpea grain were
bulked by farmers during the harvesting season of 2019 and
2020. For each commodity, 100 kg each was stored in
polypropylene sacks (PS), jute sacks (JS), Perdue Improved
Crop Storage sacks (PICS) (a PICS sack consists of two layers
of polyethylene liners and a third layer made from woven
polypropylene and it is hermetic), and polytanks (PT) (it is a
rubber cylindrical tank with a lid that when closed makes it
airtight (hermetic)) (see Figure 1) with and without grain
protectants. Two grain protectants, Actellic Super 5EC and
phostoxin, were applied at recommended rates. Actellic
Super 5EC is a food-grade chemical containing 80 g Pir-
imiphos-methyl and 15 g Permethrin/L. Phostoxin (alumi-
num phosphate) is a food-grade fumigant. Jute sacks are
made of natural fiber, and polypropylene is an artificial fiber.
'e PICS has 2 inner plastic layers, which provides hermitic
conditions for the content stored. 'e polytanks are ordi-
nary plastic drums commonly used in household water
storage. 'ey have airtight seals which provide hermitic
conditions for grain storage. 'e grain was dried to the
recommended moisture content of 13%–14% for maize and
12%–13% for cowpea, and they were all stored under the
same room condition. Each technology had three treat-
ments, and each treatment was applied to 100 kg each of
grain maize and cowpea. 'e treatments were storage
technique without any chemical; storage technique with
Actellic Super 5EC; and storage technique with phostoxin.
'ese were replicated in four locations, namely, Manga,
Tansia, Azum-Sapielga, and Tes-Natinga, all in the UER,
located in Guinea Sudan Agroecology.

Data was collected on the initial weight and final weight
at 12 months of storage. Average market prices of maize and
cowpea at the time of storage and after storage, when the
majority of farmers bring out their stored produce to sell due
to price increases and need for income, were surveyed. Grain
prices at the time of storage were collected as an average of
prices in September, October, and November when prices
are low due to high grain supply to the market. 'e market
price at the time of sale was also collected as an average of
prices in April, May, and June when the demand for these
commodities is very high.

2.3. Economic Viability Evaluation Techniques. We adopted
the methodology of economic evaluation as outlined by [39]
using capital budgeting techniques. In capital budgeting
(capital budgeting is defined as the process by which a
business determines which fixed asset purchases or project
investments are acceptable and which are not), many dif-
ferent criteria are used for evaluating a project, measuring
economic efficiency, and deciding among alternatives. Net
present value (NPV) is considered the most theoretically
reliable tool [40–42]. Approaches for carrying out economic
evaluations are currently very diverse [43]. Although the
existing methods largely differ in implementation strategy,
they all share a common principle, which is the capital
budgeting approach which is used in calculating the eco-
nomic return of projects using discounted cash flows
[44, 45].

2.3.1. Net Present Value Concept. 'e NPV approach
consists of discounting all future cash flows (both in- and
outflow) resulting from the innovation/project with a given
discount rate (DR) and then summing them together. 'e
merit of innovation is measured considering its contribution
to the creation of economic value out of the investment
needed. 'is technique offers many variations [45]. Con-
sidering our interest in assessing the economic viability of
these storage techniques and identifying the most eco-
nomically viable option for recommendation, the NPV
approach was adopted. 'is is because the study involved
investment in technologies with a future stream of costs and
benefits, which must be discounted to find their present
worth.

Net present value method is a popular capital budgeting
technique that takes into account the time value of money
[39, 46]. It uses the net present value of the investment
project as the basis to accept or reject a proposed investment.
Net present value is the difference between the present value
of all cash inflows and the present value of all cash outflows
that occur as a result of undertaking an investment project. It
may be positive, zero, or negative. When the present value of
cash inflows is greater than the present value of the cash
outflows, the net present value is said to be positive, and the
investment proposal is considered to be economically viable.
If the present value of cash inflow is equal to the present
value of cash outflow, the net present value is said to be zero,
and the investment proposal is considered to be acceptable.
When the present value of cash inflow is less than the present
value of cash outflow, the net present value is said to be
negative, and the investment proposal is rejected because it is
not economically viable [39, 46]. 'e higher the NPV, the
higher its viability, and for mutually exclusive investment
proposals that all yield positive NPV, the one with the
highest NPV should be selected. 'e NPV method is
employed to assess the four storage techniques (poly sacks,
jute sacks, PICS sacks, and polytank) with different chemical
treatments.

2.3.2. Economic Evaluation of Projects with Unequal
Duration. 'e duration of a project is important when
comparing alternative projects. 'e rule is that you cannot
compare the NPVs of projects with unequal durations. You
must make some adjustments for the duration to make them
comparable. Hence, the replacement chain method (RCM)
and equivalent annual annuity (EAA) techniques were used
to adjust for the difference in project duration or the lifespan
of the different storage techniques [47, 48].

2.3.3. Replacement Chain Method (RCM). 'e replacement
chain method is a capital budgeting tool used to compare
two ormore mutually exclusive capital projects with unequal
lifespan. 'e replacement chain method takes into con-
sideration the different life spans of alternative projects as
well as their expected cash flows. 'at makes it easier to
compare the projects. In the replacement chain method, the
cash flow projections for the projects under consideration
are repeated up to the least common useful life. Replacement
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chain analysis is also called the common life approach. It is
simple when applying it to two projects but gets cumber-
some when the projects exceed two.

2.3.4. Equivalent Annual Annuity (EAA). Equivalent annual
annuity (EAA) is a method for evaluating projects with
different life durations. Equivalent annual annuity is also an
approach used in capital budgeting to choose between
mutually exclusive projects with unequal lifespans. It as-
sumes that the projects are annuities, calculates the net
present value for each project, and then finds annual cash
flows that, when discounted at the relevant discount rate for
the life of the relevant project, would equal the net present
value for that project. Equivalent annual annuity approach
(also called the annual net present value method) ranks
projects based on their net present value per year, which is
calculated by dividing the net present value by the present
value of the annuity factor corresponding to the discount
rate (hurdle rate) and life of the project. 'e project with a
higher equivalent annual annuity is preferred.

2.3.5. Net Present Value (NPV) Estimation. 'e net present
value (NPV) measure is the principal investment evaluation
indicator. 'e cash flows consist of a mixture of costs and
benefits occurring over time. Net present value is the
arithmetic difference between discounted benefits and dis-
counted costs as they occur over time. 'e formula for NPV
is specified as follows:

TB �
B0

(1 + i)
0 +

B1

(1 + i)
1 + · · · +

Bt

(1 + i)
t, (1)

TC �
C0

(1 + i)
0 +

C1

(1 + i)
1 + · · · +

Ct

(1 + i)
t. (2)

Equation (3) (NPV) is obtained by subtracting equation
(2) from equation (1)

NPV � TB − TC, (3)

NPV �
B0 − C0

(1 + i)
0 +

B1 − C1

(1 + i)
1 + · · · +

Bt − Ct

(1 + i)
t, (4)

where NPV is the net present value, t is the time in years, B is
the benefits, C is the cost, i is the discount rate, TB is the total
benefits, and TC is the total cost.

'is technique, however, does not take account of the
difference in project life spans, such as in our case, where the
storage techniques have different lifespans. Hence, it will not
be sufficient to decide on the most viable technique using
this approach, which requires the introduction of the re-
placement chain method and the equivalent annual annuity
approaches.

2.3.6. Estimating NPV Using the Replacement Chain Method
(NPV-RCM). 'e replacement chain method (RCM) takes
into account the different life spans of alternative projects as
well as their expected cash flows. 'at makes it easier to
compare the projects. It is simple when applying it to two
projects but gets cumbersome when the projects exceed two.
'e formula for estimating the replacement chain approach
NPV is specified as follows:

NPV � NPV(1)

(1 + i)
t

(1 + i)
t

− 1
 , (5)

where NPV(1) is the net present value of a project at the
initial replication, i is the cost of capital (discount rate), and t
is the lifespan of the project in years.

In the replacement chain method, the cash flow pro-
jections for the storage techniques under consideration are
repeated up to the least common useful life. 'e polytank
storage technique has a 10-year lifespan, jute sacks have a
life span of 3 years, poly sacks have 2 years life span, and
PICS has a 2-year life span giving us a total of 30 years as the
least common life. Polytank is repeated twice, jute sacks are
repeated 10 times, and poly sacks and PICS are repeated 15
times each. 'e net present value for that common useful
life is compared, and the project with a higher NPV is
selected.

2.3.7. Estimating Equivalent Annual Annuity (EAA).
Equivalent annual annuity (EAA) approach ranks projects
based on their net present value per year, which is calculated
by dividing the net present value by the annuity factor
corresponding to the discount rate and life of the project.

Poly sack Jute sack PICS sack Poly tank

Figure 1: Pictures of the four storage techniques.
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'e project with a higher equivalent annual annuity is
preferred. 'is is specified as follows:

EAA �
i(NPV)

1 − (1 + i)
− t. (6)

Substituting equation (4) into equation (6) will give us
equation (7) which is used to estimate the equivalent annual
annuity to help in ranking the projects to decide on the most
preferred project among the alternatives.

EAA �
i B0 − C0/(1 + i)

0
+ B1 − C1/(1 + i)

1
+ · · · + BT − CT/(1 + i)

T
  

1 − (1 + i)
− t . (7)

'e EAA of all the techniques under maize and
cowpea at different discount rates was estimated using
equation (7).

2.4. SensitivityAnalysis. Sensitivity analysis allows analyzing
changes in the values obtained from the different storage
techniques when there are changes in exogenous variables
like the discount rate. Sensitivity analysis measures the
extent to which a predetermined change in one or more
input variables can influence the value of output variables
[49, 50]. By analyzing sensitivity to exogenous variables, the
uncertainties and risks of a given project can be minimized
[51, 52]. 'e discount rate sensitivity analysis was chosen
due to the unstable nature of lending and inflation rates in
Ghana. We used three discount rates of 13%, 15%, and 17%
to reflect the most likely increasing trend of interest rates in
Ghana.

2.5.EstimatingNPV,NPV-RCM,andEAAofDifferentStorage
Technologies. In this study, we discount the incremental
benefits and costs of the storage technologies over a
period of the project life in years. We used a discount rate
(it is the rate of return that the investors expect or the cost
of borrowing money) of 15%, which was determined
based on the prevailing interest rate used by the banks,
which is the cost of capital for the period. We further
adjusted it upward to 17% and also downward to 13% to
see how sensitive the storage techniques are to the dis-
count rate. 'is is so perceived because interest rates in
Ghana and most parts of Africa are highly unstable and
could change at any time, especially upwardly. 'e
technologies evaluated are Hessian jute sacks, polypro-
pylene sacks, hermitic PICS sacks, and hermitic poly-
tanks. 'ese technologies have different life spans and
were all adjusted to 30 years as the least common life.
'erefore, we have a total of four storage options, with
three treatments each giving us a total of twelve treat-
ments replicated in four locations. 'e initial average
price of maize at harvest was $17.2/100 kg, and after
storage, the average sale price of maize was $28.0/100 kg.
Cowpea average price at harvest was $42.1/100 kg, and
after storage, the average price was $84.2/100 kg.

3. Results and Discussion

'e study compares the results from the three evaluation
approaches, the net present values where project lifespan is
not controlled (NPV), and net present value where project
lifespan is controlled using the replacement chain method
(RCM) and equivalent annual annuities (EAA), which also
controls for the difference in project lifespan.'is evaluation
is done under maize and cowpea storage.

3.1. Maize Storage

3.1.1. Estimated Discounted Net Benefits under the @ree
Approaches. 'e results (Figure 2) show that all the tech-
nologies returned a positive stream of discounted net
benefits irrespective of the approach (NPV, NPV-RCM, and
EAA) and discount rate used, which agrees with the work of
[28, 53], who also found these techniques in maize storage to
be profitable. For a new technology to be deemed attractive
and viable for farmers to invest in, it must have a positive
NPV, and the greater the NPV, the better it is (Figure 2(a)–
2(c)) [39, 46]. Results in Figure 2(a) show that polytank is the
most economically viable technique, followed by jute sacks
and then poly sacks; the PICS sack is the least viable.
However, under NPV-RCM results in Figure 2(b) and EAA
results in Figure 2(c), both ranked polytanks as the most
viable technique, followed by PICS sacks, and jute sacks
ranked third, and poly sacks ranked the least economically
viable technique. 'e results of PICS being economically
viable agree with the work of [54–57]. Phostoxin and actellic
treatment really did not have a significant effect on the
economic viability of PICS and polytank storage techniques
which is consistent with the work of [31, 58].

'e results indicate that net present values from tech-
niques that do not account for the lifespan of the investment
do not deliver consistent estimates. 'is is evident in this
study as the values from the NPV approach are different
from the two approaches that accounted for differences in
investment lifespans. 'e results also indicate that chemical
protectants do not have any significant effect on the eco-
nomic and financial viability of PICs and polytank storage
techniques under maize storage. 'is, however, is true when
maize is stored within 12 months of storage but may differ
when stored beyond this period because our data did not go
beyond 1 year of storage.'is will be good for future work to
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Figure 2: NPV, NPV-RCM, and EAA of Maize storage at different discount rates.
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increase the storage period to examine its impact on their
economic viability.

3.1.2. Comparing the @ree Evaluation Approaches at Dif-
ferent Discount Rates. 'e storage techniques are compared

under the three treatments at different discount rates to
assess the consistency of the results and also check the
sensitivity of the storage techniques to discount rates. Using
a discount rate of 15%, all treatments yielded positive dis-
counted net benefits under the three evaluation approaches
used to measure the discounted net present value (NPV,
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Figure 3: NPV, NPV-RCM, and EAA at a discount rate of 15%, 13%, and 17%.
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NPV-RCM, and EAA), as shown in Figure 3(a). Polytank
technique is the most viable, followed by PICS sacks, and
then jute sacks and poly sacks have been the least. Using a
discount rate of 13%, all treatments yielded positive dis-
counted net benefits under the three evaluation approaches
(NPV, NPV-RCM, and EAA). 'e results show that the
polytank technique was the most viable, followed by PICS,
and then jute sacks and poly sacks recorded the least, as
shown in Figure 3(b). Using a discount rate of 17%, the
results trend is the same as in Figures 3(a) and 3(b). All
treatments yielded positive discounted net benefits under the
three approaches (NPV, NPV-RCM, and EAA). Polytank
technique is the most viable, followed by PICS, as shown in
Figure 3(c). 'e economic viability of PICS under maize
storage is supported by the work of [56, 57].

'e results show that the higher the discount rate, the
lower the discounted net benefit, consistent with the work of
[59, 60]. 'e results are consistent, and it shows that the
techniques are economically viable even when the cost of
capital is going up. Even at a high discount rate of 17%,
investment in PICS and polytank technologies is still eco-
nomically viable and hence will be attractive to investors.

3.1.3. Evaluation of Storage Techniques without Chemical
Treatment. 'e storage techniques without chemical
treatment are compared at different discount rates. 'e
discounted net benefits of the storage techniques without
treatment at different discount rates (13%, 15%, and 17)
indicate that polytank storage is the most viable, followed by
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Figure 4: Techniques without treatment NPV, NPV-RCM, and EAA at different DR.
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jute sacks when investment lifespan is not controlled, and
PICS sack is the least viable technique under maize storage;
see Figure 4(a). 'is trend was, however, different when the
lifespan of the investment was controlled (NPV-RCM and
EAA). Polytank was the most viable, followed by PICS sacks,
and then jute sacks came third, with poly sacks recording the
least discounted values (Figures 4(b) and 4(c)). 'is implies
that polytank and PICS sacks even without chemical
treatment and at a high discount rate are still economically
viable and found to be appropriate storage techniques for
maize, consistent with the works of [28, 56, 57, 61].

'is implies that chemical protectants can be avoided
when using PICS and polytank for maize storage.'is is very
important as it can help reduce the health and

environmental risk associated with using chemicals in grain
storage [55, 62, 63]. Chemical protectants should only be
used by trained persons, and product use instructions should
be meticulously adhered to in order to prevent the health
and environmental risk it could pose. 'is should be
completely avoided as much as possible.

3.1.4. Evaluation of Storage Techniques Treated with Actellic
Supper and Phostoxin in Maize Storage. 'e storage tech-
niques were compared when treated with actellic to assess
the effect of actellic on the economic viability of the storage
techniques and how they are affected under different dis-
count rates. 'e storage techniques treated with actellic
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Figure 5: Performance of storage techniques treated with Actellic Supper in maize storage.
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under the NPV approach using 13, 15, and 17% discount
rates indicate that polytank storage was the most viable,
followed by jute sacks, and PICS sacks recorded the least
discounted net benefit. 'is trend is, however, different
under NPV-RCM and EAA approaches, where polytank
storage was most economically viable, followed by PICS
sacks, then jute sacks with poly sacks recording the least
discounted net value. Polytank and PICS with actellic
treatment all performed better than jute and poly sacks
under maize storage; for more details, refer to Figure 5. 'is
result is similar when treated with phostoxin, as shown in
Figure 6. 'is result is not significantly different from when
there was no chemical treatment. It is therefore advised that
chemical treatment can be avoided without compromising
the economic viability of PICS and polytank storage tech-
niques in maize storage. Chemical treatments possess health

and environmental risk, especially when not properly
handled [55, 62, 63], showing that chemicals have regularly
been misused by farmers and merchants.

From the maize storage evaluation, the discounted net
present value of jute sacks, PICS sacks, polytanks, and poly
sacks at different treatment levels and different discount rates
all yielded positive NPVs. However, the trend of ranking from
the NPV approach was different from NPV-RCM and EAA
approaches which accounts for the differences in technique
lifespan. 'e NPV-RCM and EAA approaches rank polytank
technique as the most viable, followed by PICS, then jute
sacks, and lastly poly sacks. 'is implies that polytank will
yield higher returns on investment than PICS sacks. However,
PICS sacks will also yield higher returns than jute sacks. 'e
first storage option should be polytank when available based
on our data when storing maize in bulk.
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Figure 6: Performance of storage techniques treated with Phostoxin in maize storage.
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Figure 7: NPV, NPV-RCM, and EAA of cowpea storage at different discount rates.

12 Advances in Agriculture



-500

0

500

1000

1500

2000

V
al

ue
s i

n 
U

SD

NPV, NPV-RCM, EAA @ 15% discount rate 

ju
te

-s
ac

 +
A

ct
el

lic

ju
te

-s
ac

 +
ph

os
to

xi
n

ju
te

-s
ac

 o
nl

y

PI
CS

-s
ac

 +
A

ct
el

lic

PI
CS

-s
ac

 +
ph

os
to

xi
n

PI
CS

-s
ac

 o
nl

y

po
ly

-s
ac

+A
ct

el
lic

po
ly

-s
ac

 o
nl

y

po
ly

-s
ac

+P
ho

sto
xi

n

po
ly

ta
nk

 o
nl

y

po
ly

ta
nk

+A
ct

el
lic

po
ly

ta
nk

+P
ho

sto
xi

n

Treatments
Av. of NPV15%
Av. of NPV-RCM15%
Av. of EAA15%

(a)

-500

0

500

1000

1500

2000

V
al

ue
s i

n 
U

SD

NPV, NPV-RCM, EAA @ 13% discount rate

ju
te

-s
ac

 +
A

ct
el

lic

ju
te

-s
ac

 +
ph

os
to

xi
n

ju
te

-s
ac

 o
nl

y

PI
CS

-s
ac

 +
A

ct
el

lic

PI
CS

-s
ac

 +
ph

os
to

xi
n

PI
CS

-s
ac

 o
nl

y

po
ly

-s
ac

+A
ct

el
lic

po
ly

-s
ac

 o
nl

y

po
ly

-s
ac

+P
ho

sto
xi

n

po
ly

ta
nk

 o
nl

y

po
ly

ta
nk

+A
ct

el
lic

po
ly

ta
nk

+P
ho

sto
xi

n
Treatments

Av. of NPV13%
Av. of NPV-RCM13%
Av. of EAA13%

(b)

-500

0

500

1000

1500

V
al

ue
s i

n 
U

SD

NPV, NPV-RCM, EAA @ 17% discount rate

ju
te

-s
ac

 +
A

ct
el

lic

ju
te

-s
ac

 +
ph

os
to

xi
n

ju
te

-s
ac

 o
nl

y

PI
CS

-s
ac

 +
A

ct
el

lic

PI
CS

-s
ac

 +
ph

os
to

xi
n

PI
CS

-s
ac

 o
nl

y

po
ly

-s
ac

+A
ct

el
lic

po
ly

-s
ac

 o
nl

y

po
ly

-s
ac

+P
ho

sto
xi

n

po
ly

ta
nk

 o
nl

y

po
ly

ta
nk

+A
ct

el
lic

po
ly

ta
nk

+P
ho

sto
xi

n

Treatments
Av. of NPV17%
Av. of NPV-RCM17%
Av. of EAA17%

(c)

Figure 8: NPV, NPV-RCM, and EAA at a discount rate of 15%, 13%, and 17%.
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3.2. Cowpea Storage

3.2.1. Estimated Discounted Net Benefits under the @ree
Approaches. Considering the evaluation under cowpea
storage, the storage techniques that returned a positive
stream of discounted net present values under the three
evaluation methods (NPV, NPV-RCM, and EAA) are pol-
ytank and PICS sacks; this is supported by the findings of
[64–66] on cowpea storage using PICS sack. Jute sacks and
poly sacks all returned negative NPVs, as shown in Figure 7.
'e positive NPVs of PICS and polytank storage techniques
mean that they will be profitable when used to store cowpea
in bulk. However, polytank is more profitable than PICS,
similar to the maize storage results in this study. 'e neg-
ative NPVs of poly sacks and jute sacks mean that they will

not be profitable when used to store cowpea for a long period
of time (about 1 year). 'e best storage options for cowpea
storage are polytank and PICS sacks.

3.2.2. Comparing the @ree Evaluation Approaches in
Cowpea Storage. Storage in polytank and PICS sacks yielded
positive NPVs under the three different approaches used to
evaluate the technologies (NPV, NPV-RCM, and EAA)
across the three discount rates, similar to findings by
[65, 66]. Contrary to this, poly sacks and jute sacks technique
recorded negative NPVs under the three different ap-
proaches used to measure NPV across the different dis-
counts (Figure 8(a)–8(c)), implying that they are not suitable
for long-term (1 year and above) storage of cowpea [67, 68].
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Figure 9: Techniques without treatment NPV, NPV-RCM, and EAA at different DR.
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'e main effect of storage techniques without
chemical treatment under the NPV estimated without
controlling differences in lifespans at 13, 15, and 17%
discount rates indicates that the polytank technique was
the most viable, followed by PICS sacks. Jute sacks and
poly sacks both recorded negative NPV (Figure 9(a)). 'is
trend was similar under NPV-RCM and EAA estimates
(Figures 9(b) and 9(c)), respectively. 'is clearly dem-
onstrates that cowpea is better stored in polytanks fol-
lowed by PICS sacks and aligns with the findings of
[65, 66].

3.2.3. Evaluation of Storage Techniques Treated with Actellic
and Phostoxin in Cowpea Storage. 'is is aimed at assessing

the effect of actellic and phostoxin chemical treatment on
the economic viability of the storage techniques in cowpea
storage. Storage techniques treated with Actellic Supper
under the NPV estimation approach at 13, 15, and 17%
discount rates indicated that the polytank technique was
the most viable, followed by PICS sacks [28, 69]. Jute sacks
and poly sacks both recorded negative NPV. 'is result is
similar under NPV-RCM and EAA estimates. 'is indi-
cates that, even under actellic treatment, polytank is still
the most economically viable storage technique, followed
by PICS (see Figure 10 for more details). 'e trend is
similar under phostoxin treatment, and details can be seen
in Figure 11.

Cowpea storage evaluation clearly demonstrates that
discounted net present value of PICS sacks and polytanks
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Figure 10: Performance of storage techniques treated with Actellic Supper in cowpea.
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at different treatment levels and different discount rates
all yielded positive discounted net benefits implying that
they are profitable. However, jute sacks and poly sacks
techniques both yielded negative discounted net benefits
similar to the work of [70]. 'e NPV-RCM and EAA
approaches rank polytank technique as the most viable
followed by PICS. 'is clearly demonstrates that jute
sacks and poly sacks are not suitable for cowpea storage,
especially under long-term storage, even under chemical
treatment.

4. Conclusion and Recommendations

Under maize storage, the net present value of jute sacks,
PICS sacks, polytanks, and poly sacks at different treatment
combinations and different discount rates recorded positive
NPVs. However, the trend of ranking of NPV estimates
where investment life is not controlled was different from
that of the NPV-RCM and EAA, which accounts for the
differences in investment lifespan. Both approaches (NPV-
RCM and EAA) ranked the polytank technique as the most
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Figure 11: Performance of storage techniques treated with Phostoxin in cowpea.
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viable, followed by PICS and lastly jute sacks, irrespective of
whether there is chemical treatment or not. Evaluation
under cowpea storage revealed that polytank was the most
viable storage, which is followed by the PICS storage
technique. 'is trend was consistent across the NPV-RCM
and EAA approaches at 13%, 15%, and 17% discount rates.
'erefore, where farmers have the capacity to use polytanks
for storage, it should be the most preferred storage technique
as it was the most economically viable during the 12 months
of storage under both maize and cowpea storage. A similar
recommendation applies to PICS sacks for both maize and
cowpea storage under 12 months storage which is supported
by findings from Africa [56, 71, 72]. Polytank will yield the
highest profit compared to PICS though they are both
profitable and recommended for both maize and cowpea
bulk storage, as supported by this study results. Jute and poly
sacks are the only recommendations for short-duration
storage of cowpea (period less than four months after
harvest, and 6–8 months after harvest for maize storage).
'ere is no significant effect of the chemical application on
the economic viability of the technologies; hence, the
chemical application should be avoided as much as possible.
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[7] A. Obiedzińska, “Wpływ strat i marnotrawstwa żywności na
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