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ABSTRACT

Apple is one of the most widely consumed fruit all over India, loved by all age groups. To avail the product
year-round, a widely accepted convectional techniques namely drying is followed in large scale. The process
of drying is cost intensive and time consuming by nature. Mechanisation will act as a boon to food product
developer in this field.  A concise knowledge regarding ownership and operational expenses are required
for a food product developer which will be helpful in choosing right one from the options like purchasing
a new machine, advancement of existing one or exploring the alternative methods to enhance financial
outcome. Therefore, ownership cost and operational cost of developed infrared assisted air impingement
hybrid dryer were analysed. The dryer was found to be cost effective as it has low breakeven point and
short payback period.
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Introduction

The World Health Organization recommends the
consumption of five servings of fruits and vegetable
per day. “An apple in a day keeps the doctor away”
is a common proverb, indicates the abundance of
the fruits with the micronutrients and bioactive
compounds, which have potential health benefits. It
has therapeutic utility against chronic disorders
such as diabetes, cancer, and cardiovascular dis-
eases (Hyson et al., 2011; Oyenihi et al., 2022).

Post-harvest losses create a gloomy impact on
socioeconomic status of the farmers and simulta-
neously cause a detrimental effect on the environ-
ment.  From farm to fork level, at each and every
step, a large number of fruits and vegetables are
wasted which constitute around 20-60 % of total
production (Anand et al., 2022). Improper handling
and lack of storage facility of high moisture food
rises global concerns in post-harvest losses which

may unfavourably affect the food safety and quality.
High perishability of fruits and vegetables hampers
the shelf life of fruit.

The quality of the final dried product is a signifi-
cant factor to be studied in the drying industry. Loss
of nutritious substances (e.g., ascorbic acid) (Marfil
et al., 2008), loss of color (Chua et al., 2000) and de-
formation or internal structure (Vega-Galvez et al.,
2012) are some of the negative effects of drying that
should be minimized by optimizing the process.
Choosing the proper dryer for a particular material,
drying within an appropriately limited time, and
pre-treatment of the material are factors that affect
the quality of dried products.

In recent years, infrared drying has become a sig-
nificant technique in the drying industry because of
its numerous advantages, such as the energy sav-
ings, lower drying time, high-quality dried prod-
ucts, intermittent energy source, easy control of the
process parameters, uniform temperature distribu-
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tion, and clean operational environment, as well as
space savings (Mongpraneet et al., 2002).

In spite of advantages, due to the limited penetra-
tion depth, IR energy is usually applied in combina-
tion with other drying methods, such as hot air, mi-
crowave and vacuum drying (Riadh et al., 2015).

Although this hybrid technology has shown
greater advantage over conventional methods in
drying still not much techno economic research has
been done worldwide in this area.

The objective of this work was to evaluate cost
economic worth whileness of a developed infrared
assisted hybrid dryer. This method has been used
for different dryers, but none is available for infra-
red assisted hybrid dryer.

Materials and Methods

Bill of materials and cost of fabrication of the devel-
oped infrared assisted hybrid dryer was calculated
by combining the individual cost of all the elements
of developed hybrid dryer, which is called initial
cost of machine (P). The detailed analysis is based
upon the method proposed by Nag et al. (2023) with
slight modification.

Assumptions are considered for determining the
cost of operation of infrared assisted hybrid dryer.
 Useful life hours of machine per year (H) = 2920

h
 Useful life years of machine (L) = 10 years
 Salvage value (S) = 10 % of initial cost
 Shelter and insurance =2% of initial cost
 Price of electricity: 4 Rs /h
 Labour wages: 400 Rs day-1 (8 hours)
 Depreciation method: Straight line method

Cost economic evaluation of developed hybrid
dryer was done by taking ownership cost and op-
erational cost into consideration.

Machinery cost: It includes the ownership cost and
operating cost. It can be roughly calculated by ap-
plying few assumptions regarding life of equip-
ment, its annual use, fuel and labour price.
Ownership cost: Depreciation, interest, taxes, insur-
ance and housing are a few of this cost.

Depreciation: It is the loss of value associated with
machines wear and tear, deterioration and life used.
A life span of 10 years is considered for this purpose.
The annual depreciation value can be calculated by
the following expressions.

P – S
D =

L × H

Where,
D = Depreciation (Rs/h)
P = Initial cost (Rs.)

Interest: If the owner burrows money from a lender,
the interest rate will be dependent upon creditwor-
thiness and the market condition. If he chooses to
use his own fund, the interest rate should be based
upon opportunity cost of that capital in other poten-
tial investment within the farm business. Here an
average rate of 12 % is taken into consideration.

P + S i
I = ×

2 H

Taxes, housing and insurance

This additional cost which the owner has to bear in
terms of sales tax, road tax, insurance, and shelter
charge is relatively smaller compared to deprecia-
tion. It is estimated as 2 % of average machine cost
annually.

Taxes, Housing and Insurance = 

Total ownership cost is the combination of deprecia-
tion, interest and Taxes, housing and insurance.

Operating cost

Repair and maintenance cost, labour charges, elec-
tricity cost are taken into consideration while the
machine is in use. All together these charges can be
computed as operating cost which is variable in na-
ture. It is dependent the use hour of machine.

Repair and maintenance cost

It is taken as 10 % of machine purchase price per
year.

Labour wages

Rs. 400/ day is finalised for labour wages.

Electricity

The total electricity consumption is recorded and
overall electric charges are computed based on these
measurements.
Total electricity charge = 4 Rs/h

So, total operating cost = Repair and maintenance
cost + labour charges + electricity cost and total cost
of developed hybrid dryer = Total ownership cost +
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Total operating cost
Breakeven point (BEP): This is the point where; to-
tal cost is equal to total revenue from the use of ma-
chine. Here, there is no profit and no loss. It can be
calculated using the following formula as

Annual fixed per year
BEP =

Custom hiring charge – Operating cost
Here,

Custom hiring charge = Total cost + Overhead
charge + Profit

Over head charge = 0.25*Total cost
Profit = 1.25 * Overhead charge

Payback period

It is the time frame required for total cash inflows
generated by using the dryer to equal the invest-
ment cost of purchasing the machine. The earlier the
payback period the quicker the return on invest-
ment.

It can be calculated using the following formula.

Initial cost of machine
Payback period =

Average net annual profit

Average net annual profit can be calculated as,
Average net annual profit = (Custom hiring charges
– Operating cost)*Annual use

Results

Cost economic analysis was computed considering
the total ownership cost, total operating cost, over-
head charge, profit, custom hiring charge (Table 1).

Breakeven point even was computed to find the
no. of hour per year where the total running ex-
penses were equal to the total revenue from its use.
Payback period was calculated from the total cash

inflow generated by using the dryer to the total in-
vestment cost purchasing the machine.

Conclusion

Total initial cost of the developed hybrid dryer was
Rs. 23,580. The machinery cost, breakeven point,
payback period is found to be 56.21 Rs. /h, 124.68
h/year, 0.24 year respectively. This detail analysis of
infrared assisted hybrid dryer will be helpful to food
product developer in deciding to go with technol-
ogy or not. Moreover, this can be concluded that,
due to low breakeven point, the financial stability
and profitability will be high. The payback period is
also short. Hence, it is a more attractive investment
as it reduces the exposure to uncertainty and volatil-
ity in future cash flows.
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