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Abstract
Food waste is an alarming issue for the modern world. Numerous researches are going on to reduce food waste
and as a consequence, several drying techniques have been established. However, all of the systems require a
significant amount of external energy. In this study, a system has been proposed that can utilize waste heat to
dry the food materials, where the waste heat was used to heat the natural air for drying. The parameters
associated with the system was optimized by doing the numerical studies in FLUENT environment of ANSYS 15
software. It has been found that the proposed system is capable of reducing about 1.2535 tons of CO2 every
year, whereas the installation cost and payback period is also low, which is $79 and 163 days respectively.
Therefore, by implementing this technique we may think to have an energy efficient low-cost system that can gift
us a green environment.
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1. Introduction
Food waste and hunger are two common and complementary phenomena in the world. Statistics show that 795
million among 7.3 billion people of the world, or one in nine, are suffering from starvation [1]–[4]. Meanwhile,
nearly 1.3 billion tons of foods including fresh vegetables, fruits, and meat, bakery and dairy products are
wastage [5].Among the total number of food-deprived people 780 million people live in developing countries,
representing 12.9% or one in eight of the people of developing countries. So reducing the food waste to fight
against hunger has become a liability for the world. Preserving the food by drying is a significant process for
reducing food waste. Drying is one of the oldest even ancient food preservation technique. Therefore, it is still
one of the dominating food preservation techniques that are practiced in developing countries across the globe.
Accessible water is essential for the growth of microorganisms in food materials. Most of the raw food materials
are high in water content and make it susceptible to the growth of microorganisms[6]. Drying is basically water
removing process. Simultaneous heat and mass transfer take place during the drying process. In addition to
prevention of microorganisms, drying offers ease in handling, packaging, shipping, and consumption. There are
many types of drying process available which are basically classified on the basis of the strategy of heat supply.
The most widely used drying methods in developing countries are solar drying, sun drying, and convection
drying, and spray drying. However, in this study convection drying is the main point of discussion. Low-cost
convective dryers have great potential in small farming areas of less than 1ha, where electricity can be made
available. Even in remote places where electricity is not available, the diesel generator is a viable alternative.
But, for all the cases external energy input is required[7]. In this study, especially for the developing countries of
the world, a drying system using waste heat is proposed that can works as a substantial option to reduce food
waste. Waste heat losses arise both from equipment inefficiencies and from thermodynamic limitations on
equipment and processes. For instance, the need for many systems to reject heat as a by-product of their
operation is fundamental to the laws of thermodynamics[8].Therefore, by utilizing this waste heat a low-cost
efficient drying system is proposed and designed for this study. Moreover, the design optimization and
feasibility study have been also accomplished.

2. Materials & Method
2.1 Required Condition for Drying
Different food has dissimilar structure that leading to a requirement of varying drying conditions for foodstuffs.
Mainly these conditions depend on the existence of moisture in the food. Therefore, several amounts of heat are
essential to remove the moisture content, so that it cannot affect the food. The required temperature to dry some
major foods by vaporizing the liquid in them are shown in Figure 1[9]–[18].

Fig. 1. Required temperature to dry different types of food

2.2 Available sources of waste heat
Waste heat losses arise both from equipment inefficiencies and from thermodynamic limitations on equipment
and processes. For instance, the need for many systems to reject heat as a by-product of their operation is
fundamental to the laws of thermodynamics. However, there is a dire lack of information on the source of the
largest waste heat losses in different sectors and processes and the nature of different waste heat sources (e.g.,
the waste heat quality and chemical composition) knowledge of these factors is critical in determining the
feasibility and extent of opportunity for waste heat recovery[8]. Nevertheless, the different sources of waste heat
with its exhaust temperature is shown in Table 1[19]–[21].
Table 1. Several sources of waste heat
Sources Of Waste Heat
Exhaust Temperature ( )
Diesel Engine
300-500
Gas Turbine
370-540
Ceramic Kiln
200-300
Cement Kiln
200-350/300-450
Container glass melting
160-200/140-160
Boiler
230
Food Industry
164
Conventional Incinerator
760

2.3 System Description
The experimental setup is revealed in Figure 2.The setup is comprised of a number of devices including a drying
chamber, heat exchanger, fan, motor, control unit, battery and Photovoltaic cell (PV cell). The
Photovoltaic cell converts solar light photons into electricity, which is stored in a battery[22]. The stored
electricity is used to run the motor which in turns run the fan to supply the required amount of working fluid i.e.,
air into the heat exchanger system. The mass flow rate of air is controlled by a control unit as shown in Figure 2.
The heat exchanger is working on the principle of counterflow heat exchanger, where from the other side of the
pipe hot exhaust (flue) gas is flown that transfer heat to the air. Finally, the hot air is distributed over the trays
by the air distribution unit and exit of the air is provided such that the hot air then passes through the material to
be dried. This ensures uniform mixing of the air and material being dried.
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Fig. 2: Proposed drying system

2.4 Optimized Parameters
The numerical solution for the system was carried out using ANSYS 15 software in the FLUENT environment.
The solution process is consist of pre-processing, solution and post-processing. The inlet velocity of external air
at the inlet was kept 1.5 m/s and temperature of the air was 25 degree Celsius. The inlet turbulent viscosity ratio
and turbulent intensity were set as 10 and 5% respectively since the geometry is not so complex [23].The
temperature of the exhaust pipe was taken as 87 degree Celsius. For insulating the external pipe, its surface was
kept as an adiabatic wall. For each analysis, the 3-D geometry created using Solid works was first imported in
ANSYS FLUENT environment. The computation time for flow in the pipe was about 2 hours. The processor of
the computer was Intel (R) Core ™ i7-4790 CPU @ 3.6 GHz and the RAM was 24 GB. All the required
parameters to run the system in ANSYS FLUENT environment is represented in Table 2:
Table 2. Required parameters to run the system in ANSYS FLUENT environment
Parameter
Value
Air inlet velocity
1.5 m/s
Exhaust gas pipe diameter
49.44 mm
Air inlet pipe diameter
70 mm
Mass flow rate
0.0032 kg/s
Length of Heat Exchanger
250, 400, 500, 600, 700 and 800 mm
Material of Gas exhaust pipe
Aluminum
Material of air flow pipe
PVC

3. Result and Discussion
3.1 Required Length of the Heat Exchanger
Figure 3 illustrates the Effect of the heat exchanger length on the Outlet temperature and velocity, which is
drawn based on the outcomes of simulation done in the ANSYS FLUENT environment. Overall, the output
temperature of the air experienced an upward trend, whereas the outlet velocity of the air is experienced a
decline in the increase of the length of the heat exchanger. The maximum output temperature was found 81.47
for the 800mm length pipe, where the output velocity was 0.73 m/s. However, the minimum output temperature
was found 61.68 for the 250mm length pipe, where the output velocity was 1.47 m/s. But as for drying
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different food materials 70 temperature and 1 m/s velocity of air are optimum, which can be obtained by both
400 and 500mm heat exchanger[24]. Therefore, 400mm heat exchanger is selected to do the subsequent study.

Fig. 3. Effect of the heat exchanger length on the Outlet temperature and velocity

3.2 Feasibility analysis
3.2.1 Cost
The cost of the system was estimated based on the design of the proposed system. The information about the
price of the components was collected from the local market and an approximate total cost was predicted.
Required components, their specifications, quantity, and prices are given in Table 3.
Table 3. Cost with different equipment’s used in the construction:
Name of the components
Specifications
Quantity
Price in BDT
Exhaust gas pipe
600 mm Aluminum
1
90
Pipe
Inlet Air pipe
600 mm PVC Pipe
1
70
Fan
3 in Diameter
1
20
Battery
12 volts/7.5 Ah
2
2400
Photovoltaic cell
40 watts
1
2080
Motor
12 watt
1
240
ARDUINO UNO Board
Controlling unit
1
495
IRF 3205
Mosfet Transistor
1
35
Jumper wire
10
20
Variable resistor
10 kilo Ohms
1
5
Food Storage Compartment
1
800
3 3 feet wooden box
Total Cost
6255 USD ($79)
So in this cost analysis, it is seen that our proposed food dryer is economical than other conventional dryer.
3.2.2 Emission Reduction
Though power comes in many forms, Electricity is used worldwide now as a common form of secondary
useable energy. To generate electricity, several types of feed materials are used among them Fossil fuel is a
viable option which generates a significant amount of flue gas that effects the environment and finally prohibits
to make a green environment which is the prime demand of the modern society [25]. It is estimated that about
0.0016 barrels or 0.0504 gallons of Petroleum or 1,000 cubic feet of natural gas are required to produce 1KWh
electricity [26].This fossil fuel burning leads to serious CO2 emission. It is calculated that almost 8,887 grams
of CO2are produced when 1 gallon of gasoline is burnt [27].This means 447.905 grams ofCO2 is produced
while generating 1 kilowatt-hour electricity. As the literature suggests, 2798.6375 kW power is needed every
year to run a convective dryer for drying mushroom, it technically produces about 1.2535 tons of CO2 every
year. By applying the proposed technique, this substantial amount of CO2 emission can be reduced without
affecting the performance. Figure 4 represents the summary of the positive effect on the environment of using
the proposed drying technology utilizing waste heat instead of conventional convection drying.
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Fig. 4. Effect of Using proposed drying technology utilizing waste heat
3.2.3 Payback period
It was found from the literature that, slices of a mushroom are dried by hot air convective dryer within 184
minutes in 60°C temperature and for this operation, 2.5 kWh energy is consumed [28].The main power
consumption is required for heating the air. For This purpose 2798.6375 kW power is required every year. In
Bangladesh, the average cost of per unit electricity is on average BDT 5[29]. On the basis of these data, it's
found that the cost of running the considered system per year is 13990 BDT. The predicted installation cost of
the proposed system is only 6255 BDT as estimated in Table 1. Thus the payback period of the proposed system
compared with the existing convection drying system is calculated as follows[30].
Payback Period=
In this study, Payback Period =
=
=0.447 year =163 days.
The significance of this result is that it necessitates only 163 days to regain the money that was used to install.
Therefore, this system is very efficient as well as cost-effective compared to the existing system.

4. Conclusion
The study illustrates the superiority of the proposed food drying system over conventional drying mechanism in
terms of cost and emission reduction. The system is not only easy to construct but also cost-effective. Moreover,
its running cost is technically zero since solar power is being used to run the motor and to external energy is
required to dry the food materials. As a result, by implementing this technique we may think to have an energy
efficient low-cost system that can gift us a green environment.

5. References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

[9]

[10]
[11]
[12]

J. Clover, “Food security in sub-Saharan Africa: feature,” African Secur. Rev., vol. 12, no. 1, pp. 5–15, 2003.
E. Clay, “Food security: concepts and measurement,” Trade reforms food Secur. Conceptualising linkages, pp. 25–
34, 2002.
U. N. C. for H. Rights, Right to adequate food as a human right, no. 1. New York: United Nations, 1989.
World Hunger Education Service, “World Hunger, Poverty Facts, Statistics 2016 - World Hunger News,” World
Hunger Education Service (WHES). 2015.
H. Chen, W. Jiang, Y. Yang, Y. Yang, and X. Man, “State of the art on food waste research: a bibliometrics study
from 1997 to 2014,” J. Clean. Prod., vol. 140, pp. 840–846, 2017.
M. U. H. Joardder, M. H. Masud, and M. Azharul, “Relationship between Intermittency of Drying, Microstructural
Changes, and Food Quality,” Intermittent Nonstationary Dry. Technol. Princ. Appl., 2017.
K. J. Chua and S. K. Chou, “Low-cost drying methods for developing countries,” Trends Food Sci. Technol., vol.
14, no. 12, pp. 519–528, 2003.
A. M. E. Arefin, M. H. Masud, M. U. H. Joardder, M. Mourshed, and F. R. Naim-Ul-Hasan, “Waste heat recovery
systems for internal combustion engines: A review,” in 1st International Conference on Mechanical Engineering
and Applied Science, At Military Institute of Science and Technology, 2017, pp.1–4.
C. Kumar, M. U. H. Joardder, T. W. Farrell, and M. A. Karim, “International Journal of Thermal Sciences
Multiphase porous media model for intermittent microwave convective drying ( IMCD ) of food,” Int. J. Therm.
Sci., vol. 104, pp. 304–314, 2016.
M. Planini, S. Tomas, and M. Bili, “Influence of airflow velocity on the kinetics of convection apple drying,” J.
Food Eng., vol. 64, pp. 97–102, 2004.
C. GARCIA R.Rolz, “Drying of bananas using the microwave and air ovens,” Int. J. Food Sci. Technol., vol. 23,
pp. 73–80, 1988.
Z. Li, G. S. V. Raghavan, and N. Wang, “LWT - Food Science and Technology Carrot volatiles monitoring and

5

[13]
[14]
[15]
[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]
[30]

control in microwave drying,” LWT - Food Sci. Technol., vol. 43, no. 2, pp. 291–297, 2010.
M. N. Kohayakawa et al., “Keywords: Heat pump dryer, mango, Drying kinetics, COP.,” Proc. 14th Int. Dry. Symp.
(IDS, no. August, pp. 884–891, 2004.
N. A. Akgun and I. Doymaz, “Modelling of olive cake thin-layer drying process,” J. Food Eng., vol. 68, no. June
2004, pp. 455–461, 2005.
G. Ruız, “Modelling of dehydration-rehydration of orange slices in combined microwave y air drying,” Innov. Food
Sci. Emerg. Technol., vol. 4, no. 3, pp. 203–209, 2003.
P. Taylor et al., “Drying Technology : An International Journal Drying of Guava and Papaya : Impact of Different
Drying Methods Drying of Guava and Papaya : Impact of Different Drying Methods,” Dry. Technol., no. August
2013, pp. 37–41, 2010.
L. A. Ramallo and R. H. Mascheroni, “Food and Bioproducts Processing Quality evaluation of pineapple fruit
during drying process,” Food Bioprod. Process., vol. 90, no. 2, pp. 275–283, 2011.
J. Bondaruk, M. Markowski, and W. Błaszczak, “Effect of drying conditions on the quality of vacuum-microwave
dried potato cubes,” J. Food Eng., vol. 81, pp. 306–312, 2007.
The Engineering ToolBox, “Fuels Exhaust Temperatures,” The Engineering ToolBox. 2017.
B. Peris, J. Navarro-Esbrí, F. Molés, and A. Mota-Babiloni, “Experimental study of an ORC (organic Rankine
cycle) for low-grade waste heat recovery in a ceramic industry,” Energy, vol. 85, pp. 534–542, 2015.
J. Matthey, “Treatment of diesel exhaust gases,” 2017.
M. H. Masud, R. Ahamed, M. Mourshed, M. Y. Hossan, and M. A. Hossain, “Development and performance test of
a low-cost hybrid solar air heater,” Int. J. Ambient Energy, pp. 1–9, 2017.
CFD-Wiki, “Turbulence intensity -- {CFD-Wiki}, the free {CFD} reference,” 2013. [Online]. Available:
http://www.cfd-online.com/Wiki/Turbulence_intensity. [Accessed: 15-Nov-2017].
W. Aissa, M. El-Sallak, and A. Elhakem, “Performance of solar dryer chamber used for convective drying of
sponge-cotton,” Therm. Sci., vol. 18, no. suppl. 2, pp. 451–462, 2014.
M. H. Masud, “Utilization of Waste Plastic to Save the Environment,” in International Conference on Mechanical,
Industrial and Energy Engineering, 2014, pp. 1–4.
S. Electricity, “How much fuel is required to produce electricity,” 2016. [Online]. Available:
http://michaelbluejay.com/electricity/fuel.html. [Accessed: 17-Nov-2017].
C. for E. Cooperation, “North American Power Plant Air Emissions,” 2015.
A. Motevali, S. Minaei, M. H. Khoshtaghaza, and H. Amirnejat, “Comparison of energy consumption and specific
energy requirements of different methods for drying mushroom slices,” Energy, vol. 36, no. 11, pp. 6433–6441,
2011.
BBS, Statistical Year Book Bangladesh, 36th ed., no. May. 2017.
M. H. Masud, M. S. Akhter, S. Islam, A. M. Parvej, and S. Mahmud, “Design, Construction and Performance Study
of a Solar Assisted Tri-cycle,” Period. Polytech. Mech. Eng., vol. 61, no. 3, pp. 234–241, 2017.

6

