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Abstract — Solar-biomass hybrid dryer systems use
biomass burners as the back-up source of heat to warm
the air prior to charging it in the drying chamber. The
flue gas produced from biomass combustion has a
considerable amount of heat and is exhausted into the
ambient. This project presents a new approach that uses
the co-generation (Co-Gen) technique in utilizing the
flue gas exhausts from the burner. This approach
enhances the circulation of warm air in the drying
chamber and eliminates the need for an extraction fan.
The exhaust flue is simply injected inside the chimney at
the upper part to increase the natural stack effect caused
by the rise in temperature and reduction in pressure.
This technique is investigated experimentally; the dryer
is tested with and without Co-Gen. Aside from the
enhancement of efficiency, the main advantage of this
approach is the elimination of electricity, given that the
Co-Gen replaces the electrical extractor. This advantage
renders the hybrid solar drying applicable in rural
areas.

Keywords-  Solar-biomass hybrid dryer systems,
biomass burners, co-generation technique, natural
stack effect, electrical extractor.

I -INTRODUCTION

Grid-connected electricity and supplies of other non-

renewable sources of energy are unavailable, unreliable,
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or too expensive to many farmers in several rural
locations. Crop- drying systems that employ motorized
fans or electrical heating are therefore inappropriate in
such areas. The large initial and running costs of fossil
fuel-powered dryers present such barriers such that they
are rarely adopted by small-scale farm owners and
operators. The traditional method of open sun drying is
widely used by rural farmers but has inherent limitations,
such as high crop losses caused by inadequate drying,
fungal attacks, encroachment of insects, birds, and
rodents, unexpected rains, and other effects of weather
conditions. As such, solar crop dryers appear as
increasingly attractive commercial propositions.

Due to the energy crisis and environmental pollution
issues, many governments are working on developing
green energy to alleviate these problems. In the process
of drying, it is an effective way for improving the
economic efficiency of drying to reduce the energy
consumption of drying systems. Drying system energy
consumption is mainly affected by the dried product and
energy efficiency of the drying system. Hot air
convection drying using a traditional energy source is
not a sustainable way of drying due to environmental
pollution, high investment and operating costs. Solar
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drying has the advantages of being a renewable, free,
and abundant energy source, meanwhile, the low-
temperature utilization of solar energy just matches the
suitable material drying temperature. However, the
practical application of solar drying generally needs to
be supplemented by other forms of energy due to the
influence of solar energy instability, periodic change,
low heat collection efficiency, and so on .Therefore,
numerous research works concerning solar drying have
been conducted over the past few decades. Solar drying
can be divided into four groups: open sun drying, direct
solar drying, indirect solar drying and hybrid solar
drying . Many researchers have studied the design types
of a solar dryer. Solar thermal components are the key to
distinguishing different solar drying systems. Hybrid
photovoltaic-thermal (PV/T), solar air collector types,
greenhouses, etc. have been adopted in previous
literature reviews.

Banout et al. ™ designed a new model of double-pass
solar drier and tested it under tropical conditions in
central Vietnam. Sumit Tiwari, G. N. Tiwari, I. M. Al-
Helal [ investigated a forced convection solar
greenhouse dryer; this dryer consisted of a solar air
collector and chapel-shaped greenhouse. Kabeel and
Abdelgaied™ investigated a new solar dryer with rotary
desiccant wheel. The CHP system that combines PV
cells with solar water heating is usually referred to as the
Solar Photovoltaic/Thermal (PV/T) system. They are
well suited for applications where there is a demand for
both heat and electrical power and the available roof
spaces are limited. The solar drying process is suffering
from the lack of sunlight interruption during cloudy and
rainy days as well as throughout the night. Integration of
the solar dryer with another resource of energy is the
most appropriate practical solution to get continuity in
drying process. Prasad and Vijay Y fabricated, and
studied natural convection solar dryer coupled with a
biomass stove. Brick walls of (1.45 x1.17 x 0.9) m®
surrounded the biomass stove. A burner with a holed
tray was provided inside the stove. A 7.5 cm diameter
and 60 cm long chimney located at one side of the stove
to allow the leaving of flue gases. In order to elongate
the flow way of exhaust gases and maximize the transfer
of heat to the stove walls, three metal baffle plates were
inserted. The brick room has 13 rectangular slots with
dimension of 0.018 m2 for fresh air access and one
biomass feeding slot with dimension of 0.11 m? The
quantity of 6 kg charcoal is burned. The temperature
measured at the bottom of the tray 59.5°C.
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An indirect natural convection solar dryer integrated
with biomass-backup heaters has been designed,
constructed and evaluated by Madhlopa and Ngwalo 231,
The parts of the biomass burner were composed of drum,
rectangular duct and flue gas chimney. The burner was
designed with drum length of 0.89 m and 0.58m
diameter. The flue gas chimney height was 2.12 m and
diameter 0.12 m. Wood shaving was used as the fuel in
the burner. The rate of fuel feeding was 8 kg per night.
The maximum temperature recorded inside the dryer was
in the range of 41 to 56°C.

S. K. Sansaniwal, M. Kumar ™ studied experimentally a
mixed-mode natural convection solar collector with
biomass burner and heat storage back-up heater. The
construction of the biomass burner consisted of a
concrete wall surrounded by a thermal storage area that
was built using bricks. The chimney was affixed to the
upper edge of the stove in such a way that heat from the
smoke could heat up the internal wall which would in
turn lead to the tray being heated. Shaving wood of 50
kg was used through night. The temperature measured
inside the drying chamber was 65°C.

Bena and Fuller® studied a hybrid drying system. The
system consisted of a simple biomass burner combined
with a direct type natural convection solar dryer to
present a different type of technology for the drying
process. The biomass burner, designed mainly to be used
with wood as the main fuel for burning, was built from a
0.2 m drum positioned on its side. Approximately, 9 kg
of wood was burned each night, just enough to keep the
temperature inside the dryer under 65°C.

T. A. Yassen, H. H. Al-Kayiem & K. Habib ™ reported
a design procedure of a thermal back-up system which
was flexible to deliver hot flue to dry solid waste or to
provide warm air to dry food and fish. The system
constructed from biomass burner and gas to gas heat
exchanger topping the burner. The design was
accomplished to dry 2.5 kg of palm fiber (EFB).
Mathematical model was developed to evaluate the
dimensions of the heat exchanger. Results illustrated that
heat exchanger of 0.4 m height and 0.4 m diameter is
enough to produce the required flow rate and
temperature of drying air.

Il - LITERATURE REVIEW

Various drying techniques have been employed to dry
different types of food and agricultural products. Each
drying technique has its own advantages and limitations.
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Choosing the appropriate drying technique is therefore
important in the process of drying these perishable
products. A solar dryer has been incorporated in the
biomass stove to reduce the stove’s dependence on solar
radiation for its operation and to improve its quality of
drying. This approach extends the period of drying of
high-value products beyond sunshine hours and possibly
during night. Biomass, particularly wood, is a dominant
source of energy and is commonly burned using
inefficient technologies in most developing countries.

Prasad and Vijay " reported the fabrication and test
results of an integral-type natural convection of direct
solar dryer coupled with a biomass stove. The
volumetric flow rate of 0.02 m%s at the maximum dryer
temperature of 60 °C was achieved in the chamber. The
overall drying efficiency of the system for drying ginger
in the night mode was 7.1%.

Bena and Fuller % studied a hybrid drying system,
which consisted of a direct-type natural convection solar
drying cabinet mounted on top of a brick chamber that
enclosed a simple biomass burner. The volumetric flow
rate of air exiting from the drying chamber was 0.025
m3/s at a maximum dryer temperature of 65 °C. The
overall drying efficiency of drying pineapple in the night
mode was 6%.

Madhlopa and Ngwalo ™ designed, constructed, and
evaluated an indirect type natural convection solar dryer
integrated with collector-storage solar and biomass back-
up heaters. Their results showed that the volumetric flow
rates were ranged from 0.017 m3/s to 0.036 m3/s at the
inlet of the dryer, and the overall drying efficiency of the
system for drying pineapple in the night mode was 11%.

On the solar collector design integrated with hybrid
dryer, Leon and Kumar ™®! experimentally investigated a
hybrid dryer system that combined an unglazed
transpired solar collector, rock bed, and a biomass
gasifier stove with a heat exchanger. The system was
evaluated by drying chili using air at 60 °C and 90 m%h.
The chili was dried from the initial moisture content of
76.7% to the final moisture content of 8.4% for 32.5 h of
continuous drying. Then, Leon™™  has designed,
developed, and investigated the performance of a
renewable energy-based (solar-biomass) hybrid air
heating system. The system consisted of an unglazed
transpired solar collector (UTC), a rock bed thermal
storage, and a biomass gasifier stove with heat
exchanger.
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Chavan et al. 4 were conducted a mathematical
modeling and experimental investigation of a solar
biomass hybrid cabinet dryer. Eight trials were
conducted for drying mackerel by a solar biomass hybrid
cabinet dryer and compared the results with open sun
drying at air temperatures of 32.4 — 57.7°C, relative
humidity 23.9 — 85.8%, and air flow of 0.20 —0.60 m /s.
In conclusion, Madhlopa and Ngwalo™ suggested
recirculating the exhaust gases around the chimney of
the dryer to avert reverse thermo-siphoning at night or
during periods of low insolation.

M. 1. Fadhel, K. Sopian, W. R. W. Daud, M. A. Alghoul
Bl experimentally studied the thermal back-up unit
(TBU) experimentally, and found that the outlet flue gas
temperature reached 160 °C in delivering hot air
temperature of 72 °C to the dryer, which is suitable for
drying most materials. Their conclusion indicates that, in
terms of thermal energy waste, the temperature lost in
the exhaust flue to the ambient can be utilized by heat
recovery. However, the present work presents a method
and the results of utilizing the thermal energy in the flue
gas in terms of heat recovery by what is named ‘the Co-
Generation (Co-Gen) technique’. In this technique, the
flue gas is directed for injection inside the chimney at
the upper part to increase the natural stack effect caused
by the rise in temperature and reduction in pressure. This
approach to enhance the circulation of warm air (air flow
rate) in the drying chamber and eliminates the need for
an extraction fan.

The current work experimentally investigates and
analyzes the effect of flue Co-Gen on the circulation of
air inside the solar-biomass hybrid dryer.

Il - METHODOLOGY
Problem definition and Objective

The solar drying process is suffering from the lack of
sunlight interruption during cloudy and rainy days as
well as throughout the night. Integration of the solar
dryer with another resource of energy is the most
appropriate practical solution to get continuity in drying
process. Thus, the hybrid solar — thermal drying
techniques are feasible as a practical solution. The
present thermal back-up unit is feasible for providing hot
air suitable for the drying of any type of agriculture,
forest, and food products. The advantage of using such a
system is important in the rural areas, where it operates
and performs hybrid drying, free of electricity.
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Fig. 1- Waterfall Model

We have decided to complete the project in simple
waterfall model

Communication Phase

Communication phase includes:

Discussion of topic with guide

Actual farm visit and understanding various
method

Literature survey

Problem identification

Analysis of problem

Concept development

Discussing various certainties and uncertainties

Planning Phase
Planning phase includes:

Process planning

Raw material planning
Force analysis
Process scheduling

Modeling Phase
Modeling phase includes:

Design of various components
CAD modeling of components
Assembly model of component
Prototype model making

Construction and Testing

Selection of proper manufacturing methods
Working as per process scheduling and plan
Testing of equipment on field

Error analysis

Repair if any

Deployment

Comparing the project with the designed output

Preparation of testing results
Preparation of project report
Final submission of project

IV-DESIGN

Frame: - The proper selection of material for the
different part of a machine is the main objective in the
fabrication of machine. For a design engineer it is must
that he be familiar with the effect, which the
manufacturing process and heat treatment have on the
properties of materials. The Choice of material for
engineering purposes depends upon the following
factors:
1. Availability of the materials.
2. Suitability of materials for the working condition in
service.
3. The cost of materials.
4. Physical and chemical properties of material.
Mechanical properties of material: -
Specification of Bottom
1. Frame Dimension: 36”’ x 24"’
2. Material: MS Angle 20 ft.
3. Weight/m: 4.50 kg/m
4. Total weight of base frame: 9.4 kg
5. Material: Mild steel 5mm thick

The mechanical properties of the metals are those,
which are associated with the ability of the material to
resist mechanical forces and load.

Material used for frames
1. Mild steel
Reasons:
1. Mild steel is readily available in market.
2. It is economical to use.
3. It is available in standard sizes.
4. 1t has good mechanical properties i.e. it is easily
machinable.
5. It has moderate factor of safety, because factor of
safety results in unnecessary wastage of material and
heavy selection. Low factor of safety results in
unnecessary risk of failure.
6. It has high tensile strength.
7. Low co-efficient of thermal expansion.
Designed Components
A) Design of transverse fillet welded joint.

- -

Fig. 2- Welding joint with side view
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Here, b= 3 mm & h= 12 mm,
Hence, selecting weld rod size = 3.2mm
Area of Weld = 0.707 x Weld Size x L
=0.707x3.2x 12

=27.15 mm2

Stress induced = Force Exerted / Area of Weld
21 =F/27.15

F=570.21 N =58.12 kg
Maximum Allowable Stress for Welded Joints = 21
N/mm?>.

V-RESULT AND EXPERIMENTAL ANALYSIS

The system is a hybrid solar-biomass dryer consist of
solar collector, drying chamber, thermal back-up unit,
and Co-Gen unit. The proposed hybrid drying system
was constructed to integrate the mixed-mode solar dryer
with TBU. The mixed-mode solar dryer was constructed
from a solar collector and direct drying chamber. This
dryer was used to deliver the heat to the drying chamber
during the day hours. The TBU was constructed from a
burner and gas-to-gas heat exchanger.

Solar collector: - A solar collector with a double pass
was fabricated from galvanized plate and aluminum
angle bars. The absorber plate was fixed between the
glass cover and the back of the collector to configure
two gaps for the passage of air. The gap between the
cover and absorber was set to 0.06 m, and that between
the absorber and the back part was set to 0.03 m. The
external dimensions of the solar collector were 1.75 m
(length) x 1.1 m (width) x 0.14 m (depth). The internal
dimensions were 1.75 m x 1 m x 0.09 m. The back and
left and right edges of the solar collector were insulated.
The absorber was made of an aluminum plate with a
gauge of 0.001m. The absorber was painted with a mat
black color to increase its absorptivity. The dimensions
of the absorber were 1.7 m x 1 m. The solar collector tilt
angle was 400 from the horizontal axis.

Drying Chamber: - The chimney had a length of 1 m;
fixed on the exhaust of the drying chamber, and
connected to a cup. The cup was fixed on top of the
chimney to prevent rainwater from entering the chamber
and to regulate the flow of the air inside the dryer.

Thermal Back up Unit: - The thermal back-up unit
(TBU) was composed of two parts: the lower and upper
part (Fig. 2). The lower part consisted of a cylindrical
burner for burning fuel and producing flue gas. The
mashed plate was fixed inside the burner to hold the fuel.
The upper part consisted of the gas-to-gas heat
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exchanger for heat exchange between the flue gas and
fresh air. The burner had a diameter of 0.4 m and a
height of 0.35 m; the gas-to-gas heat exchanger had a
length of 0.45 m. The hydraulic diameter of the annulus
for the passage of flue gas was 0.1 m, and the hydraulic
diameter of the annulus for the passage of air was 0.1 m.
The passage for the hot air exhaust from the TBU had a
diameter of 0.15 m. The flue gas outlet from the TBU
had a diameter of 0.076 m. The exhaust flue gas from the
TBU was connected to the chimney of a dryer to
produce the up drafting force that enhanced the flow rate
inside the dryer. The inlet diameter of the flue gas to the
chimney was 0.05 m. The Co-Gen unit is defined as a
pipe to pass the flue gas from thermal back-up unit to the
dryer chimney. The pipe of an iron type was with an
internal diameter of 0.05 m.

Measurement Procedure: - The initial moisture content
in the material can be evaluated on a wet basis and stated
in percent. A sample of 100 g (wi) for each experiment
was subjected to drying in a convective electric oven,
whose temperature was maintained at 105 °C. The
weight of the sample was checked every 1 h. When the
change in the weight difference was negligible, the
process was terminated by switching off the oven, and
the final weight of the sample was recorded. The
calculated initial moisture content of the red chili using
this equation was 233.3 % based on dry basis .
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9
8
-~ 7
£
g
H
e 4
: A /A
§ 3 A 1Al "'A“ AWANE/a\WaA
2 ARV A AN A A A AR
1 4 v T 7 A T A, O AT, (SR Ry
04
0 2 4 10 12 14

6 8
Time (hour)
—+—chimney (mixture) ——Outlet dryer (with Co-Gen)
~a—Outlet dryer (no Co-Gen) = LOg. (chimney (mixture))

= Log. (Outlet dryer (with Co-Gen)) ==Log. (Outlet dryer (no Co-Gen))

Graph 1 Variation of the pressure drop in the outlet of
drying chamber and in the mixture inside chimney with
the drying time
The first is the pressure drop between the ambient
pressure and the outlet of the drying chamber, with and
without Co-Gen, and secondly between ambient and the
mixture pressure (flue-air) in the chimney, above the Co-
Gen injection point. It can be seen that the logarithmic
mean value of the pressure drop in the mixture zone was
in the range of 5.7 Pa to 7 Pa. For the drying system
coupled with Co-Gen unit, the logarithmic mean
pressure drop in the outlet of the drying chamber was in
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the range of 2.4 Pa to 2.6 Pa. For the system without Co-
Gen unit, the logarithmic mean pressure drop in the
outlet of the drying chamber was around 1.5 Pa.
Therefore, the lower pressure in the mixture zone caused
the higher pressure drop in the outlet drying chamber in
case of the test with Co-Gen unit compared to the case
without Co-Gen unit.

Flow analysis: -
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Graph 2 Variation of the temperatures of the flue gas

inlet to chimney, mixture in the chimney, outlet dryer,

temperature and volumetric flow rate outlet from the
dryer with the test time.

The temperature of the mixture (flue gas — air) inside the
chimney, the outlet dryer air temperature, and the dryer
outlet volumetric flow rate over the test time. The flue
gas temperature enter to the chimney was varying from
70.3 °C to 126.7 °C. The temperature of the mixture in
the chimney was found to vary from 57.5 °C to 100.1
°C. When the minimum volumetric flow rate was
0.0206m3Y/s, the temperature of the flue gas at inlet to the
chimney was 70.3 °C, the temperature of the air exiting
from the chimney was 57.7°C, and the temperature of
the air outlet from dryer was 43.3°C. When the
maximum volumetric flow rate was 0.039m%s, the
temperature of the flue gas inlet to the chimney was
126.7 °C, the temperature of the mixture in the chimney
was 100.1 °C, and the temperature of the air outlet from
dryer was 64.9 °C. Hence, the temperature of the
mixture in the chimney was higher than the air
temperature in the outlet of dryer by 35.2°C. Therefore,
the region of the mixture in the chimney was in a state of
low pressure, and the region of the air outlet from the
dryer was in a state of high pressure. The air therefore
moved from the high-pressure region to the low-pressure
region, thereby generating larger up drafting force.

159

=2
o

wv
o

&
o

N
o
o
o
~

5

._.
)
o
o
&
w
Volumetric flow rate (m"3/s

Outlet dryer temperature (°C)
w
o

o

—t—t—t—tr—t—tt + 0.015

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time(hour)

== Qutlet dryer temperature (with Co-Gen) &= Outlet dryer temperature ( no Co-Gen)

w=s==\olumetric flow rate (with Co-Gen) w=pt==\Jolumetric flow rate (no Co-Gen)

Graph 3 Variation of the outlet dryer temperature and
outlet volumetric flow rate with the time of test for case
of with and without Co-Gen.

Graph showing comparison of the hydrothermal
behavior of the system in terms of the volumetric flow
rate and air temperature measured during the
experiments of the two cases, with and without Co-Gen.
When the temperature was dropped to a low range,
which was not suitable for the drying, the burner was fed
with fuel to increase the temperature to a range suitable
for drying. The volumetric flow rate was estimated from
the air velocity in the dryer outlet. For the system
without Co-Gen, the air temperature in the outlet dryer
varied from 42 °C to 64 °C and the volumetric flow rate
varied from 0.0178 m®/s to 0.03 m%/s. At the maximum
outlet air dryer temperature of 64 °C, the maximum
value of the volumetric flow rate was 0.03 m?/s. The
outlet dryer air temperature for the system with Co-Gen
varied from 43.3 °C to 64.9 °C, and the volumetric flow
rate varied from 0.0206 m%s to 0.039 m*/s. Even though
the temperature of air outlet from the dryer was much
closed in both cases, with and without Co-Gen
technique, but the flow rate in case of the system with
Co-Gen was higher than in case without Co-Gen by
about 23%. So, the Co-Gen enhanced the up drafting
inside the dryer, which in turn increased the volumetric
flow rate.

Effect of The Co-Gen Technique on the Drying
Performance: - Two experiments were conducted to test
the effect of the Co-Gen unit on drying. One experiment
for drying red chili was conducted with Co-Gen, and the
other without Co- Gen. The effect of the Co-Gen
technique was conducted based on the mass reduction,
moisture content, drying rate, and overall biomass mode
drying efficiency.
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Drying time: -
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Graph 5 Comparison of the mass reduction and moisture
content based on a dry basis of the biomass mode (night
mode) of drying chili with and without Co-Gen.

In the night mode drying with Co-Gen, a sample of 100
g of chili was dried to 30 g within 13.5 h. In the night
mode of drying without Co-Gen, a sample of 100 g of
chili was dried to 30 g within 15.5 h. The initial moisture
content of the sample decreased from an initial moisture
content of 233.3 % based on dry basis (equivalent to
70% based on wet basis) to a final moisture content of
1.43 % (equivalent to 0.43% based on wet basis) in the
system with and without Co-Gen. Drying rate is the
main characteristic that is usually used in estimating the
performance of any solar drying system.
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Graph 4 Variation between the drying rate and drying
time with and without Co- Gen unit.

In the end of the first 3 h of drying, the drying rates with
and without Co-Gen were 0.28 and 0.258 g/gh,
respectively. After 5.5 h, the drying rates with and
without Co-Gen were 0.228 and 0216 g/gh,
respectively. Afterward, the drying rates with and without
Co-Gen were equal. As well known, there are two basic
phases of moisture transfer mechanisms taking place in
the drying process. The first is the transfer of the
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moisture from the surface to the surrounding air, in the
form of water vapor, which is a constant-rate phase.
Second is the migration of moisture from inside of the
drying product to the surface, which is falling- rate
period. The first 5.5 hours of drying, the constant-rate
period wasn’t appeared in the results because it is very
short period, due to the nature of the chili, which has thin
layer.

Banout et al. reported that there is no constant-rate
period has been observed during chili drying while
drying took place only in the falling-rate period.
Therefore, it can be observed that only the failing-rate
period for drying red chili. During the second 5.5 hours,
also the failing-rate period took place but it became
slower in term of drying rate due to the low flow of
moisture from mass interior. The last 2 hours, which was
the end of falling-rate period, still some moisture inside
the product. Hence moisture content movement took
place slowly by diffusion and the drying was terminated.
Also, during this period, the drying rate for the system
with and without Co-Gen unit was similar. Therefore, it
can be conclude that during the first 5.5 h, the main
parameters that affect the drying are the temperature and
the flow rate due to the high moisture content of product;
afterwards, only the temperature affects the drying due to
the low moisture content.
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Graph 6 -Drying rate versus moisture content
Drying rate versus moisture content is presented in Fig.6
It could be observed that the higher drying rate at the
initial stages of drying which correspond to higher initial
moisture content of the product. Also, it could be seen
that when the moisture content decreased to around 100%
dry basis, the drying rate becomes similar in the cases of
with and without Co-Gen unit.

In the present work, wood was used as the fuel. The
calorific value was measured, using a bomb calorimeter,
and was equal to 17.295 MJ/kg. In the thermal backup
drying experiments, the system with and without the Co-
Gen unit was able to evaporate 3.43 kg from an initial
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feed of 5 kg of chili. The weight of the biomass burned to
achieve the drying in the system with and without Co-
Gen were 4.7 and 5 kg, respectively. Hence, the energy
consumed in case of the system coupled with Co-Gen
unit was 16.257 MJ per 1 kg of product, and in case no
Co-Gen, the energy consumed was 17.295 MJ per 1 kg of
product. The efficiencies of the system with and without
the Co-Gen unit were 10.5% and 9.9%, respectively.

Table 1- shows the energy balance for the drying
chamber at different drying modes.

Experiment type Energy input Energy of Energy loss
evaporation

Hybrid system with | 81.28 MJ 8.57MJ 727 MI

Co-Gen unit

Hybrid system 867 MJ 8.57 MJ 77.9MI

without Co-Gen unit

VI- CONCLUSION

An integral type of mixed-mode solar dryer with TBU
was developed for continuous drying. The TBU
comprises of a biomass burner and gas-to-gas heat
exchanger. A proposed technique to utilize the wasted
thermal energy was developed to enhance the circulation
of air inside the dryer using the flue Co-Gen technique.
Simply, it is re- injection of the hot flue gases in the
upper part of the chimney. The contribution of flue Co-
Gen on the circulation of air inside the dryer was
investigated using red chili, with an initial moisture
content of 70%. The volumetric flow rate was enhanced
by 23% in the system with the Co-Gen technique. The
overall drying efficiency by the thermal back mode was
9.9% and 10.5% in the system with and without the Co-
Gen technique respectively.
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