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ABSTRACT

This paper explores the evaluation of the local heat transfer coefficient of a binary mixture refrigerant R454B
experimentally in a vertical brazed plate heat exchanger during both condensation and evaporation. The experiments were
carried out at different mass fluxes of 10 kg/m?s and 50 kg/m?s in a specially designed test section. This test section
incorporates eight stainless steel plates: two chevron plates processed at 60° for the refrigerant flow channel, two flat plates
for heat transfer, and four plates dedicated to water flow channels on both sides of the refrigerant channel. The refrigerant
and water flow in a counter pattern, with the refrigerant centrally flowing between the two water channels on the outer sides.
To measure wall surface temperatures near the refrigerant and water sides, 20 thermocouples were strategically placed
within the test section. The local heat transfer coefficients were calculated using wall temperatures from the refrigerant side,
refrigerant saturation temperature, and local heat flux under downward flow condition during condensation and upward flow
condition during evaporation experiments. The experimental measurement results showed that local heat transfer
coefficients decreases with increase of wetness during condensation and local heat transfer coefficient increases with the
increase of vapor quality during evaporation with different values in horizontal direction inside the plate heat exchanger.

Keywords: Plate heat exchanger, heat transfer, evaporation, condensation and mixture refrigerant

1. INTRODUCTION

Plate Heat Exchangers (PHESs) find extensive use across
various industrial sectors such as dairy, processing, paper
production, refrigeration, heating, ventilation, and air
conditioning. Their superiority over other heat exchanger
types stems from several factors. PHEs excel in saving
energy and space due to their higher ratio of heat transfer
area to volume. They're lightweight, feature flexible
designs, and boast high thermal efficiencies. Their
adaptable design provides a significant edge when
modifying the heat transfer area; adding or removing
plates can be done seamlessly without disrupting pipe
connections.

The European Union has set in motion a plan to gradually
eliminate refrigerants with higher Global Warming
Potential (GWP), especially in portable air conditioners
and household refrigerators/freezers, following regulations
in EU No. 517/2014. This has led to increased interest in
alternative refrigerants that boast low GWP and zero
Ozone Depletion Potential (ODP). However, these low
GWP refrigerants often come with elevated costs and
greater energy consumption. To address this challenge,
exploring blended refrigerants that meet acceptable
criteria has emerged as a potential solution. Researchers
are actively seeking alternatives that exhibit both low
GWP and comparable heat transfer properties. While prior
studies extensively investigated the heat transfer
characteristics of various refrigerants in plate heat
exchangers during condensation and evaporation, most
focused on overall heat transfer traits [1]-[14], with only a
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limited number [15]-[22] exploring the specific intricacies
of local heat transfer within plate heat exchangers.

Sarraf et al.[19] utilized Infrared Thermography (IR) to
ascertain local heat transfer coefficients in a prototype
brazed plate heat exchanger (BPHE) during the complete
condensation of R601. Through infrared thermography,
they identified the global and local thermo-hydraulic
features of the PHE, including vapor quality, heat flux
density, and heat transfer coefficient. Their investigation
also delved into the influence of mass flux on these
properties. Wang and Kabelac [20] conducted experimental
research on the quasi-local heat transfer characteristics of
R1234ze(E) and R134a within a microstructured plate heat
exchanger. Their study focused on analyzing the impact of
refrigerant mass flux and saturation temperature on
condensation heat transfer. Additionally, they drew
conclusions regarding transitions observed in vapor quality,
demonstrating shifts from laminar flow to turbulent flow
and illustrating film condensation phenomena. Longo et al.
[22] similarly explored the local heat transfer coefficients of
R32 and R410A within a BPHE. Their study centered on
identifying a transition concerning mass flux, moving from
gravity-controlled condensation to forced convection
condensation. The local heat transfer coefficient fluctuates
not just along the flow direction but also across the width
due to gas-liquid distribution [23]-[25].Variations in
refrigerant distribution at the inlet and outlet lead to
maldistribution, affecting local condensation heat transfer
within a plate heat exchanger [22]. The presence of
different boiling mechanisms in the liquid-preferred and
vapor-preferred  paths induces alterations in local
evaporation heat transfer within plate heat exchanger [18].
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Since the research work about local heat transfer coefficient
is scarce, to gain deeper insights into heat transfer behaviors,
detailed knowledge about local heat transfer becomes
imperative. However, measurements of local wall
temperatures and heat fluxes are difficult because of the
complicated structure. A specially designed test section has
been constructed for the measurement of heat transfer
coefficient of a zeotropic mixture refrigerant R454B in the
present study. The physiochemical properties of the
refrigerant are shown in Table 1.

Table 1 Physiochemical properties of R454B

Refrigerant R454B

Composition mass percentage R32 68.9%
R1234yf 31.1%

Temperature glide ( °C) 1.5

ASHRAE Safety class A2L

GWP 467

ODP 0

Molar weight (kg/kmol) 62.6

Normal boiling point (°C) -50.73

Critical pressure (kPa) 5041

Critical temperature ( °C) 77.0

Liquid density(kg/mq) 1001

Temperature glide ( °C) 15

Liquid thermal  conductivity | 105.4

(mW/m-K)

Vaporisation enthalpy (kJ/kg) 227.51

The findings in the present study will help to better
understand the local heat transfer phenomena inside the
plate heat exchanger.

2. EXPERIMENTAL SETUP AND PROCEDURES
2.1 Refrigerant loop

The experimental setup in the present study consists of five
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different loops and a data acquisition system for the
investigation of local heat transfer of the mixture refrigerant
R454B in a vertical brazed plate heat exchanger [26]. They
have a refrigerant loop shown in Figure 1, three water loops
for preheater, test section and condenser and a cold-water
brine loop for the subcooler. The refrigerant loop is the
primary loop of the experimental setup. For attaining
various experimental conditions, it is needed to control the
flow and temperature in the other four loops.

The refrigerant loop comprises a setup of a magnetic pump,
a refrigerant mass flow meter, a preheater, a test section
"the plate heat exchanger"”, a condenser, a subcooler, three
mixing chambers and three sight glasses. A magnetic pump
circulates the refrigerant in the whole loop. A mass flow
meter is positioned between the pump and the preheater to
control the flow rate of the refrigerant. The preheater
transfers heat from the water to the refrigerant to reach a
specific vapor quality at the inlet of the test section. The
vapor of a certain quality then entered the test section and
the refrigerant R454B condensed (in condensation
experiment) or evaporated (in boiling experiment) there.
The vapor—liquid two-phase refrigerant from the outlet of
the test section is finally condensed in the condenser. Then
the refrigerant is subcooled by controlling the flow rate of a
low-temperature water brine mixture in the subcooler. The
system pressure of the refrigerant loop can be controlled by
adjusting the temperature in the condenser. The purpose of
the filter was to remove any solid particles that may have
been present in the loop. The refrigerant coming from the
exit of the test section was maintained in a subcooled
condition to prevent cavitation at the pump inlet [27].

2.2 Test section

Eight stainless steel plates (material SUS303) were brazed
together to form the specifically designed test section that
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mixing chamber
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water brine
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4 D,
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Figure 1: Réffigerant flow loop of experimental setup[27]
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was utilized in this study. Among two of them were
processed chevron plates of angle 60°.

The flow of the refrigerant occurs in the channel created by
the space between these two chevron plates. Two flat plates
were set for heat transfer measurements next to the
chevron-shaped plates. The other four plates were dedicated
to forming two water flow channels. Figure 2a represents a
detailed view of thermocouple measurement points and the
flow of water and refrigerants in the cross-section of the test
plate. The red and blue regions, shown in Figure 2b,
indicate, respectively, the refrigerant and cooling water
channels. Table 2shows the geometrical characteristics of
the test section with the geometrical attributes shown in
Figure 3.

186
22 1* 22 —T 22

=7 2 1y G

Vertical distance (mm)

22 —sje— 29—

O Temperature measurement points

horizontal position (mm)

Front side Back side

@)

Table 2:Geometrical characteristics of the test section [28]

Parameters Value
Fluid Flow plate length, L (mm) 1175
Plate width, W (mm) 64
Plate thickness (mm) 5
Area of the plate (m?) 0.0075
Corrugation type Chevron
Chevron angle, (%) 60
Corrugation pitch, P(mm) 5.6
Corrugation depth, b(mm) 15
Number of plates 8
Number of channels on the refrigerant side | 1
Number of channels on the water side 2
Thermal conductivity of the plate (W/m-K) | 16.7

DUET Journal

2.3 Experimental procedures

Prior to conducting each experiment, the setup's system
pressure is first maintained at a predetermined level through
adjusting the condenser's temperature. The hot water loop
for the preheater's temperature and flow rate are then
modified to achieve the required vapor quality of R454B at
the test section's inlet. Changing the temperature and flow
rate of the water loop for the test section allows for
adjustment of the heat transfer rate between the counter
flow channels in the test section. Any modification to the
system variables causes a change in the flow's temperature
and pressure. A statistically steady state condition can be
reached inbetween 20 and 100 minutes. The data
acquisition device is subsequently turned on, and in the
following 40 seconds, it scans each data channel ten times.

Refrigerant
flow channel

Water
flow channel

Xnyj yedy
JINSLIW 0] M

side of the
tsection

Front side of the
test section

QJe[d Jaysuel] JeaH

NS

Twatw  Thaity

(b)

Figure 2: Details of (a) measurement positions and (b) flow directions [27]

Figure 3: Geometrical attributes of the chevron plate
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3. DATAREDUCTION
3.1 Local heat transfer coefficient

By assuming the steady state one dimensional heat
conduction, the local heat flux gx can be estimated from
wall temperatures near refrigerant side (T,,q;,) and
water side (T,,q,,) and thermal conductivity (4,)of the
plate shown in Eq. (1)
Twall,r - Twall,w
l1is the distance between thermocouples. The wall surface
temperature of refrigerant side T,,4;; ,Can be calculated
assuming linear temperature distribution as Eq.(2)

Q!
Twall,x = Twaur £ ( ;2) (2)

‘+’ sign is for condensation and ‘-’ sign is for evaporation.
I, is the distance between thermocouple and wall surface.
The local heat transfer coefficient (LHTC)a, is determined
from the difference between wall surface temperature and
saturation temperature shown in  Eq. (3)

qx
Tsat~Twall,x (3)
Tsat iS the saturation temperature of the working fluid side.

dx = Ap

a, =

3.2 Vapor quality

The local specific enthalpy (h;) on the test plate is derived
using the following procedure.

h = f(T,P) 4)

The amount of heat exchange in the preheater (Quwpre) iS
calculated by Eq. (5):

Qw,pre = mw (hw,pre,out - hw,pre,in) (5)

wheremi,, is mass flow rate of water and hu,prein@nd hwpre;in
are the specific enthalpies of the preheater outlet and inlet
of the water respectively.

The specific enthalpy at test section inlet (htin) is obtained
from the amount of heat exchange (Quwpre) for the
preheater, mass flow rate (ni,.) of the refrigerant and heat
loss (Qioess) from the outlet of the preheater to the inlet of
the test section.

QW, re Qloss
ht in = hrpre in T -p -
) \pre, m, m,

(6)

The heat loss Qiess is calculated from the steady state heat
conduction equation of the multilayer cylinder.
The local specific enthalpy is calculated as follows.

hi = hjy i%
A=k
Q;

Ripy = h; + ﬁ*ll )

‘+’ sign is for evaporation and ‘-’ sign is for condensation.
Qiis the heat flow between two neighboring
thermocouples obtained from the local heat flux gxand the
heat transfer area A.

DUET Journal

Qi = qx4; 8)
The local vapor quality (x;) is determined from specific
enthalpy
_hi—h
- hv - hl

Xi )
hiand hyare the specific enthalpies of saturated liquid and
saturation vapor respectively.

Since mixture refrigerant R454B is azeotropic binary
mixture of R32 and R1234yf with 68.9% and 31.1 % by
mass respectively, the local refrigerant saturation
temperatures are calculated by the mixture component
mass balance.

myw, = 1mywy + mw; (10)

my, 1m;, myrepresent the total mass flow rate, liquid
phase mass flow rate and the vapor phase mass flow rate
respectively.
As thermodynamic vapor quality is also defined as

my (11)
X =—-/

mp

From Eq. (10) and Eqg. (11) the following relationship can
be obtained.
Wb (12)

wr,
wy, , w;, and wyare the bulk mass fraction, liquid phase
mass fraction and vapor phase mass fraction of the binary
mixture, respectively.
The bulk concentration of the binary temperature under
operational conditions can be determined by the use of gas
chromatography.
The saturation temperature Ts is calculated by REFPROP
10 [29] with the following relation as shown Eqg. (13).

Tsar = f (W, P) (13)

wy

The corresponding enthalpy for liquid and vapor phase is
also evaluated from REFPROP 10.0 [29] by the function
of the concentration and the pressures at the measurement
point.

h, = f(w, P) (14)

h, = f(wy, P) (15)
3.3 Experimental uncertainty

The values of the experimental uncertainty are reported
[23][28] for the heat transfer coefficient and the vapor
quality within £12% and £4.5% respectively.

4. EXPERIMENTAL RESULTS AND DISCUSSIONS

The condensation and evaporation experiments in a brazed
plate heat exchanger were conducted to determine the heat
transfer coefficients (both local and average) for the mixed
refrigerant R454B. The heat transfer coefficients at
various measurement points along the horizontal distance
were examined for both the front and back sides of the
plates, which served as the refrigerant flow channel in the
test section. The results illustrate the variation of local
heat transfer coefficients with vapor quality under

Volume 9, Issue 1-2, December 2023
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different flow and thermal conditions. Additionally, the
average heat transfer coefficients of the mixture
refrigerant R454B were experimentally obtained and
compared with those of R1234yf in the same test facility.

4.1 Local condensation and evaporation heat transfer
coefficient measurement for mixture refrigerant
R454B

The experiments for the condensation and evaporation
heat transfer (HT) of R454B mixture refrigerant inside the
plate heat exchanger were carried out in two different
mass fluxes of 10 kg/m?s and 50 kg/m?. Table 3
represents the thermal conditions for condensation heat
transfer experiment.

Table 3.Test condition for condensation HT experiment

Mass Tsat Vapor | Heat Flux,
Refrigerant | Flux, G | [°C] | Quality | g [kW/m?]
[kg/m?s] [-]
10 30 1.0-0.0 9.2-11.5
RA54B 50 30 1.0-0.0 6.8-18.9

The thermal conditions for evaporation heat transfer have

been shown in Table 4.

Table 4.Test condition for evaporation HT experiment
Mass | Tsat Vapor | Heat Flux,
Refrigerant | Flux, G | [°C] | Quality | q [kW/m?]
[kg/m?s] [-]
10 10 0.0-09 | 9.0-14.2
R454B 50 | 10 | 0.01.0 | 15.3-40.2

Figure 4 and Figure 5 illustrate the variation of the local
heat transfer coefficient (LHTC) in the horizontal
direction of the plate for different vapor qualities within

the test section, along with the horizontal average heat
transfer coefficient during the condensation of R454B in a
plate heat exchanger for mass fluxes 10 kg/m?s and 50
kg/m?s respectively at saturation temperature of 30 °C.
Moreover, Figure 6 and Figure 7 showcase the change in
the local heat transfer coefficient (LHTC) in the horizontal
direction of the plate for various vapor qualities within the
test section, along with the horizontal average heat
transfer coefficient during the evaporation of R454B in a
plate heat exchanger for mass fluxes 10kg/m?s and 50
kg/m?s respectively at saturation temperature of 10 °C.

From Figure 4(a), (b), (c), (d) and (e) and Figure 5(a), (b),
(c), (d) and (e), in the course of the condensation process
of the mixed refrigerant R454B in the plate heat
exchanger, at mass fluxes of 10 kg/m?s and 50 kg/m?s, the
local condensation heat transfer coefficient within the
plate exhibits variability both in horizontal positions and
vapor quality along the vertical distance of the Plate Heat
Exchanger (PHE). The differences between the front side
and back side heat transfer coefficient (HTC) are observed
due to the geometrical pattern difference of the chevron
plate heat exchanger [27]. The local condensation heat
transfer coefficient reaches its maximum near the inlet
port and minimum at the end faces on the left and right,
attributed to refrigerant maldistribution, a phenomenon
also evidenced by Longo et al [22]. The horizontal
average condensation heat transfer coefficients for a mass
flux of 10 kg/m?s are observed to decrease from about 2.7
to 1.5 KW/m?K with the increase of wetness i.e decrease
of vapor quality from about 0.85 to 0.25 shown in Figure
4(f) due to the fact that lower vapor quality results in a
thicker liquid film that reduces the heat transfer efficiency.

8 8
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Figure 4: Condensation heat transfer coefficient of mixture refrigerant R454B for mass flux G=10 kg/m?s: (a)-(e)
variation of local heat transfer coefficient with horizontal distance and (f) horizontal average heat transfer coefficient vs

vapor quality.
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Figure 7: Evaporation heat transfer coefficient of mixture refrigerant R454B for mass flux G=50 kg/m?s: (a) — (e)
variation of local heat transfer coefficient with horizontal distance and (f) horizontal average heat transfer coefficient vs

vapor quality

From Figure 5(f), the horizontal average condensation
HTC for a mass flux of 50 kg/m?3s was found to decrease
from 55 to 1.5 KW/m?K with the decrease of vapor
quality from 1.0 to 0.1. The elevated heat transfer
coefficients observed at high vapor qualities (x>0.6)
during the condensation experiment, particularly at a high
mass flux of 50 kg/m?s in Figure 5(f), can be largely
attributed to the substantial reduction in condensate film
thickness. This thinning of the condensate film leads to a
notable increase in the heat transfer coefficient.

From Figure 6(a), (b), (c), (d) and (¢) and Figure 7(a),
(b), (c), (d) and (e) , greater zigzag patterns are evident in
the trends of local evaporation heat transfer coefficient
data during the evaporation of the mixture refrigerant
R454B in the plate heat exchanger at mass fluxes of 10
kg/m?s and 50 kg/m?s. This behavior is attributed to
increased turbulence and the intricate flow dynamics
within the Plate Heat Exchanger (PHE). The local heat
transfer coefficient values are observed to be higher in the
middle section of the test plate due to the dominance of
the convection boiling regime, particularly in the
vapor-preferred pathway, as supported by the findings of
Lee et al [18].The horizontal average evaporation heat
transfer coefficient for a mass flux of 10 kg/m?s are
observed to increase from about 3.2 to 8.5 kW/m?K with
the increase of vapor quality from about 0.10 to 0.72
shown in Figure 6(f) due to the fact that higher vapor
quality results in a higher vapor velocity augmenting
convective heat transfer through increased turbulence.

DUET Journal

From Figure 7(f), the horizontal average evaporation HTC
for a mass flux of 50 kg/m?s was found to increase from
about 4.5 to 8.8 KW/m?K with the increase of vapor
quality from 0.05 to 0.8. The evaporation heat transfer
coefficient exhibits a significantly higher value at high
vapor qualities (x > 0.5) and a high mass flux of 50 kg/m?s
in Figure 7(f). This pronounced increase can be attributed
to the increased turbulence and intricate flow dynamics
prevalent under those specific test conditions.

The front side and back side horizontal average
condensation heat coefficient for both mass fluxes of 10
kg/m?s and 50 kg/m?s do not have significant differences
showing negligible effect of geometrical attributes of front
side and back side of the plate heat exchanger with the
only significant variation in horizontal distance as the
results illustrated in Figure 4 and Figure 5. Furthermore,
due to turbulence and flow behavior, the difference
between the front side horizontal average evaporation heat
transfer coefficient and back side horizontal average
evaporation heat transfer coefficient observed in Figure 6
and Figure 7 are pronounced specially at high mass flux of
50 kg/m?s in comparison to lower mass flux of 10 kg/m?2s
signifying the effect of geometrical pattern of the front
side and back side of the test plate. However, the effect of
mass transfer resistance of mixture refrigerant R454B on
local and average heat transfer coefficient in brazed
type chevron plate heat exchanger are needed to be
investigated in detail for understanding the heat transfer
behavior of mixture refrigerant during condensation and
evaporation.
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4.2 Comparison of heat transfer coefficient of R454B
and R1234yf during condensation and evaporation

Figure 8 and Figure 9 show the comparison of
experimentally measured average heat transfer
coefficients of R454B and R1234yf for mass flux of 10
kg/m? and 50 kg/m?s during condensation and
evaporation respectively. The average heat transfer
coefficient is calculated by making average of previously
obtained the front side horizontal average heat transfer
coefficient and back side horizontal average heat transfer
coefficient in the experiment. From Figure 8(a) and 8(b) it
is observed that the average condensation heat transfer
coefficient of both R454B and R1234yf decreases with
increase of wetness (1-x) i.e. with decrease of vapor
quality.

The low vapor quality in low mass flux results in thick
condensate film that reduces the heat transfer coefficient
in the test plate. The condensation heat transfer coefficient
value for R454B is almost similar with R1234yf for vapor
quality of x<0.4 at low mass flux of 10 kg/m?s and for
vapor quality of x<0.5 at high mass flux of50 kg/m?s since
the gravity controlled condensation dictates the
condensation process, possibly showing negligible effect
on heat transfer coefficient for both the R1234yf
refrigerant and mixture refrigerant R454B (having
constituents R1234yf) in this context. Moreover, the
condensation heat transfer coefficient for R454B surpasses
that of R1234yf at high vapor quality (x>0.7), especially
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under larger mass flux conditions of 50 kg/m?s during
forced convective condensation. This observation aligns
with findings from another research group [30], which
reported similar trends in their experimental study of
condensation heat transfer in a microfin tube. The superior
liquid thermal conductivity of R454B compared to
R1234yf [29] can also contribute to the higher heat
transfer coefficient exhibited by R454B relative to
R1234yf. The average HTC of R454B increases from 1.5
to 5.0 kW/m?K and the average HTC of R1234yf
increases from 0.8 to 3.1 kW/m?K when mass flux of
10 to 50 kg/m?s during the condensation heat transfer
experiments around saturation temperature 30 °C.
From Figure 9(a) and 9(b) it is observed that the average
evaporation heat transfer coefficient of both R454B and
R1234yf increases with the increase of vapor quality.
Since the heat transfer in the evaporation depends greatly
on the flow pattern, increasing the mass flux creates more
complex flow resulting the more zigzag trends in the heat
transfer coefficients. Vertically across the plate, the heat
transfer coefficients in the high vapor quality region are
greater than those in the low vapor quality region. In
evaporation process, in the higher vapor quality region ,
vapor specific volume increases, and the vapor velocity
becomes faster at a given mass flux It is attributed that the
velocity of vapor enhances the convection heat transfer
since the turbulence level inside the plate heat exchanger
increase. Moreover, the average HTC of R454B increases
from 3.8 to 8.9 kW/m?K and the average HTC of R1234yf
increases from 3.5 to 7.2 kW/m?K when mass flux of 10
8
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Figure 8: Comparison of average condensation heat transfer coefficients of R454B and R1234yf for mass flux (a) G =10 kg/m?s

and (b) G= 50 kg/m?s.
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Figure 9: Comparison of average evaporation heat transfer coefficients of R454B and R1234yf for mass flux (a) G = 10 kg/m?s

and (b) G=50 kg/m?s.
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to 50 kg/m? during the evaporation heat transfer
experiments around saturation temperature 10 °C. The
evaporation heat transfer coefficient of R454B is also
observed higher than that of R1234yf similar to
condensation heat transfer coefficient results.

The heat transfer coefficients (HTCs) of R454B
demonstrate a moderate improvement in comparison to
R1234yf, showing an enhancement in the range of 1.1 to
1.7 times. This modest increase in HTCs is particularly
noteworthy considering the composition of R454B, which
includes a significant proportion of R32, accounting for
approximately 68.9%. The limited growth in HTCs can be
attributed to factors such as the influence of mass transfer
resistance and the presence of a temperature glide within
the zeotropic mixture refrigerant. These intricacies in
composition contribute to a relatively subdued
improvement in heat transfer performance for R454B
when compared to R1234yf.

5. CONCLUSION

The local heat transfer coefficient of R454B (R32/R1234yf)
were measured during condensation and evaporation in a
vertical brazed plate heat exchanger. The experimental
results for heat transfer can be summarized as follows:

oThe local heat transfer coefficient of R454B was found to
vary both in flow direction in vertical cross section and
width direction in horizontal distances of the plate. The
maximum value was found near the inlet port because of
inlet refrigerant distribution effect and also the tendency to
flow the vapor preferred path.

eThe high heat transfer coefficients of R454B in the high
vapor quality (x>0.6) at high mass flux of 50 kg/m?s in
condensation  experiment significantly attribute the
condensate film thickness getting thinner results in an
increase of heat transfer coefficient. The evaporation heat
transfer coefficient of R454B in the high vapor quality
(x>0.5) at high mass flux of 50 kg/m?s is much higher
because of the more turbulence and complex flow at that
test conditions.

eThe HTCs of R454B is moderately larger than R1234yf,
increasing 1.1 to 1.7 times enhancement. HTC's growth is
comparatively negligible, with R454B having a notable
R32 composition of roughly 68.9% due to the deterioration
of HTC caused by mass transfer resistance and the presence
of a temperature glide of zeotropic mixture refrigerant.
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NOMENCLATURE

Abbreviations

PHE Plate Heat Exchanger

BPHE Brazed Plate Heat Exchanger

GWP Global Warming Potential

ODP Ozone Depletion Potential

EU European Union

HT Heat Transfer

HTC Heat Transfer Coefficient

LHTC Local Heat Transfer Coefficient
Symbols

A: area [m?]

h: specific enthalpy [J/kg]

Q: heat exchange amount [kJ]

G: mass flux [kg/(m?s]
a: heat transfer coefficient [kW/(m?-K]
A:  thermal conductivity [KW/m-K]
X: vapor quality [ 1

P: pressure [MPa]

T. temperature [°C]

g: heat flux [W/m?]
m: refrigerant mass flow rate [ka/s]

W: mass fraction [ ]

L: distance between thermocuples [mm]

Subscripts

x: local point I liquid
w:  water v:  vapor
r:  refrigerant p: plate
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ABSTRACT

Traffic congestion is a contemporary urban problem in many cities around the world. The capital megacity, Dhaka, in
Bangladesh, also faces a tremendous traffic congestion problem as it hampers the city’s efficient commute system,
reduces the average transport speed on urban roads, and significantly destroys the productive working hours of the city
people. The Bangladesh government has taken packages of strategic plans to reduce traffic congestion in Dhaka. This
study analyses two case studies from Seoul in South Korea (Republic of Korea) and Copenhagen in Denmark to learn
from their adopted measures to minimize traffic congestion on urban roads. Based on the analysis of the potential
measures, this study suggests that promoting the public transportation system and its effective integration with the
walking and non-motorized biking infrastructures may help reduce traffic congestion in Dhaka.

1. INTRODUCTION

Traffic congestion on urban roads is a common aspect in
many cities all over the world. Traffic congestion occurs
when the sheer demand for transportation causes an
outrageous physical presence of the transports on the streets,
slowing down the average speeds of the vehicles and
hampering the regular transportation flows [1]. Traffic
congestion destroys a comfortable urban commute system
and Kkills the urban dweller’s productive time. Urban
planners worldwide take different initiatives to control,
reduce, or eliminate traffic congestion from the vibrant urban
transportation streams. The context of Dhaka city in
Bangladesh is not different from the urban impacts of traffic
congestion, which brings much distress and destroys the
productive hours of the urban inhabitants.

Dhaka is the capital city of Bangladesh, a South Asian
developing country. Dhaka is a megacity with a population
of 19.5 million in 2018 (megacities are cities with a
population greater than 10 million). The United Nations
projects that the city may have a population of more than 28
million by 2030 [2]. Dhaka contributes 36% to the country’s
Gross Domestic Product (GDP) and holds 31.8% of the
country’s total employment, which denotes the high
importance of this megacity in the country’s development
[3]. This megacity’s population density is 43,578 people per
square kilometre, making it one of the world’s densest cities
[4]. The population increase rate of Dhaka city is 3.96% per
year, which is contributed by both natural increase (1.47%)
and regional migration to the city (2.49%) [3]. Due to the
city’s primacy in the prospective economic growth, the city
attracts internal migration from the other regional areas,
adding the migrated peoples to the natural population
increase. Dhaka has become the most significant economic
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centre of the country, attracting businesses, factories (e.g.,
garment factories), real estate developers and labour flows.
The city’s massive population is enhancing transport
demands, and the city’s bottlenecking of low infrastructural
capacities has made the city people face tremendous traffic
congestion problems. The traffic congestion problem has
become an enormous burden in the daily urban life of the
city people as it destroys a significant amount of working
hours by being stuck in Dhaka’s streets [1], [5]. This paper
attempts to analyze the nature, impacts and practical
measures to reduce the traffic congestion problem in the
megacity of Dhaka. It will bring two case studies regarding
the best practices for traffic management from two world
cities: Seoul in South Korea from an Asian context and
Copenhagen in Denmark from a European context. Based on
the lessons learned from these two case studies, the paper
will analyze the vital policy measures adopted for managing
traffic congestion in Dhaka and discuss the potential policy
measures on the way forward.

This paper consists of seven sections. The first section
introduces the megacity Dhaka, the traffic congestion
problem, and the scope of this article. The second section
discusses the methodology of the paper, revealing the
sources of the data and the analytical methods. The third
section promotes an analysis based on literature reflecting on
the nature, urban impact, and the adopted policy measures
for reducing the traffic congestion problem in Dhaka. The
fourth and fifth sections introduce two case studies from
Seoul in Asia and Copenhagen in Europe regarding the best
practices for adopted measures to reduce urban traffic
congestion. The sixth section promotes an attentive
discussion on contextual practices or policy measures to
tackle the traffic congestion problem and reflect on the way
forward. Finally, the seventh section develops a conclusion
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and indicates the scope of further research on the urban
discussions the paper may help delve into.

2. METHODOLOGY

The study relies on analyzing the secondary data from
journal papers, books, government and international
organization reports, and other relevant policy papers. The
article discusses the case studies and relevant insights based
on the information collected from the secondary sources
cited in the study. The study follows a mixed method of data
analysis, focusing on quantitative and qualitative reasoning
where appropriate.

This paper adopts the case study-based approach from two
different cities of the world (from Asia and Europe) to
analyze the problems and the adopted measures and promote
a discussion. The case study approach of this study stands on
the methodological ground of ‘comparative urbanism’.
Comparative urbanism is a trend of urban research that
promotes urban theorization based on learning from
elsewhere in the cities around the world [6]-[9]. This trend
develops an openness for ideas from other places while
accepting the located-ness of the conceptualizations. It may
help build innovative ideologies by thinking of similar
problems with different experiences, limits and productive
measures [6], [9]. Such an exploration may significantly
enhance the realm of pragmatic practices, the revisability of
the conceptualizations and the inspiration to learn from the
differences [6].

The case study is a research method that accepts the process
of maximizing learning to promote a better understanding of
the studied problem and finding solutions. This research
process accepts “multi-perspectival” methods of analysis for
a common problem operating in different contexts [10]. This
attribute of the case study method may contribute to
concentrating on a problem and learning from different
perspectives to find solutions or improve the prevailing
measures. Such methodological avenues of the case study
may warrant us developing the “multi-perspectival”
discussions of the common problem of traffic congestion and
finding innovative solutions based on our learning from
different world-city’s contexts, adopted measures, problems
that arose for the measures, and their outcome’s scopes. It
also promotes a justification for this study to learn from
different world contexts, develop discussions for innovative,
out-of-the-box measures, and understand their scopes as
validated by their positive outcomes. It positions this study’s
scope to engage in the discussion to learn from world cities
to promote innovative responses for a common problem of
traffic congestion or understanding ‘what has been done” and
‘what can be done’. So, the scope of the research is not to
discuss the contextual differences of a problem but to
promote discussions for innovative solutions by learning
from the differences in the adopted measures.

Following its methodological trait, this study first delves into
understanding the nature of the traffic congestion problem in
Dhaka based on literature analysis of secondary sources.
Then, it discusses the case studies of adopting innovative,
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practical measures by two other global cities: Seoul and
Copenhagen. Based on the insights, it promotes a discussion
on the prospective, sustainable policy measures for reducing
traffic congestion in Dhaka.

3. THE NATURE OF TRAFFIC CONGESTION
PROBLEM IN DHAKA

3.1 Causes of Traffic Congestion

It is difficult to explain any core cause or a universal motif
of causes of traffic congestion in Dhaka city. Many issues
contribute to the traffic congestion problem, and this paper
tries to indicate the significant concerns discussed heavily in
the available literature in this research field. Dhaka’s
population density is higher than other parts of the country
as it is a megacity. Throughout history, this capital city has
emerged as a prime city for economic opportunities. For
promoting a sustainable urban transportation system, cities
may need to have 25% of their area available for use as road
infrastructure in general [11]. Mahmud et al. [11] discuss
that Dhaka city has a total road area of 1286 km in length,
and considering the city’s area, only 9% is the road
infrastructure. Among the city’s road infrastructure, only 5%
comprises the primary roads, and 36% of the total road
network has a narrow width of less than 4.75 m.

Moreover, the Bangladesh Road and Transport Authority
(BRTA) reports that many new transports are registered
annually in Dhaka city [12]. This indicates that there is a
heavy demand for transportation in Dhaka. Though a
massive volume of new vehicles are registered yearly, the
roads have not increased considering those [13]. So,
inadequate road infrastructure in the face of high
transportation demand may significantly cause traffic
congestion problems.

The reluctance to follow the traffic rules also creates traffic
congestion problems [14]. Public transport like buses tend to
board passengers elsewhere from the road and hardly follow
the traffic rules. Mixing non-motorized vehicles with
motorized ones on the same street may be another cause of
slowing down the speeds of the transports [15]. Drivers are
most often reluctant to follow the lanes of the traffic
movement on the road, which creates a haphazard movement
in the transportation system [13], [14]. There is also a lack
of a well-defined plan for pedestrians to follow for crossing
the roads and moving along the sides of the streets. Some
parts of Dhaka have foot overbridges for pedestrians to cross
the vehicular roadways, but they are hardly adequate than
necessary. However, pedestrians become unwilling to use
those as there is less consideration for the elderly, sick or
tired pedestrians to climb up to its significantly high level
with its stairs to cross the roads [14], [16]. Some studies have
reported that the condition of the pedestrian way or the
footpath is not inviting enough for walking as those are
occupied mostly by street hawkers, garbage, construction
works or materials, and often remain broken, impelling the
pedestrians to walk on the main roads [14], [17], [18].
Chowdhury [14] reports that 60% of the city’s total 163 km
long pedestrian ways are occupied by street hawkers,
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roadside shops and construction materials. Parking of
vehicles beside the roads, parking rickshaws (a type of non-
motorized vehicle) to collect passengers, and grabbing of the
road spaces by the street hawkers and petty businesses are
also the issues that reduces the usable areas of the roads for
free traffic movements [19], [17].

BRAC Institute of Governance and Development (BIGD)
conducted a rigorous survey on the public consensus about
the causes of traffic congestion in Dhaka city among the
city’s transport users [20]. The result of the study is
presented in Fig. 1.

1%

2%_\ I r2% ® Haphazard parking

m More private vehicle
Violation of traffic rules
W Road construction
® Various traffic in a single route
® Haphazard crossing
VIP movement
QOver population
Rail crossing
Fuel station
Others

Fig. 1: BIGD survey on the public consensus about the
causes of the traffic congestion in Dhaka city.
Source: Based on [20].

The major trend of the responses in Fig. 1 shows that
‘haphazard parking’ is reported by 23% of the respondents
as being a cause of traffic congestion, while ‘violation of the
traffic rules’ is reported by 20%. The high presence of
private vehicles moving on the roads, indicating the lack of
public transportation services, is reported by 21% of
respondents as a prominent cause of traffic congestion in the
city.

3.2 Impacts on Urban Life

Fig. 2 shows that the average travel speed in Dhaka is
gradually reducing for traffic congestion. Due to traffic
congestion, the average travel speed on the roads of Dhaka
was reduced to one-third in 2017 compared to 2007, as the
average travel speed plummeted from 21 km per hour to 7
km per hour during this period. Reports show that the
average travel speed in 2018 was five km per hour during
rush hour in Dhaka, which is close to the human’s average
walking speed of four km per hour [21], [22].

Traffic congestion causes a significant loss of working hours
for city people and creates physical and mental stress for
them. Reports show that every day, due to traffic congestion,
3.2 million productive work hours are getting destroyed on
the roads in Dhaka. The national loss for traffic congestion
inayear is around 370 billion USD, equivalent to 11% of the
country’s national budget [23].
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Fig. 2: Reduction of the average travel speed in Dhaka due
to traffic congestion. Source: Author’s composition based on
[21], [22].

3.3 Transport Modal Share in Dhaka

Dhaka city’s transport modal share and its variation over
time are presented in Table I. It may help analyze the
preferred modes of transport of the city people and signify
the potential of developing a sustainable transport system in
Dhaka.

Table I: Dhaka City’s transport modal share
(Percentages of share).

Modes | DITS |DUTP| JBIC | STP | JICA | DSP!
(1994) [(1997)| Study |(2005)| Study | (2016-
(1999) (2009) | 2035)
Walk 60.1 |62.82| 62.05 | 14.0 | 19.09 | 19.80
Rickshaw| 20.1 |20.04| 13.28 | 34.0 | 38.19 | 38.30
Bus 12.8" [10.42%| 10.22 |44.07| 29.83 | 30.0
Auto- 5.83 5.73 6.60
rickshaw
Passenger| 7.0™ |6.72"| 3.97 |8.0™ | 4.3 5.10
Car/ Cars
Others 4.65 2.86 | 0.20™
Total 100 | 100 | 100 | 100 | 100 100
* Transit
** Motorized (non-transit)
*** Railway,

1 DSP: Dhaka Structure Plan 2016-2035.
Source: Author’s composition based on [24], [3].

The transport modal share of Dhaka city in Table I shows
that the share of walking as a mode has reduced significantly
from 60.1% to 19.8% from 1994 to 2016. This change may
indicate that walking is gradually becoming a less preferred
method of transportation in Dhaka. During this period, the
share of rickshaws increased from 20.1% to 38.30%, almost
doubling. From 1999 to 2016, the share of buses as a mode
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increased almost three times as its share ascended from
10.22% to 30.0% by this period. Such a change may indicate
a rapidly growing high demand for public transport in
Dhaka. The modal share of passenger cars has an increasing
trend from 3.97% in 1999 to 5.10% in 2016. It may imply
that the car dependency of the city people is increasing.
However, from 2016 data, it is evident that walking,
rickshaw, and bus modes cumulatively constitute the
paramount share (88.1%) of the total transportation system
in the city when compared to the other modes. Such analysis
may support an argument that advocating a good walking
environment, non-motorized transportation facilities and
promoting public transport systems in Dhaka may have
prospective scopes for developing efficient urban
transportation.

3.4 Measures Adopted

Dhaka city planning authority has adopted ‘Strategic
Transport Planning” (STP), which contains different policy
initiatives to reduce traffic congestion in the city. It promotes
a master plan for 20 years, from 2016 to 2035, to develop an
efficient transport system in Dhaka. Some of the vital
initiatives are discussed in the following sections.

3.4.1 Developing the Ring Roads

Dhaka Structure Plan (DSP) for 2016-2035 proposes
constructing three concentric ring roads around Dhaka’s
central part, allocating a budget of 2 billion USD [3]. The
total length of the ring roads will be 273 km, and the inner,
middle, and outer ring roads will have a radius of 10 km, 15
km and 20 km respectively [3]. The purpose of these three
ring roads is to segregate and divert the cross-traffics toward
the outer roads, resulting in the city centre accumulating less
traffic. It will prevent vehicles from unnecessarily crossing
the city centre to travel to the outer city destination. This
policy foresees increasing the average travel speed in
Dhaka’s city centre, reducing the number of vehicles
occupying the roads in that area [3].

3.4.2 Bus Rapid Transit (BRT)

BRT is a mode of low-cost urban transportation that fosters
an economically responsive way for mass urban
transportation in developing countries with resource
constraints. The cost of a BRT project for urban services is
one-third of that of the urban Light Rail Transport (LRT)
project [24]. Dhaka Structure Plan (DSP) 2016-2035
proposes to develop three separate BRT lines in Dhaka
named BRT corridor- 1, 2 and 3. Their routes are as follows
as per the planning:
e BRT corridor-1 travels from Uttara to the Saidabad bus
terminal by connecting DIT circular and Toyenbee roads.
e BRT corridor-2 travels from Gabtoli to Saidabad bus
terminal via Mirpur.
e BRT corridor-3 travels from the city’s international
airport to Ramna via the airport road [24].

Studies foresee that the BRT corridors will help reduce
48.84% of present travel time [25]. The World Bank and
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Asian Development Bank (ADB) are actively supporting the
government in implementing the BRT project in Dhaka [24].

3.4.3 Metro-rail: Mass Rapid Transit (MRT)

Dhaka Structure Plan (DSP), in its master plan for up to
2035, has proposed developing five rail-based Mass Rapid
Transit routes (MRT-line 1, 2,4, 5 and 6), allocating a budget
of 15 billion USD. DSP foresees that these five lines of MRT
may have an urban promotion area of 66.31% when people’s
catchment belt (walkable area) is considered two km. DSP
projects that per year, the trip volume in Dhaka would be
composed of 60 million passengers and the MRT system
with its fully functional five lines in 2035 may serve the total
passengers’ 10% [3]. MRT demands the development of an
entirely new infrastructure and management system, which
may accrue high costs for a developing country. The
government has implemented MRT-line 6 (21.26 km)
running from Uttara to Kamlapur central railway station; part
of it is presently open to the public. Gradually, in different
time phases, the other line will be constructed. The
government is getting support from the Japan International
Cooperation Agency (JICA) for the MRT project [26].

3.4.4 Management of Non-motorized Rickshaws

Following the Land Transportation Policy 2004, a new
policy has been adopted in the Dhaka Structure Plan (DSP)
2016-2035 for managing the non-motorized rickshaws in the
city. The new policy confines the movement of the non-
motorized rickshaws within the city’s residential areas, not
hampering the movement of the motorized bus routes [3].
This policy focuses on increasing the speeds of motorized
vehicles on the streets, avoiding the congestion caused by the
slow-moving non-motorized rickshaws. The policy has
empowered the Dhaka City Corporation and the Dhaka
Metropolitan Police Department to ban non-motorized
rickshaws on the city’s busy motorized vehicular roads. The
policy also directs the law enforcement authorities to
actively check the licences of the rickshaws and ban the
movement of unauthorized ones on the streets [3].

3.4.5 Foot Over Bridges and Sidewalks

Through the initiatives of the Clean Air & Sustainable
Environment (CASE) project sponsored by the World Bank,
Dhaka city developed sidewalks and foot-over bridges at
different essential locations of the city for pedestrians [3].
However, the proportion of the sidewalks and the foot
overbridges is inadequate in this overly populated city.

3.4.6 Policy Outcomes

The government of Bangladesh has taken different long-term
steps in its strategic plan (the master plan for 2035) for
Dhaka’s transport. Implementation of such long-term
policies would require some time, and the policy outcomes
would be prominent when the city people could access the
facilities in full swing.
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4. CASE STUDY FROM SEOUL, SOUTH KOREA

Seoul is the capital city of the Asian country South Korea
(Republic of Korea), with a population of 9.9 million in 2018
and a projection to increase to 10.1 million by 2030 [2].
Seoul achieved the ‘Lee Kuan Yew World City’
international prize in July 2018 for developing sustainable
solutions enhancing urban liveability, defeating 28 other
competitor world cities, including Tokyo (Japan) and
Hamburg (Germany) [27]. Some of their adopted measures
for managing urban traffic congestion can be studied as the
best practices following the scope of this paper.

With the economic development, the city people in Seoul
became inclined to use private cars as a predominant mode
of transportation. In 2000, the transport modal share of
private cars was 77%. Between 1970 and 2002, the number
of registered private cars increased 39 times. However, the
city’s road infrastructure did not increase in the same
proportion as the studies show there was an increase of 3.7%
in road infrastructure from 1999 to 2003. The high modal
share of private cars was causing great suffering,
contributing to the city’s traffic congestion. To improve the
urban transportation system by reducing traffic congestion,
the Seoul Metropolitan Government (SMG) has taken some
sustainable policy measures that significantly reduce the
problem. The following sections will unpack some of those
measures.

4.1 Policies to Promote Public Transport

Seoul focused on reducing private car dependency and
enhancing public transport use to decrease traffic congestion
[28]. A milestone policy was taken in 2004 by the SMG to
promote a public-transport-oriented urban system. The
policy aimed to increase the modal share of public transport
by up to 70% and the average travel speed to 20 km per hour
by 2020 [29]. An integrated public transport network was
advocated to achieve such targets using metro services,
buses, and other public facilities. Fig. 3 shows the city’s
target plans to achieve the policy goals.

Public transport
mode share: 70%

Travel speed in

Public transport CBD: 20.0km/h
; mode share: 62.5%
Public transport
mode share: 61.2%  Travel speed in
, CBD: 16.7km/h
Travel speed in
CBD: 15.5km/h T
2003 2008 2020

Fig. 3: Seoul’s plan to achieve the goals of public-
transport-oriented policy. Source: Author’s illustration
based on [29].
4.2 Seoul’s Experience with Metropolitan Rail Service

In 1974, Seoul first constructed an eight-kilometre Metrorail
line that was developed into a network of 487 kilometres by
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2004 with 389 metropolitan rail stations [30]. 8.4 million
people travel daily on the metropolitan rail from Seoul’s
urban and suburban areas. Seoul’s number of everyday
metropolitan rail passengers is double the number of New
York City’s subway commuters per day. However, Seoul
found that metropolitan rail infrastructure as a mode of urban
transportation is costly as it provoked 80% of the city’s total
debt (6 billion USD). In 2003, the passenger’s fare only
contributed 75% to the total cost of operating the
metropolitan rail service, incurring a 634 million USD
deficit in the operating cost of the metropolitan rail [30]. The
SMG faced massive pressure to manage the metropolitan rail
service’s high cost incurred from its construction, operation
and management. This phenomenon led the SMG to look for
a cost-effective and sustainable way to promote public
transportation, such as developing the bus’s infrastructure
[30].

4.3 Promoting BRT and BMS

The SMG promoted the Bus Rapid Transit (BRT) network
with 7,484 buses on 360 bus routes by 2013. Differentiated
by colour-coded bus routes, it followed the ‘trunk-and-
feeder’ system connecting different parts of the city such as
suburban areas (blue busses), subway stations (green
busses), other metropolitan downtowns of the city (yellow
busses) and the other satellite towns (red busses) [30], [31].
Fig. 4 illustrates the ‘trunk-and-feeder’ concept for
managing the bus routes serving urban commuters in
different regions. By 2012, the SMG had developed 115 km
BRT lines and adopted a plan to increase the BRT line to
223km in the future to support the city’s public-transport-
focused policy [31].
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Fig. 4: Illustration of bus route’s ‘trunk-and-feeder system’.
Source: Adopted from [28].

The SMG has also developed an integrated Bus Management
System (BMS) in Seoul with state-of-the-art technologies. It
has introduced median bus stops on the roads and low-floor
buses for easy access for uninterrupted transportation. It has
also become oriented to electric buses, replacing the
previous CNG-driven buses. The SMG follows the quasi-
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public revenue management, combining the SMG and the
bus companies. It fosters a competitive attitude among the
bus companies to provide quality services [31].

4.4 Smart City with Intelligent Traffic Management

Seoul TOPIS (Seoul Transport Operation & Information
Service) is a management centre for the integrated,
intelligent and effective system of urban transportation
networks [31]. Using state-of-the-art technologies, it collects
information from different networks of sources and transmits
relevant data to different management systems, such as
various sorts of urban transport systems, police departments
and other types of unmanned enforcing segments. It also
enforces an effective CCTV vehicle management system for
managing the parking lanes, violation of the traffic rules,
median bus tracks, and bus stops. Fig. 5 represents an interior
view of the Seoul TOPIS control room [31].

T

Fig. 5: Seoul TOPIS control room, interior view.
Source: adopted from [31].

4.5 Congestion Pricing and Parking Policy

Seoul has introduced a 1.5 USD fee for accessing the tunnels
connecting CBD with the areas located at the southern part
of the Han River (Nasman 1 and 3 tunnels) since 1996. It
reduced 24% of traffic (vehicles per day) accessing the CBD,
and the traffic speed significantly increased from 21.6 km-
per-hour to 33.6 km-per-hour [28].

SMG has reduced the parking requirement in the new
building’s planning and design from the previous 40% to
20% in the central part of the city (in the CBD) to discourage
city people’s orientation to private cars [28]. Along with this,
SMG has reduced the public parking facilities and the spaces
for street parking with the intention that car users need to
focus more on private parking spaces, incurring more costs
(parking fees), which may help discourage them from using
private cars [28].

4.6 Impacts of the Adopted Measures
The SMG’s sustainable policies brought a positive impact as
they helped to decrease traffic congestion significantly while

elevating the movement speed of vehicles and increasing the
satisfaction level of city people. Fig. 6 shows that transport

DUET Journal

speeds in the city centre and the outer city areas increased
successively between 2004 and 2013. It also shows that
during this period, the movement speed of private cars and
public buses increased.

Fig. 7 shows that the total modal share of the city’s public
transport in 2016 reached 65.1%, composed of the modal
shares of the public bus (28%) and the subway system
(37.1%). Fig. 8 shows that in 2003, the average satisfaction
level was 4.76, which started to increase gradually after the
introduction of the new transport policy in 2004, and in 2012,
the citizens® satisfaction level was recorded to be 7.5.
Seoul’s feedback methodology to understand the impact of
the policy reform shows a tremendous positive impact of the
transport policy on the city.
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Fig. 6: Gradual increase of vehicular speed in Seoul from
2004 to 2013. Source: Adopted from [28].

Fig. 7: Seoul’s transport modal share in the year 2016.
Source: Adopted from [31].
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Fig. 8: The citizens’ satisfaction level in Seoul has
increased gradually in different years.
Source: Adopted from [31].

5. CASE STUDY FROM COPENHAGEN, DENMARK

The city of Copenhagen is the capital city of Denmark in
northern Europe, having a population of 1.3 million in 2018,
with a projection to increase to 1.4 million by 2030 [2]. The
city has adopted the transport policy’s path dependency to
promote walking and biking as the city’s primary modes of
public transportation. The city promotes biking as a safe,
environment-responsive and cheaper mode of urban
transportation and focuses on developing well-connected
bike networks integrated with other modes of public
transport like public buses and urban railway services [32].

The city adopted a ‘strategic plan’ in 2000 to improve the
cycling facilities further by 2012. The city allocated a budget
of 9.1 billion USD in 2000 to improve its transportation
system, where one-third of this budget was utilized to
improve the city’s cycling infrastructure [33]. The city aimed
to increase the proportion of city people considering cycling
as a safe transport mode to 80% by 2012 from 57% in 2000.
It also aimed to elevate the proportion of the city’s active
cyclists from 34% in 2000 to 40% in 2012. The city’s
strategic plan focused on obtaining the modal share of
cycling to be 50% among all the transport modes by 2016
through the enhancement of the urban cycling experience,
ameliorating safety, comfort, and services. [33].

Moreover, the city’s ‘CPH-2025 Climate Plan’ stressed
cycling as an environmentally responsive transportation
mode that reduces carbon emissions [34]. It developed a
policy target to attain 75% of the total trips in the city to be
covered by walking, biking, and use of different public
transport modes by 2025. The plan also aimed to contribute
to making Copenhagen a carbon-negative city by reducing
10% emissions from urban vehicles. The ‘Copenhagen’s
cycle-strategy plan’ for 2011 to 2025 developed a policy
target for the consistent increase in the city’s travel speed by
5%, 10% and 15% by 2015, 2020 and 2025 respectively [34].
Some key measures of Copenhagen for attaining such policy
goals are discussed in the following sections.
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5.1 Developing Bike-networks

The city people have an age-old culture of using bikes as a
mode of transportation since the 1960s or 70s. The number
of cyclists had increased significantly by 2016, such that one
in every three city inhabitants owns a bike [33]. On both
sides of the motorways, the city government has built
separate infrastructural networks of bike lanes having a total
length of more than 3,000 km. Such bike lanes are a separate
infrastructure from the motorized and pedestrian circulations
and contain a width of 2 meters for bike movements (see Fig.
9).

Along with the bike lanes, the city has focused on developing
and managing efficient bike parking facilities. The city has
also introduced cargo bikes that bring the facility to carry
goods or other heavy baggage using the bike infrastructures.
26% of families in the city containing two or more children
possess such a cargo bike [35].

GREEN WAVES

‘Green waves’ along some of the

SAFER INTERSECTIONS
The design of intersections is
improved to ensure safety for
cyclists

primary routes prioritise bicycles by
adopting the green light to bicycle
travelling at 20 km/hour so that
cyclists can travel non-stop

¢

CYCLE LANE
MESSAGES

Bike counters along
the cycle lanes
reinforces the
message, that cyclists
matter in Copenhagen
Simultaneously the
counters provide
realtime data to the
City of Copenhagen.
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2
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Fig. 9: Separate bike lanes in Copenhagen.
Source: Adopted from [36].

5.2 Greenways and Bridgeways

The city has developed 43 km of urban greenways and
adopted a plan to build another 54 km to help cyclists move
away from the motorways and come close to the green nature
or the public recreational spaces [35]. The city has also
constructed two bridgeways for bicycles over the watery
parts of the city to develop a connected bicycle network.
Such initiatives may enhance comfort and promote a good
biking environment for the city people coming close to
nature [36].

5.3 Promoting Public Transport

The city has developed an efficient public transportation
service with the A-bus, S-train and urban metro services that
0.75 million urban people use for travelling each weekday.
The city plans to elevate the urban inhabitants’ use of public
transport by 3.4%. Reports show that 98% of people in
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Copenhagen may find access to public transportation
facilities within a distance of 350m. All the public
transportation systems in the city are managed by the
‘intelligent traffic management system’ using state-of-the-
art technologies to enhance efficiencies [37]. The bike
infrastructures and the public transport services are
interconnected to promote an efficient network of urban
transport systems (see Fig. 10). 27% of the people who use
urban rail services for long-distance commutes use bikes for
accessing the rail stations [38].

% J \ Public ¥ ]
Transport

Fig. 10: Copenhagen’s framework for promoting
interconnected bike routes and public transport.
Source: adopted from [38].

5.4 Impacts of the Adopted Policies

The satisfaction level of the urban inhabitants in Copenhagen
for the total network of bike lanes developed was boosted
from 64% in 2004 to 80% in 2014. Their satisfaction level
for the effective maintenance of the bike lanes also increased
from 50% in 2004 to 63% in 2014 [35].

Reports show that 88% of Copenhagen’s urban inhabitants
consider cycling a faster, safer and more convenient mode
for city travel [36]. Fig. 11 shows that for all the urban
journeys in Copenhagen made in the year 2014 having the
purpose of education and work, the city’s transport modal
share for cycling was 45%, while the modal share of public
transport, car, and walking was respectively 27%, 23% and
5% [35]. Here, it is significant to note that the transport
modes of cycling, walking and public transport comprise
77% of the total urban modal share, while the car contributes
23%.

Walking,

Fig. 11: Copenhagen’s transport modal share in the year
2014 for education and work-related trips.
Source: Author’s composition based on [35].

Fig. 12 shows that in 24 hours on a weekday, the number of
cars travelling in the city centre of Copenhagen decreased
from 0.46 million in 1970 to 0.32 million in 2014 [35].
During this period, the humber of cycling trips to the city
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centre has increased by more than double [35]. A city
generally accumulates more cars over the years, but the
number of cars in the city centre has reduced significantly
due to Copenhagen’s sustainable transport policy.

163,500

|
267,720

194,820 |
122,080 s

22330 ¢

120,090 108,070

1970 1980
1 24 hour weekday traffic: car

1930 2000
M 24 hour weekday traffic: bicycle

2010 2014

Fig. 12: Number of vehicles travelling to and from the city
centre in Copenhagen in 24 hours.
Source: Adopted from [35].

6. DISCUSSION: INSIGHTS FROM THE CASE
STUDIES AND THE WAY FORWARD

Dhaka city is a densely populated megacity, and the city is
accumulating more people due to migration from other
regional places in Bangladesh. Though the contexts of the
case studies presented in this paper are different from Dhaka
city, they may offer different lessons based on the adopted
measures, the practicalities of different sorts of transport
policies and the positive outcomes of those. As Dhaka
contributes highly to the country’s economy, it develops the
significance for the city’s transport planning to consider
learning from the world of cities for managing common or
similar problems and developing creative, local and
sustainable urban solutions. Sustainability is always a locally
situated issue that satisfies any practice’s environmental,
economic, and socially viable aspects. The context of Seoul
documents the successful implementation of the action plans
for the adopted public-transport-oriented policies in the face
of traffic congestion due to the city’s high car dependency.
The context of Copenhagen from northern Europe presents
the city’s orientation to a greener arrangement for public
transportation, focusing highly on walk-bike urbanism. Both
case studies show the public acceptance of the transport
policies as the citizens’ satisfaction levels have increased.

Dhaka city is rapidly growing with the increased population,
which may cause a fast rise in urban transportation demands.
There is a lack of workable data regarding the behaviour of
the mass people, the traffic loads on different roads, the
city’s informality, people’s levels of responsiveness to the
laws, and the projection for future traffic demands. Both case
studies show that smart cities adopt high-quality urban data
using state-of-the-art technologies that support planning for
and managing integrated and efficient urban transport
systems. Dhaka city may have the scope to improve the use
of state-of-the-art technologies for developing urban
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transport networks as the city promotes a vital contribution
to the county’s economic development.

Dhaka city’s transport modal share shows that in 2016, the
city’s major share (88%) of the trips was covered by
rickshaws, buses, and walking, which determines that there
remains a good scope for promoting public transportation
and walk-bike urbanism. The data for the major modal share
in Dhaka justifies that improvement of the facilities for
public transportation and walk-bike urbanism may also have
a profound public acceptance, satisfying the socially viable
aspects of sustainability.

The government of Bangladesh has taken a package of
strategic plans for the long term to decrease the traffic
congestion problem in Dhaka city and has sanctioned an
investment budget of over 37 billion USD [3]. Regarding the
adopted policy measures, the proposed MRT networks
(metro rails) and the BRT lines will help enhance the public
transportation facilities in Dhaka. However, from the case
study of Seoul, it may be pointed out that the metro rail
service may be a costly mode of transportation for promoting
public transportation in a developing city. To promote an
efficient metro rail network in Dhaka city, new
infrastructure, operating and management systems need to be
set up. Seoul’s case also documents that the urban bus rapid
transit (BRT) system may promote a low-cost and relatively
easy-executable infrastructure for a city in a developing
country with resource limitations compared to the metro rail
system. Both the initiatives of developing MRT and BRT in
Dhaka are robust measures that may help reduce traffic
congestion in Dhaka, and the government must continue to
implement  such  public-transport-oriented  policies
successfully.

The government’s plan to develop separate ‘ring roads’
around Dhaka city may help decrease traffic congestion,
reducing the number of vehicles in the city centre by
diverting the vehicles crossing the city redundantly to go
elsewhere. As discussed, Dhaka city’s total road
infrastructure is less than what is required for sustainable
urban transportation, which will also be improved with such
ring roads. Along with this, congestion pricing may be
introduced for the bustling roads in the city centres to
discourage car users from using the overloaded routes. Rates
of such congestion pricing may vary depending on the
travelling time (peak or off-peak rates) on these busy routes.
The case study of Seoul shows that congestion pricing has
helped reduce the traffic on the busy roads in the city centre
and enhance travelling speed.

The case study of Copenhagen points out that walking and
non-motorized biking by city people may promote a city’s
major transport mode, reducing car dependency, traffic
congestion and carbon emissions. The study documents that
transport modes of walking and non-motorized vehicles can
be effectively integrated with the motorized public transport
system. Dhaka’s transport modal share shows that non-
motorized vehicle rickshaws had a 38.3% share in 2016,
which has occupied an increasing trend over the past few
years. The government’s policies for non-motorized vehicles
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may help increase the speeds of motorized vehicles, but it
demands more robust planning regarding the routes of non-
motorized vehicles. The non-motorized vehicle routes need
to be well-organized and well-planned to integrate with the
motorized public vehicle routes to promote a sustainable
urban transport system. Besides, Dhaka city does not have a
separate bike infrastructure at present. Planning for the
routes for non-motorized vehicles may help incorporate bi-
cycles and cargo bikes as a mode of mass transportation.
Along with the planning and successful implementation, the
urban people may need to be encouraged to cycle in the city,
and necessary signposting must be provided for the cyclists’
ease of integration with the public transport routes. The case
of Copenhagen shows that designed bike routes having
safety intersections, green waves (speed limits), cycle lane
message boards, and the setting of greenways to connect
with nature and public places have enhanced the safety and
comfort of cyclists.

Dhaka’s transport modal share shows that the modal share of
walking has a decreasing trend as it plummeted from 60.1%
in 1994 to 19.8% in 2016 (decreased 32.9% in 20 years). It
documents that walking in Dhaka city is becoming a less
popular mode of transportation. The footpaths (pedestrian
ways) in Dhaka need to be planned well to enhance the
walkability and comfort of the city’s people. The footpaths
need to be made free from obstacles like construction
materials and encroachments of the street hawkers. An
integrated design with the vehicular way, separate bike lane,
footpath, and a well-designated space for street hawkers
alongside the footpath may be developed. Dhaka city’s
policy measures to develop foot overbridges for pedestrians
are good initiatives for safely crossing busy roads, but the
foot overbridge’s universal accessibility, comfort, and
maintenance need to be carefully addressed.

The case study of Seoul shows that reducing publicly
available parking facilities and impelling car owners to pay
high parking fees may discourage car dependency. Dhaka
city may strengthen the traffic laws for unauthorized parking
near the roads and promote separate places designed for
vehicular parking with parking fees to discourage car
dependency.

Both case studies show the importance of the state-of-the-art
intelligent traffic management system providing real-time
GPS-tracked transport information. Dhaka may need to plan
for developing, implementing, and maintaining an intelligent
traffic management system. It will help efficiently manage
the transport system, promote traffic rules and send relevant
information to law enforcement agencies and the users. Both
cases have presented the city’s innovative methodology to
perceive the feedback and public acceptance of the adopted
policies (such as citizens’ satisfaction levels, speed and
number of vehicles on the roads) to plan effectively in the
urban areas. Dhaka city may develop a methodology to
understand the impacts of the policies and take necessary
steps based on that on the way forward. Without a good
monitoring and feedback system, no responsive planning and
positive outcomes would be possible.
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The discussion above regarding the learning from the case
studies and the way forward for Dhaka city to reduce traffic
congestion demonstrates that some of the measures adopted
by the government may positively impact decreasing the
traffic congestion problem, and the government must
continue to implement the strategic plans successfully. This
study builds on the present strategic plans and discusses
additional innovative measures justified by their application
by the other cities to determine the potential avenues to
follow. This study has found that the promotion and
successful implementation of the contemporary walk-bike
urbanism concept and its effective integration with an
efficient urban public transport system may help reduce the
traffic congestion problem in the megacity of Dhaka. Such
integrated transport planning for Dhaka may have the
capacity to advocate an environmentally green,
economically responsive, and socially acceptable system
fostering sustainability.

7. CONCLUSIONS

This paper focuses on the traffic congestion problem in the
megacity Dhaka and has analyzed its significant causes,
impacts on urban life and the adopted policy measures to
reduce the congestion problem. It discusses that the
government of Bangladesh, through the Strategic Transport
Planning in Dhaka, has commissioned a long-term master
plan for 20 years (2016-2035). This paper bears significance
in suggesting innovative and potential measures to reduce
the traffic congestion problem based on the learning from the
case studies. This article brings two case studies from Seoul
in South Korea and Copenhagen in Denmark to discuss and
learn from the best practices of the adopted measures
reducing traffic congestion in urban areas. The study
suggests that improving Dhaka city’s public mass
transportation facilities with urban bus and train services
may help reduce traffic congestion. Lessons from the case
studies document that promoting walking and non-motorized
transportation systems in Dhaka city may have tremendous
potential to reduce traffic congestion significantly. To
promote an efficient urban transportation system, walking
and non-motorized biking infrastructure must be integrated
with the public transportation routes. The case studies also
support the idea that Dhaka needs to adopt an intelligent
traffic management system and an effective monitoring and
feedback method to learn about the responsiveness of the
adopted policies to minimize the congestion problem. The
study may promote the scope for further research regarding
how the city peoples’ responsiveness to different policy
measures contributes to reducing the traffic congestion
problem in Dhaka.
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ABSTRACT

Due to a lack of proper knowledge and awareness, the use of some blessings in nature is sometimes overlooked.
Daylight is one of the blessings that is received almost free of cost from nature. Students in the design studios of DUET
get excess daylight near the window, whereas those farther away do not. To control the glare, they use curtains and
again lit the artificial lights to illuminate the entire space. The aim is to study the effectiveness of different window
configurations in an architectural design studio to enhance daylighting quality. In the beginning, a 3D model of the
studio will be generated in the ECOTECT to study the existing distribution and uniformity of daylight in the case
space. Then, to enhance the quality and improve distribution, three alternative options will be generated with
different sizes of window, light shelf, and reflector. These models will be exported to a physically-based backward
raytracer, RADIANCE Synthetic Imaging software, for generating realistic lighting levels to validate and cross-check
the ECOTECT results. Then, existing lighting conditions will be analyzed on some selected grid points. Hourly
daylight data for the whole year will be generated at each point using the DAY SIM simulation exercise. It is expected
that this paper will generate some ideas that will be beneficial for architects and designers to design windows for

architectural design studios through simulation exercises to ensure a better daylighting environment.

Keywords

Daylighting performance ,Architectural design studio, Window configuration, Lightshelf, Simulation exercise

1. INTRODUCTION

In Bangladesh, very few studies have been done on the
impact of daylight and student performance. As a result, the
consideration of natural lighting quality in the classroom is
less concern during designing an educational building. The
environment of a classroom has a great impact on students.
The lack of a good environment in the classroom can result
in physiological and psychological impacts on the student.
Each individual student in a classroom often does not get
equal daylight on their desk [1]. In the design studio of
DUET Gazipur, the quantity of interior daylight is not
sufficient for drawing purposes. The students near the
windows get much light than the ones sitting far from the
windows. On the other hand, those who sit just beside the
window most of the time get excess daylight, which creates
glare problems [2]. As a result, they shut down the window
and use artificial light. Eventually, the electricity bill raises
unnecessarily, which gives a negative impact on the
national energy consumption. As they work all day long in
these studios, they get tired and stressed.

The objective of the study is to use daylight as the main
source of light. Again, would try for distributing the
illumination evenly to each student on their drifting table.

22
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In addition to get rid of glare would be a major concern.
Eventually to make an economically beneficial condition by
reducing the load of electricity. Overall, to create an
enjoyable environment where a pupil can stay for a long
period of time without stress and perform better.

This paper consists of three major parts. The importance of
daylight, classroom environment, and standards are
described in the first part. The second part intricate the
steps of the research methodology. Finally, the findings of
simulation results with a conclusion, presents the third part.
It is expected that the examples of daylight simulation
presented in this paper will be helpful to designers for
understanding the significance of the simulation process for
an effective day-lighted design studio.

2. LITERAURE

Human function depends on light since it enables us to
view objects and carry out tasks. But it's also significant
since it has an impact on people's physiology and
psychology. Numerous studies have shown how important
light is for enhancing mood, lowering weariness, increasing
alertness, and regulating circadian rhythms [3].
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2.1 Health and Wellbeing

From the studies of Boyce and colleagues it is clear that
various lighting conditions have an impact on people's
emotions [4]. Mood changes often affect changes in
behaviour and performance at work. One of the
characteristics of a high-performance building is the use of
daylight or natural light for illumination. Natural light helps
building inhabitants greatly on a physical and psychological
level, in addition its advantages is the source of light is free
[5]. The level of daylight important for the student's vision
and it limits the effect of harmful electrical light [6]. The
mental health of teachers and students is enhanced by
daylight. Lighting influences mood and attitude according
to Vetich [7].

2.2 Energy savings

Good daylighting can save electricity as long as electric
lights are turned off or dimmed when natural light is
adequate. Much of the institutions’ energy budget is for
lighting. This can be greatly reduced with well-designed
natural light. Daylight can be related to economy as it gives
some financial benefits [2]. There are various examples of
economic advantages for the cost of natural light. A series
of schools built in Johnston County, N.C., replaced
artificial lights with natural light, which resulted in between
22% and 64% energy savings as compared to typical
neighboring schools [8]. According to a report by the
National Center for Education Statistics, 72% of the cost of
energy in education buildings goes towards electricity, with
the majority (56%) going toward lighting. Making a
significant cut in electricity costs through daylighting can
amount to substantial savings for other school expenses [9].

2.3 Learning space and daylight

The environment of a classroom has a great impact on
students. Lack of proper environment of the classroom can
result in physiological and psychological impacts on
children. The most obvious effect of light on humans is in
enabling vision and performance of visual tasks. The nature
of the task as well as the amount, spectrum, and distribution
of the light determines the level of performance that is
achieved [4]. Performance on visual tasks gets better as
light levels increase. A study by Santamaria and Bennett
shows that, if the amount and distribution of light are
controlled, most everyday visual tasks (such as reading and
writing) can be performed better under daylight conditions
rather than under artificial light sources (such as fluorescent
light) [10]. Daylight is superior for tasks involving fine
colour discrimination when it is provided at a high level
without glare or any reduction in task visibility caused by
veiling reflections or shadows [4].

2.4 Window and Glare

During midday, the sun hitting the ground can be more than
10,000 lux in tropical countries. For most people, the
tolerable amount of sunlight while reading a book outside is
around 40,000 lux. There is a large variation between the
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outside tolerable daylight from inside for reading. For a
typical classroom, the amount of light tolerable for reading
is around 500 Ilux. In some field studies, desktop
illuminances of around 1500 lux to 2000 lux have been
found to be too bright not because of the amount of
illuminance but because of direct glare and glossy
reflections. Care must be taken to avoid a large variation of
brightness between surfaces at the far end of the room and
those close to windows [11].

2.5 Window, Shading and Lightshelf

Window is the most common phenomena for daylight from
the outdoor space. To control the amount of light
penetration, window size can act as an important parameter.
With a larger window a great extent of natural light can
enter into the interior space. To decrease the quantity of
illumination window size can be reduced.

Architectural shading solutions are typically part of the
exterior facade. Lightshelves, overhangs, fins, shade
screens, venetian blinds, vertical blinds, are commonly used
shading systems. One drawback of using shading device is
the risk of reduced daylight level [12]. The design of
effective shading devices will depend on the solar
orientation of a particular building facade. For example, in
the summer when sun angles are simple fixed overhangs are
very effective at shading south-facing windows (Figure 01).
However, during the summer's peak heat gain periods, the
same horizontal device is unsuccessful at preventing low
afternoon light from entering windows facing west. [13].
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Fig. 01: Different types of shading solutions (cited from
Don Prowler, 2014)

One of the effective forms of shading device is the
lightshelf. A lightshelf is a horizontal surface that
reflects daylight deep into a building. Lightshelves with
high-reflectance upper surfaces are positioned above eye
level to reflect sunshine onto the ceiling and farther into the
room [14]. At the same time, the lightshelf shades the lower
part of any window, reducing the amount of light near the
window, which normally has much higher illumination than
the deeper parts of spaces and projects the
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light towards the back (Figure 02). The result is balanced
luminous environment with less contrast and glare [14].

Summer l
Solstice Spring +

Autumn
Equinox

Winter
Solstice

Fig. 02: Light shelves (cited from A.G.S. 2000)
2.6 Illumination standards

Bangladesh National Building Code 2006 (BNBC) follows
a set of minimum recommended illuminance levels for a
variety of visual tasks and space functions for educational
buildings [15]. The guidelines for consideration of the
brightness ratio in classrooms are illustrated in table I.

Table |: Recommended values of illumination for
Educational Building (BNBC, 2006).

Area of Activity Illumination [Lux]
Class and Lecture Rooms
Desks 300
Black boards 250
Art Rooms 400
Assembly Halls Examination 300

Whereas the International Standard 1SO measured the level
in Reading area: 500 Lux and in Art rooms: 750 Lux [16].
The European norm provides guidelines for illuminations
need for all different types’ activities at school buildings are
illustrated in table 11 [17].

Table Il: Overview of tasks in a classroom together with the
requirements for the luminance by European norm.

The Teacher The Student Standard Illuminance
In the class In general
Writing on Reading on 500 lux 200 lux
blackboard blackboard (vertical)
Talking to students Paying attention 300 lux 300 lux
to the teacher
Showing Looking at the 300/10 lux 10 lux
presentations screen
(slide, PowerPoints,
television program,
etc.)
Paying attention to ~ Writing, reading, 300 lux 300 lux
working students drawing, etc.
Coaching computer Looking to the 50 lux 300 lux
activities computer screen above the
and the paper computer
Preparing lessons Not present 300 lux 50 lux

3. METHODOLOGY

The study has been completed in three stages; physical
survey, simulation study and analysis. The study building is
selected in Gazipur Duet campus (Figure 03, 04), which is
an academic building.

In first stage the building (Figure 05) and the study area is
surveyed physically. The physical and environmental
characteristics like as building type, building heights,
orientation and the surrounding condition are observed.
Then one room that is a design studio (Figure 06) is
selected. Here again the interior space, window type,
orientation, glazing characteristics, surface area and
materials are inspected.

Fig. 03: Google map view of DUET campus

24

DUET Journal

Volume 9, Issue 1-2, December 2023


DRE
Textbox
24

DRE
Textbox
A Simulation Study of Daylighting Performance for Different Window Configurations in Architectural Design Studio to Enhance Lighting Quality at DUET, Gazipur

DRE
Textbox
Volume 9, Issue 1-2, December 2023

DRE
Textbox
DUET Journal


A Simulation Study of Daylighting Performance for Different Window Configurations in
Architectural Design Studio to Enhance Lighting Quality at DUET, Gazipur

~

Fig. 04: Master plan of DUET campus

In second stage a 3D model is generated in computer
software for simulation. Four types of window
configurations are studied in three software’s ECOTECT,
RADIANCE and DAYSIM.

The analysis is done in the third stage for finding a better
design decision.

Fig. 06: Interior of the study design studio

3.1 Simulation Study

The amount of daylight penetration can be calculated by
computer simulation study before construction. The
parameters can be changed and with different design
solution the suitable option can be identified with the help
of the computer software. Again, the study can be
performed in different climatic condition, date, time etc.
Three computer version simulation programs are used in
the study for four different window configurations to take
the best option. Firstly, the ECOTECT v5.5 is used which a
comprehensive building analysis software. It is a highly
visual, architectural and analysis tool with lighting thermal,

25
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Fig. 05: South facade of the study building

energy, shading and acoustic performance analysis
functions [18], [19]. Then RADIANCE 3p7 is used which
is more focused and accurate daylighting simulation tool
[20]. Lastly DAYSIM 2.1.p4 simulation program based on
the concept of dynamic annual daylight performance
metrics is used [21].

3.2 Simulation Parameters
The quantitative and qualitative assessments of the design
strategies the following parameters are considered:

Location Dhaka, Bangladesh. (90.4° E.
23.8°N) *

Time 15 April

Calculation Settings Full Daylight Analysis

Precision High

Local Terrain Urban

Window (dirt on glass)  Average

CIE Overcast
16,500 Lux [21].

Sky Hlumination Model
Design Sky Illuminance

NB: Though the actual location of the study building is in
Gazipur, it is similar and convenient to take the location as
Dhaka.

3.3 Study Space

The study building is twelve storey high. The surrounding
is mostly open, but there is a six-storey building on the
south east corner. As the study space (marked on Figure 05)
is on south west side, there is no barrier to entering light
into the studio from outdoor area. The study zone is the
design studio on the third floor (Fig. 07). The parameters of
the study are as follows.

Total floor area 17,851 sft
The study area 1867 sft
Clear height of the design studio 12 ft
Work Plane height 3ft

Volume 9, Issue 1-2, December 2023
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The parameters (Table 1) of the internal finish materials are
found by the field survey are used in the modelling.

Table I: Parameters of the internal finish materials

Model Material Reflectance
Ceiling/Roof  White painted plaster 0.7
Internal wall ~ white painted brick 0.7

work
Floor White cc finishes 0.5
Glazing Single pane of glass 0.92

with aluminium frame U value

B6W/m2K

(p 3rd floor plan

DEPT. OF ARCHITECTURE, DUET, GAZWPUR

3.4 Performance Evaluation Process

The total design studio is divided into grids (Figure 08) for
the purpose of simulation. Then 275 points in the open
studio are found to generate of daylight levels at 3 ft above
floor level which represent the table top of drafting tables.
Each intersection point of the grid was coded according to
the number-letter system shown in Figure 08. Total 275
simulated illumination values are generated by ECOTECT.
These values are plotted into tables (Tables I, 1V, V and
V1), with the codes coinciding with intersection of letters
(rows) and numbers (columns) and then compared for the
different situations. One axes XX’ (Figure 08), were
created across the plan, to assess the fluctuation of daylight
levels, from the window towards the opposite wall of the
space [12].

TFCE Y |

Fig. 7: Study floor plan of NAB building
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Fig. 08: Plan showing the grid with node references
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The whole simulation study is done in four types of
window configuration one by one with different design
parameters (Table I1). The types are as follows-

Case A: The simulation study done in the existing situation.
There are four windows on the south exterior wall (Figure
05, 08) of the studio.

Case B: In this case the window has been widen through
wall and the height is increased to roof level.

Case C: Shading device and light shelve are added on the
seal and lintel level outside of the wall in case C.

Case D: Another light shelve is implemented on the lintel
level in inner side of the studio.

Table 11: Window design parameters for the study

Case Elevation Section
3]
A Ll
|
I
=
B
|
T
C Outdoor Lightshelf
D

For each cases the 3D model is generated for computer
simulation in ECOTECT program to calculate the amount
of daylight on each grid point on the work-plane. The
models were then exported to Radiance Synthetic Imaging
software for generating realistic predictions of lighting

DUET Journal 27

levels. An additional imaginary horizontal plane above 3ft
from the floor level is created to show daylight contour map
on work plane height, for Dextop RADIANCE. Finally, a
performance metrics was done with DAYSIM to get a
complete annual picture [12].
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4. RESULT AND ANALYSIS

4.1 Evaluation criteria
The findings of the computer simulation were evaluated
based on the following criteria [12].
a. Average daylight levels and daylight factors on the
drafting table height.
b. Number of points within acceptable illumination
levels.
c. Fluctuation of daylight levels from the window
towards deeper parts of the studio.
d. Comparison of rendered images of the example studio
generated by RADIANCE for luminance levels on
specific surface.

e. Different performance metrics with DAYSIM to
verify the compliance of the decisions with annual
performance.

4.2 Average daylight levels and daylight factors

From the Figure 09 it can be seen that how the daylight
factor changes in different cases. In Case A when the
window was small the illuminance entered through the
window could not cover the whole area but it changed to a
great extent while the window size is expanded in Case B.
But glare is very high near the window. In next two Cases
the glare is reduced by using light shelve without dropping
the illuminance.
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Fig. 09: Daylight factors on node points in different cases A, B, C and D (clockwise)

The following bar diagram (figure 10) explains that average
daylight level (250 Lux) is very low in existing situation
(Case A). It increased in Case B then again fall down in
following two cases but the difference between two points
is lessen. Same things happen in daylight factors, first grow

DUET Journal 28

high and then declined. The standard illumination for
drawing purpose in BNBC is 400 Lux. In existing situation
only, the tables near the window get this amount of
daylight. On the last Case though, the average value is not
increased very high but the distribution is better. These is
found very clearly from the Table IlI, IV, V and VI.
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Fig. 10: a) Average daylight levels and b) Average daylight factor

4.3 Comparison of illumination levels

Comparing the four conditions from the Table IlI, IV, V.VI
we found that, in Case A of existing condition only 46 node
points get the illumination level higher than 300 lux, which
is the recommended level mentioned in Bangladesh
National Building Code, 2006 for class room [13]. It is
16.7% of total 275 number nodes. In this case glare is very
limited, only 13 points get more than 900 Lux will create
glare, as these levels exceed three times the recommended
values [22], [23]. In Case B when the window changed to a
large one, the number of points over get illumination over

300 Lux increases to 66 points (24%) but glare points
increase also high. It increases to 26 points which is 9.4%.
Then in Case D the external light shelf added the situation
turned better. Glare points (over 900 Lux) decreased to
some extent, 21 points (7.6%) and 67 node points (24.3%)
get light more than 300 Lux. In last stage, Case D, the glare
points decreased very low, only 11 points (4%) and 57
points (20.7%) get more than 300 Lux. So, in Case D the
situation is more preferable as the overall distribution of
light is even though the average illumination is low. The
summery can be seen from the Table VII.

Table I11: Daylight distribution on nodes for Case A

1 2 |3 |45 6 7 8 | 9110

11 |12 | 13| 14 | 15 | 16 |17 |18 |19 |20 |21

424 | 494 | 441 | 401 508
2473 | 1525 | 899 | 632 | 655 | 1112 | 2146
988 857 | 531 | 484 | 519 762 | 1133 | 1079

570 540 | 355 | 345 [ 385 470 688 586 | 449 | 1589

1668 | 1296 | 453 | 1522 | 1624 | 1478 | 278 61 20 31 31

328 323 | 265 | 265 | 302 403 439 483 | 465 741

885 722 | 484 806 839 699 | 270 | 126 60 32 36

226 251 | 198 | 225 | 217 251 345 347 | 296 424

453 393 | 361 449 464 374 | 217 | 122 97 61 41

153 209 | 158 | 171 | 172 186 234 248 | 239 284

272 276 | 220 265 287 228 | 163 | 105 76 68 64

151 168 | 145 | 142 | 175 180 188 217 | 172 204

201 170 | 204 197 175 171 | 113 91 81 68 64

126 150 | 122 | 119 | 139 131 155 165 | 154 180

169 139 | 137 146 144 126 | 113 91 69 73 61

135 124 | 110 | 112 | 137 125 145 135 | 141 138

157 149 | 121 120 116 105 98 71 68 65 56

120 99 | 102 9% | 126 133 130 126 | 116 128

125 137 95 99 88 83 76 68 61 55 61

105 111 99 | 102 | 113 114 115 114 | 118 113

107 109 | 112 80 87 78 65 69 54 59 61

90 104 94 99 88 96 100 107 96 111

108 102 90 103 79 71 66 61 59 37 60

86 95 91 82 90 97 95 95 97 101

94 92 94 97 78 66 64 40 61 34 58

olz|lz|r| x|« —|x|o|nmlolo|wml >

93 96 92 | 105 91 99 101 98 | 105 86

106 95 92 48 68 65 63 70 36 63 59

Total number of node points = 275

Number of points 300~900 Lux = 46

Number of glare points (>900 Lux) = 13
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Table 1V: Daylight distribution on nodes for Case B

1 2 |34 ]5]| 6 7 8 |9(10| 11 |12 |13 |14 | 15|16 |17 |18 19|20 |21
A 424 | 494 | 440 | 401 508
B 2428 | 1525 | 897 | 632 | 954 | 1111 | 2146
C 988 857 | 531 | 484 | 519 762 | 1133 | 1080
D 597 567 | 408 | 395 | 423 505 724 658 | 510 | 1820 1942 | 2000 | 2031 | 2030 | 1921 | 1670 | 370 | 112 66 61 65
E 359 352 | 295 | 300 | 344 468 513 587 | 733 | 1163 1395 | 1443 | 1448 | 1497 | 1338 | 1087 | 474 | 247 | 148 | 103 80
F 257 289 | 235 | 252 | 281 323 412 509 | 507 695 888 944 988 948 914 678 | 415 | 262 | 171 | 130 92
G 197 243 | 205 | 238 | 228 255 323 375 | 403 545 626 673 655 667 571 497 | 321 | 222 | 160 | 130 | 109
H 189 201 | 188 | 193 | 216 262 276 334 | 303 423 456 461 490 470 390 335 | 255 | 175 | 166 | 130 | 122
| 164 189 | 181 | 166 | 202 200 214 256 | 275 331 346 354 338 333 329 284 | 211 | 168 | 147 | 135 | 106
J 157 158 | 148 | 173 | 188 183 221 197 | 233 267 295 306 259 279 247 217 193 | 153 | 129 | 127 | 110
K 162 161 | 139 | 157 | 168 185 194 199 | 211 204 246 273 235 206 202 198 146 | 137 | 132 | 109 | 106
L 141 144 | 142 | 140 | 164 163 171 183 | 196 199 204 206 224 189 179 176 149 | 121 | 118 | 113 | 107
M 149 141 | 131 | 142 | 129 145 151 166 | 161 188 185 195 171 185 161 141 | 132 | 123 | 109 82 | 106
N 140 136 | 130 | 140 | 133 142 142 147 | 149 177 165 182 173 176 130 140 134 91 | 109 81 | 107
O 129 139 | 132 | 151 | 131 146 150 156 | 152 148 160 170 165 125 132 129 126 | 112 89 97 | 106

Total number of node points = 275
Number of points 300~900 Lux = 66
Number of glare points (>900 Lux) =26
Table V: Daylight distribution on nodes for Case C

1 2 |3 4|5 6 7 8 | 9110|1112 |13 |14 | 15|16 |17|18 19|20 |21
A 424 | 494 | 441 | 401 | 508
B | 2428 | 1525 | 897 | 632 | 649 | 1096 | 2140
C 988 857 | 531 | 484 | 519 762 | 1133 | 1080
D 597 567 | 409 | 395 | 423 502 708 611 | 354 | 1411 1448 | 1509 | 1511 | 1485 | 1421 | 1250 | 269 82 63 59 65
E 359 350 | 295 | 300 | 338 450 484 542 | 623 962 | 1151 | 1190 | 1165 | 1244 | 1130 915 | 422 | 204 | 134 96 75
F 255 284 | 231 | 248 | 277 304 397 482 | 456 614 818 822 864 852 825 609 | 361 | 242 | 150 | 130 85
G 197 239 | 192 | 220 | 222 248 308 338 | 364 487 560 595 606 579 519 461 | 280 | 215 | 155 | 122 | 103
H 179 194 | 188 | 177 | 216 253 253 307 | 268 389 412 414 446 422 356 318 | 243 | 169 | 159 | 120 | 122
| 164 175 | 167 | 166 | 186 190 212 234 | 256 304 318 329 306 304 302 261 194 | 156 | 143 | 119 | 106
J 156 158 | 148 | 158 | 182 183 206 177 | 212 243 271 282 238 250 227 200 | 172 | 138 | 120 | 127 | 110
K 162 161 | 139 | 142 | 155 170 182 199 | 194 188 226 250 221 188 185 183 | 133 | 137 | 130 | 109 | 103
L 130 133 | 142 | 140 | 164 150 157 183 | 178 199 186 186 209 189 163 176 149 | 121 | 118 | 102 | 107
M 149 141 | 131 | 142 | 129 131 151 153 | 145 174 169 195 171 172 148 141 121 | 123 | 100 82 | 106
N 140 136 | 130 | 140 | 133 130 142 147 | 149 163 153 169 160 163 120 128 | 122 84 | 109 81 | 107
o 119 139 | 132 | 139 | 120 135 139 145 | 139 148 148 156 153 117 132 129 116 | 101 89 97 | 106

Total number of node points = 275
Number of points 300~900 Lux = 67
Number of glare points (>900 Lux) =21
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Table VI: Daylight distribion on nodes for Case D

1 2 34|56 |7 8191011 |12 | 13 | 14 | 15 | 16 |17 |18 |19 |20 |21
A 288 | 404 | 375 | 341 | 365
B 2076 | 1253 | 800 | 563 | 573 | 924 | 1776
C 792 752 | 463 | 442 | 444 | 701 980 | 804
D 514 496 | 368 | 373 | 399 | 457 640 | 530 | 313 | 1151 | 1183 | 1189 | 1239 | 1250 | 1206 | 1085 | 200 75 58 60 65
E 325 325 | 270 | 297 | 305 | 405 442 | 442 | 374 588 705 711 712 720 658 515 | 250 | 155 | 107 86 72
F 240 267 | 212 | 233 | 268 | 264 350 | 399 | 295 341 425 440 466 441 444 398 | 210 | 165 | 116 | 121 80
G 176 224 | 183 | 207 | 201 | 228 288 | 288 | 279 362 425 465 410 415 401 346 | 216 | 174 | 126 | 106 95
H 174 190 | 170 | 163 | 202 | 252 243 | 280 | 227 316 356 358 363 369 303 245 | 224 | 130 | 142 | 121 | 122
| 163 176 | 168 | 162 | 187 | 178 203 | 220 | 242 271 286 303 286 285 279 216 | 170 | 142 | 137 | 116 | 108
J 154 140 | 134 | 161 | 180 | 171 202 | 176 | 191 224 244 248 218 241 207 173 | 163 | 138 | 112 | 115 | 113
K 159 162 | 132 | 142 | 156 | 165 174 | 175 | 193 174 215 239 204 181 184 181 | 127 | 129 | 133 | 103 | 106
L 134 137 | 134 | 128 | 149 | 150 156 | 189 | 182 183 181 192 205 179 162 176 | 145 | 120 | 117 | 105 | 102
M 153 133 | 121 | 136 | 127 | 136 140 | 158 | 146 171 162 195 172 165 144 137 | 117 | 127 | 103 85 | 109
N 130 125 | 134 | 141 | 131 | 131 143 | 148 | 150 163 153 169 161 160 117 132 | 122 79 | 108 83 | 106
O 122 142 | 136 | 142 | 121 | 138 139 | 145 | 135 162 144 160 157 113 129 132 | 116 | 100 88 96 | 108

Total number of node points = 275

Number of points 300~900 Lux = 57

Number of glare points (>900 Lux) =11

Table VII: Summery result of illumination condition for different cases

Average No. of Point No. of Point No. of Glare
Different Cases IHlumination <300 Lux 300-900 Lux Point (>900 Lux)
Case A 251 215 46 14
Case B 365 183 66 26
Case C 332 187 67 21
Case D 277 207 57 11

4.4 Fluctuations of daylight levels

The Figure 11 shows how the illuminance levels drop to the
end points of the studio. In Case A at D13 point the

DUET Journal

illumination was 454 Lux which raised to 1249 Lux in Case
D, whereas the last end of the room point 013 was 92 Lux
and it increased to156 Lux in the following case.

lllumination level in Lux
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31

Fig. 11: Drop of light along XX’ axis for four different cases
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4.5 Comparison of rendered images

A 3d realistic view of four cases (Figure 12) get from the
RADIANCE rendered image. Contour lines of daylight

distribution give the notion how the light transmits to the
whole study area

Fig. 12: Daylight contour distributions in different design cases A to D clockwise

4.6 Performance metrics

For four different Cases of window configuration, daylight
factor (DF), conventional daylight autonomy (DA),
continuous daylight autonomy (DAcon), and useful
daylight index (UDI) were calculated. For all performance
metrics, the same annual illuminance profiles were used
based on DAYSIM calculations. Table VIII shows the
different performance metrics in DAYSIM simulation for
each Case.

Table VIII: DAYSIM simulation results for different steps

Design DF DA DAcon | DAmax | UDI | UDI | UDI
steps > % > 80% >5% < 100- >

2% 100 | 2000 | 2000
0f-

Step A | 43% 919/3 % 93% 29% 53% | 0% | 47%
0/%-

Step B | 70% %590/;) 99% 46% 17% | 0% 83%
0/-

Step C | 65% %%0/;) 99% 43% 19% | 0% 81%
0/-

Step D | 68% :;%o/;) 99% 40% 19% | 0% 81%

Comparing the annual performance metrics for four cases,
it is found that the DA, DAcon above 80% and case B, C, D
is greater than case A. According to DF Case B is better
than other again it will be better if we consider DAmax. But
if we analysis UDI levels it is clear that Case C and Case D
is best situation.

The simulation results are also shows that the existing
situation is not suitable for students because most of the
part of the studio does not get light. But only widen the
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window will increase the glare problem though it brings
light to most of the part of studio. Again, if shading and
light shelf is used this situation will be better. And the
figure 12 shows the step D is the best solution when both
inner and outer light shelve has used as the glare is lowest.
So, in step D the situation is more preferable as the overall
distribution of light is even though the average illumination
is low.

5. CONCLUSION

The people of Bangladesh are less aware of daylight use
and the benefits of it. Even they have very little knowledge
about the negative impact of the absence of natural light.
Simultaneously, they are barely informed about the
simulation process. Through the study, they can know that
any design decision can be taken during the design phase
for a better environment of the project. Again, the study
opens up different ways to research further aspects related
to daylight. By studying more parameters of window
configurations and conducting a more critical analysis, a
best case can be found and implemented for the studios of
DUET.
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ABSTRACT

Applying composite flour in bread production could provide a healthier alternative to bread made with wheat flour. This
study aimed to develop fortified wheat flour bread with improved nutritional properties, thereby enhancing the overall
nutritional value of wheat flour bread. This study used potato and corn flour as supplementary components to produce
fortified biscuits. Wheat flour contains optimum levels of moisture (13.10%) and protein (9.37%), while potato flour contains
the highest levels of ash (1.6%) and total carbohydrates (82.39%). The result shows that corn flour had the maximum fat
content at 2.54% and the highest energy content at 360 Kcal/100 g. As the level of supplementation increases, the diameter,
thickness, and volume increase significantly while the weight, spread ratio, and density decrease. The control biscuits (F1),
composed of 100% wheat flour, exhibited the highest levels of moisture (5.02%) and protein (8.02%) in chemical analysis. In
contrast, biscuits containing a blend of 50% potato flour and 50% wheat flour (F2) displayed reduced moisture (4.45%) and
protein (7.54) levels, accompanied by the highest ash content of 1.11%.The fat content increased while the protein content
decreased as the potato or corn flour percentage increased. Sensory analysis of biscuits revealed that a combination of 50%
potato flour and 50% wheat flour (F2) was the most popular among consumers. Based on sensory evaluation and storage
studies on the shelf-life of processed biscuits, it is recommended that up to 50% of the wheat flour in fortified biscuits may be

replaced with potato flour on an industrial scale.

Keywords: Biscuit, Fortification, Quality, Physical properties, Composite flour, Shelflife.

1. INTRODUCTION

Biscuits are a significant processed food item in the human
diet commonly consumed across various socio-economic
classes. This bakery is made primarily from flour with a
low moisture content. It is also commonly found in the
form of confectionery [1]. Baked goods in the form of
biscuits are widely consumed worldwide [2]. Typically,
they are snacks made from dough (which consists of flour,
fat, sugar, and water) that are changed into delectable items
by applying heat in an oven at a controlled temperature [3].
These products are ready-to-eat, simple to prepare, and
relatively cheap, featuring various shapes and sizes
predominantly consumed by individuals of both younger
and older age groups [4].

Using composite flour in food has been considered
beneficial in developing nations as it promotes the
utilization of regionally cultivated crops as flour and
decreases dependence on imported wheat flour [S5, 6]. This
approach is being assessed to determine the viability of

substituting wheat flours with alternative locally accessible
flours [7]. Potato flour is a great carbohydrate source, has
high dietary fiber & vitamins, a good amount of minerals,
6-12% protein and negligible fat content and helps lower
the gluten content. Corn is a major source of carbohydrates,
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protein, vitamin B, vitamin A (yellow maize) and minerals
[8].

In Bangladesh, it is observed that during the production
season of potatoes and corn, prices tend to decrease due to
inadequate storage and marketing facilities, often resulting
in significant losses for the producers. Adding potato and
corn flour to wheat flour can improve the sensory attributes
of biscuits and may also offer economic benefits in the
production of biscuits [1]. This study aimed to determine
the proximate composition of wheat, potato and corn flour
and establish a uniform procedure for producing fortified
biscuits and their subsequent assessment of quality
characteristics.

2. MATERIALS AND METHODS

The experimental studies were conducted in the Department
of Food Technology & Engineering laboratories under the
Faculty of Nutrition and Food Science, Patuakhali Science
and Technology University, Dumki, Bangladesh.

2.1 Materials

Wheat flour (fresh), Corn flour, potato, daldah (Pusti
brand), salt (Mollah brand), eggs, sugar (ACI brand),
vanilla essence, milk powder (Pran brand) and baking
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powder (Noor nobi brand) were bought from the local
market. Analytical Research (AR) grade chemicals (high-
grade chemicals suitable for different analyses) were used
to analyze the raw materials and final products.

2.2 Potato flour preparation

Potato flour was prepared using the method described by
[9]. Selected potatoes were first cleaned with potable water.
Then peel and slice into 2-3 mm thickness and steam
blanched for 10 minutes. After overnight drying (80-85°C),
the slices were milled and passed through a 30-mesh
standard sieve. Subsequently, the flour was enclosed in
high-density polyethylene bags for further utilization.

2.3 Experimental Plan

In this study, a certain percentage of wheat flour, potato
flour, and corn flour were used, as shown in Table 1. Table
2 shows the different combinations gfingredients used to
prepare 100g dough.

Table 1. Experimental Plan for the preparation of
fortified biscuits

Sample Wheat Potato Corn flour
flour (%) flour (%) (%)
Fl1 100 00 00
F2 50 50 00
F3 50 00 50

Table 2. Ingredients used in the preparation of Biscuits
(total 100 g)

SL Sample
Ingredients

No. FI F2 F3
1. Wheat flour (g) 50 25 25
2. Potato flour (g) 0 25 0
3. Corn flour (g) 0 0 25
4.  Sugar (g) 15 15 15
5. Fat (daldah) (g) 12 12 12
6.  Milk powder (g) 2 2 2
7. Egg(g) 20 20 20
8. Baking powder (g) 1 1 1
9.  Vanilla flavor (drops) 1-2 1-2 1-2
10.  Salt (g) 0.5 0.5 0.5

F1=100% wheat flour; F2= 50% wheat flour + 50% potato flour;
F3=50% wheat flour + 50% corn flour.

2.4 Composite biscuits formulation

The method described by [11] was adapted to make biscuits
with slight modification. Firstly, finely meshed fat was
mixed with sugar powder, egg, salt, milk powder and
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vanilla essence. Subsequently, the flour and baking powder
were incorporated and thoroughly blended to yield a
cohesive dough, flattened into a uniform sheet measuring 3
millimeters in thickness. After cutting a 3 cm round shape,
the biscuits were baked at 170°C for 20 minutes using the
baking oven.

2.5 Quality analysis of flour and fortified biscuits

In this study, the Moisture content [11], Ash content [12],
protein content [12], fat content [12], total carbohydrate
content and energy content [13], and gluten content [14] of
fortified biscuits and flours (wheat, potato and corn) were
determined.

2.6 Physical properties determination

The weight, thickness, spread ratio, volume, and density of
fortified biscuits were determined by the method described
by [15].

2.6.1 Weight: The weight of the biscuits was determined
by calculating the mean of four individual measurements
using a digital weighing balance.

2.6.2 Thickness: It was measured by stacking four biscuits
on each other and taking the average thickness (cm).

2.6.3 Sread ratio: The spread ratio was determined by
using this formula.
. diameter (mm)
Spread ratio = —————
thickness (mm)
2.6.4 Volume: Volume of biscuit is defined as the area of
the biscuit multiplied by thickness.

2
Volume (cm?®) = %XT
Where, D= average diameter of biscuits (mm) and T =
average thickness of biscuits (mm).

2.6.5 Density: After calculating volume, density was
obtained from the ratio between weight and volume [15].

- Weight(g)
Density (g/cm®) = G etem)

2.7 Sensory evaluation of developed biscuits

The samples were evaluated based on color, taste, flavor,
texture and overall acceptability by a panel of judges (12)
using a 9-point hedonic scale according to [16]. A 9-point
hedonic rating scale [10] was used for statistical analysis of
sensory data to determine the extent of acceptance. The
tasters were given a hedonic rating scale from 1 to 9 with
the following options: 9 for "extremely like," 8 for "very
much like," 7 for "moderately like," 6 for "slightly like," 5
for "neither like nor dislike," 4 for "dislike slightly," 2 for
"dislike moderately," 1 for "extremely dislike".
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3. RESULTS AND DISCUSSION

This section reflects the results and the findings of the
studies and their interpretation.

3.1 Proximate composition of wheat, potato and corn
flours: Table 3 presents the analysis of nutritional quality.
The results indicate that wheat flour exhibited the highest
moisture content at 13.10%, with corn flour following
closely behind at 11.09%. In contrast, potato flour
displayed the lowest moisture content at 10.20% among the
three types of flour. Potato flour yielded the highest ash
content (1.6%) and total carbohydrate content (82.39%),
whereas wheat flour exhibited the lowest ash content
(0.62%) and fat content (0.85%) but the highest protein
content (9.37%). The study results indicate that corn flour
exhibited a high-fat content of 2.54% and yielded a
energy value of 360 Kcal/100g upon
consumption. Conversely, potato flour demonstrated a
comparatively lower energy value of 323 Kcal/100g. As per
the researcher’s findings [17], wheat flour exhibits a
moisture content of 12.0%, ash content of 0.60%, protein
content of 13.0%, fat content of 1.0%, and total
carbohydrate content of 74.7% in wb. On the other hand,
corn flour displays a moisture content of 9.3%, protein
content of 7.4%, fat content of 2.0%, ash content of 1.2%,
crude fiber content of 5.5%, and total carbohydrate content
of 80.2%. The compositional dissimilarity observed among
authors may be attributed to factors such as varietal
diversity, environmental conditions, pre and post-harvest
processing, and the degree of drying.

maximum

Table 3. Composition of wheat, potato and corn flours

Wheat Potato Corn

Parameters
flour flour flour

Moisture (%) on dry 5 10.20 11.09

basis

Ash (%) 0.62 1.60 0.63

Protein (%) 9.37 5.32 6.52
Not Not

)

Gluten (%) 15.20 detected  detected

Fat (%) 0.85 0.49 2.54

Total Carbohydrate ¢ 06 8739 79.22

(%)

Energy (Kcal/100 g) 332 323 360
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® Moisture (%) in db

88 r Ash (%
20 | sh (%)
2421 : Protein (%)
= 56
é 48 Gluten (%)
@ 40 +
= 32 F = Fat (%)
> 24
161 = Total Carbohydrat
8 - otal aroohydrate
0 J_-. | (%)
Wheat Potato Corn
flour flour flour
Sample

Figure 1. Composition of wheat, potato and corn flour
3.2 Physical properties of biscuits:

Table 4 demonstrates the average findings from the
assessment of the biscuits' physical characteristics,
including their diameter, thickness, volume, spread ratio,
and density. As the level of supplementation increases,
there is a noticeable rise in the diameter, thickness, and
volume, while a decrease in weight, spread ratio, and
density is noted. The F3 sample exhibits the largest values
for diameter, thickness, and volume, while the F1 sample
displays the highest weight, spread ratio, and density
among the three samples. Incorporating potato flour and
corn flour impacts a significant impact on the physical
characteristics. The thickness of biscuits exhibited a slight
increase with the gradual replacement of wheat flour with
potato flour by up to 25%. This phenomenon was inversely
proportional to the spread ratio, which decreased with the
increasing proportion of potato flour. This can be attributed
to the higher water-holding capacity of potato flour, as
reported in previous studies [18].

Table 4. Effect of potato and corn flour on physical
properties of biscuits

S w»
7] = L~ s ~ L _ 0T
= 5 _.%F £F Ea T g iz
E s®E2 £32 28 33353
=
175 = EQ ﬁh > T w a =

F1  4.61 3.70 731 544 0.63
F2 432 3.80 0.72 816 527 0.53
F3 455 3.82 0.82 940 466 043

o
foN
)

F1=100% wheat flour; F2= 50% wheat flour + 50% potato flour;
F3=50% wheat flour + 50% corn flour
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Figure 2. Effect of potato and corn flour on physical
properties of biscuits.

3.3 Nutritional properties of fortified biscuits: The
biscuits samples were analyzed for moisture, ash, protein,
fat, and total carbohydrate. The results obtained are
presented in Table 5.

Table 5. Nutritional composition of fortified biscuits

—_ v
X e —_ = o0
N _ S e =
R g T £ 3io BE
E £ =z T 2 g5 23
S =% O =z
F1 5.02 0.72 8.02 16.93 69.31 456.54
F2 445 1.11 7.54 17.21 69.69 462.32
F3 4.72 0.78 7.80 17.68 69.02 480.74

F1=100% wheat flour; F2= 50% wheat flour + 50% potato flour;
F3=50% wheat flour + 50% corn flour.

3.3.1 Moisture: According to Table 4, the moisture content
of three different types of biscuits ranged from 4.45 to
5.02%. Factors such as the starting moisture content of
different types of flour used in baking, storage conditions,
and packaging materials may all contribute to the observed
difference in biscuits' moisture levels. The F1 sample had a
significantly higher moisture content than the rest. Different
types of flour, such as wheat flour, potato flour, and corn
flour, all have different amounts of solid matter, which may
explain this phenomenon. According to [19], research
showed that the moisture content of composite biscuits was
anything from 5.13 percent to 7.17 percent dry basis. The
biscuits used in this study all had moisture levels that were
within the acceptable range, as established by -earlier
researchers.

3.3.2 Protein: Due to the larger percentage of gluten in
wheat flour, the protein content reduced as the quantity of
potato or corn flour increased. Protein content varied
greatly between the samples, with F2 having the lowest and
F1 having the most. Wheat flour biscuits had a 6.6% (db)
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protein content, while potato-enriched biscuits had a 6.1%
(db) protein content, as reported in [20]. According to the
research by [19], composite biscuits' protein content was
between 6.88% and 11.45% (db). The results suggest that
potato or corn flour can make low-protein biscuits.

3.3.3 Lipid: The lipid composition of the specimens fell
within 16.93-17.68%, as presented in Table 4. The potato
flour supplementation resulted in a negligible variation in
fat content, whereas the corn supplementation increased fat
content. This finding is consistent with the study conducted
by [20], which revealed that the biscuits supplemented with
20% potato flour contained 25.8% (db) fat, while the
control group had 25.9% (db) fat.

80 r
= Moisture

0 %)

60
=~ so | Ash (%)
s
.;.g o Protein (%)
>ﬂ 30

20 1 Lipid (%)

10 |

o LA

F1 F2 F3
Sample

Figure 3. Nutritional properties of fortified biscuits.

3.3.4 Ash: The ash percentage ranged from 1.11% in the
sample denoted as F2 to 0.72% in the sample denoted as
F12. Because potato flour has a higher mineral content than
wheat flour, including it in the biscuits caused them to have
a higher ash level. According to [21], research showed that
the ash content of composite biscuits was between 0.99 and
1.13% (wb). However, biscuits with 20% potato flour were
reported to have an ash value of 1.7% by [20], while the
control biscuit had an ash value of 1.4% (db).

3.3.5 Total Carbohydrate: Carbohydrate content varied
from 69.02 to 69.69% throughout the samples (Table 4).
Differences in protein, fat, ash, and moisture content may
account for the wide range of total carbohydrate values seen
in the biscuits we tested.

3.3.6 Energy: The total energy, expressed in calories, of
the developed biscuits, varied between 456.54 and 480.74
for a 100 g consumption.

The observed variation in the samples is linked to the
inclusion of either potato flour, which demonstrated the
highest total carbohydrate content (82.39%), or corn flour,
which contained the highest amount of fat (2.54%). These
findings are presented in Table 3.

3.4 Shelf-Life analysis for fortified biscuits: The shelf-
life of fortified biscuits was examined over 28 days, as
presented in Table 6. The biscuits were packaged in high-
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density polyethylene (HDPE) and stored at
temperature. The shelf life was assessed through the
periodic evaluation of texture, color, flavor, and overall

acceptability at 7-day intervals over a 28-day duration.

room

Table 6. Shelflife studies of fortified biscuits

< o Observation
PN
22 9
@ = - =<
g B £ 5 5 5
S & 5 = 5 £
) & = &
F1 Crisp Good Good Good
0 F2 Crisp Good Good Good
F3 Crisp Good Good Good
F1 Crisp Good Good Good
7 F2 Crisp Good Good Good
F3 Crisp Good Good Good
Fl Less Slightly ~ Slightly Freshness
crisp rancid faded declined
14 " Less Slightly  Slightly Freshness
crisp rancid faded declined
M Less Slightly  Slightly Freshness
crisp rancid faded declined
F1 Damp Rancid Good Not
acceptable
. Not
28 F2 Damp Rancid Good
acceptable
. Not
F3 Damp  Rancid Good
acceptable

3.5 Sensory evaluation of composite flour biscuits:

The sensory evaluation of biscuit samples was evaluated for
color, flavor, texture and overall acceptability by a panel of
25 tasters. Table 7 shows the typical results of a sensory
evaluation. The color evaluation for the three samples
showed that F2 was the most aesthetically pleasing. Once
more, samples F1 and F3 were ranked best and good in
terms of aesthetic quality in that order.

All three samples (F1, F2, and F3) had an appealing smell
and the product's distinctive flavor without any unpleasant
odors. Sample F2 was deemed to have the highest aesthetic
quality, as shown in Table 7. A slight flavor difference was
observed in the F3 sample (Figure 4).

Sample F2 scored higher than both F1 and F3 in terms of
texture. Sample F2 had the highest rating for overall
acceptability; it was also the most dissimilar to the other
samples. Fisher's LSD, multiple comparison tests, showed
that the F2 sample (biscuits made from 50% potato and
50% wheat flour) was the most popular (Figure 4).
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Table 7. Mean score for color, flavor, texture and
overall acceptability of fortified biscuits

Sensory attributes

Samples
P Texture Flavor Color Overa!l.
acceptability
F1
7.7° 7.9° 7.9° 7.6°
F2 8.52 8.6% 8.32 7.7%
F3 7.0¢ 6.8¢ 7.8¢ 6.8¢

a= excellent, b= best, c= good; F1= 100% wheat flour biscuits; F2
= 50% potato + 50% wheat flour biscuits; F3 =50% corn + 50%
wheat flour biscuits.

Figure 4: Physical and sensory characteristics of
fortified biscuits.

4. CONCLUSION

Because of their rapid spoilage, 6.6% of all harvested
potatoes in Bangladesh are lost after being wholesaled,
5.3% at the radar level, and 1.1% at the merchant level [22].
Potatoes and corn have the potential to serve as ingredients
in the production of biscuits. Biscuits that are both
nutritious and signature flavorful can be produced by
incorporating potato or corn flour in addition to wheat
flour. Wheat flour can be used to supplement potato or corn
flour up to a maximum of 50% to produce biscuits that
appeal to a wider range of consumers. The enhancement of
the formulation can be achieved through the incorporation
of food coloring agents, flavoring compounds, and vitamin
supplements. Additional research can be conducted
pertaining to vitamins and mineral contents, anti-oxidant
activity, particle size distribution, hydration properties, etc.
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ABSTRACT

The Jamuna River exhibits significant erosion along its banks, resulting in changes to its course and posing challenges
for local communities. This study aimed to detect the changes of Jamuna River flow path and to estimate the rate of
change of flow area, erosion, and accretion along the Jamuna River for the period of 1990 to 2020. Landsat satellite
images of 30 m resolution from 1990 to 2020 at five years interval were collected from USGS website. River flow area
and bank lines were detected from raster calculation of MNDWI. The rate of bankline shifting and bankline movement
were computed in LRR (m/year) and NSM (m) method respectively. The Jamuna River had consistently lost its water
body at an average rate of 4.6 km? per year from 1990 to 2000. However, the river's flow area remained relatively stable,
with an average annual decrease of 0.35 km? during 2000-2020. The upstream areas of Kazipur and downstream areas
of Nagarpur and Shahajadpur were identified as the most vulnerable regions. Conversely, the middle segments of
Sirajganj Sadar and Bhuapur were relatively stable. The area downstream of Jamuna Bridge has experienced
significant land gain, with a maximum width of 4.2 km. On average, the right bank of the river experienced an erosion
rate of -11.97 mlyear, while the left bank eroded at an average rate of -52.44 m/year. This study advocates for
policymakers to mitigate the risk of Jamuna riverbank erosion and implement sustainable management strategies.

1. INTRODUCTION changes in river flow patterns and alterations to the
ecological balance. The erosion is causing the river to widen

Bangladesh is known as the land of rivers due to its and deepen, which is displacing millions of people along

extensive river network. The rivers in Bangladesh play a vital river bank. The accretion is causing the river to narrow and
role in the country's geography, economy and culture. The become shallower, making it difficult for boats to navigate
river sys_tem directly or mdwectly_mfluence_s many e_lspe.cts of and leading to huge floods due to water overflow. This case
the environment and plays a vital role in the livelihood study focused on the erosion and accretion dynamics of the

pattern of millions of inhabitants. Bangladesh owns three Jamuna River, aiming to understand the patterns, rate of bank
mighty rivers, the Ganga (Padma), Brahmaputra (Jamuna) line changes, and extents of these processes. By utilizing GIS

and Meghna. The Brahmaputra-Jamuna is a classic example and remote sensing technology, we can obtain detailed and

of a braided river and is highly susceptible to channel  accyrate spatial information, enabling comprehensive
migration and avulsion, making the river very dynamic and  apalysis of the river's changes over time. It also helps to
unstable, which is prone to erosion and accretion. The identify areas at risk of rapid erosion and accretion. This
Jamuna is provided to have exquisite bank erosion and information can be used to develop plans to mitigate the

highest rate of bank line movement (N. I. Khan & Islam, effects of erosion and accretion along the bankline of Jamuna
2003). It has been evidently observed that changes in the River.

proportion of erosion and accretion differ in different points However, the main objectives of this study are as follow:

of Jamuna River. The highest eroded area, spanning over 1. To detect the change of Jamuna River flow path using
3.82 km?, occurred between 1995 and 2005, while the Landsat Satellite images.

highest accreted area, covering 6.15 km? was observed 2. To estimate the rate of change of flow area, erosion

between 1995 and 2015 (M. A. Hassan et al., 2017). During and accretion along the Jamuna River for the period of 1990
the period of 1973 to 2015, the net erosion along the 220 km t0 2020.

long Jamuna River was about 88,462 ha. (Klaassen et al.,

1988). 2. DATA COLLECTION AND STUDY AREA
The erosion and accretion of the Jamuna River is a
serious problem that is having a significant impact on the 2.1 Study Area

people who live along the river. These processes can have
far-reaching impacts including the loss of valuable
agricultural land damage to infrastructure and settlements

The Brahmaputra originates in the Chemayung-Dung
glacier, approximately at 31'30'N and 82'0'E. The total length
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of the Tsangpo-Brahmaputra-Jamuna River up to its
confluence with the Ganges is about 2,700 km. Within
Bangladesh territory, Brahmaputra-Jamuna is 276 km long,
of which Jamuna is 205 km. The Jamuna River is braided in
nature. Within the braided belt of the Jamuna, there are lots
of chars of different sizes. An assessment of the 1992 dry
season Landsat image showed that the Jamuna contained a
total of 56 large island chars, each longer than 3.5 km. The
study area for this study is Jamuna River passes through
Sirajganj and Tangail District, which is 85 km long started
from Kazipur to Shahjadpur. The study area which lies
between latitude 24°00'N -24°48'N and longitude 89°38'E-
89°52'E.
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Fig. 1: Map showing (a) World view, (b) Bangladesh, (c)
Zoomed view of 85 km long study area of Jamuna River
passes through Tangail and Sirajganj district.

The left bank (Sirajganj side) is vulnerable in case of
bank erosion than right bank (Tangail side) erosion of the
river. Sirajganj and Tangail district were connected through
5 km long Jamuna Bridge which was constructed over the
Jamuna River in 1998 (R. Islam et al., 2017). River training
structures have been built more than 30 places along the
Sirajganj and Tangail Bankline since 1996 (Sarker et al.,
2011). Fig. 1 shows the study area in between Tangail and
Sirajganj district. Many important places i.e., Kazipur,
Sirajganj Sadar, Shahjadpur, and Bhuapur are located along
the Bankline of Jamuna River. The density of the population
in Sirajganj district along the riverbank is higher than that of
the population density in Tangail district. Nagarpur, located
in Tangail side, has the highest population density.

DUET Journal

2.2 Data Collection

Identification of the river morphology from satellite
imagery of different years using GIS and Remote Sensing
technology is found to be useful for studying the fluvial
geomorphology of a river. The Landsat Program is the
longest running exercise in the collection of multispectral,
digital data of the earth's surface from space since 1972. In
this study, dry season Landsat imagery from 1990 to 2020
was collected from the USGS website archives. The details
information of the imagery are listed in Table I.

Table I: Acquisition date of Landsat images and their
resolution.

Image

Acquisition Sensor Imagg
S.L Type Resolution  Source
Date ) andsat)  (m)
mm/dd/yyyy
1. 11/14/1990 5TM 30
2. 01/28/1995 5TM 30
3. 01/26/2000 5TM 30
4. 01/07/2005 5TM 30 USGS
5. 01/21/2010 5TM 30
6. 02/04/2015 8 OLI 30
7. 01/17/2020 8 OLI 30

We primarily collected Landsat dry season cloud-free
images available during the January to February months.
This choice was made to facilitate the clear detection of the
river's main flow path and bar land, as rainwater on the
surface of bar land could potentially interfere with the
results. All the Images were collected from path 138 and row
43 of Landsat USGS archive. We used three Band images
i.e., green, near infrared (NIR), and short-wave infrared
(SWIR). The data obtained were in a GeoTIFF format for
each individual band. Short-wave infrared is mostly
absorbed by water which helped us to detect the river and the
land area.

3. METHODOLOGY
3.1 Flow Path Changes of Jamuna River

Remote Sensing (RS), Geographic Information System
(GIS) methods, and other statistical data techniques have
been employed to assess river erosion and accretion, as well
as to identify shifting patterns of Jamuna River. Various
methods for extracting the river body from Landsat imagery
have been developed using ArcGIS software. The river body
was extracted from the image using the MNDWI method,
which stands for Modified Normalized Difference Water
Index developed by (Xu, 2007). The reflectance of water is
higher in the green band and lower in NIR band. Xu (2007)
proposed that the MNDWI is suitable for extracting the
waterbody from a landmass. The modification of the NDWI
using a MIR band instead of a NIR band can considerably
improve the enhancement of open water features. The
MNDWI is more suitable for enhancement of water with
many built-up land areas in the background than the NDWI
because it can efficiently reduce and even remove built-up
land noise (Xu, 2007).
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Fig. 2: Methodology flowchart to extract waterbody from
satellite images.

Fig. 2 shows the methodology of extracting the river
polygon from satellite imagery. The threshold values for the
MNDWI to achieve best water extraction result are usually
much less than those of the NDWI, suggesting using zero as
a default threshold value can produce better water extraction
accuracy for the MNDWI than for the NDWI (Xu, 2007).

Green—SWIR
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Fig. 3: Extracted River flow area in 2000 (green) and
2005(blue).
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The value of MNDWI Ranges from -1 to +1. The higher
reflectance of built-up and lower reflectance of water in
SWIR band result in negative values of built-up and positive
values of water features in the MNDWI-derived image.

Each extracted river polygon from 1990 to 2020 at 5-
year interval was divided into 4 rectangular segments i.e.,
Segment A (22.4kmx24.8km), Segment B (20.8km
x24.8km), Segment C (20.6km x24.8km) and Segment D
(22.6km x24.8km). Fig. 3 represents the detected waterbody
from Landsat images of 2000 and 2005. Extracted rivers
indicated the waterbody of the river. We measured the total
area of each individual segment, and then subtracted the river
area to estimate net land area. Thus, we quantified only the
land area of each segment throughout the year 1990 to 2020.
Comparing consecutive two years images, we estimated net
erosion and accretion area of each segment throughout the
years 1990-1995.

Net land area of each segment = (Segment Area — River flow
area) (2)

Net Area of erosion or accretion in the segment = (land area
in 90 — land area in 95) 3)

(Positive value indicates accretion and negative vale
indicates erosion)

3.2 Bankline Detection

Bankline is defined as the feature that separates the outer
margin of a river channel from the floodplain (Hassan et al.,
1997)

89°42'0"E 89°48'0"E  89°42'0"E 89°48'0"E
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River 1995 River 1995

Fig. 4: Landsat SWIR image of 1995, black portion indicate
as waterbody and yellow as river Bankline.

The analysis of historical Bankline changes helped us
understanding the erosion rate and vulnerable areas near the
river Bankline. This study relied on Remote Sensing satellite
image for Bankline detection. Water exhibits a high degree
of infrared energy absorption, while it is strongly reflected
by vegetation and land. The short wavelength band shows
significant difference between land and water interface.
Hence, we used a single SWIR band for Bankline detection.
The water appears black and land surface or vegetation
appears grey in Landsat SWIR band. Fig. 4 shows the
detection of the Bankline of Jamuna River in the year 1995.
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Fig. 5: Methodology flowchart to extract river bankline
from satellite images.

In this study, Automatic Bankline detection techniques
were employed to detect the Bankline of the Jamuna River
for the period 1990 to 2020. First, we performed geo-
registration based on the World Geodetic System WGS-84
with projected coordinate system UTM zone 45N to adjust
the geographic positions of all images. Raster calculation
was then performed from the threshold values of water
exhibited pixels. The threshold value for water pixel was
selected by trial-and-error method. Then, the riverbank line
was traced for both left and right bank from 1990 to 2020 at
5-year interval. Fig. 5 represents the sequential process of
river Bankline detection from SWIR image.

3.3 Bankline Change Analysis in DSAS

In this study, we used the Digital Shoreline Analysis
System (DSAS) version 5.1, an extension tools of ArcGIS,
to compute the rate of Bankline changes. The processes were
carried out in four steps i.e., bankline preparation, creating
baseline, transects generation and computing the rate of
Bankline changes (Raj et al., 2020). DSAS used baseline
measurements of a time series of banklines to estimate the
rate of Bankline change and it required another shapefile in
the same personal geodatabase (Leatherman, 1983). We
positioned approximately 15000 m long baseline parallel to
the riverbank and cast transects along this baseline at 100 m
intervals perpendicular to that baseline. These transects were
generated using the cast transects tool in DSAS, with a
smoothing distance set at 0.00 m. Overall, 645 transects were
created and the data from the transect feature class were used
to compute the changes.

DUET Journal

3.3.1 Linear Regression Rate (LRR)

Linear Regression Rate (LRR) estimates the rate of
variation by fitting the least squares regression line to all the
Bankline points of a transect (Himmelstoss et al., 2021).

Linear regression rate (LRR)
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Fig. 6: Shoreline distance vs shoreline date graph represents
Linear Regression Rate of a single transect. The slope of the
equation describing the line is the rate (Himmelstoss et al.,
2021)

The regression line is placed (Fig. 6) so that the sum of
the squared residuals (determined by squaring the offset
distance of each data point from the regression line and
adding the squared residuals together) is minimized. The
linear regression is the slope of the line. This method
includes all the data regardless of modifications in trend or
accuracy. The entire computation was carried out on the
accepted and widely demonstrated statistical concepts of
LRR (Dolan et al., 1991; Crowell et al., 1997).

3.3.2  Net Bankline Movement (NBM)

Net Bankline Movement (NBM) is another statistical
parameter that enumerates the actual distance between the
oldest and the youngest shoreline for each transect laid
perpendicular to the shorelines (Himmelstoss et al., 2021). In
this study, we quantified the net Bankline movement of the
study area.

NSM = distance (m) between oldest and youngest shorelines
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Fig. 7: A Bankline dataset including baseline (black),
transect (gray), and shoreline and intersect data (multicolor)
to illustrate the relationship between net Bankline movement

However, it was calculated using the following formula:

Net Bankline Movement = {dnewest bank- Qoldest bank} M 4)
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4, RESULT AND DISCUSSION
4.1 Variation of River Flow Area

The net area of extracted river water body was
calculated by ArcGIS software.

Change of River Flow Area From 1990-2020

{ =
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o
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o

o
1

River Surface Area (Km?2)
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e
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Year

Fig. 8: Area of river net waterbody from 1990-2020.

The area includes all the area of major and minor
channel of Jamuna River in this study. As the most of the
images were collected in the dry season, the result was not
affected by precipitation water. Fig. 8 shows net flow area of
Jamuna River for different periods from 1990 to 2020. The
flow path was maximum in the year 1990. The river net area
decreased in the period from 1990 to 2000, which is because
of char land accretion. After the year 2000 change of flow
path area was mostly stabilized.

Table I1: Jamuna River flow path area from 1990 to 2020.

Year River Net Flow Area (Km?)
1990 413
1995 300
2000 235
2005 257
2010 213
2015 260
2020 257

Table Il reveals that the maximum river flow area of the
Jamuna River was detected in 1990, while the minimum flow
area was observed in 2010. Subsequently, after the year
2000, the river's flow area remained predominantly stable.
The flow area for the years 2005, 2015, and 2020 is almost
the same. Increase in flow area occurred in the period of
2000-2005 and 2010-2015 respectively. An increase in flow
area corresponds to a decrease in the land area of the
riverbank and instability in the bar land. As the Jamuna River
is of the alluvial type, its flow path is inherently unstable and
subjected to change over time. Reduced river velocity and a
higher sediment settling within the river influence a decrease
in flow during the dry season. The sediment load of the

DUET Journal
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Jamuna was 555 Mt/year during the early-1960s (Coleman,
1969).

4.2 Segment Wise Flow Area Changes

We divided study area into four different rectangular
segments i.e., A, B, C, and D to understand the change
pattern of Jamuna River flow area throughout the entire
study period. After measuring the area of each segment, we
compared the flow area of each segment in different periods.

1990 1995 2000 2005 2010 2015 2020

Fig. 9: Rate of change of net river flow area from 1990-
2020.

Fig. 9 shows the segmented river of different year. It can
be perceptible from the figure that the upstream river sifted
slightly towards west and main channel became narrow in
the middle, which was because of the construction of Jamuna
Bridge in 1998.
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Fig. 10: Distribution of segment-wise changes of river flow
path from 1990 to 2020.

Fig. 10 illustrates that segment A experienced a
reduction in its flow area from 1990 to 2000. The rate of
waterbody loss in the upstream segment was the highest of
all segments, standing at -6.497 km?/year. After 2000, the
river started gaining flow area, signifying an increase in land
area upstream, amounting to +0.577 km?/year. Several river
protection works were undertaken between 1998 and 2000
on the right bank of this segment, including Meghna spur- 1,
2 & 3, Shingrabari spur- 1 & 2, and Subagacha spur-1 & 2
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(Sarker et al., 2011). These efforts contributed to the
stabilization of the river's flow area after 2000.

Table I11: Segment-wise change of flow area in five years
interval from 1990 to 2020.

Net Changes of Jamuna River Flow

Area (km?)
Time A B C D

554.3 515.02 511.09 566.13

(km?) km?)  (km?)  (km?)
1990-1995 39.52 19.43 20.54 39.67
1995-2000 25.45 13.96 9.51 17.05
2000-2005 -7.59 -7.36 4.1 -12.28
2005-2010 11.18 17.13 5.57 10.31
2010-2015 -22.11 -11.11 -5.44 -7.25
2015-2020 9.61 0.94 -2.45 -8.12

In segment B, the river's waterbody declined at a rate of
-3.339 km?/year from 1990 to 2000. Subsequently, from
2000 to 2020, the rate of change in waterbody was +0.1044
km?/year, indicating a relatively stable condition in that area.
This stability can be attributed to riverbank protection
measures upstream of the Jamuna Bridge and surrounding
river training works.

In segment C the rate of change of waterbody was +0.07
km?/year from the year 2000 to 2020. In this segment Jamuna
bridge was constructed in 1998, before that the area was
eroded at -3.337 km?y from the year 1990-2000. The
construction of guide banks at the Jamuna Bridge in segment
C has led to a reduction in the rate of flow area change in this
particular segment, resulting in a minimal rate of change.

Segment D, located downstream of the Jamuna River
where it converges with the Ganges-Padma River,
experiences sediment deposition due to suspended sediment
in the water. The rate of change in flow area from 1990 to
2000 was computed at -5.672 km?/year, which is equivalent
to the changes observed upstream during that period. In this
segment, river training works, including PIRDP bank
protection, Betil Spur-1, and Enayetpur spur-2, were
constructed between 2001 and 2006 (Sarker et al., 2011). In
recent years, this segment continues to be susceptible to
erosion, with an erosion rate of +0.63 km?/year. However, a
detailed segment-wise analysis of flow area changes over
five-year intervals from 1990 to 2020 is presented in Table
I11. A prior study indicated that in the years 2004, 2006, and
2007, there were instances of significantly higher water
discharge, exceeding 12,000 m%/s, during a span of 34 years.
Conversely, the lowest discharge was recorded in the years
2012 and 2013, spanning the period from 1982 to 2016
(Khan et al., 2020). This recent decline in discharge has had
a considerable impact on the river's flow area. Additionally,
this study observes a reduction in the river's flow path after
the year 2000.

4.3 Bankline Changes

Fig. 11 shows rate of Bankline changes Jamuna River
for the Periods of 1990-2000 (brown), and 2000-2020 (blue)
along different vertical transects.

DUET Journal

Table 1V: Rates of Bankline changes of Sirajganj side for
the different segments of Jamuna River in the study period
of 1990-2020.

Rate of Bankline change right bank in
each segment (m/y)

Years P Q R S T
15Km  10km 9Km 16Km 5Km
1990-2000 -69 -152  +177 -90 -37
2000-2020 -43 +3.4 -5 +170 -48
Average -11.965 m/year (Sirajganj Side)

The rates of changes in Bankline position were
calculated for the different designated segments P, Q, R, S
and T located at right bank (Sirajganj side) and I, J, K and L
for left bank (Tangail side) of the river.

Table V: Rates of Bankline changes of Tangail side for the
different segments of Jamuna River in the study period of
1990-2020.

Rate of Bankline change left bank in
each segment (m/y)

Years

| J K L
15Km 10km 9Km 16Km
1990-2000 +47 -185 -118 -107
2000-2020 +13 -31 +99 -101
Average -52.44 mlyear (Tangail Side)

At the right bank erosion was maximum at Q (152
m/year) section (Table IV) and at the left bank was at J (185
m/year) section (Table V) for the period of 1990-2000. For
the period of 2000-2020 erosion was dominating along the
bank line of segment P and T at Sirajganj side and in Tangail
side segment L is the most eroded (101 m/year) area. In that
period at right bank S segment is the area of accretion at a
rate of 170 m/year.

Table VI: Shifting of Jamuna riverbank line of Sirajganj and
Tangail side for the different segments in the study period of
1990-2020.

Net Bankline Movement

Pc?;?ilc()n Segment (m)
1990-2000  2000-2020

P (15 Km) -674 -870
Left Bank Q (10 Km) -1525 -121
(Sirajganj R (9 Km) 1773 -359
Side) S (16 Km) -902 4200
T (15 Km) -366 -704
. I (15 Km) 475 346
RE%ZES;T" J@5Km)  -1860 446
Side) K (15 Km) -1186 1612
L (10 Km) -1068 -1813

Erosion was reduced in period of 2000-2020 at 10 km of
Q and 9 Km of R segment (Table V1) because of construction
of various river training works along the river. In segment I,
Bankline moves towards west direction at a rate of +13
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Fig. 11: Bankline change rates along Jamuna River for the periods of 1990-2000 (brown) and 2000-2020(blue), negative

values indicate erosion (landward movement of bank line).

m/year, which indicates shifting of upstream river towards
west side. The Tangail side was maximum eroded from
1990-2000 and Nagarpur was very vulnerable zone prone to
erosion. We observed that the river shifted towards west side
(Right bank) from 1990 to 2020. From this study we find
westward migration of right bank at a rate of 63.4 m/year,
and left bank at a rate of 53 m/year. Westward shifting of the
centerline resulted from westward migration of the west
(right) bank at an average rate of 90 m/year, combined with
westward migration of the east (left) bank at average rates of
48 miyear for westward migration between 1953 and 1989
(Sarker et al., 2014).

A study conducted on the Kazipur riverbank revealed
that the mean eastward shift of the riverbank from 1972 to
1988 was 0.55 km, while the west bank exhibited a shift of
approximately 0.77 km (Islam et al., 2019). In this study, we
observed a riverbank shift of 0.797 km on the right bank of
Kazipur and a shift of 0.410 km on the east bank. This is
consistent with the previous movement observed in that
segment. Average rate of Bankline movement in Sirajganj
side was -11.965 m/year, while average rate of Bankline
movement in Tangail side is -52.44 m/year. Which means
both banks were still prone to erosion.
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5. CONCLUSION

The study of the Jamuna River reveals diverse
morphological characteristics, including changes in flow
patterns, shifts in riverbanks, sandbar formation, channel
migration, erosion, and sediment deposition. However, this
paper sincerely focuses on erosion, sedimentation, and bank
shifting between Kazipur and Shahjadpur during 1990-2000
using the Landsat images collected from United States
Geological Survey (USGS). The research indicates that
during the year 1990, the river's maximum flow area was 413
kmz, gradually decreasing until 2000. During the year 2000
to 2020, the flow area remained relatively stable, with a
minimum of 213 km2 observed in the year 2010. In contrast,
Segments Q (Sirajganj), J (Bhuapur), K (Tangail Sadar), and
L (Nagarpur) experienced the highest erosion rates,
averaging -184 m/year in between the year 1990-2000.
However, in the recent years between 2000 and 2020, the
areas around Kazipur (15 km) upstream, Nagarpur (10 km),
and Shahajadpur (15 km) downstream faced the most severe
bank erosion. Furthermore, the downstream of the Jamuna
Bridge, a significant land gain of 4.2 km on the right bank
and 1.6 km on the left bank was witnessed due to sediment
settlement resulting from Jamuna bridge construction.
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