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MECHANICAL CHARACTERIZATION OF LOCALLY DEVELOPED COMPOSITE MATERIALS USING
VARTM SYSTEM

Mushtaque Ahmed Lakho*, Altaf Hussain Rajpar**, Muhammad Ramzan Luhur***, Abdul Latif Manganhar***
ABSTRACT

The world of composite materials is constantly improving by the introduction of new materials with
improved characteristics. In this paper, using a locally developed Vacuum Assisted Resin Transfer
Moulding (VARTM) system, a composite material specimen (using a local cotton fabric laminated
with vinyl ester resin KrF1001) has been developed. The mechanical properties of the developed
specimen have been tested with and without reinforcement with vinyl ester resin. The results reflect
that the developed composite material specimen acquired significant enhancement in mechanical
properties such as tensile strength, modulus of elasticity and break elongation. The specimen is

found ductile in nature.

Key words: Mechanical characterization, composite materials, VARTM system, tensile strength, modulus of elasticity, break

elongation
1. INTRODUCTION

Composite materials have been wused to solve
technological problems since long, however, significant
attention from industrial side started in 1960s with
introduction of polymer-based composites. Since then
composite materials have been in common practice in the
field of engineering. The increased awareness regarding
the product performance and the competition in the global
market for the light materials also boosted the increased
applications of composite materials. The advantages such
as low weight, resistance to corrosion and low
maintenance cost, made composite materials an attractive
alternative to traditional materials such as wood, steel and
concrete. In addition, the extensive reaction of composites
to harsh environmental conditions reduce the cost
associated with expensive maintenance compared to
wooden and steel members [1].

The development of biodegradable polymer as
thermoplastics stretch (TPS) materials gained much
interest in recent years, in particular because of their
biodegradability, low cost and wide availability.
Nevertheless, TPS has two main limitations; one the poor
mechanical properties (i.e. low strength, low flexure
strength and low stiffness) compared to advanced fabric
reinforced plastic composites, and other the high water
absorption rate [2-4].

The fabric-reinforced composite materials exist in two
main categories; namely particle reinforced and
continuous  reinforced materials. The continuous
reinforced materials often constitute a layered or
laminated structure, whereas the particle reinforced
composites are made from agricultural waste. The latter
type is a potential field of composites, but is inferior in
mechanical properties compared to commercially

available composite materials. Fabrics for advanced
composites are glass fabric, which possess high strength
in humid environment, however, degrade under elevated
temperature [5-7].

The continuous glass fibbers (the first type of fibbers used
in advanced composites) are made by pulling molten
glass (at a temperature of about 1300°C) through 0.8-3.0
mm diameter dies and 3-19 mm high-speed stretching
[8]. Hybrid composites are made from rubber, wood and
coconut shell in combination with textile fabric reinforced
with polymer resin. These hybrid composites possess
enhanced mechanical properties like tensile strength,
modulus of elasticity, impact strength and flexural
strength [9].

Natural fabric such as cotton in advanced composite
material with polyester resin offers an interesting
alternative to petrochemical products. Cotton is mainly
used as low cost reinforcement fabric in composites for
interior parts of automotive industries and low load
bearing structures [10-12].

This paper examines the locally developed composite
material prepared with potential use of cotton fabric (CF)
with Vinyl ester (VE) resin KrF1001. For this composite
material, the cotton fabric was used as reinforcement
agent and vinyl ester resin as matrix material. The sample
specimen was prepared using locally developed Vacuum
Assisted Resin Transfer Moulding (VARTM) system. The
scope of this study was to investigate the mechanical
properties (such as tensile strength, Young’s modulus and
tensile elongation) of the proposed composite material
through experiments.

The paper is structured like Section 2 describes the
methodology, Section 3 presents the results and Section 4
concludes the work.

* Lab Demonstrator, Quaid-e-Awam University of Engineering, Science and Technology, Nawabshah, Pakistan.
**  Professor, Quaid-e-Awam University of Engineering, Science and Technology, Nawabshah, Pakistan.
***  Assistant Professor, Quaid-e-Awam University of Engineering, Science and Technology, Nawabshah, Pakistan.
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2. METHODOLOGY
2.1. Development of VARTM System

VARTM is a special method used in modern industries to
form material. Products made by VARTM system are
applicable from home decorative piece to a complex
space shuttle advance technology. For present study,
VARTM was locally developed in the mechanical
engineering  department laboratory, Quaid-e-Awam
University of Engineering, Science and Technology,
Nawabshah Pakistan. The developed VARTM system is
shown in Figure 1.

Acyrlic sheet
-

steel vices

Compressor Pressure Gauge

fe} {d)

Figure-1: Locally developed VARTM system. (a) VARTM
system, (b) Acrylic sheet mould, (c) Compressor
(vacuum pump), and (d) Pressure gauge.

The developed simple mould has dimensions of 152.4
mm length, 152.4 mm width and 1 mm thickness. In this
way, the cavity in the mould has square shape of 152.4 X
152.4 mm? with thickness of 1 mm. The molten material
in this cavity can be poured with the help of vacuum
pump to get the final solid shaped material.

2.2. Preparation of Composite Material

For the development of composite material, VE and CF
(plain 2/2 weave, 0/90° oriented) were used. In the first
stage, VE was used as matrix material. In the next stage,
for the preparation of VE specimen “hardener” was used
as reactant agent. When hardener mixed with VE resin, in
reaction liquid shaped material changed into solid shape.
In the mixture, the amount VE resin taken was 96-99%
and hardener 0.5-2%. In the third stage, for the
preparation of cotton VE composite, methyl ethyl ketone
peroxide (MEKP) was added as catalyst with resin. Again
the amount of VE resin was 96-99% and catalyst 0.5-2%
in the mixture.

In last, the CF was used as the reinforcement material laid
on a waxed surface (bottom transparent acrylic plate of
mould). Next, a square frame of sealing sheet fixed on all
edges of the same bottom plate, then covered with upper

transparent acrylic plate and tightened the sandwich
mould using vices. In this way, a composite sheet
specimen of dimensions 152.4 X 152.4 X 1 mm® has been
developed through VARTM process. For testing purpose,
from the developed composite sheet, three strips of size
152.4 mm long, 25.4 mm wide and 1 mm thick, were
sheared as shown in Figure 2.
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Figure-2: Three sheared strips from developed composite sheet
for testing. The dimensions are in mm.

2.3. TEST SETUP

The mechanical properties of the developed composite
specimen have been examined by conducting
standardized tests using a standard SSTM-20KN UTM
machine shown in Figure 3. During the test, following
three properties have been analysed:

Tensile Strength (GPa)
Modulus of Elasticity, MOE (GPa)
Tensile Elongation (%)

Movable jaws

Fixed jaws &

Control unit

Figure-3: Standard SSTM-20KN UTM machine.
3. RESULTS
3.1. CF Reinforcement Agent Test

The CF specimen was cut into three pieces of size 152.4
mm long, 25.4 mm wide and 0.27 mm thick. Then three
consecutive tests for CF specimens were conducted
through standard SSTM-20KN UTM machine to analyse
their mechanical properties. Summary of achieved results
is given in Table 1.
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Table 1: Tensile test results for CF reinforcement material

Cotton Fabric 0/90° Strip 1 Strip 2 Strip 3 Mean
Tensile

1261.81 1261.76 1262.00 1261.86
Strength (GPa)
Modulus of Elasticity (GPa) 86.38 80.81 86.38 84.52
Tensile Elongation (%) 7.46 6.96 7.47 7.30

3.2. COMPOSITE MATERIAL SPECIMEN TEST

Again using same standard SSTM-20KN UTM machine,
CF based reinforced polymer specimen has been tested.
Similarly, three consecutive tests for composite material

Table 2: Tensile test results for developed composite material

specimens (each having size 152.4 mm long, 25.4 mm
wide and 1 mm thick) have been performed to investigate
their mechanical behaviour. The results for composite
material are given in Table 2.

Cotton Fabric 0/90° Strip 1 Strip 2 Strip 3 Mean
Tensile

1482.63 1482.62 1482.63 1482.63
Strength (GPa)
Modulus of Elasticity (GPa) 470.03 510.40 471.93 484.12
Tensile Elongation (%) 7.46 6.87 7.43 7.25

3.3. COMPARISON OF CF AND COMPOSITE
MATERIAL

The mechanical properties of the CF reinforcement
material given in Table 1 and the composite material
given in Table 2, are compared in Table 3. Table 3 shows

the variation between the mean values of the mechanical
properties for the mentioned materials. It is obvious that
compared to CF, developed composite material found 1.2
times increased in tensile strength, 5.7 times increased in
modulus of elasticity and 0.65 times decreased in tensile
elongation.

Table 3: Comparison of mechanical properties between CF reinforcement material and developed composite material

Properties CF reinforcement material | Developed Composite Material Variation
Tensile Strength (GPa) 1261.86 1482.63 Increase 1.2 times
Modulus of Elasticity (GPa) 84.52 484.12 Increase 5.7 times
Tensile Elongation (%) 7.30 7.25 Decrease 0.65 times

3.4. COMPARISON OF DEVELOPED AND
CONVENTIONAL COMPOSITE MATERIAL

Here, the observed mechanical properties for locally
developed composite material are compared with closely
related  conventional composite  materials. The
conventional materials include E-Glass (U.D), Kevlar and

E-Glass (M.D) reinforced polymer-based composites; see

Figure 4. In these composites thermoset polymer is used
as matrix material. The figure shows that compared to
conventional composite materials, locally developed
composite material gives 1.5-3.4 times improvement in
tensile strength, 12.10-19.36 times increase in modulus of
elasticity and 2.9- 4.26 times increase in tensile
elongation; see (a), (b) and (c), respectively.
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Tensile Strength (GPa) 1482.63
1000
(a)
480
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E-Glass (UD)  KevlarReinfd E-Glass (M.D) Developed
Reinfd composite  Composite Reinfd Composite  Composite

Tensile Elongation (%)

25
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(c)

E-Glass (U.D)
Reinfd composite

Kevlar Reinfd
Composite

MOE (GPa) 484.12
(b)
40
30
25
E-Glass (U.D) Kevlar Reinfd E-Glass (M.D) Developed
Reinfd composite  Composite Reinfd Composite  Composite
7.25
1.7

E-Glass (M.D) Developed
Reinfd Composite  Composite

Figure 4: Comparison of mechanical properties between developed composite and conventional materials [13, 14]. (a) Tensile strength
(GPa), (b) Modulus of elasticity (GPa), and (c) Tensile elongation (%).

4. CONCLUSION

A composite material using cotton fabric as reinforcement
agent with matrix material (vinyl ester resin) has been
developed through locally developed VARTM system.

The mechanical properties of the developed composite are
analysed using standard SSTM-20KN UTM machine and
compared with closely related conventional composites.

The results reflect that the developed composite material
acquire significant enhancement in mechanical properties
compared to conventional composite materials such as
E-glass U.D, Kevlar Fabric and E-glass Fabric. Further,
the developed composite material found ductile in nature.
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ANALYSIS OF WIND FLOW DIVERTING AND ACCELERATING CHARACTERISTICS OF POROUS AND
NON-POROUS CIRCULAR OBSTACLES

Abdul Latif Manganhar*, Muhammad Ramzan Luhur*, Altaf Hussain Rajpar**, Saleem Raza Samo**

ABSTRACT

Structures and tall buildings in urban environment have been considered responsible factors for
generating turbulence and reducing velocity of the wind flow. Thus, the decisions about positioning
the wind turbines in urban areas require several factors to consider. Literature review reflects that
the wind flow diverting and accelerating characteristics of existing obstacles are less attended. In the
present study, wind velocity variations taking place in the exterior local environment of porous and
non-porous obstacles (except over the obstacle) are analyzed. To analyze the resulting wind flow
characteristics, the simulations have been carried out using ANSYS Fluent, CFD code. The results
reflect that optimum velocity magnitude can be achieved in the diverted paths at left and right sides

of the obstacles.

Key words: wind flow diversion, wind flow acceleration, turbulent flow, porous obstacle, non-porous obstacle, CFD.

1. INTRODUCTION

The energy dependent socio-economic development
processes, increasing population and energy demand,
insufficient and fossil fuel based power generation are the
most critical energy concerned issues of the world.
Utilization of fossil fuels as energy resource not only
contributes to environmental pollution but deplete also [1-
4]. In the light of these issues following areas are required
to be focused:

e more power generation

o small scale and indigenous technology

most effective and economical systems

exploitation of renewable and indigenous environment
friendly resources [5-8].

For the built environment, micro generation technology is
the preferable choice. In contrast to the traditional
centralized energy supply, micro technologies bring
power generation close to the user to sustain their
buildings. To utilize this technology, estimations suggest
a huge potential in the urban environment not only to
satisfy the demand and provide the decentralized
generation, but also to tackle the fuel shortage as well as
to achieve the reduction in emissions [9].

Nevertheless, the developments in the direction of micro
technology are limited due to quality of the wind flow in
these zones [10]. The observations manifest that the
performance of a building mounted wind turbine is
strongly dependent on site selection. Further, the site
measurements of wind speed require time and money,
which are often not available for micro projects [11].

Therefore, sites selected for small scale wind turbines in
built environment are often roofs of tall buildings, where
less turbulent wind is available.

All structures have aerodynamic characteristics and
modify wind flow in their local-environment. These
modifications may or may not be beneficial for the
locations where the structure exists. Literature reveals the
study of roof top small scale wind turbine characteristics,
nevertheless, the characteristics of such installations at
other sides of the building are less investigated.

In the present study wind velocity variations taking place
in the exterior local environment of porous and non-
porous obstacles (except over the obstacle) are taken into
consideration. The simulations are performed using the
ANSYS Fluent CFD code to identify the velocity
variations and optimum accelerated locations in the
diverted flow.

The paper is organized such that Section 2 describes the
material and methods, Section 3 presents the results and
discussions and the last Section 4 concludes the outcome.

2. MATERIALS AND METHODS

In order to specify the wind flow variations, two circular
obstacles, i.e., one solid (non-porous) and other porous
having identical dimensions with swept area of 0.24 m?
were considered, as shown in Figure 1. The solid obstacle
is a circular cylinder of diameter 0.8 m and height 0.3 m,
and the porous obstacle is a circular structure of same size
with four walls tilted at angle of 45°. The porous structure
provides several paths for wind to flow through it.

*Assistant Professor, Quaid-e-Awam University of Engineering, Science and Technology, Nawabshah, Pakistan.

**Professor, Quaid-e-Awam University of Engineering, Science and Technology, Nawabshah, Pakistan.
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Figure-1: Obstacles to wind flow, (a) solid obstacle and (b) porous obstacle

2.1. CFD SIMULATIONS computational domain for present simulations is given in
Figure 2, where diameter D is 0.8 m. The boundary
conditions for this domain are described in Table 1. The
meshing for computational domain was performed using
Quad/Tri:Pave meshing scheme.

The CFD simulations are performed using the student
version of Ansys fluent 14.5. The flow behavior over the
obstacles (described in Section 2) is analyzed through
RANS model; the SST K- at wind speed of 5 m/s. The

Table 1: Wall boundary conditions

Inlet boundary conditions Outlet boundary conditions
Type Velocity inlet Type Pressure outlet
Reference Frame Absolute Gauge pressure 0
Coordinate System Cartesian Backflow direction specification method Normal to boundary
X-Velocity (m/s) 5 Turbulence specification method K and Omega (SST)
Y-Velocity (m/s) 0 Backflow turbulent intensity (%) 5
Z-Velocity (m/s) 0 Back flow turbulent viscosity ratio 10
Turbulence specification method |K and Omega (SST) |- -
Turbulent intensity (%) 5 - -
Turbulent viscosity ratio 10 - -
Wall
[ 2.2. THEORETICAL ANALYSIS
5P The wind at the entrance of a path between two buildings
becomes compressed, where pressure increases and
Vin - - 4+ Frewue velocity decreases. However, after entering (wind flow)
- into the mentioned path, the flow velocity increases due
E i L to pressure difference between the upstream and
' SR downstream sides of the buildings. According to

— Bernoulli's principle, the wind speed along a path

. ) ) ) ] between two obstacles increases considerably [12].
Figure-2: Computational domain for simulations.
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Here, we place a circular obstacle into a flow channel as
shown in Figure 3, where A; represents the upstream
wind channel cross-sectional area at Section 1 and A, the
cross-sectional area at Section 2. The cross-sectional area
at Section 2 reduces due to existence of an obstacle in
flow path. According to Bernoulli's principle:

A1Vip; = AV,p, = constant (1)

Where V; and V, are the flow velocities, and p; and p, are
fluid densities at Sections 1 and 2, respectively. For low

Top view of

wind speeds, i.e., less than 100 m/s, the change in density
is negligible [13]. In this context, equation (1) can be
written as:

V, = (AJA) V, (2

Equation (2) reflects that for any contraction ratio (A,/A,)
> 1, there is increase in V,. This local increase in flow
velocity is contributed by the obstacle.

circular obstacle

in fluid flow

Figure-3: Two-dimensional view of a circular obstacle in a flowing fluid in CFD.

The focus of present research work is to study the
magnitude of diverted flow, increase in flow velocity and
the location of optimum velocity with turbulent level.

3. RESULTS AND DISCUSSIONS
3.1. Solid Circular Obstacle

To understand the effects of obstacle on wind flow and to
determine the optimum velocity location in the new flow
path, both the turbulence intensity and the magnitude of

velocity (in stream wise direction) were analyzed. The
obstacle effect on the wind flow can be visualized clearly
through velocity vectors and contour lines, as shown in
Figure 4, which reflect the asymmetric flow due to
blockage effect of the obstacle. The flow experiences the
compression effect which causes reduction in velocity as
it comes closer to obstacle. The flow diverts the path
following the wall of obstacle (here wall of the obstacle
reduces the flow channel width and creates venturi effect)
and accelerates at either side of the obstacle.

©

Figure-4: Vectors and contours showing variations in wind velocity magnitude experiencing a solid circular obstacle in its flow path. (a, c)

Vectors and (b) contours.
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For the width of flow which is equal to D/4, five
streamlines passing through the points P(0,40), P(0,45),
P(0,50), P(0,55) and P(0,60) have been considered to
observe the effect of obstacle on their velocity. The
variations in velocity magnitude along the flow channel
are shown in Figure 5, which shows an increase of 4 m/s
in upstream wind flow. In other words 5 m/s free stream
wind velocity approaches to approximately 9 m/s close to
the obstacle P(0,40) after a thin boundary layer.

The magnitude of velocity decreases with increase in
width of flow from the obstacle. The streamline passing
close to the obstacle achieves maximum velocity of 9 m/s
at P(0,40), and the streamline passing at a distance of D/4
from the obstacle achieves maximum velocity of 7 m/s at

« P(0,40)
P (0, 45)
P (0, 50)
P (0,55)
P (0, 60)
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P(0,60) as shown in Figure 5. The average velocity
magnitude in the selected flow width is approximately 8
m/s, which is an average increase of 62.5% in the free
stream flow velocity.

Further, to investigate the flow quality at this location,
turbulent intensity and turbulent Kkinetic energy are
estimated given in Figure 6. The contours of turbulent
intensity and turbulent Kinetic energy exhibit asymmetric
behavior of the flow due to same reason described for
Figure 4. The figure, for specific considered width of the
flow, indicates uniform flow with turbulent intensity of
nezarlzy 1% and turbulent kinetic energy less than 0.25
m-/s”.

Figure-5: Variations in wind velocity magnitude along five horizontal lines (at Y = 40, 45, 50, 55, 60 cm)
drawn parallel to each other in stream wise direction at left side of the solid obstacle.

1 Contours of Turbulent Intensity (%)

|
1
1
1

/ 1
Contours of Turbulent Kinetic Energy (k) (m2/52) \

Figure-6: Contours of turbulent intensity and turbulent kinetic energy showing quality of flow around the

solid circular obstacle.

3.2. POROUS CIRCULAR OBSTACLE

The velocity vectors and contours for porous circular
obstacle are shown in Figure 7, which exhibit almost

similar behavior of wind flow as it was observed for solid
circular obstacle (see Figure 6). The cross sectional area
of wind flow, which is equal to the projected area of
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obstacle, interacting with obstacle structure, follows the
paths available inside the structure. Here, flow also
experiences the compression effect and reduction in wind
velocity close to the obstacle as observed in solid circular

obstacle case. Nevertheless, being porous obstacle, it
allows part of the flow to pass through it. The rest of the
flow diverts the path, concentrates and accelerates at
either side of the obstacle like in solid obstacle case.

Figure-7: Vectors and contours showing variations in wind velocity magnitude experiencing a

porous circular obstacle in its flow path.

Similarly, as in solid obstacle case, the magnitude of
velocity decreases with increase in width of flow from the
obstacle. The maximum velocity close to obstacle at
P(0,40) is approximately same 9 m/s, which decreases to
7.4 m/s at distance D/4 at P(0,60) away from the obstacle,
as shown in Figure 8. The average velocity magnitude in
the selected flow width is approximately 8.2 m/s, which is
an average increase of 64% in the free stream flow
velocity. Figure 9 describes the quality of flow around a
porous circular obstacle. Similarly, the contours of
P (0,0)
P (0, 10)
P (0, 40)
P (0, 45)
P (0, 50)
P (0, 55)
P (0, 60)

£
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~
£
g
an
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-
=
o
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turbulent intensity and turbulent kinetic energy, here also
exhibit asymmetric flow behavior (for the same reason as
described for Figures 4 and 6) for the porous obstacle as
observed for solid obstacle. Further, the turbulent
intensity is approximately 2%, whereas the turbulent
kinetic energy is less than 0.25% (see Figure 9). The
values represent the spatial average, which can be read
from status bar of the Figure 9. Summarizing, the
changes in parameters reflect similar behavior in both
cases, except slight variations in their magnitudes.

Figure-8: Variations in wind velocity magnitude for seven streamlines in
the stream-wise direction passing through the center as well as
from left side of the porous obstacle.
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and non-porous structures having identical exterior
dimensions. The results manifest that such obstacles play

The variations in velocity ratio contributed by both
obstacles are indicated in Figure 10. The figure reflects

nearly similar behavior for wind flow around the porous

0

3 66e-0iy Contours of Turbulent Intensity (%)

a vital role for accelerating wind passing around them.

V(f‘onlours of Turbulent Kinetic Energy (k) (m2/s2)

Figure-9: Contours of turbulent intensity and turbulent kinetic energy showing quality of flow around a porous

circular obstacle.
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Figure-10: The variations in wind velocity ratio contributed by
both porous (Pd80) and solid (Sd80) obstacles
describing the behavior of wind passing around
them. Here Vg and V,,, represent the modified and
upstream flow velocities, respectively.

4. CONCLUSION

The wind velocity variations in the exterior local
environment of porous and non-porous circular obstacles
(except over the obstacle) have been analyzed using CFD
simulations.

The magnitude of velocity decreases with increase in
width of flow from an obstacle. For both obstacles, the
maximum increase in the velocity over 5 m/s upstream
wind is 4 m/s (i.e. increased from 5 m/s to 9 m/s) close to
the obstacle after the thin boundary layer. At distance of
D/4 from the obstacle, the flow velocity decreases to 7
m/s in case of solid obstacle and 7.4 m/s in case of porous
obstacle. The average velocity magnitudes in the selected
flow width (D/4) are approximately 8 m/s (increase of
62.5%) and 8.2 m/s (increase of 64%), respectively, for
solid and porous obstacles. The turbulent intensity is
approximately 1% in case of solid obstacle and 2% in
case of porous. The turbulent kinetic energy is identical
for both obstacles, which is less than 0.25 m%/s?.

Summarizing, the changes in parameters reflect similar
behavior in both cases, except slight variations in their
magnitudes. For both the obstacles, flow experiences the
compression and reduction in velocity as it comes closer
to the obstacle. Further, flow diverts the path,
concentrates and accelerates at either side of the obstacle.
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SIMULATION AND MATHEMATICAL MODELLING OF POWER LINE COMMUNICATION CHANNEL FOR
HIGH DATA TRANSFER RATE

Nanik Ram Parhyar*, Madad Ali Shah*, Mir Mohammad Lodro*
ABSTRACT

Power Line Communication (PLC) is a technology where existing power lines are being used for
communication purposes along with transmitting electrical signals. There are two types of PLC
communication i.e. Narrowband PLC, which is used for lower frequency ranges from 9 KHz to 140
KHz, and it provides data rates up to 1000 bit per second (bps) and the other type is Broadband
PLC, which uses higher frequency ranges from 2 MHz to 30 MHz and it can provide significantly
higher data rates i.e. more than 2 Mbps. The data transfer bound on power lines is due to the existing
power signals which create Electromagnetic Interference (EMI) with communication signals, and the
other factor is non-linearity of the power line itself. Moreover, because of its time-dispersive nature,
it creates frequency-selective fading effect which may give rise to Inter-Symbol Interference (ISI).
The purpose of this research is to know that how the power lines behave when high frequency signals
are transmitted on it, with the help of mathematical modelling and graphs of transmitted signal. In
this context, the power-line is approximated as a two-wire transmission line, through which
behaviour of the signals transmitted on PLC channel can be analysed. From the mathematical
modelling perspective, it has been contributed that the amplitude and phase of transmitted signals
are functions of distance and frequency. These signals are more distorted and attenuated with
increasing frequency and distance. Finally, with the help of simulation results, it can be
demonstrated that PLC performance is better at 30MHz in comparison to 40 MHz. From the
simulation results, it can also be observed that as the frequency increases, more the signal is being
distorted and attenuated. Therefore signals with higher frequencies have huge losses and phase of the
signals remain linear.

Keywords: PLC, Characteristic Impedance, Propagation Constant and Multipath.

1. INTRODUCTION

Power lines provide harsh environment for high

PLC is inevitable. Hence, in future high frequency signals
will be transmitted over power lines. One of the biggest

frequency communication signals [1] .One of the
prominent errors may be multipath effects, which is
produced due to impedance mismatch on PLC channel.
PLC channel also contains different types of noise i.e.
impulse noise, background noise, narrowband noise, and
also the attenuation of transmitted signals [2-3].
Therefore, it becomes necessary to model the PLC
channel. There are two approaches through which PLC
channel can be modelled, one is multipath model and the
second is transmission line approach [4]. In this research,
two-wire transmission line theory is adopted. Power line
applications are enormous, few of them are mentioned
here including achieving load management [5], remote
controlled appliances, home automation, intelligent
buildings, remote distance meter reading in smart grids
etc. Nowadays, smart girds are replacing classic grids
with increased power management. Smart grid
deployment requires significant contribution from
communication engineers. Therefore, in smart grids the

advantage of PLC is that the existing power line
infrastructure may be used for both; the transmission of
data and Power signals [5], and this ultimately saves the
cost to avoid building a complete infrastructure. PLC
modems are used to make communication in power
supply networks. Data signals from conventional
communication devices are converted by PLC modem in
a form that is suitable for transmission over power lines

[6].

These power transmission line systems are spread in a
large geographical area and approximate power lines are
spread to everyone’s home, therefore these persons will
be able to receive broadband services without rolling over
completely new infrastructure that is significantly costly.
In addition to numerous advantages associated with the
power lines there are disadvantages in the form of
behaviour of the power lines, as the power lines are
designed to carry the power signals at 60Hz frequency.
Therefore, the power lines impose serious challenges to
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the higher data transfer rates. The EMI and time
depressiveness of the channel poses restriction on high
data transfer rates. The power line communication can
create ISI because of the frequency-selective fading
nature, therefore requiring the need of advanced
equalization techniques and contributing to complexity
and cost. Fig. 2 shows approximated two-wire transm-
ission line as tapped-delay line filter. As power line
channel contains a lot of contaminations, recent work is
carried on to mitigate these contaminations and to make
the data transfer rates higher [1-2]. Moreover, Orthogonal
Frequency Division Multiplexing (OFDM) can also be
used to mitigate the ISI that may arise in power line
communication channel. Since the PLC channel provides
unfavourable environment for the telecommunication
signals, it encodes the signal that is considered to be
fundamental for data protection [7].This manuscript is
divided in various sections i.e. research methodology is
presented in section 2, broadband PLC channel modelling
is part of section 3 which includes detailed transmission
line and filter transfer function approach. Section 4
contains the simulation results and discussions and finally
conclusions and future recommendations are given in
section 5 and 6 respectively.

2. RESEARCH METHODOLOGY

Different research papers [1-10] were investigated
thoroughly in order to get reasonable knowledge about
PLC and sorted out what can be the research interest in
the PLC. As a result it has been revealed that PLC
channel causes huge distortion and attenuation to the
signals which are transferred on PLC channel because of
its nature. The power lines are made for transmitting
energy signals whose frequency is much smaller than the
communication signals. In order to transmit the higher
frequency signals on the power line, it was necessary to
study the PLC channel in detail. After rigorous research,
it was revealed that there are two approaches of modelling
the PLC channel i.e. multipath modelling and two-wire
transmission line modelling [8], through which behaviour
of the transmitted signals can be analysed. These
approaches were scrutinized for requiring more
information about the pros and cons of both techniques.
By investigating it is known that Multipath approach is
based on the reflections of signals from different branches
because of impedance mismatching [9]. The multipath
nature of power lines arise from the presence of several
branches and impedance mismatch that causes the
reflection of the signals [4]. This approach has two main
disadvantages first is that because it becomes difficult to
estimate delay, amplitude and phase associated with each
path, it requires complex computations [10]. Secondly, it
is a time domain approach, as all the paths from which
reflections have occurred are taken into account and these
paths complex in numbers, so this approach becomes

complicated. However, multipath modelling can easily be
applied for wireless channels. So depending on
advantages and simplicity, two-wire transmission line has
been selected to model PLC channel. By two wire
transmission modelling, the behaviour of signals on
power line communication channel can be analysed.
During the research, it was also known that power lines
have multipath effects. Finally, in this research, two-wire
transmission line theory approach was adopted. As
mathematical modelling was not enough to understand the
behaviour of the signals completely therefore it was also
necessary to show the graphical representation of
behaviour of different signals. Hence some simulations
were performed at various frequencies and the channel
was considered as a two wire transmission line to show
the true picture of signals. According to mathematical
modelling, phase and magnitude response of the signals
must also be simulated. For this purpose, the performance
parameters which are magnitude response and phase
response of signals, were simulated at different
frequencies. It was again found that which software could
help to show the magnitude and phase response of the
transmitted signals at different signal considering channel
as a two wire transmission line. It was also found that
there is an RF tool box in MATLAB software in which
parameters of two wire transmission line can be set and
different responses like magnitude response and phase
response can be simulated by setting different frequency
ranges. Therefore the software that has been used for the
simulation results is Math-work’s MATLAB 7.0. In
MATLAB the RF tool box helped to assess the
performance parameters which are magnitude response
and phase response. Those have been simulated at
different frequencies by setting the parameters of two-
wire transmission line channel.

3. MATHEMATICAL MODELLING

As there are two approaches of modelling PLC channel,
depending upon some advantages as discussed above, the
two wire transmission line approach is implemented in
detail. In this approach, power transmission lines are
modelled as two-wire transmission lines and by using
scattering parameters the voltage and current at both input
and output are related. Here two parameters i.e.
propagation constant and intrinsic impedance are
investigated. The intrinsic impedance of two-wire
transmission line must stay constant to avoid impedance
mismatch and reflections [8]. Through propagation
constant which is imaginary number, the information is
given about the phase shift constant and attenuation
constant. By using two parameters i.e. intrinsic
impedance and propagation constant, transfer function for
PLC [11] or transmission matrices [12] can be obtained
by using echo-based model. Equivalent circuit of two-
wire transmission line is shown in Fig.1.
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Figure-1. Equivalent circuit for two-wire transmission line

In Figure 1, 1 (z, t) and i (z +Az, t) represent the currents
at position z and z +Az respectively, whereas v (z, t) and
v (z +Az, t) represent the voltages at position z and z +Az

respectively. R is series resistance per unit length (£2/m)
of the transmission line conductors; L is series inductance
per unit length (H/m) of the transmission line conductors;
G is shunt conductance per unit length (S/m) of
transmission line conductors and C is shunt capacitance
per unit length (F/m) of transmission line conductors.

By using the Kirchhoff’s Voltage Law (KVL) and
Kirchhoff’s Current Law (KCL) equations, the values of

voltage and current are calculated at z and z+ A z.

di(z,1)

v(z,t) —RAzi(z,t) — LAz =v(z+Az,t) (1)

I(z,t)-GAzv(z+Az,t) —CAZM

=i(z+Azt) ()
Taking the limit as Az7>0, the terms on the right hand
side of equations above become partial derivatives with
respect to z which gives

_av(;,t) ——Ri(z,1)- L—ai(;t’t) @
di(z,t) _ _~ov(z,1)
=22 - Gu(zy-c @

For time-harmonic signals, the instantaneous voltage and
current may be defined in terms of phasor such that

v(z,t) = Re{V(2)e'"} (5)
i(z,t) = Re{l(2)e'"} (6)

The derivatives of the voltage and current with respect to
time yields jo times the respective phasor which gives

N _ Ry jol]i @) )
dz
d'd(zz’ - G+ jeCIV(2) @

Ciz == vz+Az1)

Differentiating both equations (7) and (8), we get the
current and voltage equations as follows

dv
dz§Z> — N (2) ©)
2

1@ _ 2 q) (10)
dz

Equations (9) and (10) are called Telegrapher’s equations
which describe the voltage and current on transmission
line with respect to distance and time. Where vy is the
propagation constant of travelling wave on transmission
line. Thus propagation constant of two-wire transmission
line has been derived and is given below in equation (11),
real part of propagation constant is attenuation constant
and imaginary part is phase constant. Attenuation
constant is defined as the rate at which amplitude of
travelling wave is attenuated whereas phase constant is
defined as the rate at which phase of travelling wave is
changed:

y=a+jf=yJR+ joL)G+ jeC) (11)

The general solutions to voltage and current of
telegrapher’s equation are given below:

v(z) =V, e +V,e” (12)
I(z)=1,e7" +1,e" (13)

In above equations superscript plus and minus indicate
the travelling wave in +z and -z directions. By relating
the general solutions with equations 7 and 8 we get:

4 _ .

Vo _ Vs _R+jol
P
Iy Iy YV

By replacing the vy, characteristic impedance can be found

that is defined as the ratio of voltage to current of a

travelling wave on the transmission line. Characteristic

impedance expression as show in Equation (15) is

obtained in the form of conductance, resistance,
inductance and capacitance.

,R+ij
= == (15)
G+ joC

The Transmission line parameters have been determined
by using two-way transmission line model for PLC
channel considering the type of conductor which is used.
Equation (16) represents the resistance (R), conductance
(G), and Equation (17) represents inductance (L) and
capacitance (C) of a transmission line per unit length have
been determined on which characteristic impedance
depends

(14)
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R :1/72'(«/72'f,u/0), G =ro/(cos™(D/2a) (16)

L=/ (cos™(D/ 2a)), C=7ze/(cos(D/ 2a)) (17)
3.1 TRANSFER FUNCTION

Whenever the signal is transmitted at the receiver end, it
doesn’t get one direct signal but get multiple signals with
delayed versions. Because of impedance mismatching, the
signals are reflected back and the PLC channel behaves
like a multipath environment. Therefore the echo-model
in Figure 2 is used to represent the different parameters of
transmission line [8] and using this model, the transfer
function of broadband PLC channel can be derived. The
echo model shown in Figure 2 can be applied to model
the PLC channel and the impulse response of the
complete echo model is given in equation (18).
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Figure-2. Echo Model of Power Line
N

h(t)=>9,6(t-7,) (18)
i=L

Applying Fourier transform, the frequency response of
echo model is shown in Equation (19):

N .
H(f)=> ge ™" (19)
i=1

In equations (18) and (19), gi is the attenuation factor of
path i.

4. RESULTS AND DISCUSSIONS

In order to strengthen the concept of mathematical
modelling the magnitude response and phase response of
transmitted signals are simulated. In this section the
simulations of PLC channel are performed. In the
MATLAB software there is an RF tool which is used for
execution of simulations. In simulation, the channel is
considered as a two-wire transmission line in which
different plots of magnitude response and phase response
are simulated on different frequencies and are analysed.
The channel is simulated on two different frequencies i.e.
30MHz and 40MHz.

4.1 Magnitude Response at 30MHz

Magnitude response shows how the magnitude of a signal

behaves with respect to frequency when it is transmitted
on a channel. For thorough understanding of magnitude
response of a 30MHz signal two different scales are used
i.e. linear scale and logarithmic scale.

4.1.1 Linear Scale Magnitude Response

In linear scale magnitude response both the x-axis and y-
axis are kept linear. Frequency is kept as parameter of
horizontal x-axis whereas magnitude is kept as a
parameter of vertical y-axis. Scale of frequency is given
in MHz. Fig. 3 shows the amplitude response of a signal
transmitted on the channel in linear scale at 30MHz. S11
and S22 are the scattering parameters which are also
called as reflection coefficient, these are checked during
simulations. From the Fig. 3, it can be evaluated that the
signal which is transmitted on PLC channel is distortion
less as per equation (20). It can also be observed from
Fig. 3 that the losses increases when the frequency is

Increasing.
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Figure-3 Magnitude Response of Linear Scale at 30MHz

Generally, it is expected that the transmission line should
be distortion less within the required frequency [13]. A
distortion less transmission line obtained can be modelled
by following expression i.e. Equation (20).

— joty
H (o) = {ke Yo 20)

0 elsewhere

Similarly, the phase response of distortion less
transmission line should be linear function of frequency
over specified frequency.

4.1.2 Logarithmic Scale Magnitude Response

In logarithmic scale magnitude response, the x-axis is
kept at logarithmic scale whereas y-axis is kept as
logarithmic (dB). Frequency is kept as parameter of
horizontal x-axis whereas the magnitude is kept as a
parameter of vertical y-axis. The scale of frequency is
given in MHz. Fig. 4 shows the amplitude response of a
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signal transmitted on the channel in logarithmic scale at
30MHz. S11 is the scattering parameter which is also
called as reflection coefficient and is checked during
simulations. In graph amplitude response is simulated
according to S11 parameters. From the Fig. 4 it can be
observed that at linear scale the signal which is
transmitted on PLC channel is distortion less as per
equation (20). It can also be perceived that there are dips
at particular frequencies and the number of dips also
increase as the frequency increases. These dips can cause
the signal to be lost at particular frequency. These dips
occur on PLC channel because of loads which are
connected to the end terminals of power lines.

XY Fiot
Y optionsa Log (dB) ~ Magnitude St
X options. Log ~

IWagnitude (decisels)

(V] 511 []s12 []s21 CIgsd

Figure-4 Magnitude Response of Logarithmic Scale at 30 MHz
4.2 Phase Response at 30 MHz

Phase response shows how the phase of a signal behaves
with respect to frequency when it is transmitted on a
channel. Frequency is kept as parameter of horizontal x-
axis whereas phase is kept as a parameter of vertical y-

XY Piot
Y options Radiians ~ Phase v
X options Linear v
; 1 - - - - - - -
- \ i f t, & \ 1 R
- \ \ . A\ A
2 o0 - AR
- VUV VYV
on
& -1 V ’ V %. V W A : V
! |
2 i H i i i
5 10 15 20 25 30
Freq [MHz)

< 511 [] s [ ] s21 vl {

Figure-5 Phase Response at 30 MHz

axis. For the phase response of a signal, values on the x-
axis are linearly related and the phase is measured in

radians on y-axis.. Scale of frequency is given in MHz
whereas phase in radians. Fig. 5 shows the phase response
of a signal transmitted on the channel at 30MHz. S11 and
S22 are the scattering parameters which are also called as
reflection coefficients are checked during simulations.
From the Fig. 5, it can be evaluated that the phase of the
signal which is transmitted on PLC channel remains
almost linear as the frequency increases. It can be said
that phase of signal is not too much effected on PLC
channel because the phase of the signal almost remains
linear. Therefore the transmitted signals on PLC channel
is distortion less as per equation (20).

4.3  Magnitude Response at 40 MHz

In this section the magnitude response of a 40 MHz signal
is analysed using two different scales i.e. linear scale and
logarithmic scale.

4.3.1 Linear Scale Magnitude Response

Here in linear scale, magnitude response of both the x-
axis and y-axis are kept as linear. Frequency is kept as
parameter of horizontal x-axis whereas magnitude is kept
as a parameter of vertical y-axis. The scale of frequency is
given in MHz. Fig. 6 shows the amplitude response of a
signal transmitted on the channel in linear scale at
40MHz. S11 is one of the scattering parameters which is
also called as reflection coefficient is checked during
simulations. In graph amplitude response is simulated as
per S11 parameters. From the Fig. 6, it can be evaluated
that the signal, which is transmitted on PLC channel is
more congested and have a severe distortion at 40 MHz
scale. When magnitude response at 40 MHz is compared
with the magnitude response of 30 MHz, signal having
higher frequency, is more affected in the terms of
distortion. The magnitude response of 40MHz also
contain huge losses due to of the more dips which are less
in the magnitude response of 30 MHz signals.

— XY Plot

Y options: Linear v Magnitude v |

X options: Linear ~

Magnitude (linear)

[¥] =11

Figure-6 Magnitude Response of Linear Scale at 40 MHz
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4.3.2 Logarithmic Scale Magnitude Response

In logarithmic scale the magnitude response x-axis is kept
as logarithmic whereas y-axis is kept logarithmic (dB).
Frequency is kept as parameter of horizontal x-axis
whereas magnitude is kept as a parameter of vertical y-
axis. Scale of frequency is given in MHz. Fig. 4 shows
the amplitude response of a 40 MHz signal transmitted on
the channel in logarithmic scale. S11 is the scattering
parameter which is also called as reflection coefficient
and is checked during simulations. In graph, amplitude
response is simulated as per at S11 parameter. From the
Fig. 7, it can be seen that there are huge dips in the
magnitude response when 40 MHz signal is transmitted
which causes the signals to be lost at particular
frequencies. When magnitude response of 40 MHz signal
is compared with the magnitude response of 30 MHz, the
losses are higher in the magnitude response of 40 MHz
signal. So it can be evaluated that signal having higher
frequency are more affected by the loads, which are
connected to the end terminals of power lines to
incorporate more losses to the signals.

[ v Pint
¥ options: Log (dB) ~ Magnitude hd

X options: Log v

Magnitude (decibels)

Figure-7 Magnitude Response of Logarithmic Scale at 40 MHz
4.4  Phase Response At 40 MHz

Phase response shows how the phase of a signal behaves
with respect to frequency, when it is transmitted on a
channel. Frequency is kept as parameter of horizontal x-
axis whereas phase is kept as a parameter of vertical y-
axis. For the phase response of a signal, values on the x-
axis are linearly related and the phase is measured in
radians on y-axis. Scale of frequency is given in MHz
whereas phase is given in radians. Fig. 8 shows the phase
response of a signal transmitted on the channel at 30MHz.
S11 is the scattering parameter which is also called as
reflection coefficient and is checked during simulations.
In Fig. 8 it is shown that the phase response of a 40 MHz
signal also remains linear when it is transmitted on the
PLC channel. It can be said that the phase of signal is not

too much affected on PLC channel at 40MHz because the
phase of the signal almost remains linear. So it can be
evaluated that the phase response of signals at 30MHz
and 40 MHz remain same and it is not much affected by
PLC channel.
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Figure-8 Phase Response at 40 MHz
5. CONCLUSIONS

In this research, PLC channel has been modelled as a two-
wire transmission line channel. With the help of it,
behaviour of the transmitted signals can be analysed in
terms of voltage and current. It has been shown that the
phase and magnitude of the transmitted signals depend on
frequency and distance. It has also been stated that as
frequency and distance increase more, the signals are
more attenuated and distorted. So, it can be concluded
that magnitude and phase response of the transmitted
signals are functions of frequency and distance. Two
parameters i.e. characteristic impedance and propagation
constant have also been derived, which also contributes to
the phase response and magnitude response of transmitted
signal. By using echo-based model, the transfer function
of PLC channel has been modelled, from which it can be
observed that PLC channel contains multipath
environment. After that in order to further strengthen the
mathematical modelling concept, some simulations have
been performed on MATLAB. Two different types of
plots including magnitude response and phase response at
30MHz and 40MHz have also been illustrated. These
simulation results showed that signals having higher
frequency (i.e. 40 MHz) in comparison to the lower
frequency (i.e. 30 MHz) are more attenuated in
magnitude, however phase response of both the signals
somehow remains linear.

6. FUTURE RECOMMENDATIONS

The PLC is envisioned as a platform for various Smart
Grid (SG) applications [14], in which applications like
automatic meter reading from remote distance and remote
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controlling of load can be used and it is also considered
for high-data transfer rate. The management of the SG is
based on command and control services that require
robust, low-data-rate communications [15]. Therefore,
advance receiver design techniques from wireless or
wired communication should be adapted given the
constraints of PLC and channel capacity bound may also
be investigated. PLC can be used to enable vehicular
communications and networking. The research is also
going on in order to incorporate PLC technology in
electric vehicles for making less use of electric wires in
vehicular systems [16]. PLC can efficiently be used in
application of home networking scenarios [17].
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ANTIOXIDANT ACTIVITY AND TOTAL PHENOLICS CONTENT OF EXTRACTS FROM MURRAYA
KOENIGII (CURRY LEAVES), LAURUS NOBILIS (BAY LEAVES), AND CAMELLIA SINENSIS (TEA)

Shagufta Ishtiaque*, Shahina Naz**, Noorullah Soomro***, Kehkashan Khan**** Rahmanullah Siddiqui****

ABSTRACT

Antioxidant potential is related to polyphenolics content, the focus of present study was to estimate
and evaluate total phenolics content (TPC) and antioxidant activity (AOA) of the cost-effective
natural sources. For this purpose, leaves from three plant species including Murraya koenigii (curry
leaves), Laurus nobilis (bay leaves), and Camellia sinensis (green and black tea leaves) were selected
and analyzed. The AOA was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, Ferric
reducing antioxidant power (FRAP) assay and iron(l1) chelating activity (ICA). Methanol was used
for the extraction of polyphenols from leaves. Results showed that the highest TPC (15300 mg GAE
/100g) and the highest AOA (DPPH = 51 to 88%; FRAP = 24-85%; and ICA=19-74%) was found in
the green tea leaves. The lowest TPC (170 mg GAE /100g) and the lowest AOA (DPPH = 20-64%;
FRAP = 18-48%; and ICA=15-42%) were shown in curry leaves. Antioxidant activities were
analyzed at different concentration ranges (50-250ug/100ul) and the result showed that AOA was
concentration dependent. These leaves extract may be exploitable not only as a health
supplementary, nutraceuticals values but also in the food preservation and packaging materials.

Key words: TPC, DPPH, FRAP, AOA, chelating, green/ black tea, curry leave, bay leave.

1. INTRODUCTION

Plant extracts are rich source of natural antioxidants and
are being used as therapeutic agents [1], [2],
nutraceuticals [3], and food preservatives [4]. One of the
goals of natural product plant based research is to identify
such phytochemicals whose potential novel action against
deadly diseases can be unveiled. The naturally occurring
antioxidants also used to replace synthetic ones. The side
effects of synthetic antioxidant, for example, Butylated
hydroxyanisole (BHA) and Butylated hydroxytoluene
(BHT) are well known [5].

To stay healthy, human body needs well developed
immune system with better resistant adaptability to fight
against deadly bacteria and viruses. In this context, role
played by balanced diet with important nutrients cannot
be ignored. To evaluate antioxidant potential, different
biological assays have been developed and are being used
effectively. Similarly, various bioactive constituents
present in the food, responsible for antioxidant activity,
have also been identified from a number of plant species.
Many fruits and vegetables have been screened for their
antioxidant potential and total phenolics content. With the
growing need of food nutraceuticals to fight against
deadly diseases another challenge for researchers to meet
with is to unveil cost-effective natural product antioxidant
sources. Based on these facts, Murraya Koenigii, Laurus
nobilis, and Camellia sinensis leaves were selected for the
present study and their total phenolics content and
antioxidant activity was evaluated.

During various metabolic activities, certain reactive
oxygen species (ROS) produced in human body, are the
root cause of different diseases, for instance,
atherosclerosis, rheumatoid arthritis, cancer, etc. The
damage caused by these free radical species is checked by
various enzymes (catalase, superoxide dismutase, etc.) or
compounds (phenolics, tocopherols, etc.) present in the
body [6]. Antioxidant potential of phenolic compounds is
a scientifically established reality now [7]. Based on these
facts, edible plants are being screened for their naturally
occurring antioxidant constituents. Pakistan’s fertile land
and better adapted canal system is the habitat of more or
less 800 different plant species. It is reported that more
than 90 nutritionally and medicinally important edible
fruits in Pakistan are not consumed well. Edible fruits and
vegetables are amongst the major sources of polyphenols.
These polyphenolics attribute better quality (shelf life,
taste, appearance) and therapeutic importance to food. In
other words, these reduce oxidation reactions in food
substances [8]. Hence, the objective of current study is to
estimate polyphenolics content and evaluate antioxidant
potential of some of these underutilized and economical
plant species including Murraya koenigii (Curry leaf),
Laurus nobilis (Bay Leaves), and Camellia sinensis (Tea).

M. koenigii is a well known leafy spice and used as a
preservative in Asian-Indian cuisine. The smaller quantity
of M. koenigii is sufficient to use due to its distinct aroma
[9]. Besides reported dietary importance, medicinal
potential of M. koenigii has also been established [10].
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Another important plant species used in the current study
was Laurus nobilis (Bay Leaves). It is also used in
cooking due to its peculiar flavor and fragrance in either
fresh or dried form. Isolated compounds from L. nobilis
have already been evaluated for their antioxidant potential
[11]. It is cultivated in hilly areas of Pakistan.

Medicinally, L. nobilis is reported for the treatment of
epilepsy, Parkinsonism, diabetes, etc. It is also a well
known plant in Mediterranean cuisines. Preventive or
therapeutic role of polyphenolics content of Camellia
sinensis, (utilized as black, green or oolong tea) against
several diseases is also reported [12]. Moreover, its
antioxidant activity has also been evaluated earlier [13].

2. MATERIALS AND METHODS
2.1 Sample Preparation

Packets of (1 kg) Green, black tea (C. sinensis) and Bay
leaves (L. nobilis) were purchased from the departmental
store of Karachi, Pakistan. The curry leaves (M. koenigii)
was picked from the garden at the University of Karachi
in July 2014. After washing with water and air drying in
open sieves, the leaves were stored at -5 °C. All the
solvents and chemicals used were of analytical grades and
supplied by either Merck or BDH.

2.2 Extraction of Polyphenols From Leaves

Previously reported procedure was followed for the
extraction of polyphenols from the crude methanol extract
[14].The sample size of all types of leaves were about
500g.

2.3 Determination of Total Phenolics

Total phenolics content was estimated in all four leaves
extract following the procedure used by Jayaprakasha et
al. [15] with slight modification as reported earlier [16].
Firstly 2 ml mixture of methanol and water (8:6) was
prepared to dissolve the sample (12mg). After that 4 ml of
(1:10 diluted) Folin-Cicolteu reagent was added in the
solution with 4 ml of 10% sodium carbonate solution. The
whole content (prepared mixture) was kept at 30°C for 40
minutes then absorbance was measured at 567nm using
Spectrophotometer (UV VIS Shimadzu). Gallic acid (GA)
was used as a standard curve and result were presented in
mg GAE/100g.

2.4 Antioxidant Activity

Three different protocols were followed for the
determination of antioxidant activity of crude methanol
extracts including DPPH, FRAP, and ICA.

2.4 Radical Scavenging Using DPPH Assay

The protocol developed earlier was used for the
evaluation of DPPH scavenging potential with minor
variations [17]. Different concentration samples (50-250

mg/100 pl) were prepared in methanol. The samples
prepared were treated with 1.4 ml DPPH solution in
methanol (0.2 mM) and 1.5 ml distilled water. After
vigorous mixing the resultant mixture was placed in dark
place for the interval of 30 minutes. Decreased
absorbance of the samples was observed against blank at
515 nm using Spectrophotometer (UV-270 Shimadzu).

2.5 Ferric Reducing-Antioxidant Power (Frap)

This is based on the reduction power of all types of leaves
extract from Fe™ to Fe*2. Previously reported protocol by
Jayaprakashaet al.[15] for the estimation of ferric
reducing power was followed.

Different concentration of samples were prepared in
methanol (50-250 pg/ml) and 2.5 ml of both; phosphate
buffer (0.2 M, pH 6.6) and 1% potassium ferric cyanide
were added. It was then followed by incubation of the
samples prepared (for 20 minutes, maintained at a
temperature of 50°C). To this incubated mixture, 2.5 ml
10% trichloroacetic acid was added and the resulting
mixture was centrifuged at 5000 rpm for 10 minutes.
After adding 2.5 ml double distilled water and 0.5 ml
0.1 % FeCl; to the supernatant (2.5 ml), absorbance was
measured at 595 nm. Reducing power was evaluated by
increased absorbance of the samples in triplicate.

2.6 Chelating Effect

Chelating effect of the samples was evaluated using 2, 2-
bipyridyl assay [18]. Methanol was used to prepare
varying concentration of leaves samples (50-250 pg/ml).
To 0.25 ml samples, 0.25 ml of 1mM FeSO, solution, 1
ml tris-HCI buffer (pH 7.4), 0.1% of 1ml 2,2u-bipyridyl
solution prepared in 0.2M HCI and 2.5 ml methanol were
added. Fe?" chelating activity of the samples was
determined by measuring absorbance at 563 nm using
standard Ethylene di -amine- tetra acetic Acid
(Na,;EDTA) using  Spectrophotometer (UV VIS
Shimadzu)

2.7 Statistical Analysis

Statistical analysis was performed using samples in
triplicates. Mean + standard deviation was used to express
data. Appling Pearson correlation test, relationship
between antioxidant activity and total phenolics content
was calculated. With the help of tukeys’ test and analysis
of variance (ANOVA) significant differences (at p<0.05)
among the mean values were found.

3. RESULTS AND DISCUSSION

Studies of natural phenolics compounds have received
more attention in the past few years because of its
antioxidant properties. These antioxidant phenolics
compounds reduce the toxic effect of reactive oxygen
intermediates (ROI) generated by normal cellular
metabolism in our body. Results of this study showed that
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TPC was the highest (15300 mg GAE /100 g) in green tea
followed by the black tea (12500 mgGAE /100 g), Bay

leaves (550 mg GAE/100 g) and the lowest (170 mg/100
g) in curry leave (table 1).

Table 1: Total Phenols and antioxidant activity of C. sinensis (black), C. sinensis (green), M. koenigii and L. nobilis leaves.

(p< 0.05) all values in mean (n=3).

Samples Total Phenols Antioxidant Activity

pg/100ul mg/100g %DPPH Scavenging % Ferric Reducing % Chelating Effect
C. sinensis (black)
50 63+1.55 55+1.09 51+2.09
100 12500 67+1.23 60+2.08 55+2.08
150 74+3.20 66+1.56 60+2.56
200 83+1.60 76+2.10 64+2.10
250 88+2.01 80+2.78 69+1.78
C. sinensis (green)
50 75+2.30 61+1.89 56+2.09
100 15300 82+1.90 69+2.30 61+2.08
150 87+1.67 74+1.52 66+2.56
200 92+1.20 80+0.51 70+2.10
250 95+2.06 85+2.01 74+1.78
M. koenigii
50 20+0.51 18+0.50 15+0.56
100 170 29+2.30 25+2.00 20+2.35
150 37+2.08 33+2.00 30+2.88
200 47+0.51 40+0.45 36+0.88
250 54+2.08 48+2.00 42+2.00
L. nobilis
50 30+2.08 24+2.00 19+2.00
100 550 41+0.51 33+0.50 26+0.50
150 49+1.78 42+1.00 35+1.00
200 58+2.08 53+2.00 46+2.00
250 65+0.51 60+0.55 53+0.50

A previous study by Anesini et al. reported the total
phenolics concentration 21.0 to 14.3 and 17.6 to 8.4 % of
gallic acid equivalents (GAE) for green and black tea,
respectively [19]. Other studies reported 27.1 to 25.7 and
22.3 to 17.5% GAE for green and black tea respectively
[5]. Our findings are in similar range for green and black
tea( 15300 mg GAE /100 g and 12500 mg GAE /100 g)
with the values reported. The minor variation in results
may accounts for the natural parameters involved,
including genetic composition and cultivar or variety
difference. Other responsible factors include release of
polyphenol oxidize during cutting or rolling of tea shoots.
This enzyme interacts with polyphenolics content and
reduces its concentration [5]. Besides above discussed
factors, different quantification and extraction procedures
adapted, can also contribute in the difference of

polyphenolics content [20].

With some exceptions, previous studies reported that total
phenolics content extracted better in methanol compared
to ethanol and water. This is because methanol inhibits
polyphenol oxidase which is responsible for the oxidation
of phenolics content and its reduced amount. Another
reason for choosing methanol over ethanol and water is its
ability to evaporate easily[21].

The results of this study showed that C. sinesis (green)
exhibited the highest antioxidant potential whereas M.
koenigji showed the lowest (C. sinesis (green) > (black)
>L. nobilis>M. koenigji). The numerical values obtained
for C. sinesis (green and black), L. nobilis, and
M. koenigji were < 20mg/100 pl, 20-30 pg/100 ul, 150
mg/100 ul (Fig. 1 and Table 1) respectively.
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Figure 1: % DPPH scavenging activity of the crude Polyphenolic extracts derived from C.
sinensis (black), C. sinensis (green), M. koenigii and L. nobilis leaves.

The antioxidant potential of green tea has been estimated
to be higher as compared to black tea [19].

Among the all types of herbal leaves tested, the highest
DPPH activity was shown by C. sinensis —green (green
tea), C. sinensis-black (black tea) >L. nobilis>M. koenjii.
The ICs values for them < 20 pg/100pL, 20-30
pug/100ul, ~ 150 pg/100pL and 200-250 pg/100uL
respectively. The I1C50 value reported previously for L.
nobilis (90 pg/100uL), was found to be much lower [22]
compared to this study. Similarly antioxidant activity for
M. koenigii leaf was found to be 116 ng/100uL [23]
while some other studies on M. koenigii estimated the
value of ICsy to be 0.006 mg/100uL, [24] which was

lower compare to our experimental values (table 1). Like
DPPH, % FRAP and % chelating effect followed the
same pattern and same order of effect among all four
types of herbal leaves. A strong correlation was observed
between the concentration and antioxidant activity

As mentioned previously the most probable reasons for
these variations in the values may be due to the fact that
phenolic compounds may be water-soluble, lipid soluble,
insoluble, or bound to cell walls. Therefore the
efficiency in extraction is very important factor in
quantitative analysis of AOA of food samples
besides the natural occurring causes of the variation
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Figure 2: % Ferric reducing power of the crude Polyphenolic extracts derived from C.
sinensis(black), C. sinensis(green), M. koenigiiand L. nobilis leaves,p<0.05 and

all values in triplicate(n=3)
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Figure 3: % Chelating power of the crude polyphenolic extracts derived from C.
sinensis(black), C. sinensis(green), M. koenigiiand L. nobilis leaves,all values in

triplicate n=3(p<0.05)

4. CONCLUSION

Among the three tested species; M. koenigii, L. nobilis,
and C. sinensis (green and black leaves), the .total
phenolics .content was found highest for C. sinensis-green
(15300 mg GAE /100 g). All three methods used for
determining the AOA showed increase in AOA with
increase in the concentration of methanol extract. Our
result indicated great scavenging activity of the leaves
tested against reactive oxygen species (ROS).These plants
may be good source of natural antioxidants. The results
obtained from this study can be utilized in food,
pharmaceutical and packaging industries. Food scientist
and technologist are still working on exploration of more
stable and economical resources of polyphenols.
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ANALYSIS OF PHYSICOCHEMICAL AND BIOLOGICAL QUALITY PARAMETERS OF PHULELI CANAL
WATER AND WASTEWATER ADJACENT TO HYDERABAD CITY

Sikandar Ali Channa*, Abdul Qayoom Jakhrani**, Kishan Chand Mukwana**, Sadam Hussain Jakhrani***

ABSTRACT

The purpose of this study was to examine the level of physicochemical and biological parameters of
Phuleli canal water and effluents entering the canal along the entire length of Hyderabad city. In this
regard, five different locations, each for investigations of canal water and wastewater were selected.
The parameters studied were temperature, pH, turbidity, electrical conductivity, total dissolved solids
and suspended solids, chlorides, sulfates and nitrate-nitrogen, biochemical oxygen demand (BOD),
chemical oxygen demand (COD) and faecal coliforms count. The study confirmed the extraordinary
increase of electrical conductivity and total dissolved solids especially during lower flow periods of
canal water. Higher level of COD with 1056 mg/l and faecal coliforms with 207 to 867 MPN/100 ml was
also recorded, which exceeds permissible surface water limits. It was observed that the level of BOD
and COD were increasing with entering of effluents in the canal and decreasing with the passage of
time due to self-purification by canal water. The results revealed that the continuous inflowing of
untreated or partially treated sewage and industrial effluents into the canal has changed its
physicochemical and biological characteristics, which make it unfit for human consumption and can
have long-term irrevocable ecological threats if left unmanaged.

Key words: physicochemical characteristics, biological properties, faecal coliforms, wastewater effluents, canal water

1. INTRODUCTION

Water is one of the principal commodities, which human
has exploited more than any other resource for sustenance
of life. It is commonly referred to as the universal solvent
as it dissolves many substances and easily gets polluted.
Thus, it is rarely found pure in nature. The major cause of
water contamination is receiving of untreated municipal,
industrial effluents and hazardous substances from the
nearby areas [1, 2]. The characteristic parameters of water
bodies indicate its pollution level and quality to be used
for household or any other applications [3]. The main
physiochemical parameters of water and wastewater are
temperature, pH, electrical conductivity (EC), total
dissolved solids (TDS), total suspended solids (TSS),
turbidity, chlorides, sulfates and nitrates. The biological
and microbial parameters include biochemical oxygen
demand (BOD), chemical oxygen demand (COD) and
presence of coliforms or disease causing bacteria in the

activities are reliant on the water temperature. The
increase of temperature increases the oxygen demand and
decreases the oxygen solubility in water, leading to
oxygen depletion problem in the water bodies. The
second most important physicochemical parameter is the
level of pH, which is a negative logarithm of the
hydrogen ion concentration [4, 5]. The value of pH for
pure water is 7.0. Its value is less than 7.0 indicate acidic
and greater than 7.0 basic nature of waters. The
examination of electrical conductivity shows the capacity
of ions in a solution to carry electric current. The current
is carried out by inorganic dissolved solids such as anions
of chloride, nitrate, sulfate and phosphate, and cations of
sodium, calcium, magnesium, iron and aluminum. Total
dissolved solids consist mainly of inorganic substances,
such as calcium, magnesium and sodium, bicarbonates,
chlorides and sulfates [6, 7]. The World Health
Organization (WHO) guide line value for TDS in

water bodies.

1.1 Physicochemical and Biological Quality
Parameters of Water

Temperature is one of the most important parameters for
aquatic environment as it alters the characteristics of the
water. The rate of chemical reaction and other biological

drinking water is 500 mg/l and for wastewater is 3500
mg/l. Most surface waters contains suspended solids load
due to the presence of dispersed clay, slit, and finely
divided organic and inorganic substances and other
microorganisms [8]. Quantification of total suspended
solids helps to improve the operational efficiency of
treatment units and sewerage lines. The turbidity test
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measures of optical property of water samples which
results from the scattering and absorbing of light by the
particulate matter present in it. High levels of turbidity
protect the microorganisms from the effect of disinfection
and can stimulate the growth of bacteria. The guideline
value for turbidity is 5.0 Nephelometric Turbidity Unit
(NTU) [9].

Chloride, sulfates and different forms of nitrogen are
present in natural water and wastewater bodies with
variable concentration levels. The higher level of
chlorides in water bodies is either due to the contact with
chloride containing geological formations or mixing of
sewage and industrial effluents. The chlorides have a
corrosive effect on metal pipes and structures. It is also
harmful to most trees and plants, if its level exceeds the
permissible value. Higher levels of sulfates are mostly
attributed to the leaching of magnesium sulfate and
sodium sulfate deposits [10]. However, industrial and
domestic wastes can also increase its concentration.
Various forms of nitrogen with respect to decreasing
oxygen level in the water bodies are nitrate, ammonia and
organic nitrogen. Nitrate generally occurs in trace
quantities in surface waters but may get higher levels in
some ground waters. The fertilizer use, decayed vegetable
and animal matter, domestic effluents, sewage sludge
disposal to land, industrial discharges, leachate from
refuse dumps and atmospheric wash outs all contribute to
these ions in water sources. Such sources can contaminate
the streams, rivers, lakes, and also groundwater bodies.

In addition, organic matter is one of the major pollutants
in wastewaters. Generally it is measured as biochemical
oxygen demand (BOD) and chemical oxygen demand
(COD) [11]. BOD test is one of the major tests to quantity
the level of oxygen utilized by microorganisms in the
aerobic oxidation of organic matter. This test is also used
to determine the relative oxygen requirements of treated
effluents and polluted waters. The level of organic
pollutants or organic strength of wastewater and pollution
of natural waters is determined by COD test. As this test
indicates the quality of natural waters and helps to control
oxygen consuming (both organic and inorganic)
pollutants. Moreover, in the 19th century, microorganisms
were identified as the cause of diseases. The
microorganisms in wastewater originated mainly from
human’s excreta, as well as from the food industries. The
high concentration of microorganisms may create a severe
health risk when raw wastewater is discharged into the
receiving water bodies [12]. Human and animal wastes
carried to the streams are sources of pathogenic or
disease-causing bacteria and viruses. Fecal coliform,
Enterococci, and E. coli bacteria are used as indicator
organisms. These species indicate the probability of
finding the pathogenic organisms in any stream or water
body. Unfortunately, most of the industrial effluents and

municipal wastewaters are being disposed-off directly
into the surface water bodies in Pakistan, without any
treatment. Moreover, no concerns are shown to the proper
assessment, monitoring and prevention of water bodies
from contaminants. The presence of huge number of
organic contaminants in the environment poses
potentially precarious consequences [13]. Therefore, it is
prime need to establish the information databases, which
reveals the level, amount and types of pollutants present
in the water bodies.

1.3 Background of Phulei Canal

Hyderabad is located at 25.36°N latitude and 68.36°E
longitude with an elevation of 13 m above sea level. It is
located on the east bank of the River Indus [14]. Phuleli
canal is a main water supply source for both irrigation as
well as human consumption for Hyderabad city dwellers
as well as in its adjoining areas, which takes-off water
from Kotri Barrage. Although, there are facultative ponds
for the treatment of municipal wastewaters of the city, yet
the network of sewerage lines is not so good to divert all
the effluents towards these ponds. Therefore, some part
and areas of municipal wastewater as well as toxic
industrial effluents are directly disposed-off either by
gravity flow or by means of pumping into the Phuleli
canal without any treatment [15]. The municipal
wastewater which inflows into the Phuleli canal
comprised of the areas of cantonment, Hirabad, Khuwaja
colony, Silawat para and Northern part of Liagat colony
and old Power House [16]. It also receives the toxic
substances emitted from vehicles and bangle industries,
liguid wastes generated from slaughter houses and
poultries and heavily contaminated industrial affluent
from Hala Naka to Husri and also from Zeal Pak cement
factory [17, 18]. The increasing level of pollutants in
Phuleli canal water put the lives of millions of people
residing in Hyderabad, Badin, Tando Muhammad Khan
and Matli towns at the risk, as they use this canal water
for drinking purpose [19,20]. Such practice is creating
serious multi-dimensional problems to the people of
Hyderabad city and those living in the downstream areas.
Therefore, it is necessary to assess the quality of canal
water and wastewater effluents so as to make potential
recommendations for the treatment of wastewater
inflowing towards canal water. This study is carried out
to check the physicochemical and biological
characteristics of Phuleli canal water and wastewater
effluents at different locations along the entire course of
canal passing through the Hyderabad city.

2. MATERIALS AND METHODS

A total of ten sampling locations were selected, five each
for canal water and wastewater analysis, after conducting
preliminary survey of canal along the entire 15 km length
of Hyderabad city. The first location was selected at
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reduce distance (RD) 04 of Phuleli Canal near Akhund
Village before entrance of any wastewater effluents.
Three locations were chosen between two main point
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sources of wastewater entrance and the last location was
taken at RD 45, where canal leaves the city limits as
shown in Figure 1.
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Figure 1. Selected sampling locations on Phuleli canal water and wastewater effluents

An integrated method and composite sampling technique
was adopted for the collection of water samples to
represent the true picture of canal water quality and water
entering the canal. First, the individual grab samples were
collected in sterilized plastic and glass bottles from
morning to evening at different sewerage lines and then
mixed. The bottles were rinsed with canal water and
wastewater twice before collection of samples. Then,
bottles were properly sealed/labeled and brought to
laboratory for analysis. The physicochemical quality
parameters  namely  temperature, pH, electrical
conductivity (uS/cm), total dissolved solids (TDS), total
suspended solids (TSS), turbidity (NTU), chlorides
(mg/l), sulfates (mg/l), nitrate-nitrogen (mg/l) were
examined. The microbiological parameter tests were
biochemical oxygen demand (mg/l), chemical oxygen
demand (mg/l) and faecal coliforms count (MPN/100 ml).

The air and water temperatures were measured with the
help of Thomas Double-Safe Precision General Purpose
Liquid-In-Glass Thermometer, 200mm Length, -10°C to
110°C, 50mm immersion mercury-glass thermometer.
The air temperature was taken 1m above water surface at
each sampling location by shading the thermometer from
direct sun light. The temperature of canal water and
wastewater was recorded by dipping the thermometer
directly into the water stream and waiting until the

reading was constant. The pH was recorded using a pre-
calibrated PH-2601 PH/Temp Meter by dipping the pre-
cleaned electrode in the water samples. The turbidity of
the samples was recorded by 2020e/2020i Turbidity
Meter Jackson turbidity tube following the standard
procedure. The level of total dissolved solids and
electrical conductivity was determined through a pre-
calibrated ELE-515, Bench-top TDS, Conductivity meter,
by immersing pre-cleaned electrodes in the samples and
total suspended solids through spectrophotometer.
Chlorides were determined by Mohr Method, in which
10ml sample was titrated with Silver Nitrate (0.025N)
after adding 1ml of Potassium Chromate as an indicator.
The level of sulfate in the water samples was determined
by titration method and dissolved oxygen test by Winkler
method.

The biochemical oxygen demand (BODs) test was carried
out by means of difference of dissolved oxygen (DO)
level in water samples before and after incubation. First
the dissolved oxygen (DO) level of samples was
examined and then the samples were kept in an incubator
at 20°C for five days. After incubation period, the
dissolved oxygen level of the samples was again
determined. The BOD;5 was calculated from the difference
of dissolved oxygen before and after incubation. The
chemical oxygen demand (COD) test was conducted
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using COD meter, model HI 83214 accordance with EPA
410.4 and 1SO 15705:2002 standards. The most probable
number (MPN) technique was adopted for the
determination of bacteriological analysis of samples.

3. RESULTS AND DISCUSSIONS

The results of physicochemical and biological
characteristics of Phuleli canal water and wastewater
samples are illustrated in Figures 2-8. It was established
from the study that the temperature of wastewater was
slightly higher than that of canal water. However, the
results were within the range of 23.0 to 38.0°C during the
study period. The slightly higher temperature of the
samples may be due to the presence of pollutants with
various thermal properties. The level of pH in canal water
at location 1 was ranging between 7.7 and 8.6, whereas
the pH level in rest of the samples was between 7.2 and 8
as shown in Figure 2. It was observed that the level of pH
in the samples was less basic except the sample taken
from location 1. This could be due to development of free
CO; resulting the lower level of dissolved oxygen and
ultimately pH of canal water. However, all pH values of
canal water samples were within the WHO standards.
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Figure-2. Average pH level in canal water and wastewater
samples

The level of pH in wastewater samples during study
period were between 5.1 and 8.0 indicating the acidic to
alkaline nature of sewage. Acidic pH with mean value of
6.3 was observed at location 5, while the rest of
wastewater samples were neutral to slightly alkaline. The
results revealed that the sewage effluent contained the
composite mixtures of varied nature of complex acidic to
alkaline substances. But slightly acidic pH at location 5
could be due to the higher concentration of acidic material
mixed with sewage that lowered the pH levels. However,
all the pH values of wastewater samples were within the
NEQS range of 6.0 -10.0.

3.1  Electrical Conductivity and Total Dissolved Solids

The average level of electrical conductivity (EC) and total
dissolved solids (TDS) in canal water and wastewater are
shown in Figure 3. It is observed from the analysis of
canal water samples that the level of EC was 434uS/cm at
location 1. There was positive shift in the base line of
electrical conductivity from location 2 to 5 along the
entire length of Phuleli canal. The average maximum rise
in the electrical conductivity was 1051uS/cm found from
location 4 near Bhatti village. That rise of values could be
attributed to the influx of large fraction of wastewater
from the adjoining open sewerage lines near old power
house. The results reflected that the wastewater is liable
for elevating the electrical conductivity level in canal
water samples from location 2 to 5 as compared to the
reference location 1. It was observed that the samples
taken from locations 3 to 5 showed higher values than the
WHO guideline value of 800uS/cm.
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Figure-3. Average TDS and EC level in canal water and
wastewater samples

During investigation period, the electrical conductivity of
wastewater samples reached its upper limit of 5628uS/cm
at location 1, while lower limit was recorded at location 2
with 1327uS/cm. The maximum average value of sewage
EC was found 4182uS/cm at location 1, whereas, the
average observed value of EC was less than 3600 puS/cm
in other locations. It was revealed that the presence of
large amount of electrolytic substances elevated the
conductance of wastewater samples taken from location 1
as compared to other points. Since, all wastewater
samples showed higher values than NEQS guideline value
of 900pS/cm.

The concentration of total dissolved solids in wastewater
samples were found to be from 849 mg/l to 3606 mg/I,
with maximum average value of 2676 mg/I recorded from
the sample taken from location 1, and minimum average
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value of 1769 mg/l from location 2. The higher level of
TDS at location 1 indicates the presence of large amount
of in-organic components in wastewater samples. Since,
the average values of all the wastewater samples were
within the NEQS limits.

3.2  Total Suspended Solids and Turbidity

The average values of total suspended solids (TSS) and
turbidity level of canal water and wastewater are given in
Figure 4. The average level of TSS at location 1 was 652
mg/l, with the variation of 487 - 964 mg/l. The overall
values of TSS were fluctuated between 466 and 727 mg/l
from location 2 to 5. The lowest average TSS value of
575 mg/l was recorded from the samples taken from last
location. The increase in the concentration of TSS could
be attributed to the mixing of un-treated municipal
wastewater coming from various open drains which were
highly loaded with finely divided organic and inorganic
matter, microorganisms, silt and suspended clays. The
decrease in TSS at sampling location 5 could be ascribed
to the dilution factor as well as the self-settling and
purification process of the canal.
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Figure-4. Average turbidity and TSS level in canal water and
wastewater samples

The concentration of suspended solids in wastewater
samples was observed in the range of 284 mg/l to 1135
mg/l, with average maximum of 972 mg/l from location 2
and average minimum of 354 mg/l from location 4. The
average maximum value was 2.75 higher than the average
minimum recorded from location 4. This may be due to
an open sewerage line passing through thickly populated
area of the city containing large amount of suspended
solids at location 2. Since, it was observed that the TSS
values in all wastewater samples were higher than the
NEQS value of 200 mg/I.

The turbidity of canal water was mainly due to silt
contents produced because of high water discharge during
the period of study. The observed values of turbidity in
canal water samples were 121 to 214 NTU. The mean

maximum value of 166 NTU was noted at location 4,
while mean minimum value was 148 NTU recorded from
the samples of location 1. The increasing values of
turbidity from location 2 to 5 could be ascribed to the
addition of highly turbid wastewater through different
sewage outlets of the city.

Turbidity is a reciprocal of clearness as it is directly
related to the level of suspended solids. The turbidity
values of wastewater samples were varied from 129 NTU
to 241 NTU. The maximum average value of 223 NTU
noted at location 2, and minimum average 151 NTU at
location 4. Highest values of turbidity at location 2 may
be due to the presence of greater amounts of non-
filterable residues, whereas, the lowest values of were
observed at location 4.

3.3  Chlorides and Sulfates

The average values of chlorides and sulfates in canal
water and wastewater samples are given in Figure 5. It
was observed during investigations that the values of
chlorides in canal water samples were between 46 mg/l
and 101 mg/l with their mean value of 69 mg/l. The
considerable changes in the concentration of chloride
content were detected from location 2 to 5 as the result of
mixing of wastewater from numerous sewerage lines with
the fresh canal water. The overall fluctuation in the
chlorides from location 2 to 5 was between 61 mg/l and
122 mg/l. The maximum average rise in concentration
with 89 mg/l was found at location 2. This could be due to
the influx of large fraction of salinity rich wastewater
from the Cantonment Board Sewage Pumping Station
near Barkat colony or Jacob tanks. Comparatively lower
values of chlorides were recorded at the last sampling
location, which indicate the absence of major external
sources, dilution factor and high flow rate of the canal
water. Since, all the observed values of chlorides in canal
water samples were below the WHO standard of 250
mg/l.
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Chlorides (mg/1)

Sampling Locations

Figure-5. Average level of chlorides and sulfates in canal water
and wastewater samples
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The concentration of chlorides in wastewater samples
were found to be between 141 mg/l and 823 mg/l. The
mean maximum value of 580 mg/l was found from the
samples taken at location 2 and mean minimum value 190
mg/l at location 1. The higher values at locations 2 and 3
could be due to the sewage coming from thickly
populated areas of the city, as well as washouts from
small scale manufacturing units of caustic soda, bleaching
powder and dyes etc. Since, all the measured values from
wastewater samples were below the NEQS limit of 1000
mg/l.

Moreover, the mean value of sulfate concentration was
recorded 42 mg/l in the canal waters, which ranges from
36 to 54 mg/l at location 1, before the introduction of
sewage from the city. The values of sulfate content were
fluctuated between 44 mg/l and 73 mg/l from location 2
to 5 with maximum average of 59 mg/I at location 4 and
the minimum average of 52 mg/l at location 5. The results
revealed that the considerable influence of sewage
elevated the sulfate content in canal water samples.
However, the overall values of sulfates were within the
WHO guideline value of 200 mg/I.

In wastewater samples, the sulfate concentration was
found to be between 90 mg/l and 472 mg/l. The mean
maximum value was 304 mg/l recorded at location 1 and
mean minimum value 101 mg/l at location 2. The higher
concentration of sulfate at location 1 could be attributed
to the entrance of excreta, animal dung coming from
cattle farms and washouts of small scale detergents, paints
and pigments processing units in the nearby areas.
However, the results of all wastewater samples were
within NEQS value of 600 mg/I.

3.4 Nitrate-N

In canal water samples, the level of Nitrate-N was
between 4.4 mg/l and 7.7 mg/l as shown in Figure 6.
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Figure-6. Average level of Nitrate-N in canal water (CW) and
wastewater (WW) samples

The lowest average concentration was 5.6 mg/l found at
location 4 and highest average was 6.47 mg/l at location
1. These results reflected that aerobic bacteria become
more active in bringing about the oxidation at location 1,
in the presence of higher concentration of oxygen and low
oxygen demand as compared to location 4, where de-
nitrification process could be dominant due to lower level
of dissolved oxygen and higher oxygen demand. Since,
nearly all the canal water samples showed lower values
than WHO standard of 10 mg/I.

The concentration of Nitrate-N in wastewater samples
was in the range of 1.39 mg/l to 5.4 mg/l with the highest
average of 3.58 mg/I at location 4 and the lowest average
of 2.28 mg/l at location 2. It was observed that the
samples taken from locations 2 and 3 showed lowest
concentration of Nitrate-N, as there was an open drain.
This may be due to the de-nitrification of nitrate into free
N, and NH; due to higher oxygen demand.

3.4.5 Biochemical Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD)

The level of biochemical oxygen demand (BOD) and
chemical oxygen demand (COD) in canal water samples
are shown in Figure 7. The average level of BOD in canal
water was 14.5 mg/l at noted from the canal water
samples at location 1. The maximum average level of
BOD was found at location 4 with 30.6 mg/l and
minimum average was 19.0 mg/I at location 2. Since, the
overall BOD level was ranged from 13.0 to 43 mg/l. The
significant changes in the level of BOD were observed
from location 2 to 5. These were attributed to the
consequence of wastewater introduction from five
sewerage lines. The elevated level of BOD in the canal
waters was corresponding to the maximum depletion of
dissolved oxygen.
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Figure-7. Average level of BOD and COD in canal water and
wastewater samples

In wastewater samples, the higher values of BOD were
found at location 2. The BOD values of wastewater
samples were in the range of 221 mg/l to 864 mg/l with
average maximum of 724 mg/| at location 2 and average
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minimum of 281 mg/l at location 4. Since, it was
established that all examined wastewater samples showed
three times higher values than NEQS value of 80 mg/I.

Furthermore, the mean concentration of COD in canal
water was 30 mg/l at sampling location 1, where the
fluctuation of COD was within 20 to 42 mg/l. The
average maximum level in COD in the canal waters was
45.6 mg/l at sampling station 5 and minimum average
was 37 mg/l at sampling location 2. It was found that the
COD level was fluctuated between 32 and 66 mg/l during
study period. The significant changes in the concentration
of COD from sampling location 2 to 5 were observed as a
consequence of wastewater introduction to the canal
water.

The maximum average value of COD in wastewater was
873 mg/l at sampling location 2 while the minimum
average value was 362 mg/l was estimated at sampling
location 4. The overall fluctuation of COD in wastewater
was between 298 and 1056 mg/l, whereas the NEQS
value is 180 mg/l. The higher value of COD at sampling
location 2 and 3 reflect the strength of organic matter.

3.5 Faecal Coliforms Count

The identification of faecal coliform bacterial count is
very important as they provide a measure the degree of
water contamination in the surface water bodies. The
results of faecal coliforms colonies in canal water and
wastewater samples are shown in Figure 8.
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Figure 8. Average level of fecal coliforms in canal water and
wastewater samples

The faecal coliform bacterial load in the examined
samples of canal water was between 78 and 216
MPN/100 ml. The average bacterial count of 120
MPN/100 ml was noted in the samples taken from
location 1, and 207 to 867 MPN/100 ml from location 2
to 5 respectively. The minimum average level of the

faecal coliform bacterial concentration was 290 MPN/100
ml recorded at location 2, whereas, the maximum mean
value was 650 MPN/100 ml at location 4, which was
about 5.4 times higher than the mean of the bacterial
number estimated at location 1. The above findings
provide a clear indication that there is marked impact of
sewage on the canal water from locations 2 to 5. As the
canal flows further downstream, the bacterial pollution
load decreases due to dilution factor and self-purification
process of the canal. The WHO guideline value for faecal
coliform in drinking water is 0.00 MPN/100 ml.

The faecal coliform bacterial load in the wastewater
samples was recoded between 1x 10" - 9.2x 10° MPN/100
ml. The minimum and maximum average level of the
faecal coliform bacterial load was 1.1x10° MPN/100 ml
and 2.5x 10° MPN/100 ml at the location 4 and 2
respectively. The high bacterial load at location 2 was due
to the presence of considerable amounts of organic matter
which was verified by high biochemical oxygen demand.
All the wastewater samples showed higher concentration
than NEQS value of 1000 MPN / 100 ml for irrigation.

4. CONCLUSIONS

The purpose of this study was to examine the level of
physicochemical and biological quality parameters of
Phuleli canal water and effluents entering the canal along
the entire extent of Hyderabad city area. The first sampling
location of canal water was taken as reference point to
compare the level of pollutants in the canal.

e The results revealed that the continual inflowing of
untreated or partially treated sewage and industrial
effluent into the canal has changed the
physicochemical and biological characteristics of canal
water.

e The electrical conductivity of wastewater was found to
be around 5628 uS/cm at few locations, which
indicated the presence of electrolytic substances in the
sewage. The level of EC increased up to double during
lower flow conditions as compared to higher periods.

e The prominent aspect of sewage was seen at location 2
and 3, as there was low level of dissolved oxygen and
high level of COD with 1056 mg/I.

e The microbial study of canal water indicated the
presence of faecal coliforms in the canal water samples
with 207 to 867 MPN/100 ml, exceeding permissible
surface water limits.

e The rise in the nutrient was noted in the samples that
may be responsible for the speedy growth of biological
organisms and ultimately create oxygen deficit
situation in the canal water.

It is established that the canal water was being
contaminated because of inflowing of un-treated
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wastewater and industrial effluents. Such situation may be
the major cause of irreparable ecological harm in the
long-term basis if left unmanaged.

ACKNOWLEDGEMENT

The authors would like to thanks the authorities of Meharn
University of Engineering and Technology (MUET)
Jamshoro and Quaid-e-Awam University of Engineering,
Science and Technology (QUEST), Nawabshah, Sindh,
Pakistan for providing laboratory facilities to conduct the
research.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Obeidat, M. M., Awawdeh, M., & Al-Mughaid, H.
(2013). Impact of a domestic wastewater treatment plant
on groundwater pollution, north Jordan. Revista
mexicana de ciencias geoldgicas, 30(2), 371-384.

Jakhrani, A. Q., Samo, S. R., & Nizamani, I. (2009).
Impact of wastewater effluents on physico-chemical
properties of groundwater. Sindh University Research
Journal (Sci. Ser.), 41(1), 75-82.

Hanley, N., Wright, R. E., & Alvarez-Farizo, B. (2006).
Estimating the economic value of improvements in river
ecology using choice experiments: an application to the
water framework directive. Journal of environmental
management, 78(2), 183-193.

LeBlanc, R. T., Brown, R. D., & FitzGibbon, J. E.
(1997). Modeling the effects of land use change on the
water temperature in unregulated urban streams.Journal
of Environmental Management, 49(4), 445-469.

Shinde, S. E., Pathan, T. S., Raut, K. S., & Sonawaneg, D.
L. (2011). Studies on the physico-chemical parameters
and correlation coefficient of Harsool-Savangi Dam,
District Aurangabad, India. Middle-East Journal of
Scientific Research, 8(3), 544-554.

Jakhrani, A. Q., Samo, S. R,, Siyal, Z. A., Sobuz, H. R,,
uddin, M. A., & Hasan, N. M. S.(2012a) Evaluation of
Dissolved Salts and Heavy Metals in Groundwater.
International Journal of Structural and Civil Engineering,
1(2), 54-60.

Jakhrani, A. Q., Samo, S. R., Sobuz, H. R., Uddin, M.
A., Ahsan, M. J., & Hasan, N. M. S. Assessment of
Dissolved Salts Concentration of Seawater in the
Vicinity of Karachi. International Journal of Structural
and Civil Engineering, 1(2), 61-69.

Bilotta, G. S., & Brazier, R. E. (2008). Understanding
the influence of suspended solids on water quality and
aquatic biota. Water research, 42(12), 2849-2861.

Crump, J. A, Okoth, G. O., Slutsker, L., Ogaja, D. O.,
Keswick, B. H., & Luby, S. P. (2004). Effect of point-of-
use disinfection,  flocculation and  combined
flocculation—disinfection on drinking water quality in
western Kenya. Journal of Applied Microbiology, 97(1),
225-231.

Chin, D. A. (2012). Water-Quality Engineering in
Natural Systems: Fate and Transport Processes in the
Water Environment. John Wiley & Sons.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Rasel, H. M., Hasan, M. R., Ahmed, B., & Miah, M. S.
U. (2013). Investigation of soil and water salinity, its
effect on crop production and  adaptation
strategy.International Journal of Water Resources and
Environmental Engineering, 5(8), 475-481.

Toze, S. (2006). Reuse of effluent water—benefits and
risks. Agricultural water management, 80(1), 147-159.

Shaikh, H., Memon, N., Bhanger, M. I., & Nizamani, S.
M. (2014). GC/MS Based Non-target Screening of
Organic Contaminants in River Indus and its Tributaries
in Sindh (Pakistan). Pak. J. Anal. Environ. Chem.
Vol, 15(1), 42-65.

Memon, N. A., Unar, M. A, Ansari, A. K., Khaskheli,
G. B., & Memon, B. A. (2008). Prediction of parametric
value of drinking water of Hyderabad City by artificial
neural network modeling. WSEAS Transactions on
Environment and Development, 8(4), 707-716.

Sohag, M. A., & Syed, M. A. (2014). Pollution and
Encroachment of Phuleli Canal along the Periphery of
Hyderabad City of Pakistan. Am. J. Biomed. Sci,6(2),
72-81.

Laghari, A., Chandio, S. N., Khuhawar, M. Y., Jahangir,
T. M., & Laghari, S. M. (2004). Physico-chemical study
and budgeting of wastewater from Hyderabad City
limits. J. Biol. Sci, 4, 317-322.

Mastoi, G. M., Palh, Z. A., Lashari, K. H., & Naz, A.
(2014). To study the effect of iron load on plasma
minerals and hematological parameters in thalassemia
patients. Journal of Applied Science and Research, 2(5),
26-33.

Qureshi, S., Mastoi, G. M., Ghanghro, A. B., & Mastoi,
A. W. (2012). Impact of Sewage Water on Quality of
Fullali Canal Water, Hyderabad, Sindh, Pakistan.
Springer Vienna, 191-197.

Soomro, A., Siyal, A. A., Mirjat, M. S., & Sial, N. B.
(2014). Seasonal variations of trace elements and heavy
metal concentrations in Phuleli canal water (Sindh),
Pakistan. Sarhad Journal of Agriculture, 30(1), 73-82.

Soomro, A., Siyal, A. A., Mirjat, M. S., & Sial, N. B.
(2013). Seasonal Variability of Trace and Heavy Metals
Concentration in Groundwater and its Quality for
Drinking and Irrigation Purpose under Phuleli Canal
Command Area (Sindh), Pakistan. Journal of Basic and
Applied Sciences, 9, 550-561.

| QUAID-E-AWAM UNIVERSITY RESEARCH JOURNAL OF ENGINEERING, SCIENCE & TECHNOLOGY, VOLUME 14, No.2, JULY-DEC. 2015 || 33 |




MEDICINAL PLANTS’ USE IN AND AROUND KALINZU CENTRAL FOREST RESERVE, BUSHENY —
WESTERN UGANDA

Mumtaz Ahmed Sohag*, Musinguzi Danson**
ABSTRACT

This study assessed medicinal use, the environmental diversity and conservation of medicinal plant
species and to evaluate how significant medicinal plants were used in the treatment of various
ailments among the local communities. Kalinzu CFR is a natural tropical forest in Western Uganda
whose existence is threatened by the increasing human population and pressure for demand of its
wood and non-wood resources for medicinal use.

Tools used included stratified random sampling, structured questionnaires, to select and obtain
information on local plant species used for medicinal purposes, the parts used, modes of their
preparation and applications as well as the ailments treated was obtained. In-situ physical study on
the plant species and Floristic information on the plant species was obtained by transects and
guadrant methods made from the six sub-counties adjacent to Kalinzu’s forest interior. Small eight
sample plots of dimensions 30m length by 15m width were made on each transect line separated by
a distance of 100m using tape measures and marked with flagging tapes. The study used
guantitative techniques of data analysis involving Shannon Weiner Index.

The results showed 18 species, belonging to 13 families and 16 genera used by the local communities.
Forest products included fruits; vegetables, medicines, firewood, construction materials or other
purposes, but a greater percentage uses the forest for medicinal values (76.7%0). Plant leaves (42.5%)
and bark (30%) were the most common plant parts used for medicinal purposes. Trees were the
major sources of medicines as observed (50%) followed by shrubs (27.8%). The plant species most
used were in the families’ fabaceae (16.7%) and lamiaceae (16.7%) while the least species used were
in the family menispermaceae (5.6%). Plants at the edges of the forest were harvested more
frequently than those in the interior of the forest due to proximity. There were minimal local
community conservation initiatives of medicinal plants (89%) as compared to 11% of the people who
had cultivated plant species that were increasingly harvested or their habitats destructed.

In conclusion, harvesting methods and traditional status of individuals that make medicinal plants
the basic primary health care comparing to expensive and inaccessible western medicines is a factor
hindering effective implementation of conservation measures. Besides, there is great need to educate
and involve the communities in species conservation projects.

Keywords: Diversity, Medicinal plant, Plant species, Fabaceae, Menispermaceae

1. INTRODUCTION in plants, which have been used in the commercial
production of modern medicines. It is estimated that 90%
of the population in developing countries rely on the use
of medicinal plants to help them meet their primary health
care [3]. Apart from the importance of medicinal plants in
the primary health care systems of local communities,
medicinal plants also improve the economic status of
local people involved in their sales in markets all over the
world [4]. However, there has been a tendency of
deforestation, over-grazing, over harvesting and bush
burning, which has contributed to depletion of different
useful plant species [5].

Indigenous communities all over the world use plants for
various purposes such as medicine, fuel, food, manure,
construction materials, crafts and several other domestic
uses [1]. Developing countries lying in the tropics like
Uganda have used tropical plants as a great source of
medicines, especially traditional medicine, which is
useful in the treatment of different diseases. The modern
pharmaceuticals also rely on medicinal plants for their
modern medicines [2]. Traditional medicines derived
from plants have not only played a role in providing
healing of various ailments, but have also contributed to
the discovery of most pharmaceutically active substances The highest numbers of plants collected by the people are
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in the category of medicinal and aromatic plants [6].
About 50,000 of the flowering plant species occurring in
the world have been studied for their medicinal purposes
[7]. These flowering plants occur in many families, with
some of the families having more medicinal plant species
than others. The most species rich medicinal plant
families include Fabaceae, Asteraceae and Lamiaceae [8].

In traditional medicine, different plant parts are used to
treat different diseases and are prepared in various ways;
and the modes of preparation and application differ from
one healer to another [9]. For medicinal purposes, plant
leaves, stems, barks, fruits and roots are often used. This
is smeared, rubbed or drunk by the patient. The
knowledge of use and application of a traditional
medicine is closely bound up with the way of life and
culture of the people.

However, increasing demands for medicinal plants locally
and internationally have resulted in the over-exploitation
and indiscriminate over harvesting of medicinal plant
species. The degree of distribution and disturbance of the
species population and vulnerability depends on the
demand and supply; the part used, and the life span, of the
scarce slow growing forest species, (Robbins, 2000). The
kind of harvesting technique is important in the use and
conservation of medicinal plants as some may be
destructive [10]. Interests in medicinal plants as re-
emerging health aid have been fueled by the increasing
costs of drugs prescription in the maintenance of personal

health and well-being, and the bio-prospecting of new
plant-derived western drugs. Land clearance and
harvesting of forests for charcoal, medicinal and food use,
are having a detrimental effect on the wild medicinal
resources [11]. However, the value of indigenous
knowledge in agriculture, agro forestry and rural
development has become increasingly recognized over
the decade.

2. PURPOSE OF THE STUDY

The study documented medicinal plants used by local
communities living around Kalinzu Central Forest
Reserve. In the recent years, forests have been viewed as
a source of national revenue with timber as the prominent
product. However, in the vague of fast disappearing forest
cover, great interest is needed to be attached in non-
timber forest products which range from gums, resins,
fruits, flowers, seeds and seed derivatives, whole plant,
leaves, roots, or stem bark and other forms of medicines
[12-13]. The traditional medicines and pharmaceuticals
derived from forests have today played an important role
in the primary health care (PHC) of millions of people
[14-15]. The study therefore, was to increase a descriptive
capacity and rationality of different medicinal plant
taxonomies used by the communities living around
Kalinzu forest, and to enhance community awareness by
providing information to improve their conservation
values.
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Figure-1: Map of Bushenyi District showing the location of Kalinzu CF
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3. RESULTS AND DISCUSSIONS

The study results revealed that in traditional medicine,
different plant parts are commonly used to treat various
diseases, although the modes of preparation and
application differ from one species to another and one
healer to another [9]. Flowering plants occur in many
families, with some of the families having more medicinal
plant species than others. The species that are rich
belonging to medicinal families are Fabaceae, Lamiaceae
and Asteraceae [8]. Therefore, the research findings of the
study were in agreement with the findings of above
mentioned researchers. The results revealed that
medicinal plant species in Kalinzu Central Forest Reserve
and grasslands around are diverse in types and their parts
used for the treatment of diseases, with the leaves (42.5%)
bark (30%) and roots (20%) being the most commonly
harvested parts used in herbal medicinal preparations.

The medicinal plants were used to treat many kinds of
diseases such as sexual disorders, fevers, pressure,
digestive disorders, STDs and common colds to mention a
few. For medicinal purposes, plant decoctions of leaves,
barks, stems, roots or flowers are often used. This is either

- s

with sweet smell and is white with red stamen filaments.

drunk or applied externally on the body or part affected
on a patient.

A total of 18 medicinal plant species were identified in
the study conducted in the six villages of Swazi,
Kishunju, Kyamuhunga, Butare, Kayanga, and Mashonga
during the excursions into Kalinzu Central Reserve.
Medicinal plant species were observed in different growth
forms and morphological structures; these treated either
one or more diseases or were found cross-cutting. This
meant that some species work best when mixed together
during their preparation as decoctions or infusions. In
some circumstances, decoctions had common methods of
preparation while others could differ in their methods of
preparation and applications. Below are descriptions of
identified medicinal plants for their preparations,
applications and the ailments they treat.

The plant of Albizia coriaria belongs to the family
fabaceae, local named Runyankole (omusisa) Figure-2
and Figure-3. Growth habit of the tree has bi-pinnate
leaves and its trunk is often twisted, with rough and
raggedly scaled grey-black bark. It bears many flowers,

Figure-3: Plants of American worm weed are used for children’s convulsions, constipation, chest pain, cough and asthma,
stop vomiting, headache, expels intestinal gas and stomachache and treats stomach worms in children.
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Results from the forest’s sampled plots show that species
throughout the forest are not evenly distributed and there
was a decline in availability of most medicinal plant
species with the increasing distance into interior of the
forest. Also, some medicinal species showed a general
decline in their abundance due to habitat destruction and
unsustainable harvesting methods. Medicinal plant
species were reported to re-grow but at a slower rate than
individuals could harvest them, an indication that the
species were likely to disappear in the future. About 89%
of the local people including (THS, TBAs and TMPs); do
not practice conservation of medicinal plant species on
their farmlands. Only 11% of the population conserves
these species by cultivating them in gardens or around

homesteads or in fallow lands.

Eighteen medicinal plants, both cultivated and wild,
(Table-1) were documented and identified in the study
area. The abundance and distribution of medicinal plant
species in different diameter size classes is presented
(Table-2). These were grouped into pairs transects for
analysis, that is to say, transect TD1 and TD2, transect
TD3 and TD4, and transect TD5 and TD6. Most of the
medicinal plants utilized by the local populations living
around Kalinzu forest are got from wild, often in
grasslands within the peripherals of the forest. However,
fewer medicinal plant species were cultivated in
farmlands or preserved in fallow lands.

Table-1 Medicinal plant species, cultivated and wild used by communities living around Kalinzu Central Forest Reserve

Cultivated plant species

Wild plant species

Botanical Local name Botanical name Local name
Aloe Rukaka/ Aloe ferox * Rukaka /enkokomtaya
ferox* Omujaaja Kamaramahano
Ocimum Eurphobia hirta Outotoima
suave* Omuteete Hoslundia opposita Ekikuzanyena
Cymbopog Warburgia
on citratus | Ensogasoga ugandensis Kifaru
Ricinus Chenopodium
communis* ambroisosides Omujaaja
Muringa Ocimum suave* Omugabagaba or omukyola
Moringa Senna didymorbortrya ekibirizi
oleifera Niimu Vernonia anygalalina
Azadiracht Spathodea campanulata Omunyara
aindica Basella Alba
Erythrina Abyssinica Enderema
Ricinus communis* Ekiko
Leonotis nepatae folia Ensogasoga
Ficus natalensis Ekicumucumu
Albizia coriaria
Omutoma
Omusisa

*Represent those medicinal plant species that exist both cultivated and in the wild
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Table-2 Frequency of distribution of medicinal plant species in Kalinzu Central Forest Reserve (f = 173).

. Frequencies of species per transect
S. No. Botanical name D1 TD2 TD3 P TFE)4 TD5 TD6 Total
01 Aloe ferox 00 01 00 00 03 02 06
02 Euphorbia hirta 00 00 01 02 02 00 05
03 Hoslundia opposita 06 00 02 01 00 01 10
04 Warbugia ugandensis 02 05 04 01 00 00 12
05 Chenopodiumambrosioide 00 04 01 00 00 02 07
06 Ocimum suave 03 01 00 00 01 01 06
07 Senna didymorbortrya 04 01 06 00 03 00 14
08 Vernonia amygdalina 02 05 05 07 01 06 26
09 Cymbopogon citratus 00 00 00 00 00 00 00
10 Spathodea campanulata 04 01 01 05 00 00 11
11 Basella alba 01 00 04 06 00 00 11
12 Erythrina abyssinica 00 00 03 02 00 02 07
13 Ricinus communis 08 04 03 05 06 04 30
14 Leonotis nepatae folia 01 03 00 05 00 01 10
15 Ficus natalensis 02 02 00 05 00 03 12
16 Moringa oleifera 00 00 00 00 00 00 00
17 Albizia coriaria 01 00 02 00 03 00 06
18 Azadirachta indica 00 00 00 00 00 00 00
TOTAL =173

Key: Transect Name: TD1 = Swazi transect TD2= Butare transect TD3 = Kyamuhunga transect TD4 = Kishunju transect TD5 = Kayanga
transect TD6 = Mashonga transect

Table-3: Medical Plant species’ abundance percentages, density and diameter size classes (Dbh) of observed species (n = 18)

Botanical name Species (%) Sp.density Dbh /cm Frequency (F)
Aloe ferox 3.2 0.28 - 06
Euphorbia hirta 2.7 0.23 - 05
Hoslundia opposite 5.4 0.46 0.70 10
Warburgia ugandensis 6.5 0.56 160.0 12
Chenopodium ambrosoiodes 3.8 0.32 - 07
Ocimum suave 3.2 0.28 0.20 06
Senna didymorbortya 7.6 0.65 12.7 14
Vernonia amygdalina 14.1 1.20 14.4 26
Cymbopogon citrates 3.8 0.32 - 07
Spathodea companulata 5.9 0.50 125.2 11
Basella alba 5.9 0.50 0.40 11
Erythrina abyssinica 3.8 0.32 109.9 07
Ricinus communis 16.3 1.39 111 30
Leonotis nepatae folia 5.4 0.46 0.50 10
Ficus natalensis 6.5 0.56 73.2 12
Moringa oleifera 11 0.09 19.7 02
Albizia coriaria 3.2 0.28 179.6 06
Azadirachta indica 1.6 0.14 39.8 03
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4. CONCLUSIONS

The study findings suggest that all the people living in
communities around Kalinzu CFR utilize the forest as a
source of medicinal plant species and for other purposes.
However, the use, harvesting and processing of medicinal
plant species from Kalinzu forest is not sustainable. Un-
sustainability is due to poor harvesting methods such as
debarking, stem cutting or uprooting of plants that could
result into drying of part or the whole plant. Also, over-
harvesting of plant parts could reduce the potential of the
plants’ population to regenerate and meet the increasing
demands of the people.

The results identified 18 medicinal plant species belonging
to 13 families and 16 genera with some plant species used in
the treatment of common diseases, but their methods of
preparation and applications could be similar or different, as
well as the dosage administered. However, most of the
herbal medicines were used in liquid form as decoctions or
infusions. To a small extent, dry and powdered herbal
medicines would be used externally or chewed when dry-
solid. The leaves were mostly used part of the plants
(42.5%) and bark (30%) and the least used part were the
flowers (0.5%). Hence, the use of leaves and bark could
damage the parent plant’s tissues and potentials to
regenerate easily.

About conservation measures, a greater proportion of the
local communities living around Kalinzu forest (89%) did
not practice any methods of conservation of medicinal
plants, equivalent of 178 respondents interviewed of 200.
Those who grow some medicinal plant species in their
gardens or homes (11%) grow very few species of these
plants (33.3%). Lack of conservation projects in these areas
could be one of the reasons to account for this. Also, the
belief by the local populations that medicinal plant species
are abundant in the forest and that there is no need of
growing them in gardens and homes.
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POWER FLOW ENHANCEMENT OF 220 KV TRANSMISSION LINE WITH UNIFIED POWER FLOW
CONTROLLER

Muhammad Wagas*, Najeeb-ur-Rehman**, Kashif Hussain*, Rameez Akbar Talani***, Jamshed A. Ansari*
ABSTRACT

A reliable and economical electrical power system plays a vital role in the economy of any country
and its failure may seriously affect the economy. In order to achieve the reliable performance of the
power system, different research techniques are being carried out. The Flexible Alternating Current
Transmission System (FACTS) is a cutting edge technology and its key function is to enhance the
control and power handling capability of Alternating Current (AC) transmission systems. The
Unified Power Flow Controller (UPFC) is the advanced FACTS controller developed with the
properties of phase shifting, voltage regulation and series compensation. It is capable of controlling
the active and reactive power through a transmission lines. In this research work, the data of 220 kV
transmission line has been collected and unified power controller has been designed in
MATLAB/Simulink environment software to increase the reliability and performance of the
transmission line. The 220 kV transmission line model has been simulated with and without UPFC in
the system using MATLAB software. The simulation results of UPFC are compared to prove that
this type of controller has a great impact for controlling active and reactive power of transmission
line than other conventional controllers.

Keywords: power system, alternating current, flexible ac transmission system, unified power flow controller.

1. INTRODUCTION system operational behavior.

Modern electricity supply system is invariably three-
phase. The design of transmission and distribution
networks is such that normal operation is reasonably close
to balanced three-phase working, and often a study of the
electrical conditions in one phase is sufficient to give a
complete analysis [1]. A simple way of graphically
representing a network is the schematic or line diagram in
which three-phase circuits are represented by single lines.
Transmission refers to the huge transfer of power by high
voltage links between central generation and load centers.
Distribution describes the dispatch of that power to the
consumers by lower voltage networks [2] and [3].

In power system, the most important part is transmission
system network. It acts as critical link amongst the
generators and end in electricity supply [4]. Electrical
power transmission systems are subjected to continuous
rise of demand through-out the world and require
installing new power stations. This may cause
overloading of existing transmission lines and
transformers. To tackle these issues, utilities may be
required to erect the new transmission lines, upgrade the
transformers and system components [5]. These
requirements are becoming restrictive because of
economic and environmental factors. Automatic control
methods and device s can be employed to enhance the

Therefore, advanced and fast control components should
be designed to extend the transmission capacity by
utilizing installed power plants and loading transmission
lines near their thermal limits even in contingency
situations. Flexible Alternating Current Transmission
Systems (FACTS) controllers are installed at electrical
power systems for improving its performance [6].

1.1  Flexible Alternating Current Transmission
System (FACTYS)

The rising need and complex electrical power systems
need efficient operation of load flow control system and
keep the required load flow and improve all sort of
stability [7]. The invention of power electronic
components and design of control systems have made it
possible for the implementation of dynamic controllers
also called FACTS, which emerge as practically capable
control systems for the efficient operation of the dynamic
system behavior [8]. The FACTS is adopted like family
of power electronic devices that have been installed to
control and optimize the power flow in transmission line

[°].
1.2 Unified Power Flow Controller (UPFC)
The most advanced FACTS controller is the Unified
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Power Flow Controller. It combines three compensation
properties that are phase angle, voltages and impedance,
which have ability to produce a comprehensive
compensation [10], [11] and [12]. It comprises of two
voltage source converters; shunt and series converters that
are connected with one another by dc link. Static
Synchronous Series Compensator (SSSC) is installed to
control the magnitude of voltage and phase angle in series
with  transmission line and Static Synchronous
Compensator (STATCOM) is installed to control reactive
power in power system, it supply dc power needed for
combined inverters [13] and 14]. The branch comprises of
a series transformer, shunt transformer and converters.
This Vehicle Stability Control (VSC) share a common dc
capacitor [15]. Its diagram is mentioned in Fig. 1.

I_ %mdmw
Capacitor Serks
Shl.m %_ = ._Ww
Compensator

k-1
%

Sef-Commutated Inverter

Figure-1: Unified power flow controller.
2. WORKING PRINCIPLE

Both voltage source inverters can operate independently
with respect to one another by isolating the dc part. The
shunt inverter is working as STATCOM that can control
reactive power for regulating the magnitude of voltage at
connection. The SSSC can control reactive power for
regulating the flow of current; therefore power flow
through the transmission line is controlled. UPFC
possesses multiple operation modes. The shunt inverter
can be operated by injecting a controlled current in
transmission line. The shunt inverter is controlled with
two operating modes:

2.1  Volt Ampere Reactive Control Mode

The reference is a capacitive or inductive Volt Ampere
Reactive (VAR) setting. The control samples reference
setting in to a related shunt current signal and set the
inverter gate to produce required current. The necessary
feedback signal representing the dc voltage V. is needed
[16].

2.2  Automatic Voltage Control Mode

The shunt reactive current is maintained automatically for
regulating the transmission line voltages at connection
point to a preset quantity. Voltage feedback signal is
gained from the sending end bus feeds the shunt
transformer [17]. The series inverter will control the

magnitude and angle of the series injected voltage with
the line to control the power flow. The injected voltages
value is achieved by different methods.

Direct Voltage Injection Mode: The reference inputs are
directly injected to phase angle and magnitude of series
voltage [18].

Phase Angle Shifter Emulation mode: The reference
input is phase displacement among sending and receiving
end voltages.

Line Impedance Emulation mode: The reference input is
an impedance preset value by inserting in series with the
line impedance. [19]

Automatic Power Flow Control Mode: The reference
inputs are preset values of active power and reactive
power for maintain the parameters of transmission line
irrespective of changes in system [20].

3. CHARACTERISTICS

The UPFC is the cutting edge power system controller
and capable to provide control of magnitude of voltage;
active as well as reactive power flows altogether. It
possesses extended functionality, capable of voltage
control, line impedance and phase angles in power
system, capability of power transfer is enhanced, decrease
in generation cost, improved security, stability and
applicable for power flow control [21].

4. MATLAB SIMULATION

It is a high-level language and interactive environment for
programming, simulation, and numerical analysis. We can
process data, create algorithms, design models along with
applications. The language, tools, and math functions
helps us by exploring wide methods and achieve solutions
[22]. Simulink is a block diagram environment for
simulation and model based design. It supports system
level design, simulation, automatic code generation, and
continuous tests. Simulink has graphics editor, block
function libraries, to solve for modeling and simulation of
dynamic systems. It is integrated with MATLAB,
enabling to incorporate MATLAB algorithms into models
[23].

5. METHODOLOGY

In order to improve the power handling capability of a
220kV transmission line, transmission line model has
been simulated in MATLAB Simulink environment to
analyze the performance of transmission line before and
after simulating the UPFC in the model. The technical
data of a 220kV transmission line has been collected from
National Transmission and Dispatch Company Limited.
The performance of a transmission line with and without
UPFC in the system has been analyzed. The data of
220KV transmission line has been shown in Table 1.
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Table 1: Technical data of 220kV Transmission line

Type of conductor RAIL

Length of transmission line 1444 KM
Transmission line rating 330 MVA
Current rating 880 Amperes
Voltage rating 220 K.V
Frequency 50 Hz
Resistance per KM 0.06 Ohms
Inductive reactance per KM 0.3921 Ohms
Inductance per K.M 0.0012 Henry

6. DEVELOPMENT OF 220KV TRANSMISSION
LINE MODEL

The Simulation model in Fig. 2 is the 220 K.V
transmission line model along with two loads connected
mentioned as loadl and load 2. In this model pie section
of transmission line have been taken in to consideration
for analysis.
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Figure-2: Simulation model of 220 K.V transmission line.

7. DEVELOPMENT OF 220KV SHIKARPUR-
GUDDU TRANSMISSION LINE MODEL
WITH UPFC

The Simulation model of 220kV transmission line along
with unified power flow controller is shown in Fig. 3.
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Figure-3: Simulation model of 220 K.V transmission linewith
UPFC.

8. SIMULATION RESULTS

The graphs mentioned in Figs. 4 and 5 show the
waveforms of Active power and reactive power before
and after implementing UPFC in the simulation model. In
Fig. 4 the green color waveform is active power flow
through the transmission line. The blue color waveform is
active power flow through the transmission line after
simulating UPFC in the system in Fig. 3.
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Figure-4: Waveforms of active power before & after
implementing UPFC.

In Fig. 5 the red color waveform is reactive power
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flowing through the transmission line while the green
color waveform is reactive power flowing through the
transmission line after simulating UPFC in the system in
Fig. 3.
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Figure-5: Waveforms of reactive power before & after
implementing UPFC.

8.1 Comparison of Results

The results depicted in Table 2 show that the active and
reactive power of 220kV transmission line is improved
after implementation of UPFC based controller. The
results for the active and reactive power flow of
transmission line are calculated in terms of actual values
as well as in p.u quantity. This proves the applicability
and suitability of UPFC based controller for the
transmission line.

Table 2: Comparative analysis of results before and after
implementing UPFC

0.9

M Active...
M Reactive...

Without UPFC

With UPFC

Electrical Without UPFC With UPFC
Quantities

. Actual
Quantity P.U Value P.U |Actual Value

Active Power ]0.61 |135.8 MW [0.87 |195.1 M.W

Reactive Power [0.54 |119.7 Mvar |0.92 {207 Mvar

8.2  Graphical Representation of Results

Fig. 6 shows the graphical representation of simulation
results for active and reactive power flow of the
transmission line. The results for active and reactive
power for transmission line are simulated with and
without UPFC based controller and are then compared
graphically in terms of per unit values. The improved p.u
values with UPFC based controller clearly state its
applicability.

Figure-6: Graphical representation of results.
9. CONCLUSION

After simulating the UPFC, the load flow through the
220kV transmission has been improved. Active power
through the system has been enhanced. As power flow is
enhanced so the per unit cost will also be reduced.
Existing transmission lines can be used at an extending
capacity thereby reduced the economic burden of newly
erected transmission lines. Technical losses through the
transmission line are reduced. Therefore, the overall
performance of a transmission line is improved.
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ALL-RE: AMODEL FOR TEACHING AND LEARNING REQUIREMENTS ENGINEERING

Rafia Naz Memon*, Irfana Memon**, Shah Zaman Nizamani*, Fiza Siyal*, Pardeep Kumar**
ABSTRACT

Requirements Engineering (RE) is an uncertain discipline and requires comprehensive
understanding from the organizational, human and technical aspects. Therefore a suitable and
adaptive approach is needed to teach RE. This paper aims to analyze the student’s and lecturer’s
perceptions and understanding of RE and propose a learning model that can be adopted and
employed to teach RE course. Through literature review and surveys, the student’s and lecturer’s
perceptions and understanding of RE were analyzed that lead us to the need of a collaborative and
sustainable learning model for teaching RE course. A learning model based on activity-Led learning
(a pedagogical approach that uses activity as a main point of learning experience) was proposed for
teaching RE. The proposed model was named as ALL-RE to depict that the model is based on
activity-Led learning (ALL) and intended to be used for teaching and learning requirements
engineering (ALL-RE). The main ideas of ALL-RE model is the inclusion of teaching and learning
material (in the form of RE course material, knowledge repository and case studies) and various
teaching, learning and assessment methods. ALL-RE was then evaluated through expert reviews by
the RE experts and showed positive results.

Keywords: Requirements Engineering, Requirements Engineering Education, Activity-Led learning, didactic triangle.

1 INTRODUCTION certifications. Through literature review and surveys, the
student’s and lecturer’s perceptions and understanding of
RE are analyzed using edges of didactic triangle proposed
by [8]. This analysis results lead us to the need of a
collaborative and sustainable learning model for teaching
RE course. A learning model based on activity-led
learning (a pedagogical approach which uses activity as a
focal point of learning experience) is then proposed. The
proposed model was named as ALL-RE to depict that the
model is based on activity-Led learning (ALL) and
intended to be wused for teaching and learning
requirements engineering (ALL-RE). The main ideas of
ALL-RE model is the inclusion of iterative process of
learning, the knowledge repository that keep past
examples, the ability to retrieve related example projects,
and the ability to share and get feedback from others in
the class. ALL-RE was then evaluated through expert
reviews by RE experts (the lecturers who have experience

Requirements Engineering (RE) is considered as one of
the most complex discipline of software engineering. [1]
Due to its complex and uncertain nature, it requires
comprehensive understanding of organizational, human
and technical aspects of users and systems. The future
software/requirements engineers will get in depth
knowledge of RE only when they are taught RE as a core
course in universities using rigorous teaching methods.
However as evident by RE literature, the RE course
offering in universities have several deficiencies. The
problems that students and lecturers face in studying and
teaching RE course are reported in several studies such as
[2-6] etc. Due to the deficiency of RE course offerings in
universities, software developers have to learn to perform
RE while doing their jobs [7]. This makes most software
developers lacking in RE skills and knowledge. Therefore
it Is suggested that a suitable and adoptlve_approach 1S of teaching and researchers who are doing research on
needed to teach RE course that can provide students RE)

sufficient RE skills and prepare them for working on '

industrial projects. The rest of paper is organized as follows. Section 2
presents the student’s and teacher’s perceptions and
understanding of RE course through edges of didactic
triangle, section 3 elaborates the need of a learning model
for teaching RE course, section 4 presents the proposed
learning model (ALL-RE) and explains its components,
section 5 presents the evaluation of ALL-RE model and
section 6 summarizes and concludes the paper.

This study therefore aims to analyze the student’s and
lecturer’s perceptions and understanding of RE and to
propose a learning model that can be adopted and
employed to teach RE course to software engineering
students in a traditional academic environment in
universities. The proposed model can also be used to
teach RE in industry led and open delivery courses and
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2 THEDIDACTIC TRIANGLE

An effective way to analyze and describe the teaching
situation of the subject is through three main elements:
the student, the teacher and the content [9]. The didactic
triangle by Kansanen [8] effectively illustrates these
elements and their interaction. The triangle is used as an
analytical tool for analyzing and improving awareness of
the current status of the subject (RE in our case) [9].
Kansanen’s didactic triangle is presented in Fig. 1 below.

Context of
Teacher
learning situation

Contens

- o Student
(RE) * > >

Figure-1 The didactic triangle

In this study, teaching and learning situation of RE course
is analyzed using edges of didactic triangle that are: RE
and teachers, RE and students, and student and teacher.
The following sub sections discuss each of them.

2.1 RE and Teachers

In the relation between the teacher and the content, the
teacher’s competence in content is in focus [8]. The
relationship between teachers and RE is analysed to find
out the teacher’s perception and understanding of RE.
Most of the authors of studies related to Requirements
Engineering Education (REE) are lecturers teaching RE
course. They have shared their experiences of teaching
RE and presented problems they encountered in teaching
RE. Our analysis based on the related literature review
and the survey results performed on lecturers [5] lead us
to the following observations:

e The commonly used RE teaching methods are lectures,
whereas a few other approaches used are labs, group
discussions and presentations.

e Most of the basic RE concepts are taught in RE course,
while RE challenges are not emphasized due to the
lack of practical work. Lecturers feel that it is difficult
for them to set practical exercises for students in class.

e Teachers have not given sufficient time period to cover
RE (normally they have to complete the course in
about 3-4 months), while the advanced RE topics are
not covered by the syllabus provided to them by the
course designers.

o Lecturers face difficulty in teaching students to deal
with RE challenges such as changing requirements.

e According to lecturers, teaching students to
communicate with original customers need a lot of
resources not usually available at institutions.

o Lecturers feel it difficult to find the good case studies
and proper RE tools to be used for teaching RE.

e Many researchers have provided solutions to resolve
REE problems and improve REE, however REE
community still report many problems.

Based on the above observations, it can be concluded that
lecturers are ready to offer practical experience to
students by giving them practical examples, and assigning
and involving them in lab exercises, but they are unable to
do so due to the lack of proper course materials, resources
and advanced teaching methods.

2.2 RE and Students

The student’s relationship to the RE is the key to didactic
understanding [8]. The relationship between students and
RE is analyzed to find out the student’s perception and
understanding of RE. Our analysis based on related
literature review and results of surveys performed on
students [2, 10] lead us to the following observations.

e The students are mostly learnt RE through lectures,
presentations and group discussions. Only few have
exposure of lab exercises.

e They find requirements modelling and analysis as the
most difficult RE activity to perform.

e Mostly students taking RE course have no industrial
experience neither they have provided any while
teaching RE course but only been exposed to small and
toy projects.

e The students have been taught basic RE concepts but
dealing with RE challenges and RE process models are
not emphasized in class.

e Students need group projects and independent
exercises as assessment methods.

e Students found RE course hard to understand and
boring due to strong emphasis on theoretical parts
rather than practical side.

e Students have difficulty in applying knowledge of RE
in the real world.

Based on above observations, it can be concluded that
students need improved teaching approaches that can
introduce exercises, real-life examples of industrial
projects, more interesting ways to deliver lecturers,
reduce theoretical parts and include tools to perform RE
activities in practice. In addition, they need enhanced
assessment methods such as group assessment.

2.3  Teachers and Students

The relationship between teachers and students is a
neglected area of REE research. The teacher-student
relationship is a two-way but REE literature does not
write more on this relationship. In general, a few
reporting from literature are presented here.
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A focus group study was conducted with teachers by [11].
One focus group participant stated about the emotional
connection with students as... If you want to be a good
teacher, you really have to show the students ... that you
are passionate about the things you are teaching. The
students can very quickly discover the fraud, so you must
actually show your love of that material, if that comes
across | think half the battle is won. [12] argued that the
student-centered approach is more advanced and
effective, in that it presupposes the teacher-centered
approach. To focus on the student, a teacher must be
capable of taking a step ‘outside’ herself and seeing her
acts not as an aim in itself, but in relation to the student.

Based on this analysis, it can be concluded that the
attitude of teachers is an important factor. RE course
should be taught using student-centered approach in
which teachers should not only teach students through the
usual role of informer, but also collaborate with students
by using various teaching methods and by playing
different roles.

3 THE NEED OF A LEARNING MODEL

The information about existing REE literature and state-
of-art concepts is presented in our previous work. Such as
complete analysis of all REE problems reported in
literature is presented in a conceptual integrated model
[6], verification of REE problems through empirical
studies from lecturers is presented in [5] and from
students is presented in [10], recommendations for
improving REE are presented through a direction
framework in [10], and critical issues in REE are
presented in [13].

It is observed that RE process as presented in the books
and literature and as it is being taught in institutions are
not according to the needs of industry [14]. Students and
teachers are facing number of problems in learning and
teaching RE course. This is due to the fact that students
are still taught RE through traditional methods. It is
therefore recommended that software engineering
education  should introduce alternative teaching
approaches. [15] Thus, there is a need of improved
teaching and learning approach to include learner-
centered design while developing curriculum and
teaching methods, to exploit new technologies for on-
campus learning [16].

Based on the analysis of didactic relationships, an
approach for teaching RE is needed that can:

Incorporate practical experience

Use real projects

Assign lab exercises

Include real-life examples of industrial projects
Include tools to perform RE activities

Reduce theoretical parts

o Use student-centered approach
¢ Include enhanced assessment methods
o Actively involve students in a learning process.

The student-centered teaching approach can be developed
in the form of a learning model. McCowan and Knapper
point out: “Learning is a passive system has a much
greater tendency to be both superficial and quickly
forgotten. Active involvement in learning helps the
student to develop the skills of self-learning while at the
same time contributing to a deeper, longer lasting
knowledge of the theoretical material...[and]...it is almost
the only effective way to develop professional skills and
to realize the integration of material from different
sources” [17]

A learning model based on Activity-Led Learning (ALL)
was therefore proposed in order to actively involve
students in a learning process. ALL was selected because
it is a learning approach that emphasizes on promoting
student retention, engagement and achievement, and
hence can serve the aim of this study. The proposed
learning model is described in the following section.

4 A PROPOSED LEARNING MODEL

This section first introduces ALL approach and then
presents the proposed learning model in detail.

4.1  Activity Led Learning (ALL)

The ALL approach was proposed by Conventry
University, UK to improve the learning experience of
students and address the problem of student satisfaction
and retention rates. ALL is a pedagogic approach in
which the activity is the focal point of the learning
experience and the tutor acts as a facilitator. An activity is
a problem, project, scenario, case-study, research question
or similar in a class room, work-based, laboratory-based
or other appropriate setting and for which a range of
solutions or responses are appropriate [18]. ALL needs an
independent process in which the individual learner, or
team of learners, get and apply the information, practices,
personal and physical resources related to the task or
activity being performed [19].

4.2 ALL-RE: A learning model based on ALL

A learning model was proposed that applies ALL to RE
course (and therefore named as ALL-RE). Through ALL
approach, the students acquire technical skills as well as
some business knowledge and practice some of their soft
skills on real-life situations [20]. The ALL-RE model also
includes the material to help lecturers and students in
teaching and learning RE. The proposed ALL-RE
learning model is presented in Fig. 2. The components of
the ALL-RE model are explained in detail below.
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Figure-2 The ALL-RE learning model

RE teaching and learning material. The suitable and
appropriate material plays an important role in the
learning process. It is suggested that during RE course,
the lecturers should strive to provide students with the
following items.

RE course material. RE course should be designed
according to guidelines provided by software engineering
community in “Guide to Software Engineering body of
knowledge” [21]. In addition, a report entitled “Software
Engineering 2004 — Curriculum Guidelines for
Undergraduate  Degree  Programs in  Software
Engineering” [15] by ACM and IEEE education board
recommended software engineering core curriculum and a
section entitled “Software Modelling and Analysis”
includes the complete core RE curriculum. The course
designers should consider this core curriculum as a basis
to design RE courses for their universities. They can also
enhance and include advance topics depending on their
program structure and available resources. During RE
course delivery, the lecturers should provide complete RE
course contents along with the reference material to
students to help them in their learning process.

Knowledge Repository. Because of its theoretical nature,
the students take less interest in RE and easily forget the
important concepts. Therefore it becomes very difficult
for them to deploy those concepts for performing RE
activities. To address this problem, the idea of creating
RE knowledge repository is proposed. The knowledge
repository should keep all RE concepts with example
projects from industry, past examples solved by students,
solved case studies, sample software requirements
specifications (i.e. the final output of RE process) and any
other information that can help students in their learning
process. The students should be able to retrieve any
required information from the knowledge repository. The
lecturers should create the knowledge repository and
provide it to students during RE course.

Case studies. The students should be provided with the
list of unsolved case studies. Lecturer should make the
groups of 4-5 students and assign each group a case study
to solve. The students can take help from knowledge
repository by retrieving solved case studies and example
projects, and can make use of various learning methods to
solve the case studies.

RE teaching and learning methods. The teaching and
learning methods are based on ALL’s teaching, learning
and assessment methodology. To enhance students’
understanding and to provide them guidance in their
learning process, the following teaching and learning
methods should be used.

Teaching. The lecturer plays the role of tutor as well as
facilitator. In a traditional role of tutor, the lecturers
deliver their lectures according to predefined schedule.
While as a facilitator, the lecturer plays multiple roles.
Such as provide RE teaching and learning material
(including RE course material, knowledge repository and
case studies), facilitate students in the various learning
methods (e.g. play the role of virtual stakeholder) etc. The
teaching includes:

e |ectures

The lecturers deliver lecturers in a typical class room
environment to provide students the background
knowledge and basic RE concepts.

¢ Creative teaching techniques

The lecturer should always strive for using innovative and
creative teaching technique along with lectures to make it
easier for students to understand the complex and
theoretical subject like RE. In order to make class
experience of students interesting, creative teaching
applies flexible and appropriate techniques. Creative
teaching emphasized that the lecturers should be sharers
of knowledge as well as inspirers and navigators [22].

Lecturer should adopt various creative teaching
techniques based on subject matter, teaching resources,
their teaching style and personality influence. Few
examples of creative teaching techniques are: picture
prompt (showing students an image without any
explanation and ask them to explain it and justify their
answers, instructor storytelling (Instructor illustrates a
concept, idea, or principle with real-life application,
model, or case-study), empty outlines (distribute a
partially completed outline of today’s lecture and ask
students to fill it in at the start or at the end of class) [23].

Learning. As proposed by our model, learning RE is
achieved through the iterative process of learning various
methods. These methods are successfully adopted by
various researchers. The various learning methods are
presented below.
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e Project-based learning

Project-based learning engages students as active learners
by assigning them RE projects. Students experience and
learn to perform RE activities by applying them on their
projects. This method of learning has been emphasized
and adopted by [24]. Through project-based learning they
tend to provide in depth knowledge of RE to students and
improve the collaboration.

e Group work

Group work is a valuable experience for students that
provide them a better opportunity for learning many RE
topics as well as practicing the theoretical issues [25]. By
forming the groups of students and assigning them RE
tasks, students are encouraged to held group discussions
and performing group exercises. Learning through group
work is successfully adopted by [25-27].

e Brainstorming meetings

Brainstorming is the process of systematic and liberal
generation of a large volume of creative ideas from a
number of participants [28]. Typical brainstorming
meetings in RE course can bring students together into a
creative process through which the students can
effectively learn RE concepts. Learning through
brainstorming is successfully adopted by [3].

e Collaborative learning

Learning through collaborative activities aims to provide
students with RE skills by interacting with stakeholders
who have different needs and requirements. Our aim of
introducing collaborative activities in RE course is to
emulate an experience that students are likely to be
engaged in as practicing requirements engineers [29].
Learning through collaborative activities has successfully
been adopted by [29, 30].

e Discussion with virtual stakeholder:

Incorporating virtual stakeholder in RE course project and
learning through discussing with virtual stakeholder can
be an effective learning method to help students in
learning RE concepts and can improve students’
communication skills. The lecturers, supporting staff or
non-software engineering students can play the role of
virtual stakeholder. Learning through discussion with
virtual stakeholder has successfully been adopted by [31].

¢ Role playing:

Role playing is an effective and widely used technique for
teaching RE course [32]. The students can actively
participate in their learning by playing different roles such
as client and developer. Learning RE through role playing
has successfully been adopted by several researchers that
are [26, 33-35].

e Experiential learning:

The experiential learning method provides students
organizational experience in RE course by giving them an
opportunity to experience a simulated work environment.
Using this method, the students can learn RE practices by
playing the educational games that simulate a business
case and then discuss the problems faced in the game. The
experiential learning approach in teaching RE course has
successfully been adopted by [4, 36].

A few other methods that can help students in learning
RE are just-in-time learning (teaching fundamental
material immediately before teaching the application of
that material), learning by failure (Students are given a
very difficult task and then taught methods that would
enable them in future to do the tasks more easily and self-
study materials (Students work through their own
schedule, it include online and computer-based learning)
[37].

Assessment. The assessment should be performed in a
way that promote integration of assessment and
instruction, seeing the student as an active person who
shares responsibility, reflects, collaborates and conducts a
continuous dialogue with the teacher [38]. In RE course,
two assessment methods are suggested to be included in
order to help students in their learning process that are
peer assessment and tutor assessment.

e Peer assessment

Peer assessment is the process through which groups of
individuals rate their peers [39]. Peer assessment may be
in the form of informal feedback from group members or
it may involve the use of rating instruments designed by
lecturers or group heads before the peer assessment
exercise. The peer assessment method is suggested and
adopted by [20, 35] in their studies.

e Tutor assessment

This is the normal form of assessment carried out at
universities. However the suggested way of carrying out
this method of assessment is bit different. Tutor
assessment is carried out by lecturer who examines the
documentation developed by each group in response to
the tasks and projects assigned to them. There should be
an assessed seminar in which groups of students discuss
their solutions and the lecturer observes the quality of
their discussions. At the end of seminar, the lecturer
highlights the strengths and weaknesses of their solutions
and provides feedback on the performance of students.

5 EVALUATION OF ALL-RE

The proposed ALL-RE model was evaluated using expert
reviews. This evaluation study aimed at evaluating the
effectiveness of ALL-RE model for teaching and learning
RE course in universities. This section presents the
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evaluation study in terms of participants, questionnaire,
procedure used and results.

5.1 PARTICIPANTS

The target participants of this study were the lecturers
experienced in teaching RE and the researchers doing

Table 1- Profile of the participants of evaluation study

research in RE. They can be considered RE experts
because of their experience and knowledge in RE and it
was expected that they can better respond to
questionnaire. A total of 7 experts participated voluntarily
in the study in response to an invitation by email. A brief
profile of participants in presented in Table 1.

No. Position Institution Experience in
years

01 Associate professor Quaid-e-Awam university of Engineering, Science & Technology, 12
Pakistan

02 Researcher University of Malaya, Malaysia 05

03 Senior lecturer University of Malaya, Malaysia 10

04 Assistant professor Isra University, Pakistan 10

05 Assistant professor Quaid-e-Awam university of Engineering, Science & Technology, 07
Pakistan

06 Researcher Mehran university of Engineering & Technology, Pakistan 06+

07 Researcher Hanyang University, ERICA Campus, South Korea 06

5.2 Questionnaire
The questionnaire consists of following parts.

e In the first part of questionnaire, participants were
asked their opinion about the importance of the
elements related to RE teaching and learning material
used in the model with the scale 5 (Most important) -
1 (Least important).

e In the second part of questionnaire, participants were
asked their opinion about the importance of the
elements related to RE teaching and learning
methods used in the model with the scale 5 (Most
important) - 1 (Least important).

e Inthe third part of questionnaire, the participant were
asked their opinion about the possibility to provide
the material and use the methods proposed in the
model within the limited time and resources available
at universities for teaching RE course. The scale used
was 3 (Possible) - 1 (Not possible).

e In the fourth part of questionnaire, the participants
were asked to rate the following in order to assess the
effectiveness of the model with the scale 1 (Strongly
agree) — 5 (Strongly disagree).

e The concepts used in the model are relevant to RE.

e The teaching and learning material and methods (if
used in teaching) can help in addressing RE
problems.

e The students will be able to understand RE well if
proposed model is implemented.

e Overall the model (if implemented) is effective to
address RE problems and teach RE course.

e Your suggestions for improving the framework (if
any).

5.3 Procedure

The background material and details of the model along
with the questionnaire were sent to participants through
email and they were requested to go through the material
and fill in the questionnaires.

5.4 Results

The results of each part of questionnaire is presented and
discussed below.

5.4.1 Results from part 1 of questionnaire

The results obtained from the rating of the importance of
the RE teaching and learning material elements used in
the model are presented in the Fig. 3.

0
—
n

Figure-3 The ratings on importance of RE teaching and learning
material
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The results show that most of the experts feel the material
used in the model as most important and important. Only
few think the knowledge repository and case studies as
average or less important. Hence, based on expert’s
opinions, the material used in the model can be
considered acceptable.

5.4.2 Results from part 2 of questionnaire

The results obtained from the rating of the importance of
the RE teaching and learning method elements used in the
model are presented in Fig. 4.

Importance of RE teaching and leaming methods
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Figure- 4 The ratings on importance of RE teaching and learning
material

The results show that according to experts, RE teaching
and learning methods used in model are mostly important
to be used in class rooms for teaching RE. Only few such
as, discussion with virtual stakeholders, collaborative
learning and experiential learning can be considered
either less important or not important.

5.4.3 Results from part 3 of questionnaire

The results obtained from the rating of the possibility to
provide the material and use the methods proposed in the
model within the limited time and resources available at
universities for teaching RE course are presented in Fig.
5.

Possibility of use of concepts of model m reahity

Figure-5 The possibility to use the material and methods
proposed in model in RE course

The results show that according to experts, few teaching
methods may not be possible to use in real class rooms
such as creative teaching techniques, experiential
learning, role playing, collaborative learning, discussion
with virtual stakeholders etc. The possible reason can be
the need of more time and resources in implementing
such techniques. While the other well-known methods are
possible to implement in class rooms.

5.4.4 Results from part 4 of questionnaire
The results obtained from the assessment of the
effectiveness of the model is presented in Fig. 6.

Effectiveness of model

Figure-6 The ratings on effectiveness of model

The results show that the model can be considered
effective based to experts’ opinions. However, while
giving suggestions, experts mentioned that the actual
applicability and effectiveness of the model can be
measured by implementing it in universities for teaching
RE course.

5.4 Threats to validity

To ensure representative coverage, our subjects included
lecturers and researchers of various levels of experiences,
qualifications and backgrounds.

Clearly, an important limitation of the evaluation study
involves the small sample size (only 7) and the relatively
homogenous population (lecturers and researchers from
three Asian countries). This severely limits the external
validity of this study.

Fortunately, the goal of this study is to evaluate the
learning model proposed for teaching RE. Because of the
factors that the RE course is being taught using standard
topics and due to the nature of RE, students and lecturers
usually face similar problems in learning RE concepts.
Therefore, it is expected that a replication of this study in
a different site and/or with different size teams shall
generate the same results. However, all the lecturers and
researchers participated in the study are either involved in
teaching RE course or in doing research in RE in different
countries. Therefore the results can be generalized.
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6 SUMMARY AND CONCLUSION

The paper analyses the status of teaching and learning RE
course through the relationships depicted by edges of
didactic triangle. The literature review of REE and the
surveys performed on lecturers and students acted as the
background of the analysis. The analyses results lead us
to the need of a learning model for teaching RE that can
improve the lacking in current teaching and assessment
methods. A learning model named ALL-RE based on
Activity-Led Learning (ALL) was then proposed to
involve students as active learners by performing various
activities and to involve lecturers as a facilitator by
playing different roles. The proposed learning model
includes teaching and learning materials as well as
teaching and learning methods. It is suggested to include
RE course material, knowledge repository and case
studies in the teaching and learning material. While
teaching and learning methods follow ALL’s approach by
including its three main elements that are teaching,
learning and assessment. Teaching includes two methods
that are lectures and creative teaching techniques.
Learning includes an iterative cycle of various methods to
emphasize more on learning at every stage of the course.
While assessment include two methods that are peer
assessment and tutor assessment. Therefore it can be said
that the proposed model describes the way of improving
teaching methods for learning RE course. The preliminary
evaluation of ALL-RE was performed through expert’s
reviews which showed positive results; however it is
desired to validate the model by implementing it in
universities for teaching RE course.

It is supposed that proposed model will help the
production of quality requirements engineers that possess
RE skills. It can provide great support towards developing
the right system with the right requirements for users.
Also the proposed model, with some refinements, can be
applied to any course relevant to software engineering
discipline.
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COGENERATION TECHNOLOGY: CLEANER AND ENVIRONMENT FRIENDLY
Zeenat MLAli*, M. M. Tunio**, A. J. Laghari***, A.Q Laghari****

ABSTRACT

The increasing demand, growing prices and depleting resources of fossil fuels were diverting the
attention towards the alternate energy source. The scenario of Pakistani sugar industries were
presented in this research paper specially the bagasse production and their usa for cogeneration. The
bagasse content moisture 53%, dissolved substance 2-5% and fiber content 47-56%. The bulk density
of bagasse in sugarcane was 45kg/L. The bagasse content in sugarcane was 24-28%. The bagasse
cogeneration was the prominent and suitable option against the fossil fuels because of emission free
burning, viable for energy generation in sugar mill and surplus to sell.

Key words: Fossil fuel, industries, sugar, cogeneration, suitable

1. INTRODUCTION:

Sugar industry was the leading industry of Pakistan. It
produces sugar as a major item with baggage and
molasses as the residue. The molasses further processed
for the production of ethanol in distilleries [1]. The juice
free sugarcane was the bagasse. It was completely fibrous
material. Around 80% sugars producing countries had
better use and potential to utilize the bagasse effectively
[2]. One of most useful use was the steam generation in
sugar mills. The process by which the two forms of
energy were produces as heat and electricity was known
as cogeneration. In well designed cogeneration system the
fully equipped boilers can generate the high pressure
steam which was proceed for electricity by rotating the
turbo generator blades (Fig 1).

Bagase
1

Steam Turbo Generator
|

Steam and power

| sugar process

Steam mill
drivers

surplus electricity to grid

Figure-1: The simplified cogeneration Process

The cogeneration was popular in sense that sugarcane
industry waste not only produces the power to meet the
requirement but also surplus can be supplied to the grid
stations. The cogeneration was used in wide spectrum in
various industries like paper and pulp industry,
petrochemical and textile and others. It significantly
reduces the power consumption and in some cases the
energy efficiency on cogeneration mode was up to 85%
[3]. The energy sector authority’s emphases the stack
holders to generate the alternative fuels instead of fossil
fuels because their prices were rising up, consequently the
product cost increased and became unaffordable to
common man. Also their deposits were depleting day by
day and with passage of time they may be finished.
Further the fossil fuel burning causes the green house gas
emission and was the serious environmental concerned.
That was why the need was to introduce the cogeneration
to save the energy and control the emission. The lower
energy-related emissions were the eutrophication
potentials, acidification and global warning. So prevent
the human from toxic effect of lead enriched oxygenates.

Cogeneration from bagasse was the feasible as it were the
low cost, efficient and socially beneficent. It had
provision to provide the renewable and clean energy
source. Especially at the configurations where high
pressure and temperature were maintained the
cogeneration were the more efficient resources and
ensuring widespread access to electricity services [4]

The bagasse was the lignocelluloses residue and was the
byproduct of sugar industries used for various agricultural
activities [5]. The sugarcane was content 20-30 bagasse.
The 235-250kg bagasse was obtained from one ton of
sugarcane [6].The India generated 40 million tons
annually and was diverting from conventional fuels to
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bagasse cogeneration. The cost was cut down to half to
one liter petrol [7].

The sugarcane was fifth largest crop of Pakistan in terms
of area. It positioned at eleventh by production and
sixtieth by yield in the world. In the list of agro based
industry the sugar industry was at the second positioned
and consists of seventy seven sugar mills. Those sugar
mills had annual capacity over 6.1 million tones [8]. The
motivated government policies and incentives of sugar
mills owners encourage the growers. The sugar industry
improves the energy efficiency by “green cogeneration”
or ethanol production. The ethanol produced by
fermentation of cellulose hydrolysis. In Pakistani
economy the sugar industries and sugarcane growers were
played important role in national economy. In Pakistan
the seventy-one sugar mills were operational, two under
construction and four completed (Table 1).

Table 1: The overview of sugar industries of Pakistan (ref 3)

Contribution to Economy (6.1 Million tones

Crushing capacity 3.0-4.0 Million tones

Share in GDP 1.9%

Employment 1.5 million(directly and indirectly)

Total investment PKR 100 Billion (Approx)

Average Yield Per Hector |45.0-55.0 Million tones

Per Capita Consumption  |25.8 kg per capita

Contribution to exchanger (Billion Rs.12.16

The sugar mills designed in the way to utilize the bagasse
to meet their energy requirement. The alcohol and sugar
were the energy intensive process. Some sugar mills
established various downstream producing plants as
biogas ethanol, effluent treatment chemical and paper
plants (Table 2). The one -third of the bagasse was
sufficient for generation of electricity and steam produced
in sugar mill [9].

Table 2: The products of sugar mill (Crushing capacity 3,000 tonnes /day) (ref 3)

Item Refined Yeast
Sugar
Tone 345 03

Potash Pulp Wax Press-
Fertilizer Mud
15 25 15 150

This research paper focused the cogeneration through
bagasse in sugar industries. Also discovered their
associated problems and economical, socio -
environmental advantages.

2. COMPOSITION OF BAGASSE:

The composition of bagasse varies depends preliminary

on climatical condition, soil nutrient content, sugarcane
harvesting methods and finally the efficient sugarcane
handling method in sugar mills. The sugarcane from ten
different locations were analyzed in quality assurance
laboratory Sakrand sugar mill and their mean were
tabulated (Table 3).

Table 3: The composition of bagasse originated in sindh region

Moisture Dissolved Fiber Bagasse content in  Bulk
content substance content sugarcane density
(%) (%) (%) (%) (Kg/L)
53 2-5 47-56 24-28 45
The Moisture content was most important from steam Table 4: The chemical composition of bagasse
generation point of view. The other important properties
were the dissolved substance and fiber content. The Carbon (%) | Hydrogen (%) | Oxygen (%) | Ash (%)
dissolved substances were the substances in aqueous a7 6.5 44 2.5

solution and were originating in the juice consisting of
sugar and of impurities. These dissolved substances were
in small guantities ranging from 2 to 5%. Insoluble
materials consisting mainly of cellulose part of bagasse.
Quantity of bagasse varies between 24 - 28% by weight
of sugarcane, or approximately one quarter [10].

3. CHEMICAL COMPOSITION:

The elemental analysis of bagasse was done in Hitech
laboratory, SU by Energy Dispersive X-Ray Spectroscopy
(table 4)

4. BENEFITS OF BAGASSE COGENERATION:

The sugar industry viability was increased by generating
the energy from their waste material at zero cost. This
was the best option to utilize the waste (bagasse) usefully.
The cogeneration not only fulfills the energy requirement
indigenously at low operating and transmission cost but
also provides the option to sell the surplus electricity to
consumers.
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The bagasse cogeneration opens the doors towards the
natural, clean, renewable energy and safe biomass
disposal.

CONCLUSION:

The enhancement of power generation from bagasse
cogeneration was important especially in sugar mills. The
cogeneration plant must be designed and optimized. The
boilers capacity, turbo generator and power cycles
operated appropriately. Technically the selection of
cogeneration technology, the bagasse quality and
quantity, handling operation and number of processing
units were important factor. The bagasse cogeneration
was the highly efficient energy conversion process and
yield more electricity and heat then conventional
combustion process.
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IMPACT OF URBAN AND INDUSTRIAL EFFLUENT OF HYDERABAD CITY ON FRESH WATER PINYARI
CANAL

Ali Asghar Mahessar*, Abdul Latif Qureshi**, Kishan Chand Mukwana***, Abdul Nasir Laghari***

ABSTRACT

Pinyari canal off-takes from Kotri Barrage which is last structure constructed at Indus River located
at latitude 25°20'36.99"'N and longitude 68°24'36.17"'E nearby Hyderabad city, Sindh Pakistan. This
canal is non-perennial which supplies water in wet season for agriculture, industrial and domestic
but in dry season only for industrial and drinking purposes to Hyderabad, Tando Muhammad Khan
and Sajawal Districts. As the canal is passing across the Hyderabad city, therefore, large and small
industrial enterprises, urban wastewater and solid waste are being disposed off into it. Due to the
direct discharge of untreated effluent into the canal, the quality of canal water is degrading at an
alarming rate and do not meet NEQS. Meanwhile, about 319 industrial units have been installed in
SITE Hyderabad area that are operating without any in-house treatment plants and their effluent
about 60 MGD is disposed off into the canal. Different types of highly toxic chemicals are used
during manufacturing process of various items. For dyeing only leather, million tones of salts and
other chemical are used. The solid waste of domestic, encroached area, hospitals and
slaughterhouses, containing tissues, organs, blood, drugs and chemicals, are one of the biggest
sources of pollutants and being discharged directly into canal. The contaminated water of this canal
is being consumed for drinking by millions of people without any treatment because ground water of
canal command is highly saline which is not fit for drinking. Hence, this situation has led to create of
various water-borne diseases such as dysentery, cholera, hepatitis migraine, gastroenteritis, etc.

Keywords: Canal water, Domestic waste, Effluent, solid waste, NEQS, MGD

1. INTRODUCTION

Water is life, because it is essential for the existence of
human life and this substance is found in all living things.
Flora and fauna have not only been resting upon water
quantum but its quality standard. Therefore, Water is
precious to sustain life. It is mixture of Hydrogen and
Oxygen (H,0O). This compound with plenty is available
on the surface of earth which is major source of
sustaining of environment. Presently, 90 % of the
wastewater containing pollutants in high concentrations
falls into Indus River and its tributaries. River water
pollution has consistently increased with industrialization

water. Urbanization is greatly polluting the rivers and
canals and endangering aquatic life in Pakistan due to
solid waste and effluent. Population encroachment and
the pollution of rivers and canals with sewage water are
not only spoiling the aquatic life [4] and damaging
agricultural land, but also of public health concern. The
same water is used for drinking purpose at some point
and used for dish washing, laundry and recreational
purposes. Faecaly contaminated water is a major source
of diarrheal diseases in Pakistan [5].

Pinyari canal takes off from river Indus and passes
through Hyderabad city with population of about 1.5

and urbanization [1]. Canal water is wed mainly for
agricultural purposes and also for drinking of human
beings and domestic animals.

This effected irrigation water of the canal thus
deteriorating the quality of irrigated crops [2].Water
quality of many rivers in Pakistan is being spoiled due to
the inflow of industrial and domestic waste water as
shown in figure 1 & 2[3]. In Pakistan, surface water (such
as canals, rivers, lakes) is the major source of drinking

million. Sewage water is added to Pinyari canal by
different pumping stations and surface sewerage drains,
while it travels through Hyderabad city and affects its
water quality [6]. Pakistan was hit by serious floods in the
year 2010 which also reported to have deteriorated the
quality of drinking water quality of the area [7].The
continuous addition of untreated wastewater into canal;
the water is no more fit either for the irrigation or for the
drinking purpose. The only remedy lies in the wastewater
treatment plant before the effluents are added to the
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canal. There is a need that all such industries where more
water use is involved should immediately arrange for
treatment of their wastewater before discharging. This
will have a long term positive effect [8]. The poor water
quality was found in three districts of Sind province, i.e.
Badin, Thatta and Thar responsible for gastroenteritis,
diarrhea and vomiting, kidney, and skin problems [9].

Industrial wastewater contains toxic chemicals. It is
alarming that most industries have been started without
proper planning and waste treatment plants. They just
dispose off untreated toxic waste into nearby drains,
canals or rivers. Lahore, Faisalabad, Karachi, Sialkot
contribute major pollution loads into their water bodies
[10]. As described the main source of fresh water can be
attributed to discharge of untreated wastewater, dumping
of effluent have adverse impact on fresh water bodies
[11]. The use of reclaimed wastewater by industry is a
potentially large market in developed as well as in
developing and rapidly industrializing countries.
Industrial reuse is highly cost-effective for industries
where the process does not require water of potable
quality and where industries are located near urban
centers where secondary effluent is readily available for
reuse [12].

Municipal sewage is a major source of pollution. About 2
million wet tones of human excreta are annually produced
in the urban sector of which around 50% go into water
bodies to pollute them. National Conservation Strategy
(NCS) states that almost 40% of deaths are related to
water borne diseases. Domestic wastewater collects on
the streets and in low-lying areas. The situation is further
aggravated by the addition of untreated wastes from
small-scale industries [13].

Wastewater use may reduce costs, especially if it is
envisaged before new treatment works are built, because
the standards of effluents required for various types of use

may result in costs lower than those for normal
environmental protection. It also provides the possibility
of recovering the resources invested in sewerage and
represents a very efficient way of postponing investment
of new resources in water supply [14]. However, the
criteria for wastewater treatment intended for reuse in
irrigation differ considerably. While it is intended that
pathogens are removed to the maximum extent possible,
some of the biodegradable organic matter and most of the
nutrients available in the raw wastewater need to be
maintained [15].

However, other research studies in the recent past
demonstrated that the various quality parameters of
Pakistan drinking water are not in accordance to the
WHO and Pakistan standards [16]. The major sources of
water pollution and ultimately of waterborne diseases
are considered to be the direct discharge of domestic
and industrial effluent wastes, leakage from water tanks
and poor management of farm wastes [17]. Various
researchers have shown that drinking water in many
countries does not meet WHO standards [18].

2 RESEARCH AREA:

Pinyari canal is the main source of water supplying to
irrigated-agriculture, municipal and industrial in the study
area. The study area comprises from RD 0-RD100 of
Pinyari canal which is located in the periphery of
Hyderabad city. The objective of research is to determine
impact of wastewater of Hyderabad city on fresh water of
the canal. The left and right sides of banks of canal are
completely or partially from RD 5 +0 to 60+0 under
encroachment. There are many locations on the right side
and the left side of Pinyari canal between RD 9 to RD 40,
(RD is Reduced distance = 1000 feet) where the
maximum discharge of untreated wastewater is being
released into the canal as shown figure-1.

Figure-1: Pinyari, Fuleli canals and Akram wah passing across Hyderabad city
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3 MATERIAL AND MOTHODS

3.1 Identification of Inlets of the Untreated
Wastewater into Pinyari Canal

Deplai Colony Wastewater Pumping Station: This
pumping station is situated at Deplai colony consisted on
three pipes, having 24 inches diameter delivering

—

-
'~

Figure-1 Solid waste of the city in Pinyari Canal

There are many outlets from where wastewater enters into
the canal. The wastewater of Khawja Mubark Colony is
being discharged into the canal from different locations
through pipes. At another outlet at outfall Structure of
Kari Mori Bridge open channel of 6’x 6’ wastewater is
being discharge into canal. The outfall structure at the
upstream of railway track has been constructed for
discharging wastewater. Pumping station has been
established near Grid Station in the area of Miran-jo-Paro.

At Darya khan wastewater pumping station is situated
about two kilometers downstream of Ghangra Mori and
receiving untreated wastewater of SITE Hyderabad area
and domestic wastewater of different areas of the city.
There are many small locations on left and right side of
the Pinyari canal where from the untreated wastewater of
municipal and industrial is being discharged into the
canal. Meanwhile, there are various locations along with
canal where on solid waste is dumped. The untreated
waste water of the 319 Industrial units is being discharged
into Pinyari canal through pumping and gravitational
forces at Darya khan pumping station.

3.2 Samples Collection and Analysis

Samples were collected from canals mentioned in table -1
where effluents water discharging points, upstream and
downstream of disposal points. Composite sampling was
carried out by collecting a series of 500ml sample every
half hour basis for eight hours, combining them to form a
composite sample. As general rule, it is best to analyze
the sample as soon as possible after collection. Samples
have been preserved in an icebox or 4°C immediately
after collection. Nitric acid (HNO3) was added to the
sampling bottles in quantities sufficient to lower the pH of

untreated wastewater into Pinyari canal. Ponds of
wastewater of Jacob Station: Ponds constructed over 25
acres are situated at back side of Agha Khan Hospital.
Jacob wastewater pumping station: It is situated near Hur
camp in the north of journalist colony having delivery
pipe of 18”° diameter.

Figure-2 Disposal of Industrial effluent in Pinyari Canal

the sample to just about 2, to stabilize the concentration of
total and dissolved metals for a maximum of 28 days.
Standard sample transfer procedures were followed to
avoid confusion in sample identification, including
labeling, and safe transportation to laboratory. Analysis of
samples collected of wastewaters mixing with canal water
of city has been carried out according to the design of
research work.

Table 1: Locations of samples collection of Pinyari Canal
Water

Sample [Sample

No [Type Location

1 |Wastewater |Hur Camp pump station wastewater tank.

Wastewater | Khawaja Colony

2

3 |Wastewater |Bus stand near Central Jail

4 |Wastewater [Open drain just d/s of the Hala Road
bridge,

Wastewater |Open drain just d/s of Kari Mori

Wastewater | Open drain just d/s of Preatabad bridge

5
6
7  |Wastewater | Open drain near Preatabad bridge
8  |Wastewater |Open drain (Shuhab Cinema reas).

9  |Wastewater |Left side of the canal near Kachhi paro.

10 |Wastewater [Open drain at u/s of the Railway Bridge,

11 |Wastewater | Draya Khan pumping station.

12 |Wastewater | Darya Khan Pumping Station

13 |Wastewater [Waste effluent at Railway Bridge

4, RESULTS & DISCUSIONS

The demand for drinking water is increasing as
population of city is growing with respect time. The
figure-3 shows that demand water during 2010 year was
80 MGD but it is linearly increasing with respect of
temporal becomes 88 and 90 MGD in 2025 and 2030
respectively.
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4 N\ The total estimated discharge of untreated wastewater
| P (Industrial & Municipal) disposed off into canal is about
60 MGD. The huge volume of untreated wastewater is
B | being released into canal without any treatment as shown
in figure 5. This wastewater is polluting fresh water of
y =1}3332x - 2613.9 canal which is used for domestic and drinking purpose at
R? = 0.9984 downstream of canal. This canal is non- perennial but
lesser amount of water is released during dry season so
that polluted water can not dilute.

Drinking Water %and (MGD)

\_ Yearly Drinking Demand water for Hyderabad City Y, There is not only wastewater discharging into canal but

huge volume of solid waste is being dumped into canal.
The following locations were found where solid waste is
4 N\ dumped on banks along with canal such as Hala road

L M bridge on the left side of the canal; Kari Mori bridge on
y= - 1 the left side of the canal just downstream of Pretabad
bridge and Slaughter houses as shown in figre-6 and
upstream of railway bridge on the right side of canal.
Solid waste of burnt old batteries as shown in figure-7
after getting out lead and waste is dumped. It was
amazing that lead melting process was carried out at the
N Yearly Sewerage water disposal off for Hyderabad City ) canal embankment and there are about 8 to 10 furnaces

which are used for melting the lead from old batteries.

Figure-3: Drinking Water Demand

Sewerage DeXnd(MGD)
x g
N
1]
o
o
(o]
[G)
N

Figure-4: Sewerage water disposal demand

Hence, the figure-3 demonstrates that sewerage water
disposal demand in 2010 was 50 MGD while it was
increased linearly with respect of time to 62 and 72 MGD
in 2025 and 2030 respectively. However, the wastewater
of the city and industrial area has been discharged into
Pinyari canal by pumping and gravitational flows. The
field survey was carried out for identification of locations
and discharge measurement wherefrom wastewater is
being disposed off into canal. There are seventeen main
and twenty small outlets on left side of the Pinyari canal
from where untreated wastewater generated from small
industries (Cottage & dyeing Ajrak) and municipal areas
was being discharged into the canal. There are twenty
main and many small outlet points on the right side of the
Pinyari canal along wastewater generated from 319 units
of SITE area as shown in Fig.4 is being released into the
canal.

Figure-7: Solid waste of burnt old batteries near Darya khan
pumping station

= Revdustries af SETA of My darahed

. P The waste material is gradually falling into the canal and

polluting the canal which is very much hazardous

» , material and dangerous for the public health and

I I w ' I N g a eon estimated quantity of solid waste is being accumulated on

B ' sl sl cennnnl the embankments of the canal is about 15-20 tons per day.
SEES SRR RIEEREEEEREE T The huge quantum of solid waste creates slow poison in

*3 11 7 - shape of leaching various chemicals permanently into
canal. Moreover, there is not only problem of disposing of
wastewater, sludge but waste of animals into canal.
Figure-5: Different types of industries in SITE Area Hyderabad Moreover, the buffaloes farms were constructed in
encroached area i.e 04 numbers of Buffalo Farms (B.F)

Ivpe of Indusaral Ui
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on left side of the canal just u/s of the Bypass bridge, each 1200
farm have 15 to 40 buffaloes; 06 numbers of B.F on right 1000 —— terdnessvae
side of the canal just u/s of the Bypass bridge each farm
have 10-35 buffaloes, 8 numbers of B.F on left side of the
canal between Bypass road bridge and Hala road bridge " [ |

each farm have 10-25 buffaloes. This is more harmful for X i g N I =1
creating water borne diseases in mankind and ecosystem o
which are utilizing water of irrigation canal.
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For this research the samples of wastewater collected

from outfall structures of wastewater into canal were Figure-10: Hardness
analyzed from Hi Tech laboratory of Sindh University 10000
Jamshoro. The results of the physico-chemical analysis of

parameters of samples are described individually.
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The hardness of all wastewater samples were within the
limits of NEQS but except sample 1, and the higher value

B 0% % % W M S 5051 54 was found at location sample location S1 is due to the
oo release of effluent from waste water ponds and industrial
area shown in figure-10. A high concentration of TDS is
Figure-8: pH values an indicator of possibly high value of contamination. The
PRI TDS results of samples analyzed show that higher value
14000 of samples than permissible limits of NEQS in almost
£ jaom cases. The sample No 1 indicates that very high Total
'5‘_“,:,;.;. Dissolved solids available in the coming wastewater
s som rather than the other locations. It is manifest from result
3 6000 that all values of TDS of all samples are higher to
_: 4000 permissible limit of NEQS shown in figure-11.
R N 2= < e DO Valur e NEQS Limit
51 S2 83 S4 85 56 §7 S8 59 S10 Si1 312 s13 g
Sample Locations g,,
<
Figure-9: Conductivity values %
>
The pH is a measure of the acidic or basic (alkaline) g
nature of a solution. A pH range of 6.5 to 8.5 appears to a N
provide protection for the life of freshwater fish and \_ Sample Locations Y,
bottom dwelling invertebrates. The pH values of all ) ]
samples are within the permissible limits of NEQS shown Figure-12: Dissolved Oxygen
in figure-8. Electrical Conductivity (EC) of water is a
measure of the ability of a solution to conduct an
electrical current. The salinity of treated wastewater to be o 400 e e
used for irrigation is estimated by measuring its electrical j—' 200 /
conductivity. In most of the cases, the conductivity level g 00 \/I\/ /‘\
exceeds than the value of NEQS (680 uS/cm) permissible [ | /[
within limit NEQS. The electrical conductivity of all oLl R T i
samples ranges from 760uS/cm to 13700 uS/cm. Almost e a7 A e

Sample Locatsans

the conductivity of all samples is higher than permissible

limits of NEQS shown in figure-9. i
Figure-13: BOD
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The Dissolved Oxygen is one of important parameter in
water quality analysis i.e. index of physical and
biological process going in water. The DO level in natural
as well as waste water depends on physical, chemical and
biological activities of water bodies. Aquatic ecosystem is
totally depends on dissolved oxygen various biochemical
changes. The recommended value of dissolved oxygen in
normal drinking water is 8 mg/l and high dissolved
oxygen was found its normal value [9]. Dissolved oxygen
(DO) is an indicative of oxygen depletion shown in
figure-12. The BOD has almost universally been adopted
as a measure of relative pollution effect. The values of the
samples of wastewater are higher values than the
permissible limits in NEQS. The values of samples of
surface range from 1.7 to 560 shown in figure-13. This
variation is due to wastewater of industrial area.
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Figure-14: Copper level
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Figure-15: Iron (Fe) level

The results of all the samples indicate that they have
lesser quantity of Copper (Cu) available in the wastewater
as compared to the NEQS shown in figure-14. Since the
availability of greater quantity is harmful for the public
health, therefore it is necessary to have a continuous
monitoring and testing the wastewater samples from SITE
area. The results Fe samples presents the lesser quantity
of Iron (Fe) is available in the wastewater coming out
from domestic and the industrial units shown in figure-15.
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Figure-16: Nickel level
/ N

e 7inC Valug = NEQS Limit

Zinc mg/L

Sample Locations

- J

Figure-17: Zinc level

All the samples indicate less concentration of Nickel (Ni)
available as compared with the NEQS as shown in figure-
16, due to the poisonous metal, it is necessary to have
continuous monitoring and testing of the samples at SITE
area. Results of Zinc show lesser concentration of Zinc
metal available in the wastewater as shown in figure-17.
This might be due to non use of the ingredients containing
of the Zinc metal during the manufacturing processes in
the industrial units.

The major impacts of the discussed pollutants were
observed on fresh canal water which is main source of
drinking water of millions of people who are settled in
command area of canal. However, this contaminated
water leads various waterborne diseases among the
masses i.e Brain damage or suffocation, Gastric and
stomach cancer in human, The death and decay of
vegetation and aquatic life and digestive problem for
humans, Human illness and affect plant growth and fish
and aquatic life, Human health and the environment,
Dental, bone and skeletal problems, Typhoid fever,
dysentery, viral and bacterial gastroenteritis and hepatitis
as well as minor respiratory and skin diseases.

5. CONCLUSIONS

No arrangement of in house treatment plants has been
done for treatment of the domestic and industrial
wastewater by Polluters. The generated effluent caused
various waterborne diseases among the local people,
livestock and also flora and fauna. The results of
parameters of some samples revealed that higher values
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of Conductivity, TDS, Conductivity and Hardness and
BOD. Whereas it is concluded that untreated wastewater
coming through these locations of various municipal and
industrial, encroached areas are main source of polluting
of the fresh water of canal. However, Discharging of
untreated wastewater (urban and Industrial units) and
solid waste (municipal/domestic, agricultural and
industrial) into canal must be controlled. The buffalo
farms constructed on the both sides of canal may be
shifted. Hence, safer disposal arrangements should be
adopted by using alternate routes to dispose of the
untreated wastewater. Meanwhile, awareness programmes
may be arranged to the local people for safely disposal
and management of wastewater for protecting various
water borne diseases such as dysentery, cholera, hepatitis
and migraine. The wastewater of city and industrial site
should be treated and it may be released for utilization for
agricultural and forestry purpose. The city government
and industrial sector should be legally bound for
installation of treatment plants.

Sindh EPA should play a proactive role and regularly
monitor the pollution levels with coordination of the all
stakeholders. The prevailing legislation be involved on all
industries throwing their untreated effluent in canals. The
city government of Hyderabad, Tando Muhammad Khan
and Sajawal may establish working group to regularly
observe water quality in the canal and take appropriate
administrative  decisions to address this adverse
environmental issue.
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COMPARATIVE ANALYSIS OF WEATHER PARAMETERS AT TWO LOCATIONS FOR VIABILITY OF
SOLAR ENERGY SYSTEMS

Abdul Qayoom Jakhrani*, Andrew Ragai Henry Rigit**, Muhammad Moosa Jakhrani***, Sikandar Ali Channa****
ABSTRACT

The aim of this work is to analyze the weather parameters for determination of optimum
photovoltaic system slope and viability of solar energy systems at two locations namely Nawabshah,
Pakistan and Kuching, Malaysia. In order to achieve the objectives, twenty two years (1983-2005)
satellite-derived monthly mean data for both locations is acquired from National Aeronautics and
Space Administration. The data includes mean daily ambient, maximum and minimum
temperatures, daylight hours, relative humidity, atmospheric pressure, rainfall, wind speed, optimal
angle and sunset hour angle. First, the data is summarized then it is evaluated with the help of
Statistical Package for the Social Sciences software and finally compared. It is discovered from the
analysis that Nawabshah, Pakistan is more feasible location for installation of solar energy
generators as compared to Kuching, Malaysia. Kuching is located near the equator, where it
confronts cloudy skies throughout the year and receives heavy rainfall especially from October to
March. The annual optimum solar energy outputs could be achieved at a system slope of 21° towards
true south for Nawabshah. Lower system slopes is found to be more practicable at Kuching due to its

geographical position.

Key words: Weather parameters, optimum slope, relative humidity, rainfall, ambient temperature

1. INTRODCTION

Energy is crucial for the social development and
economic growth of any nation. The features of life are
associated to the per capita consumption of energy.
Energy demand is gradually rising since last few decades
in all countries due to the development of agricultural and
industrial activities [1]. The increasing energy demand
can no longer be satisfied by the conventional energy
technologies. It is reported that the major cause of global
warming are greenhouse gases, which are emitted from
combustion and utilization of fossil fuels [2]. It is also
believed that alternative energy sources can help to
reduce the greenhouse gas emissions and to enhance the
energy security [3]. Out of all alternative energy sources,
solar energy is one of the principal green energy sources
freely available, clean and abundant in most places
throughout the year [4]. Solar energy consists of two
parts, namely extraterrestrial and global solar energy. The
amount of solar energy above the atmosphere is
extraterrestrial, which is almost constant with 1367 W/m?.
The global solar energy is that part of radiation available
under the atmosphere and reaches over the surface of
earth [5]. The amount of global solar radiation varies
from place to place due to different geographical and

weather conditions. Therefore, the influence of weather
parameters is crucial for growth and development of solar
energy systems. Since, different techniques can be applied
to determine the influence of weather parameters on
amount of exploitable energy. Top down approaches is
one of the most widely adapted methods for precise
determination of available energy. This approach starts
with the calculation of energy potential reaching at the
surface of earth. However, this amount is influenced by
various factors such as the earth’s geometry, revolution
and rotation as well as the atmospheric attenuation due to
scattering and absorption by gases, solid and liquid
particles and clouds [6].

Moreover, the actual amount of solar radiation reaching
any particular location also depends upon the prevailing
climate and local topography of the area [7]. The design,
optimization and performance evaluation of solar
technologies on any particular location requires reliable
data. Such data can be obtained from various sources,
such as ground measurements by pyranometers or derived
from satellites or combination of both [6-10]. Since, the
data measured by meteorological stations is sometimes
questionable because of calibration problems and
defective recording equipments. The satellite-based data
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has proven to be highly valuable for the solar energy
community over the last decades. However, it did not
consider  local geographical  conditions, hence
overestimates the amount of available solar radiations of
the region [8-11]. Such comparative data is given in
Figure 1. For that reason, the acquired data requires
confirmation by means of comparison against measured
or other reference data series. Thus, it is important to
work out the similarities or the differences between the
two data sets. The purpose of this study was to analyze
the data of two different locations namely Nawabshah,
Pakistan and Kuching, Malaysia, and to examine the
variation and correlation of data sets.

Nawabshah is located in the heart of Sindh Province,
Pakistan in South Asia and Kuching is located in the
western side of Borneo Island, East Malaysia in South
East Asia. Nawabshah city is considered as one of the
hottest city in Pakistan. The climate is generally dry and
hot, but sometimes the temperature falls to 0°C in
January. On the other hand, Kuching has tropical
rainforest climate moderately hot but very humid at all
times and receives substantial amount of rainfall. Kuching
is the wettest populated area in Malaysia with an average
of 247 rainy days per year. The temperature stays almost
constant throughout the year and rarely falls down up to
19°C [12].

Malaysia changed the Four-Fuel Policy based on oil, gas,
coal and hydropower to the Five-Fuel Policy with the
addition of renewable energy as the fifth source of fuel
[13]. In addition, Pakistan heavily depends on fuel
imports to meet its growing energy needs. However, it is
gifted with large deposits of lignite coals as well as
substantial amounts of renewable energy resources
including hydro, wind and solar. Currently, Fauji
Fertilizer Company Energy Limited is building 49.5 MW
Wind Energy Farm at Jhimpir near Karachi and also work
is in process to achieve financial close for two wind
projects, 50MWs each at Gharo, Thatta District, Sindh
[14].

Figure-1. Measured global solar radiation data at Kuching by
MMS and NASA

2. METHODOLOGY

The study was carried out to compare the weather data of
Nawabshah (26.3°N and 68.4°E), Pakistan and Kuching
(1.48° N, 110.33° E) Malaysia. The meteorological data of
both locations were acquired from NASA Surface
Meteorology and Solar Energy [15]. The methods,
parameters methodology of acquired data are shown in
Table 1. The data is analyzed and investigated with the
help of SPSS software. The results of meteorological
parameters are graphically shown in Figures 2-5.

Table 1. Methodology and Techniques Used for Acquiring of
Satellite Derived Data

Parameters and Methods Methodology

Database method NASA SSE 6

Extent Global

Data inputs GEWEX/SRB, 3 + ISCCP
Satellite, Clouds + NCAR,
Reanalysis

Period 1983-2005

Time resolution 3-h

Spatial resolution 1 arc-degree x 1 arc-degree

Global horizontal radiation  |Satellite model [16]
Diffuse fraction Diffuse Radiation Model [17]

Inclined surface  (diffuse|RetScreen Model [18]
model)

3. RESULTS AND DISCUSSIONS

The different weather parameters such as ambient
temperature, relative humidity, rainfall, wind speed,
system slope and hour angle were considered this
analysis. The results of these parameters were evaluated
with the help of SPSS software and critically examined by
comparing their values.

3.1. Average, Minimum and Maximum Ambient
Temperature

The behavior of air temperature of both places is shown
in Figure 2. It was observed that the maximum mean
value of ambient temperature (T,) at Nawabshah was
32.9°C in the month of June and the minimum value was
16.0°C in January with an annual mean value of 26.3°C.
Similarly, the maximum value of ambient temperature
(Ta) in Kuching was 27.2°C in the month of August and
the minimum value was 25.1°C in January with an annual
average value of 26.1°C. Besides average ambient
temperature, the maximum mean value of minimum air
temperature (Tn) in Nawabshah was 27.6°C in the month
of June and the minimum value was 10.1°C in the month
of January with an annual mean value of 20.7°C. The
results show that the maximum value of minimum air
temperature (Tmin) in Kuching was 24.3°C in the month of
August and the minimum value was 23.3°C in January
with an annual average value of 23.7°C.

| QUAID-E-AWAM UNIVERSITY RESEARCH JOURNAL OF ENGINEERING, SCIENCE & TECHNOLOGY, VOLUME 14, No.2, JULY-DEC. 2015 || 65 |




The analysis exposed that the maximum mean value of
maximum air temperature (T..) in Nawabshah was
39.2°C in the month of May and the minimum value was
23.3°C in January with an annual mean value of 32.6°C.
Similarly, the maximum value of maximum air
temperature (Tpa) in Kuching was found to be 30.3°C in
the month of August and the minimum value was 27.1°C
in January with an annual average value of 28.6°C. The
results showed that the range of ambient temperature at
Nawabshah was around 15°C and at Kuching, it was not
more than 2.0°C as shown in Figure 2. The trend of
ambient temperature at Nawabshah is totally different
than that of Kuching. As in winter season, the temperature
is too low and in summer season it is too high and
sometimes reaches up to 50°C at Nawabshah.

3.2. Daylight Hours, Relative Humidity and
Atmospheric pressure

The statistical values of day light hours, relative humidity
and atmospheric pressure are demonstrated in Figure 3. It
was observed that the maximum average daylight hours
(N) at Nawabshah were 13.7 hours in the month of June
and the minimum value was 10.5 hours in the month of
December. The maximum average daylight hours (N) in
Kuching was found to be 12.2 hours in the months of
June and July and the minimum value was 12 hours in the
months of January, February, October, November and
December. As shown in Figure 3, the range of daylight
hours at Nawabshah was almost 3.5 hours, it means that
in winter season, the days were very short and nights were
too long and in summer vice versa. However, at Kuching
the days and nights were almost same throughout the year
as the difference between day and nights in the summer
and winter was just 0.2 hours. In addition, the maximum
mean value of relative humidity (RH) at Nawabshah was
found to be 61.7% in the month of August and the
minimum value was 26.7% in November with an annual
mean value of 38.2%. The maximum value of relative
humidity (RH) at Kuching was found to be 84.5% in the
month of January and the minimum value was 69.9% in
August with an annual average value of 78.6%. The
higher percentage of RH in the months of July and August
at Nawabshah was due to the monsoon season otherwise
the climate is usually dry. It was found from the analysis
that the average difference between higher and lower
relative humidity at Nawabshah was 35%, whereas, at
Kuching, it was just 14%. However, the average relative
humidity at Kuching was found to be almost double than
that of Nawabshah, due to higher percentage of vapors in
the atmosphere.

Moreover, the maximum mean value of atmospheric
pressure (Pm) at Nawabshah was 100 kPa in the months
of January and December and the minimum value was
98.2 kPa in the months of June and July with an annual
mean value of 99.2 kPa. Similarly, the maximum mean

value of atmospheric pressure (P4m) at Kuching was 100
kPa in all months except 99.9 kPa in the month of May.
In general, the average atmospheric pressure of
Nawabshah was found to be slightly lower than that of
Kuching with a difference of only 1.7 kPa.
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Figure-2. Comparative Analysis of Ambient Air Temperature at
Nawabshah and Kuching
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Figure-3. Comparative Analysis of Monthly Mean Daylight
Hours (N), Relative Humidity (RH) and Atmospheric
Pressure (P.m) at Nawabshah and Kuching

3.3. Rainfall Conditions and Wind Speed

The rainfall conditions and behavior of winds are
graphically shown in Figure 4. It was discovered from the
analysis that the maximum average of rainfall at
Nawabshah was 2.36 mm/day in the month of July and
the minimum value was 0.04 mm/day in the month of
November and annual average value was found to be 0.56
mm/day. The maximum average of rainfall in Kuching
was found to be 12.0 mm/day in the month of January and
the minimum value was 6.51 mm/day in the month of
July, whereas, the annual average rainfall was 8.79
mm/day. It was found from the analysis that Kuching is
one of the rainiest places of the world and Nawabshah
confronts low rainfall except monsoon season. However,
at Kuching, the rainfall was rather low in the months from
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May till August as compared to other months. Moreover,
the maximum average of wind speed (V,) at Nawabshah
was found to be 4.57 m/s in the month of June and the
minimum value was 3.22 m/s in the month of November
and annual average value was 3.75m/s. Similarly, the
maximum average of wind speed (V,,) at Kuching was
found to be 3.74 m/s in the month of August and the
minimum value was 1.79 m/s in the month of July,
whereas, the annual average rainfall was 2.67 m/s. In
contrary to the rainfall, the wind speed at Kuching was
found to be lower than that of Nawabshah due to
equatorial position.

3.4. Optimum Slope and Hour Angle

The values of optimum slope and hour angle for PV
system installations at both places are given in Figure 5. It
was observed that the maximum optimum angle (fqy;) at
Nawabshah was 50.0° in the month of January and the
minimum value was 0° in the months of May, June and
July with an annual mean value of 24.8°. Likewise, the
maximum optimum angle (6., at Kuching was found to
be 25.0° in the month of December and the minimum
value was 1.0° in September with an annual average value
of 14.1°. The results showed that the range of slope at
Nawabshah was 50.0°, whereas at Kuching, it was only
half of that value e.g. 25.0°. It is because the sun is going
far away from the location (Nawabshah) in winter and
reaching towards location in summer. In contrary,
Kuching is located near the equator, where the sun is
almost at same distance in summer as well as in winter
months. Furthermore, the maximum hour angle (w) at
Nawabshah was 102.0° in the month of June and the
minimum value was 77.9° in the month of December. The
maximum hour angle (@) at Kuching was found to be
90.6° in the month of June and the minimum value was
89.3° in December. The range of hour angle at
Nawabshah was 24°, whereas at Kuching it was within
2°.
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Figure-4. Comparative Analysis of Rainfall and Wind Speed
above 10 m height at Nawabshah and Kuching
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Figure-5. Comparative Analysis of Optimal Angle, B° and
Sunset Hour Angle, » at Nawabshah and Kuching

In general, it was exposed from the analysis that the
propensity of ambient temperature at Nawabshah was
found to be totally different than that of Kuching. At
Nawabshah, the temperature was found to be too low in
winter and too high in summer where it sometimes
reaches up to 50°C. At Kuching, the range of ambient
temperatures throughout the year was quite low.
Moreover, the relative humidity in the months of July and
August at Nawabshah was found to be high due to the
monsoon season otherwise it is rather dry. Study reveals
that the average difference between higher and lower
relative humidity at Nawabshah was 35%, whereas, at
Kuching, it was just 14%. Furthermore, the range of solar
system angle at Nawabshah was quite high with 50° and
at the Kuching it was only 25° due to geographical
position. In Nawabshah, the lengths of days in winter
season were short and nights were long and vice versa in
summer. The lengths of days and nights at Kuching were
found to a same throughout the year with a difference of
only 0.2 hours. The relative humidity at Kuching was
found to be almost double than that of Nawabshah, due to
presence of large amount of vapors in the atmosphere due
to in equatorial position. In general, the average
atmospheric pressure of Nawabshah was quite low as
compared to Kuching with a difference of only 1.7 kPa.

4. CONCLUSIONS

The weather data of Nawabshah, Pakistan and Kuching,
Malaysia was acquired from National Aeronautics and
Space Administration (NASA) Surface Meteorology and
Solar Energy website. The data was then summarized,
evaluated and compared with the help of SPSS software.
It was revealed from the analysis that the average ambient
and maximum temperature was higher at Nawabshah,
while Kuching faces higher values of average minimum
temperature as well as relative humidity. At Kuching, the
sky dome was found to be almost covered with clouds
and receives heavy rainfall throughout the vyear. In

| QUAID-E-AWAM UNIVERSITY RESEARCH JOURNAL OF ENGINEERING, SCIENCE & TECHNOLOGY, VOLUME 14, No.2, JULY-DEC. 2015 || 67 |




contrary to Nawabshah, the temperature and wind speed
as well as other weather parameter values were found to
be uniform at Kuching because of its equatorial position.
The annual optimum system outputs could be achieved
with system installation at an angle of 21° tilted towards
true south for Nawabshah, whereas, lower system slopes
are feasible at Kuching.

The results revealed that the variation and range of
parameter values were higher at Nawabshah as it
confronts less rainfall and cloud cover in the whole year.
It was concluded that Nawabshah is more suitable
location for the development of solar energy systems as
compared to Kuching due to clear sky conditions.
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GROUND WATER QUALITY OF KHAIRPUR MIR’S SINDH: A CASE STUDY
Zeenat M.Ali*, Zulfigar Ali Bhatti* , Kishan Chand Mukwana**, M.M Tunio**

ABSTRACT

Groundwater contamination in rural sindh was big health concern for the living creatures. Many
disaster diseases caused by the contaminated water. The research was conducted in Ranipur city of
District Khairpur Mir’s to determine the groundwater quality. The ten locations were selected for
monitoring the water quality. The pH, temperature, electrical conductivity (EC) and total dissolved
solids (TDS) were analyzed. The Arsenic was also monitored by Kit method. The results revealed
that pH ranged from 6.16- 8.6, EC from 340-1940 pS/cm, TDS from 10-970 mg/L and Arsenic was
0.00001-2.14 pg/L. The temperature of underground water was found averagely 30.93 °C. The overall
quality of groundwater was found satisfactory except the EC of eight locations of Ranipur city of

Kharpur Mirs.
Keys words: Ground water, Sample, Monitor, Conductivity

1. INTRODUCTION

Water is essential for life; no living thing survives without
water. Human beings, animals and plants need specific
amount of water for their various purposes. There were
two main sources of water for use, the first one was
groundwater and other was surface water. The
groundwater is present below the water table in saturated
zone, whereas the surface water at the surface of earth.
Though the water exists in earth in large quantity but
below 3% was the fresh water for use. Nearly 20% of the
Global water withdrawals were concerned with
groundwater approximately 1.5 billion peoples depended
on ground water for their drinking purpose [1]. A Person
needs approximately 01 gallon /day for hydration. In
Pakistan each person uses 188 gallons of water in one day
for drinking, washing and cooking and other purposes.
Approximately one-sixth of total human population has
no easy access to safe drinking water [2]. The unplanned
urban development and human activities contaminated the
groundwater reservoirs. The agrochemicals runoff,
untreated effluent discharge and solid waste leaching was
the main causes of groundwater contamination [3]. The
water washed, water born and water related diseases were
due to contaminated groundwater intake by community.
The researchers reported that Anemia,  Arsenicosis,
Cholera,Diarrhea , Fluorosis, Guinea worm disease,
Hepatitis, HIV/AIDS, Intestinal worms, Malaria,
Schistosomiasis, Trachoma, Typhoidaa were the water
born diseases [3-4]. The purpose of this study was to
monitor the groundwater quality of Khairpur Mir’s, Sindh
and comparison with WHO standards.

2. EXPERIMENTAL WORK
The sampling was done from ten selected locations of

Ranipur city, Tehsil Sobhodero of District Khairpur
Mir’s. The Ranipur city situated at 271720.040"N and
6830'15.840"E with altitude of 49m. The samples were
collected in pre sterilized polyethylene bottles. The
standard method of sample collection was followed up [5-
7]. The monitoring parameters were pH, TDS, EC,
temperature and arsenic content. All the experimental
work was conducted in Chemical Engineering
Department, MUET Jamshoro.

3. RESULTS AND DISCUSSIONS:

The pH of water was the number of concentration of
hydrogen ion in water. The pH recommended for drinking
water by WHO is in between 6.5-8.5 [9]. All the samples
showed the satisfactory limit of pH. Only location 8 and
10 showed bit lower and higher range respectively (Fig 1)

10 -

8

pH

1 2 3 4 5 6 7 8 9 10
Location

Figure-1: The pH of groundwater of Ranipur city of Khairpur
Mir’s

The temperature is important parameter in sense that it
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affects the fauna and flora. The higher temperature in
groundwater is because of geochemical and geothermal
reaction take place under the earth surface. Hence attempt
was made to monitor the temperature and it was found in
between 30.5- 31.7°C (Fig 2).
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Figure-2: The Temperature of Ground water of Ranipur city of
Khairpur Mir’s

The quantity of dissolved solids were noted by water
proof tester Hanna instruments and expressed in mg/L
[12]. According to world health organization (WHO) and
Pakistan drinking water standards the allowable limit was
<1000mg/L [8-10]. The experimental results showed the
TDS level in marked locations was in between 170 to
970mg/L (Fig 3). The results were within the allowable
range.
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Figure-3: The total dissolved solids (mg/L) content in
groundwater of Ranipur city of Khairpur Mir’s

The location 7 exhibited the TDS contamination at
boundary level. However the low range was found at
location 2 and that was 170mg/L. The reason was the
strength of population. The location 2 was not thickly
populated. The TDS and EC were interrelated terms.
According to WHO standards up to 400uS/cm were the
recommended level for groundwater [11].The monitored
ranged was 340-1940 uS/cm. it was observed that EC
ranged was beyond the limit. Only two locations showed
satisfactory level out of 10 locations.

Figure-4. The Arsenic content (ug/L) in Ranipur city of
Khairpur Mir’s

The Arsenic contamination puts adverse health effect on
human being. The Arsenic was determined by kit method
(Mercokoquant Arsenic Test). The Kit measures the
pentavalent and trivelant arsenic had range from 0.005-
0.50mg/L. The ten locations were analyzed shown in Fig
4.The figure portrayed linear trendline with vertical error
bars. The location 2 posses were low arsenic
contamination that was 0.00001ug/L. The location 5 has
high value that was 2.14. Location 1, 3 and 4 have same
value. Locations 5, 6, 8, 10 were very high from WHO
Standard. WHO Standards value is 0.01 pg/l and Pakistan
standard for Arsenic is 50 pg [12].

4, CONCLUSION

The 10 selected locations of Ranipur city of Khairpur
Mirs were monitored. It was concluded that TDS level
were satisfactory while EC was higher in 8 location. The
pH was within ranged however slightly increased in two
locations. As for as Arsenic was concerned the range was
higher in three location out of ten.
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IDENTIFICATION OF UNCONVENTIONAL SHALE-GAS PLAYS AND RESERVOIR CHARACTERIZATION
THROUGH ALOGR METHOD AND WELL LOG INTERPRETATION : A CASE STUDY FROM LOWER INDUS
BASIN, PAKISTAN
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ABSTRACT

Unconventional reservoirs mostly consist of fine-grained wealthy with organic shales trapped gas are
considered as source, seal, and the reservoir rock. Integration of well logs played an important
contribution in evaluation of unconventional reservoirs in order to identify the shale deposited
basinward on the basis of their position in Basin, Total Organic Contents (T.O.C), mineralogical
composition and reservoir parameters like porosity, saturation, fracture, brittleness, etc. required for
optimizing recovery and production of hydrocarbons by integrating of seismic and petrophysical
attributes. Seismic data is also used to map the shale gas away from well and identify its distribution
with in the basin. In this regard, Passey’s method has been used for the identification of T.0.C
contents in shale, commonly known as AlogR Method used for assessment of shale gas and depends
upon cross plot Gamma Ray (GR), Density (DT) and LLD logs. Using cross plots of GR, DT and
LLD Zone with high organic matter (OM) has been identified and integrated with results of
petrophysical interpretation of Log to identify Shale Gas of producing fields of Sinjoro Blok, Lower

Indus Basin of Pakistan.

1. INTRODUCTION

This research work is based on identification of
unconventional ~ shale-gas  plays and  reservoir
characterization using petrophysical investigation of logs
from Sinjhoro block, Lower Indus Basin, Pakistan.
Unconventional reservoirs mostly consist of fine-grained
wealthy with organic shales trapped gas are considered as
source, seal, and the reservoir rock. Integration of well
logs played an important contribution in evaluation of
unconventional reservoirs in order to identify the shale
deposited basinward on the basis of their position in
Basin. Source shales have also been proved to be good
reservoir rock though they have tight-porosity, low-
permeability and certain quantity of silt. Analysis of
source rock parameters is mainly based on organic
carbon, maturation of organic matter, geochemical and
geophysical parameters in order to find closure for
reservoir. The organic carbon of source rock has specific
velocity, density and resistivity characteristics which
affect log and seismic responses. Thus, source-shale’s and
shale-gas reservoirs can be analyzed through logs. In this
paper, application of integrated well log interpretation
techniques has been applied on shale-gas plays of
producing fields of Sinjhoro Block, Lower Indus basin of
Pakistan [1-2].

2. GEOLOGICAL SETTING OF THE AREA

The study area is the part of Sinjhoro Block located in
Lower Indus Basin of Pakistan.. Several Qil and Gas
fields were discovered in Lower Indus Basin. Lower
Indus is characterized by extensional tectonics [3-6].
Tilted faults have been resulted due to the extensional
tectonic in the Cretaceous with in and surroundings of the
study area. The deposition of the reservoir Lower Goru
sandstones and interbedded source rocks took place in a
passive margin region formed during the rifting of the
Indian plate from the eastern margin of Africa during the
break up of Gondwanaland. Figure 1 is showing
Generalized Stratigraphic Cross section of Lower Indus
Basin [7-9]

Many of the discoveries from Lower Goru have been
successful (Ahmed et al., 2004). Sembar Formation and
Interbedded Shale of Lower Goru are proved source rock
[10-12] discussed the Shale Gas potential in Central and
Lower Indus Basin. Lower Goru sands are considered as
Proved Reservoir Rock of Indus Basin. Various
Nomenclatures are used for Lower Goru Formation. [6]
[9-10] discussed various nomenclature used for
description Lower Goru Formation. In this paper “C
Sand”, the OMV classification of Lower Goru is taken
into account which is equivalent to Albian Age. A depth
structure map on top of Lower Goru Formation showing
drilled wells shown in Figure 2.
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Figure 2: Depth contour map of Lower Goru Formation
3. PETROPHYSICAL INVESTIGATION

All kind of studies carry out to study subsurface data of
well using wireline log motifs is called as Petrophysical
studies. Such study involves conventional study of
formation and specialized study and Advance Studies
using specific tools and techniques. Conventional logs
(GR, Resisitivity , Sonic , Neutron Porosity and Density

) t
487300

49506F

492100

log to determine lithology , Porosity, Shale Volume ,
Water Saturation and contents of moveable and
immoveable Hydrocarbons. Calculation of TOC content
using Porosity Logs (Sonic, Density) and Resistivity logs
is called as specialized study. TOC study involves
calibration of values with lab data for precise data. While
Elemental Composition Spectrometry (ECS), FMI

Imaging are advance tools to study composition of
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minerals and subsurface bedding plane character
respectively.

3.1 CONVENTIONAL PETROPHYSICAL STUDY

Different logs have been used in order to identify the
shale sequences One of the most common cross plot is the
RHOB, LLD and GR log cross plot. This cross plot is
used in petrophysical analysis for lithology determination
and its sequence. Porosity is relatively invariant in
different lithology like quartz with shale or calcite. The
cross plots are prepared for the reservoir zone of Lower
Goru Formation for different wells of Sinjhoro area. The
three polygons indicate the lithology variation of Lower
Goru and result shows that the formation mainly consists
of sand shale sequence with mostly Sandy Shale
lithology. CHAK 66-01 cross plot ranges from depth
2000m to 3050m and indicates that the formation mainly
consist of shaly sand with bottom part of formation have
shale. Only clean sand part is between 2850m to 2900m
(Figure 3). CHAK-5 DIM SOUTH-01 cross plot ranges
from depth 2050m to 2900m and indicates that the whole
formation have shaly sand with a small lense of sand at
depth 2870m to 2885m (Figure 4).

After plotting the log curves of wells (Figure 5, 9)
Petrophysical results of CHAK 66-01 shows that also
there are clean sand in Zone-A because of low shale value
and high matrix value indicated but water saturation
increases in this zone and hydrocarbon is less in this zone
(Figure 6), while Zone-B is mainly based on Sandy Shale
and it have good effective porosity with few amount of
hydrocarbons are also present which may be recovered
(Figure 7) and Zone-C has more Shale sequence than

Log Data” CHAKES-01, Unilled1- L1D vs. RHOB

Sand but lower part in this zone has sand packages which
also have fair amount of hydrocarbon (Figure 8).

Petrophysical result of CHAK-5 DIM SOUTH-01 shows
that Zone-A has good amount of hydrocarbon present at
different depths (Figure 10). Mainly 2020m to 2035m
where saturation of hydrocarbon is almost 45% and have
high sand lithology with almost 90% while its effective
porosity is 10% other productive zone in Zone-A is
starting from 2180m to 2200m where saturation of
hydrocarbon is 45% and have high sand lithology with
almost 90% while its effective porosity is 15%. Lower
part of this zone starting from 2240m to 2300m also can
be very productive as saturation of hydrocarbon is almost
45% and have high sand lithology with almost 90% while
its effective porosity is 15%. Zone-B of starting from
2300m to 2600m which have higher amount of
hydrocarbon throughout this zone. Lower part of this zone
have high amount of shale (Figure 11) and have high
amount of hydrocarbon and high porosity as well which
means that either this indicates hydrocarbon in shale
which needs to study further as shale gas or its data
issues. Caliper log shows high deflection in this zone
which means that the zone of invasion is high which may
act as error for log recording. But if it’s tight gas then this
whole zone may act as productive zone and Zone-C has
higher amount of shale but at few depths sand packages
found (Figure 12). So by and large this zone cannot said
to be as productive zone but at the lower part of this zone
at depth 2790m to 2850m a large sand package is
identified which indicates good amount of hydrocarbon
with good porosity.

—
LD

Figure-3: Facies analysis of CHAK 66-01
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Figure-5: Well log data of CHAK 66-01

| QUAID-E-AWAM UNIVERSITY RESEARCH JOURNAL OF ENGINEERING, SCIENCE & TECHNOLOGY, VOLUME 14, No.2, JULY-DEC. 2015 || 75 |




CHAMON.0
-

ST PHIE
50 O 00
SMTESW [SMTSXOMam T erns

y — - ZO00 000

-1 s 5
| -2100.000

L - g
}-2200 000

8- < :
[ 23200.000

Figure-6: Petrophysical Results of Zone-A of well CHAK 66-01
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Figure-7: Petrophysical Results of Zone-B of well CHAK 66-01

QUAID-E-AWAM UNIVERSITY RESEARCH JOURNAL OF ENGINEERING, SCIENCE & TECHNOLOGY, VOLUME 14, No.2, JULY-DEC. 2015 || 76 |




CHAKAO-O1
-

S.MTP.H'%O
SMITVSH SMTSWAR SMTSXOAR | SMIPHISXO
0.00 1.0 1.00 0.0011.09 00000 - U.UO
SMTPHIE SMTSW SMTSXO SMTPHISW.
1.00 0.00 1.00 0.00]1.00 0.00{0.5 ;
260000 t 1 = N
| e | —— I —
e
2700.0 [ ] = =~ ]
R [ ] p— —
| ] — = -
. = === )
] [ .
[- g 1 - -— ‘;j -~
2V0O0.0 | —— ” - \
1 = = )
L] —— ===}
Figure 8: Petrophysical Results of Zone-C of well CHAK 66-01
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Figure 9: Well log data of CHAK-5 DIM SOUTH-01
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Figure-12: Petrophysical results of Zone-C of CHAK 5 DIM SOUTH-01

3.2 Cross Plots of Deep Resistivity and Sonic

Basic theme behind the AlogR Interpretation is developed
by [13-14] and based on assumption that shale’s and lime-
mudstones contains significant amount of OM (organic
Matter) and Non source rocks (sandstone, Limestone)
also contains OM but not in significant amount. AlogR is
separation between resistivity and porosity logs (Sonic,
Neutron and Density) and bears primary relationship
between TOC and AlogR; AlogR separation increases ,
value of TOC also increases. However Resistivity Deep
Log (LLD) and Sonic (DT) is considered as best
combination to calculate AlogR. . The best description of
the method is also posted on the online magazine Search
and Discovery, in "Direct Method for Determining
Organic Shale Potential from Porosity and Resistivity
Logs to Identify Possible Resource Plays [15-16].
Crossplots should be constructed keeping GR values in

mind because it will prove the shale presence. Hence at
those depths where DT, LLD and GR log show high
values may confirm the rich organic shale content.
Crossplots should be constructed keeping GR values in
mind because it will prove the shale presence. Hence at
those depths where DT, LLD and GR log show high
values may confirm the rich organic shale content.
Therefore cross plot of DT vs LLD has been carried for
Chak-63-01 and Chak 5 Dim South-01 (Fig-13 and Fig
14). Such cross plot also shows that there are zones where
DT value and LLD shows high values in petrophysical
identified hydrocarbon bearing zones. This shows that
organic enrichment (Figure 13) is present in shaly sand
(depths 2300m to 2500m ) of CHAK 66-. Similarly Chak
5-Dim South-01 also shows presence of organic shale
plays at depths of 2600m t02900m (Figure 14). Hence it
is also proved that Shale and also these zones may be
explored as 'Shale Gas.
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Figure-13: Crossplot of DT vs LLD and Shale play of CHAK 63-01
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4. CONCLUSIONS

Petrophysical results of CHAK-5 DIM SOUTH-01 shows
that Zone-A has good amount of hydrocarbon present at
different depths. Mainly 2020m to 2035m where
saturation of hydrocarbon is almost 45% and have high
sand lithology with almost 90% while its effective
porosity is 10% other productive zone in Zone-A is
starting from 2180m to 2200m where saturation of
hydrocarbon is 45% and have high sand lithology with
almost 90% while its effective porosity is 15%. Lower
part of this zone starting from 2240m to 2300m also can
be very productive as saturation of hydrocarbon is almost
45% and have high sand lithology with almost 90% while
its effective porosity is 15%. Zone-B of starting from
2300m to 2600m which have higher amount of
hydrocarbon throughout this zone. Lower part of this zone
have high amount of shale and have high amount of
hydrocarbon and high porosity as well which means that
either this indicates hydrocarbon in shale which needs to
study further as shale gas or its data issues. Caliper log
shows high deflection in this zone which means that the
zone of invasion is high which may act as error for log
recording. But if it’s tight gas then this whole zone may
act as productive zone and Zone-C has higher amount of
shale but at few depths sand packages found. So by and
large this zone cannot said to be as productive zone but at
the lower part of this zone at depth 2790m to 2850m a
large sand package is identified which indicates good
amount of hydrocarbon with good porosity. Similarly
Chak 5-Dim South-01 also shows presence of organic

shale plays at depths of 2600m t02900m (Figure 14).
Hence it is also proved that Shale and also these zones
may be explored as 'Shale Gas
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CONTINUOUS WAVELET TRANSFORMS FOR DELINEATION OF THIN SAND RESERVOIRS OF MIANO
AREA, SOUTHERN INDUS BASIN, PAKISTAN
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ABSTRACT

This research endeavor to provide a workflow that may open the ways to explore the clastic
reservoirs by the application of continuous wavelet transform technique of spectral decomposition
and conventional seismic attributes such as average energy, reflection strength to a 3D seismic data
set of Miano gas field, Lower Indus Basin of Pakistan. Miano Gas field is one of the distinct
hydrocarbon producing zone located in Lower Indus Basin, Pakistan. Lower Goru is the principal
hydrocarbon reservoir of Fluvial-deltaic depositional environments. Extensive geophysical studies
have been done in this area to explore these clastic reservoirs. Predicting the thin reservoir sands
within these laterally heterogeneous environments is a challenge for the Geoscientists. To overcome
this issue, we have applied spectral decomposition; a vigorous seismic interpretation tool for
delineating the channel geometries and the potential thin beds of hydrocarbon bearing sands. This
technique can detect thin gas sand reservoirs which conventional seismic attributes cannot do due to
their bandwidth limitations. Average energy could only give clue for these depositional features due
to bandwidth limitation. However, continuous wavelet transform technique of spectral
decomposition has remarkably delineated the channel geometries and the thin gas sand beds
associated with these depositional features. Therefore, continuous wavelet transform in conjunction
with some conventional seismic attributes can be used for future delineation and characterization of
Fluvial-Deltaic reservoirs by giving optimal well locations of Miano area, Lower Indus Basin,
Pakistan.

Keywords: CWT-Spectral Decomposition, Seismic attributes, Fluvial-deltaic sands.

1. INTRODUCTION

Fluvial-deltaic clastic reservoirs are becoming the focus
of interest in the exploration of hydrocarbons. As these
reservoirs are the combinations of various stratigraphic
traps in the form of stacked channel sands. Lower Goru is
one of the distinct clastic reservoirs of Miano Gas field
Lower Indus Basin of Pakistan that has been producing
the hydrocarbon for the last few decades. Many extensive
geophysical studies have been carried on this area with
the object to explore these clastic reservoirs. The complex
fluvial dominated deltaic depositional environments acts
as a barrier to successfully detect and delineate the
reservoirs in perspectives of lithology and the
hydrocarbon prospecting which is always remained a
challenge for the Geoscientist. These sand systems consist
of an organization of thick gas sand prone geometries
such as point bars together with the levees and overbanks
deposits.

The practical implications for characterizing these clastic
reservoirs is that the crevasse, levees and point bars are
the excellent geometries for hosting the hydrocarbon

producing sands which can be delineated through various
advance seismic interpretation tools. The aim of the
research is to provide a workflow by the application of
continuous wavelet transform technique of spectral
decomposition (CWT-SD) to detect and delineate the thin
sand reservoirs to a 3D post stack seismic data set of the
area.

The prime objectives of this research work is to execute
spectral decomposition as a key seismic interpretation
tool for possible lithology and hydrocarbon producing
zones detection through thin reservoir delineation. We
have also incorporated average energy and (Instantaneous
amplitudes) reflection strength attribute as a lithology
indicator, but, we our focus remained on CWT-SD tool
for possible thin reservoirs delineation.

Earlier in the same area we have applied seismic
attributes and spectral decomposition for relatively thin.
There is variety of spectral decomposition techniques
with different applications. Each technique has its own
advantages and disadvantages [1]. However, in theory,
CWT-SD technique have proved it’s excellent ability for
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providing the image with high resolution as it is out of
bound for pre-selecting the time window length and does
not have predetermined time — frequency resolution [2].
The suggested design of study can be helpful for
delineating the remaining hydrocarbon potential sand
reservoirs in the area.

2. GEOLOGICAL SETTING OF AREA

The dominantly north-south-trending Indus Basin is
bounded by the Indian shield to the East, the Kohat
Potwar Plateau to the North, and the fold and fault belts
of the Sulaiman and Kirthar ranges to the West (Fig. 1)
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Figure-1. Map of Pakistan Showing Miano Gas Field.

The major structures and sedimentlogy of the Lower
Indus Basin are rifting of the Indian Plate from
Gondwanaland (Jurassic or Early Cretaceous) which
probably created NE-SW to N-S rift systems, isostatic
uplift or ridge-push at the margins of the newly developed
ocean probably caused uplift and eastwards tilting at the
start of the Cretaceous. Separation of the Madagascan and
Indian plates in the Middle to Late Cretaceous may have
caused some sinisterly strike-slip faulting in the region
and hotspot activity and thermal doming at the
Cretaceous-Tertiary boundary [4-5]. This in turn caused
uplift, erosion, extrusion of the Deccan flood basalts and
probably the NNW-striking normal faults.

2.1 Depositional Environments and Reservoir

Characteristics

The dominant lithology is medium to coarse-grained
sandstones of shallow-marine setting which constitute the

major hydrocarbon producing reservoirs in Miano gas
field. There is a variety of reservoirs characterized by
deposits of a proximal wave-dominated delta system of
fluvial-deltaic and barrier-bar complex with a variety of
sub environments. Organic-rich shales within the Sembar
Formation are the main hydrocarbon source rock for the
lower and middle Indus basins [6].

Lower part of Lower Goru Formation is already
producing gas, which is further divided into four sand
sequences as shown in (Fig.2 A, B, and C and D) [7].
Predominantly gas-saturated Pay sands, These sands show
anomalously high porosities and permeabilities at high
temperatures and depths of are lying in the depths
intervals between (1900m to 3800m) with average
absolute porosities, are 16%, reaching more than 35%, are
mostly encountered within mainly thin fluvial-deltaic
sand systems.
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Figure-2. The Stratigraphic Column showing the subdivisions of
Lower Goru Formation into Sand intervals A, B, C
and D [7].

3. DATASET AND METHODOLOGY

The area is one of the leading hydrocarbon gas producing
fields of Southern Pakistan. The used volume covers an
area of 450 Km? of Miano gas fields which was acquired
in vintage1999. This volume is divided into 340 Inlines
and 450 cross lines which were used for this research
work. The data was sampled at 2ms. Vibroseis eneregy
source was used for the data acquisition. Data of six wells
has been utilized for this research work.

Synthetic seismograms were generated for wells to link
logs (in depth domain) to time domain seismic data and to
observe the seismic character of sands within the area.
Well to seismic ties were performed by establishing
correlation  between the seismic and synthetic
seismograms by adjusting T-D functions through stretch
and squeeze method (Fig.3). The zone of interest lies
between 1.55 s to 1.68s (3000m to 3350 m) window of
the reservoir zone.

Figure-3. a. The Conventional Seismic Section and Zoomed Section
at Reservoir level of interest

b. Yellow Wiggles is the Traces of Synthetic Seismogram.

Two horizons namely Lower Goru and informally
nomenclature C-Interval habe been marked. It is
important to mention here that two surfaces have
projected and named as Sand-1 and Sand-2 by taking the
reference of Lower Goru horizon for the purpose of
visualizing the depositional features at the reservoir level.

Spectral decomposition is a tool for enhanced imaging
and mapping chronological bed thickness using 3D

seismic data [8] and it aids in seismic interpretation by
analyzing the variation of amplitude spectra. There is a
Variety of spectral decompositions methods. Each method
has its own advantages and disadvantages and different
applications require different methods [1]. The aim of all
these methods is to decompose a seismic signal into its
constituents in order to achieve better geological
information. For instance, the discrete Fourier transform
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is a traditional frequency decomposition method. The
transform determines the relative strength of each
frequency component of the entire signal but does not
provide information on how the frequency content
changes with time. Therefore, the discrete Fourier
transform method is not suitable for analysis of non-
stationary signals since it is unable to localize frequency
variations over time.

Therefore, in this study, we have applied CWT- SD on
full stack high resolution 3D seismic data to check the
frequency response of fluvial-deltaic sands and calculated
iso-frequency volumes using the output spectra of spectral
decomposition of CWT for analysis of reservoir sands of
various thicknesses. However, theoretically, CWT
technique have better ability to provide the image with
high resolution as it does not restricted to the pre-
selection of the time window length and does not have
fixed time — frequency resolution [2].

Mathematically, the continuous wavelet transform is
calculated as by summing over all time of f (t) convolved
and shifted versions f the analyzing wavelet function y:

C (scale, translation) = f:';o f() Y (scale, translation, t)dt
+o00 1 T
Clon)= 7 =v (t - ;) f(t)dt

1 T .
Where the term = (t—;) is a an envelope of the

scaled and the shifted wavelets and o, T are scale and shift
parameters, respectively [2]

For establishing the relationship between frequency and
the layer thicknesses, we have made a cross plot of
frequencies and the sand bodies thicknesses. From this

1

cross plot, we have analyzed the spectral decomposition
response of bright amplitude responses of various sand
bodies. We selected sand bodies of various thicknesses
such as 12m, 14m, 18m, 19m, 26m, and 30m from the
surrounding wells. These sand thicknesses were plotted
against the various CWT-frequencies.

In addition to spectral decomposition we have also
calculated the average attribute and reflection strength
attribute. Average energy is defined as the square of RMS
amplitude. There are two main applications of average
energy; depicting the depositional environments, sharp
interfaces of lithogical contrast. Thus, it is important to
incorporate for inferring the depositional environments.

Reflection strength has wide application for reservoir
characterizations. It is defined as the Envelope amplitude
or reflection strength is defined as the root square of
square seismic trace plus square quadrature trace. Highest
value of envelope amplitude infer as major changes in the
lithology such as unconformities or presence of gas [9].

Mathematically, it is defined as
E (1) = VI (0 +0° ()]

t varies approximately between 0 and the maximum
amplitude of the trace. The envelope relates directly to the
acoustic impedance contrasts. And therefore, can be used
as hydrocarbon indicator.This attribute was incorporated
for inferring the channel fill lithology. First, we have
generated the horizon slice at the shallow reservoir level,
and proceeded at the deeper reservoir level to have a clue
for the deeper reservoir level. For this purpose, we have
generated some time slice of amplitude at two shallow
levels (Fig. 4).
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Figure-4: Computed Amplitude Spectrum at the reservoir level. a. Extracted Wavelet b. Frequency Spectra.
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4, RESULTS AND DISCUSSIONS
4.1 Synthetic Seismogram

The seismic data is of normal polarity with an increase in
acoustic impedance being represented by a peak. The
Synthetic seismogram of one well is used for the reflector
marking (Fig. 3).

4.2 Spectral decomposition Model
thicknesses

of sand bed

According to the cross plots of sand bodies and frequency
(Fig.5), as the frequencies increases we are getting the
thin sand beds. From the frequency - thickness
relationship, it may be infer that which frequency will be
suitable for exploring the specific sand body of various
thicknesses. As an example, one can infer that to explore
the thin bed of less than 10 m thick sands, it would be
better to analyze the 80 Hz frequency slice for lateral
distribution of this sand bed. Similarly, to explore the
sand bed of 30 m thickness, it’s better to analyze the 15
Hz frequency band of CWT-SD. It is also clear that, the
amplitude spectrum of these sand bodies drops drastically
between 30 Hz and 50 Hz. However, we may infer that
bright amplitude at frequencies between 30Hz and 40 Hz
may show the thick sand between 15m and 25m

i 30 Hz

1600 ms

According to the spectrally decomposed output cubes at
the representative wells, robust results for sand layer
thicknesses are observed, and are depicting the
significantly excellent response of spectral decomposition
from different sand bodies’ thicknesses. At the same sand
bed thicknesses in a well, low frequencies are showing
the thick sand beds (Fig. 6a, and b), while the higher
frequency components of amplitudes brighten, above the
1550 ms (Fig. 6¢, and d), thin beds are encountering in
the high frequency volumes, while the thick beds of sands
are encountering in the low frequency components [10]

CWT
Freguency (HZ) 0

Sand Thicknesses (m)

Figure-5: Cross Plot between Sand Thicknesses and Frequency
Maximum Amplitude Response

Figure-6: Spectrally decomposed CWT isofrequency volumes along the representative well section
a.20 Hz, b.25 Hz, ¢.30 Hz, and d.40Hz.Thick sand beds demonstrate bright amplitudes at
low frequencies (a and b), while the thin sand beds demonstrate bright amplitudes at
higher frequency (c and d). Yellow curve is the gamma ray curve (increases towards right)
while the white flags are the gas pay zones encountered in the reservoir zone of interest.

5. SEISMIC GEOMORPHOLOGY AND
HORIZON ATTRIBUTES ANALYSIS

Multiple horizon slices such as Lower Goru, C-Interval,
Sand 1 and Sand 2, were thus selected in the zone of
interest to understand the lateral and vertical variations in
sand distribution patterns occurring in the channels
geometries by observing different seismic attributes. Our

main emphasis remained on CWT —-SD 22 Hz horizon
slices.

This is the shallowest slice of seismic amplitude attributes
(Fig.7). As, the seismic amplitude provides detailed
stratigraphic and reservoir characteristics [11]. This
horizon slice clearly demonstrates the point bars indicated
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by red arrow at the SW margins. Length of this meander
belt is about 7 km with sinuosity index of 1.9.

303381 303955

Low

High
Fig 7: Amplitude Time Slice at 1212 m.sec.
5.1 Analyses of CWT-SD Sand Horizon Slice

This is the horizon below C-Interval. We may see that the
22 Hz iso frequency volumes and average energy (Fig 8a,
b) indicate low sinuosity features as compare to the
seismic amplitude slice (Fig.8). Due to limitations;
average energy is not presenting the best image for
540400

534700

546100

crevasse splay like feature indicated by red arrow a the
southwestern flanks (Fig 8a.) However, CWT-SD 22 Hz,
have excellently imaged these hydrocarbon bearing
features. Southern most margins there are some high
amplitude (Fig. 8a). These high energy zones are showing
the massive sand lithologies, which are also confirmed
from the nearby producing wells. Hence, these zones can
be interpreted as high energy environments (Fig. 8a). On
the other hand, CWT-SD 22 Hz (Fig. 8b), the broad
amplitudes are now becoming narrow on the northeastern
margins indicated by blue arrow. Northwest —southeast
trending regional faults are also shown by the blue lines
on both the slices (Figs. 8a, b).These faults most probably
be created by the channel. On the south western regions
on both the slice (Fig. 8a, b), the crevasse like features
indicated by the red arrow on (Fig. 8a), and by large blue
arrow (Fig. 8b) where there is massive sand presence is
obvious. Paleo-flow of water was northwestern to south
eastern directions.

High

Low

Figure-8. Horizon Slices at Time 1644 msec. a. Average Energy b. Spectral Decomposition 22 Hz.

Now, as the deeper reservoir level encounters (Fig. 9), the
bright amplitudes broad point bars are encountering.
There are the amplitude attenuations at the reservoir level
of interest. This amplitude attenuation may be attributed
to the gas presence in point bars geometries. According to
literature, the depositional environment of reservoir strait
is fluvial-deltaic. (Fig. 9), the central part is showing the
meander feature surrounded by the wells, and extending
from southern to northern margins. The length of this
meander belt is 3.5 km. On the north-eastern flank, that
there is a massive sand body present. This sand body is
1.5 km wide. So, north-eastern most margins are showing
positive signs for the presence of hydrocarbon prone sand
in the form of bright amplitudes of point bars. So, the
eastern flanks of the survey may be more promising than
the western flanks for hydrocarbon perspectives. There is
a good well control and these bright low amplitudes of
CWT-SD are also confirmed from the nearby surrounding
wells (Fig.10).Gas pay zones are encountered at various
levels. Although the broad sand geometries are

surrounded by the wells-05, well-06, and well-07. But,
the well-05 (Fig. 10) is depicting more positive signs for
the hydrocarbon presence.Well-05 may be more
productive in the future as, gas pay zones are
encountering at both the shallow and the deeper reservoir
level. These pay zones are lying in the reservoir level,
which also validates our results regarding the
hydrocarbon presence.

A comparison between the CWT-SD 30 Hz and 40 Hz
slice is shown (Fig.10).1t is obvious that, again the eastern
flanks of the survey are showing a little narrow meander
belt (40 Hz) right as compared to the (30 Hz) left slice.
From the cross plots for frequency and the layer
thicknesses (Fig.5), these observations are now validated
form these two slices of (30 Hz) left and (40 Hz) right
CWT-SD slices. As the higher frequency component
come across more thin beds are attain and vice versa.
Similarly, these possible hydrocarbon prone geometries
are also confirmed from the nearby wells. (Fig.11)
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Figure-9: 30 Hz Amplitude Slice at 1655 ms of the Reservoir
Level.
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Figure-10: 30 Hz and 40 Hz Amplitude Slices at Deeper
Reservoir Level of 1677ms.
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Figure-11: Amplitude seismic sections along the representative wells.a.well-05, b.Well-06.Red
blocks are representing the gas pay zones.Well-05 is showing the gas pay zones at both
the shallow and deeper reservoir level, but, Well-06 represents gas pay zones at the

middle reservoir level.
5.2  Lithological Analysis

Up to this stage phase of the research, the lateral sand
distribution was analyzed. For accessing this accuracy, we
have utilized the vertical seismic sections of instantaneous
amplitude (reflection strength) and the seismic amplitudes
(Fig. 12a, b). The fluvial-deltaic heterogeneous
environments have created the difficulty for exactly
matching the channel filled lithology so, to identify the
exact lithology of the reservoir formation, reflection
strength was the best choice for this purpose. And it is
incorporated for identifying the hydrocarbon prone sand
infill lithologies.

Lithology identification within the channel fills can be
inferred from the instantaneous amplitude (reflection
strength) which has various applications, but this attribute
is incorporated as a hydrocarbon indicator by inferring

lithologies of the channels fills (Fig. 12b). High values are
revealed by yellow colour depicting the high energy,
porous sand filled channels (Fig. 12b), while the black
colour is providing a match for convex downward
amplitude channels (Fig. 12a). As, the massive point bars
and the crevasse like stratigraphic depositional features
are of hydrocarbon interest, hence this attribute can be
used for detection of the sand filled channel lithologies
that are showing different acoustic impedance contrasts
[12].

Coarse sand filled channels are the reflections of high
energy environments and the intermixed mud filled
lithologies are the reflections of low energy
environments. These depositional features may be seen on
the displayed vertical seismic inline 2960 section (Fig.
12), where there is strong reflection amplitude (Fig. 12a)
and the high amplitude high energy environment is
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confirmed from the vertical section of average energy
attribute (Fig. 11a).(Fig.13) depicting the of the sand
filled channels. The channel fill lithology is diligently
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confirmed from the vertical section along a representative
well.

Figure-12. a. Seismic Inline 2960 Passing the Meandering Channel. b. Reflection Strength Attribute

Applied to the Same Section.

Figure-13: Amplitude section along the representative well. Lower black bar represents the gas
sands pay zones, while the upper small block showing the shale interval at the reservoir
level. Red curve is the density log, while yellow curve is representing the gamma ray
log (both increasing towards right).

In summary, the bright amplitudes broad point bars, and
crevasse like depositional features may be more favorable
for hydrocarbon exploration on eastern flanks as
compared to the high amplitudes narrow channel like
features on the northwestern flanks of the horizon slices
(Figs. 7, 8, 9,10).

6. CONCLUSIONS

Investigations have been carried on the Miano Gas Field
in perspectives of lithology and possible hydrocarbon
prone thin sand reservoir recognizing by the approaches
of continuous wavelet transform technique of spectral

decomposition and conventional seismic attributes such
as average energy, reflection strength to a 3D post stack
seismic data. Since, massive sand facies such as point
bars, crevasse like depositional features are of great
importance in context of hydrocarbon exploration. At the
Lower Goru level, average energy could only give clue
for these depositional features due to bandwidth
limitation.

However, CWT-SD has proved and the continuous
wavelet transform technique of spectral decomposition
has remarkably delineated the channel geometries and the
thin gas sand beds associated with these depositional
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features. Therefore, CWT-SD along with some
conventional attributes can be used to identify the
remaining hydrocarbon prone features by planning of
wells of Miano Gas Field, Lower Indus Basin of Pakistan.
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AGILE MANUFACTURING IN SEASONAL DEMANDED SME’S

Tishawar Sharif*, Muhammad Faroog*, Hassan Faroog*, Muhammad Tayyab*

ABSTRACT

Today’s business environment is characterized by fast-changing technologies and shorter product
life-cycles, well-educated customers and fierce competition. Within this context, agile manufacturing
is praised in the literature as one of the solutions for achieving and maintaining a competitive
advantage in turbulent times. This paper is aimed to fill in the identified theoretical and empirical
gaps by exploring and scrutinizing the agile manufacturing concept in small and medium enterprises
(SMEs) in the FAN manufacturing industry in Pakistan. Furthermore, a model illustrating the agile
manufacturing enablers praised in literature and useful for studied industry is developed. A
guestionnaire has been developed based on the agile manufacturing enablers in the literature. Then a
survey has been conducted on the developed questionnaire to find the application of praised agile
manufacturing enablers in the industry and the extent of application. Result of the survey has shown
that the agile manufacturing enablers are partially applied in the studied industries. Nevertheless, a
conscious awareness of the agile manufacturing concept itself was not found and the enablers

identified were rather described as logical business thinking.

Keywords: Agile Manufacturing Parameters, Agile Business ; Factors Affecting on SMS’s

1. INTRODUCTION

Companies in the recent time have been challenged by the
fast changing global business environment and the
customers’ demands. Due to this reason large scale
companies have changed their production environment by
implementing different world class techniques like JIT,
TOM, Lean and agile manufacturing to improve the
quality and productivity[1].The Small and Medium
Enterprises (SME) have faced the same challenge. They
are also competing for the favor of the customers.

The concept of agility and agile manufacturing (AM) is a
new concept of operating business to achieve competitive
advantage in turbulent business environment [2-4].[2] in
particular investigates the relationship between agility,
resilience and turbulence. The study shows that out of 471
North American companies, the ones investing in agility
and resilience have significantly better performances and
profitability during the time of intense turbulence.
Therefore to continue, survive and grow, an SME needs
to develop robust new products, which meet customer
expectations in an agile manner.

2. LITERATURE/RESEARCH CONTENTS

Literature provides ways to structure AMEs (Agile

Manufacturing Enterprises). For example[5] identify
seven key AMEs to respond quickly to changes of the
environment which include (1) virtual enterprise
formation tools; (2) physically distributed manufacturing
architecture and teams; (3) rapid partnerships formation
tools/metrics; (4) concurrent engineering; (5) integrated
product/production/business information systems; (6)
rapid prototyping; and (7) electronic commerce.
However, this is not the only way of representing the
enablers for AM[4] created a discussion of the different
enablers. Furthermore, they also identify three resources
to implement AM, namely: technology, management and
workforce. This is coherent with[6], pointing out that all
the manufacturing strategies need to be based on these
resources, namely (1) innovative management structure
and organization, (2) a skill base of knowledgeable and
empowered people and flexible and (3) intelligent
technologies. In addition, it is important to understand
that AM has to be carried out at a companywide level[7,
8] (Christopher, 2000).

Scholars have been researching the different enablers of
AM since 90s. As a consequence, there is an extensive list
of AMEs that one can draw from all of these researches.

Technology is often expressed as being essential for the
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implementation of AM[9]. A variety of technological
options have been identified as AMEs. For example,
some authors argue that AM should contain
automation[10, 11] while some opt for manufacturing
cells [4, 12]. However, most of the authors agree on the
fact that IT(Integrated Technologies) systems are crucial
for AM[7, 9, 10, 13-15][12, 16][4, 13]. But once again,
the type of IT systems can vary between the most
elaborated Enterprise Resource Planning (ERP) systems
to a simple email box[17, 18].

The management resources also play a very important
role in achieving AM. [12, 19].For instance, an important
criterion in reaching AM is a collaborative relationship
with the customers and the suppliers in order to better
sense the changes in the environment and also to create a
better match in the supply chain[7, 20, 21].This network
cooperation is essential in the creation of the “extended
organization” and can take place together with concurrent
engineering[4, 13, 22, 23].

The workforce appears in the literature to be a crucial
resource for AM. First, in order to fully exploit the
technology resources in the organization, AM needs an
educated workforce see for example[24]. Furthermore,
the employees’ ability of multifunctional working can
increase the company’s agility[4, 25, 26],which as a
consequence can reduce the dependence on key
employees. This can be facilitated by an access to
continuous learning and training[11, 25], and the creation
of a learning organization by the management (Yusuf, et
al., 1999). The empowerment of employees given by a
higher autonomy and high decentralization is identified as
another important input for AM[11, 26-28]. The objective
therefore, is to train the workforce to become a flexible
resource by itself. In turn this enables the employees to
not only acquire cross functional knowledge but also to be
more enthusiastic about their work, which as a result can
lead to a reduced absenteeism[16, 26].

Availability of knowledge data base if essential for
AM[12]. Academic literature related to the activities
involved in the manufacturing and their availability to the
concerned staff is an important factor for achieving
Agility in manufacturing system[29].

Design of product being manufactured should be based on
the strategy which correlates the goals of AM. Like it
should be customizable, upgradable, it should be being
designed after getting a feedback from end users [16, 30,
31].

Supply chain is very important element in achieving
agility in manufacturing, a supply chain which is market
sensitive, having high level of interconnectivity among
the members with transparent information sharing among
them is transparent is essential for that[7].

Lean manufacturing is important strategy for agile
manufacturing[32]. Lean supply is closely associated with
enabling flow and the elimination of wasteful variation
within the supply chain[33, 34]. JIT-purchasing has a
direct positive relationship with agile manufacturing
while the positive relationship between JIT production
and agile manufacturing is mediated by JIT-
purchasing[24].

The AMEs are separated in the work force knowledge
management information technology product design
supply chain manufacturing strategy, even though these
are deeply connected, making it sometimes difficult to
distinguish. Within this context, table is an attempt to
create a coherent framework of AMEs from a variety of
different taxonomies used by different scholars.
Following is a Table:1 comprising on agile manufacturing
Enablers identified in literature.
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3. INTEGRATION

The resources and enablers for agility cannot be
understood alone. It is stated in the literature [6, 17] that
integration is the key to a successful implementation of
AMEs.

4. AGILE MANUFACTURING IN SMES

While the literature is rich with regard to AMEs for large
companies, it is noteworthy that the applicability of these
AM practices for SMEs has been largely neglected. This
shortage is surprising as SMEs are an important factor for
the economy of any country [35, 36]. The purpose of this
research paper is to fill this gap by investigating SMEs. In
coherence with this aim, a short literature review will
provide an overview of what has been done within the
field of AM in SMEs.

By highlighting that AM can be defined as relying more
on people and their creativity than on the process itself,
[13, 37]illustrate the agile methods used by SMEs in the
construction area. The authors emphasize that the
interviewed managers recognize the main AMEs in their
people, the collaboration of business partners,
organizational culture and technology[13]and the benefits
of implementing AM. However[13] also highlight that the
application of AMEs requires a strategic shift which can
lead to hurdles with regard to the implementation. Within
this context, [10] emphasize that in the quest for
competitiveness, a crucial factor is the capability of SMEs
to respond to the turbulent market by implementing
appropriate manufacturing procedures and by finding a
niche for their business.

Another research has been conducted with regard to the
effectiveness of IT within SMEs, giving guidelines on
how SMEs can manage agility. The results emphasize the
need to develop people’s skills and expertise in IT to
reach agility[9, 38].

A further research carried out by[39] highlights a gap
between the application of the LM(Lean Manufacturing)
and AM concepts with regard to SMEs and large
companies. While in large companies, LM is a step
towards becoming agile, SMEs are capable of avoiding
many elements of LM[39, 40] goes even further, stating
that SMEs should neglect the lean concept and
concentrate solely on achieving and maintaining AM by
using enabling tools, like workplace organization and
quick set-ups. This view, however, is a contradiction to
the statement of other authors who describe LM and AM
as not mutually exclusive[6, 7,12].

However, most of the concepts and theories focus on
large manufacturing companies they have not involved
research or recommendations for small and medium
industries.[41] has discussed agile manufacturing in
aerospace industry. [5, 23, 39, 41-43] and thus highlight
the lack of research in the particular field of AM in

SMEs. This scarcity of AM theory for SMEs is
unexpected due to the fact that 99% of the companies in
Europe are SMEs. With approximately 23 million
companies and 75 million employees[35]SMEs are often
named the “engine of the European economy[35].
However, some studies could be found within the context
of AM in SMEs. Implementation of MC starts with the
design of product families that offer customers choice
while optimizing the use of components. With a lack of
understanding of how this is carried out, SMEs often
embark on a strategy of offering customers more choice
without a considered attention to the impact of this on
their operations. it is often difficult for SMEs, with
conflicting measures of performance and a proliferation
of tools and techniques, to clearly identify how to
proceed. The large enterprises can afford the risk of
mistakes but small and medium can’t afford this risk and
are typically vulnerable, author recommends the design of
products families that maximize the reuse of
components[44].A company’s business environment,
organizational culture, people management, collaboration
and cooperation, flexibility, adaptability and technology
are the most important factors for influencing the success
of AMs in SMEs[13] has studies agile manufacturing in
construction business for small and medium enterprise
and concluded the key points required to shift toward
agility are to find what are the key enablers and barriers
for adopting agile methods, simple and flexible structure
of organization, aligning the goals with agile values,
promoting the new ideas discussions, multidisciplinary
skills training and alliance with partners. Nevertheless, it
is noticeable that the authors researching within this field
highlight the challenges for SMEs in achieving and
implementing AM. The spectrum thereby ranges from the
required size of investment and lack of sufficient
resources[42, 44]over the lack of bargaining power [44]to
the need of changes with regard to processes and layout,
as well as investments within the area of employee
training and development[45]. While the mentioned
challenges for SMEs obviously attract the researchers’
interest, just a few of them concern themselves with how
these developed strategies, concepts and theories can be
applied in SMEs. A contradiction seems to appear when it
comes to applying AM in SMEs. It is possible to assume
that small and medium organizations would have strong
capacities to become agile due to their flat hierarchy and
thus a faster information and decision process. It can be
reasonably  imagined that compared to large
organizations, SMEs have closer ties with their team
members, as well as their suppliers and customers.
Therefore, they should be able to sense and react in a
more efficient and structural manner. However, as
mentioned before, the literature highlights AMEs that
seems out of reach for SMEs, due to their weak financial
power[13].
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It is concluded from literature review that the agile
manufacturing has been used previously in large
industries but there are very few clues of its
implementation in small and medium industries and if
there is then too in very small measures. Now in recent
days in the view of rapid changing demands of customers
it has become essential for SMEs to change their
manufacturing model on agile manners.

5. METHODOLOGY

A methodology has been developed with the aim of
achieving a data collection which will provide a way to
compare the collected data with the AME identified in the
literature and the extent of their applications. The object
of this section is to provide the reader with an overview of
the used research approach and strategy.

The design used in this study is survey. The target
population for a survey is the entire set of units for which
the survey data are to be used to make inferences. The
target population for this survey is the production
managers of the SMEs mainly.

production is also carried out in Lahore and Karachi. This
industry primarily belongs to small and medium
enterprisers (SMEs).

Literature Review

AME's found in SME's

6. FAN INDUSTRIES IN PAKISTAN

Targeted industry for the study is FAN industry in
Pakistan. Pakistan is known as the homeland of FAN
industries in the region, it exports fans in a huge numbers
to the region. Gujarat, and Gujranwala, are two key
players in the production of fans which is almost 98%.
Some of the There are 450 SMEs engaged in the
production of fans both for domestic market and export.
Out of this a major number of 300 units are known to
exist in Gujarat. Fan sector is not only earning precious
foreign exchange for the country but is contributing in
multiple ways to the National economy. This industry
employs up to 30,000 workers. However, the down side is
that the production is mostly seasonal and confined to 1st
six months of the year. Therefore the workers are not
adequately skilled as they are forced to find alternative
sources for earning livelihood. Few major companies
have endeavored to keep their workers engaged
throughout the year by shifting to related engineering
products. A major contribution of the fan industry is that
it has developed clusters in Gujarat and Gujranwala.
Around 90% productions cater to domestic demands. It is
interesting to note that local consumer demands better
quality and innovative designs as compared to export
products which are of low margins. Most of the
companies operate under locally created brands with only
a few moving towards international branding. Fan
industry is producing around 90,000 indirect employment
opportunities. Thus its contribution to total manufacturing
employment is up to 1.54%.Pakistan’s exports are mainly
concentrated in low-income markets, such as Africa,
Bangladesh and some Middle East countries. The average
export price of Fans made in Gujarat and Gujranwala is
around $23-25, which is much lower than some of the
more sophisticated fans which sell for around US$400-
500. The retail price of Pakistani fans in its export
markets on the other hand varies between US$35-40.

7. DATA COLLECTION

A detailed literature review is conducted to understand
and explore the agile manufacturing enablers. Different
authors have proposed different enablers for achieving the
goal of agile manufacturing. These agile manufacturing
enablers have divided into six different categories. A
detailed four point likert scale questionnaire is developed
to collect the data from the targeted industries. Questions
of the questionnaire are based on the factors identified in
the literature review according to different authors. These
agile manufacturing enablers are enlisted in the table 1.
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Table 2: Research data overview

Population under | Manufactures within the FANS
study industry

Population census 60 surveys

Geographical area Pakistan

Data Collection | Semi-structured and open-ended
method interviews Structured survey
Sample size 60 answered questionnaires

Valid response rate | 100%

of surveys

Time frame Mid of March — Mid of April

Respondent profiles | CEOs/managing directors,
production managers,

development managers

These questionnaires are filled by production managers
and CEQ'’s of the relevant industries. Personal visits have
been made to get the questionnaires filled and distributed
in local language for better understanding.

8. EMPIRICAL FINDINGS

The findings of the conducted surveys are presented here.
In total 60 surveys were filled out. Within this context,
the literature review of AMEs provided the foundation for
the survey questions, and thus were a source of insight
information. The figures shown in this findings part
reflect the results of the survey answers. At this point it
has to be mentioned that survey is to identify the AMESs in
the SME which are praised in the literature and to find the
extent of their application in the SMESs again,

Investigated companies based on the number of
employees are distributed in the following order.

76% 10to 50
16% 50 to 100
6% >100

2% <10

The respondents’ professions were mainly
CEOs/managing directors, production managers.

9. AGILITY ENABLERS IN THE FAN INDUSTRY
A. Work Force

Following are the questions asked in survey under the
category of work force. Every question was offered with
four scale choice from never, rarely, often to always.

WF1. Decision making is not centralized, in charge of
respective areas are independent to take decisions in their
domains. 50% companies responded it as always and 50%
as often, it shows that owners or CEO don’t effect the
decisions of the work flour managers and they are free to
choice what they want to use for the best production.

It is being emphasized throughout the world that the
involvement of the employees in the decision-making
process is a tool to integrate their human resources and
thus to create an understanding of the business itself. This
was assumed by the managers for having a huge impact
on the motivation and commitment of the employees.

WF2. Continuous education and training is being given to
employees about new techniques and technologies.

80% companies replied it never, only 20% rarely. Mostly
workers learn from senior employees, there is no special
education or training for the job. On asking that they
responded that there is no need of any particular training
because the changes in the work are so minor and they are
doing it for years so there is no need of continues
education and training.

Training and education is considered as an important
ingredient for the agile work force, authors have stressed
on continues training of the employees to upgrade their
knowledge and skill level to perform e the tasks. World
view about this has main focused in the advanced and
updated education and training should be a main part of
the company’s policy.

WF3. There is a spirit of team work and collaboration in
work force

66.7% replied always and 33.35 often. Mostly workers
remains in friendly environment with each other and the
small size of the industry help to get it because they are
all well acquainted with each other hence there is a good
team work spirit.

Good level of cooperation enhances the responsiveness
and then customer service level, motivation to work in
teams is highly recommended because of its synergy
effects, it is widely praised and implemented in the world
for the sake of achieving agility in the manufacturing
process.

WF4. Work force is trained to perform multifunctional
tasks if needed

100% answered it yes. As the process of assembly and the
production line is not so much complex and long so all
most all of the workers can perform all the tasks of the
whole process but we can’t deny the fact that if someone
is working on the balancing of fans for years and other
one on the winding of motors they can’t be as good if we
switch them but if there is need to do they can perform
each other’s tasks at least. High training and capability to
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perform the multifunctional tasks is recommended feature
for the agile human resource, it reduces the time of
response and make the more people available to perform
the task if someone assigned is missing from the spot.

WF5. The workforce is committed to perform the
assigned task.

20%often, 80% replied always. Workers are committed
with their tasks.

High level of commitment is very basic need of an agile
work force, responsibilities are given them to make them
committed with the assigned tasks, without good
commitment no work force can be an agile one.

WF6. Workers are knowledgeable with computer and IT
solutions

From the responses 46%never uses IT, 53% rarely.IT
solutions are mostly not adopted in the fan manufacturing
SME’s so workers are not knowledgeable with it, but now
some companies have started using at least mail service
for communication and almost everyone has made a page
of their product on Facebook.

World is getting more and more IT oriented, IT is making
an impact on every aspect of life, in manufacturing arena
application of IT is getting high and higher with the
passage of time so to cop the modern day needs of
manufacturing it is globally accepted that the work force
should be knowledgeable with the prevailed IT solutions
relevant to the used manufacturing process.

WEF7. Every shop floor manager is free to take decisions
at his responsible work. Furthermore, decisions are taken
and implemented quickly without wasting time.

From the resonses76% replied it often, 23%always.
Owners usually don’t interfere in the decision until it
becomes very critical.

Being responsive on time without any delay is main focus
of agile manufacturing , taking decision on time and then
implementing them without any delay is a key to the agile
shift, companies working on the agile concept of
manufacturing have developed a very quick decision
making process.

WF8. There are good internal relations between
employees & departments

53% of the responses were always, 46%often Because of
the small size of the industry relations are mostly good
between employees and the section.

Good relation between the persons doing tasks is first and
the foremost requirement of agility in the performance.
Figure 2 is presenting all the factors about work force in
the form of graphs.

Figure-2 Work Force Factors
B. Knowledge Management

Following are the questions asked in survey under the
category of Knowledge management and their response.
Every question was offered with four scale descriptions.

KM1. The company prepares his knowledge database
which is accessible to all the workers

83% replied never and 16% rarely. There was no data
base in the industries, sometime some manuals kept
secure for the understanding of some new coming
machine but as a specific data base there was nothing like
that.

Availability of knowledge data base is one of the praised
prerequisite of agile transformation, availability of
relevant information regarding the manufacturing process,
records of manufacturing activities etc. helps to expedite
the manufacturing process, companies which are working
on agile manners have developed their own knowledge
data base.

KM2. Academic literature of work related activities is
available

Academic literature regarding manufacturing activities
and the facilities being used in the manufacturing process
is recommended and being used widely in the world of
agile manufacturing, it helps to train the new hired
employees and to fix the problems if occur in the process
of manufacturing.

From the responses 33%never use this facility 66%rarely
academic literature in the form of specifications of
different fans was available in some companies. But a
special academic literature related to the activities was not
present.
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KM3. There is a Transparency of information (product
and process related) flow in organization and partners
which is not very much secret.

96% companies replied it to always, there is nothing like
secret in the case of information follow everyone knows
what is happening on the other corner or section of the
industry and this is mainly because of the small size of the
industry.

Transparency of information is very important and
cardinal factor in achieving agility in the manufacturing
process; it has a direct influence on the time consumption
during the manufacturing process. Making the flow of
information transparent can reduce the time utilized
during the transferring the instructions and orders based
on the hidden information, making it transparent and
available to all reduce the extra layer of people hired for
the conveying that information on the required time and
consume time as well

KM4. The company has developed the best practice
procedure, and proper mechanism is available to teach
these practices to the workers.

100% replied it rarely companies are keep on
manufacturing the products based on the already
established ways, there is no research to find the best
practice currently and then to teach it to workers.

With the passage of time and development of technology
new and new tools and techniques have been developed
by the researchers, so adopting them and then exploiting
them for the best service of customers and gain of
company is widely recommended as a key factor for
achieving agility in manufacturing , it has been used
worldwide with a considerable focus. Following figure 3
is graphical representation of the values of these factors.
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Figure-3 Knowledge management All Factors

C. Information Technology

Following are the questions asked in survey under the
category of Information and Technology solutions being
used and their response. Every question was offered with
four scale choice from never, rarely, often to always.

IT1. Internet based communication is used

53% replied never 46% rarely, few industries were using
emails for their communication but most of the
communication was from landline numbers and cell
phones. So the scope of internet based communication
was almost zero in the industries.

With the development of information technology the
mods of communication have changed, now the
communication has become faster than ever before ,
internet based communication is widely praised for the
agile transformation of messages and coordination with
partners customers and other related people.

IT2. Material Requirement planning (MRP)

As a common all industries use to plan their production
material requirement for this production but as we are
discussing material requirement planning under the
umbrella of IT solutions so in this case there was not any
software being used for this purpose across the board so
the response was 100% never.

Information technology has developed the way to handle
thing more easy and in more agile manners, application of
software for the material requirement planning are being
used worldwide in the industries for whom being agile is
the motive of their production.

IT3. Enterprise resource planning (ERP)

Same is the case of enterprise resource planning as well,
response was 96% never.

Software based enterprise resource planning s
recommended by different authors and being used by
different companies in the world for achieving agility in
their manufacturing process.

IT4. Capacity requirement planning (CRP)

There was not any software being used for the purpose of
capacity requirement planning, 100% responses were
“never”.

Capacity requirement planning based on software is part
of the solution for shifting conventional manufacturing
system to the agile manufacturing system, largely praised
and accepted all over the world as an agile enabler.

IT5. Computer added design (CAD)

There was no use of CAD software in the companies
because generally they don’t need it and it they get need
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to have a drawing of something they make it available
from some designer but don’t have this facility on their
own. Response was 100% rarely.

Computer added design is one of the diversely used
software for the design of parts of machines and other
small parts of the products; it is among the recommended
solutions for agile manufacturing and being implied as an
enabler for achieving agility from conventional
manufacturing system

IT6. Database (Product and process)

There was not any electronic data base, but emails saved
for only those companies which use emails for their
communication. 90% replied never to the existence of any
data base in the industry.

Electronic data base is among the being used agile
manufacturing enablers throughout the world; it reduces
the time to make the desired information available to the
respective people figure 4 is showing graphical details of
IT related factors for agile manufacturing.
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Figure-4 Information Technology All Factors

D. Product Design

Following are the questions asked in survey under the
category of Product Design being used and their response.
Every question was offered with four scale choice from
never, rarely, often to always.

PD1. Company emphasizes that the Products are being
designed after taking feedback from customers

73% replied to this question as never. There is no concept
of taking feedback from customers to make a design of
the product, however sometime some fan are prepared of
special orders.

Design of a product is very important thing to keep under
consideration, agile manufacturing not deal only with the

work Flore but with the customers as well, designing the
product which has demand among the customers is a
factors recommended and being used for achieving agility
in manufacturing.

PD2. It is company’s policy to Designs the products
which are upgradable

From the responses 73% replied often 26% always. Fans
are upgradable machine. You can change motor, wings
buttons but these parts cannot be changed with some other
size fan.

As the customers are becoming more and more
sophisticated and particular in their demands, the design
of manufactured products becoming more and more
upgradable for being agile to respond the need of the
customers.  Throughout the  world  companies
manufacturing on the agile manner are designing their
products which are upgradable.

PD3. Company emphasize on the modular design of the
products

From the responses 56% replied often 43% always.
Design of the fan is mostly modular consisting on
different parts.

Modular product designs are used in the companies
working on the agile manufacturing grounds.

PD4. It is policy to integrated the customers in the process
of product design

Customers are not the part of the process of product
design, company himself decide what to design for the
market, there isn’t any such integration is present there.
96% responses were never.

It is recommended to take the customers in the process of
product design, take opinion from them before designing
the product to understand the nature of demand of the
product you are going to manufacture, it is being used as
an agility enabler across the world.

PD5. Company emphasize on the customized product
design

80% replied there is not any customized product design
but the different designs are available in the market and
customers have to choose from them, while 20%
responded that they sometime make customized products
but it depends upon the order.

With person to person specific demand customized design
products have become the need of the time, to respond
this diverse nature of demand of the products companies
are manufacturing customized products recommended by
literature as an important agility enabler. Figure 5
represents the graphical details of product design related
factors.
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Figure-5 Product Design All Factors
E. Supply Chain

Following are the questions asked in survey under the
category of Supply Chain being used and their response.
Every question was offered with four scale choice from
never, rarely, often to always.

SC1. The company has a high degree of process
interconnectivity With the suppliers

70% replied always there is a good interconnectivity in
the supply chan. While comparing the supply chain
enablers praised in literature with the SME’s we have
found that chains are very much agile, everything is
available to the manufacturers in the market and there is
no delaying as well. What all they need is to come up
with money and take it.

An excellent interconnectivity with the partner suppliers
is widely accepted as one of the important factor of agile
supply chain, agile supply chains being used anywhere in
the world are highly interconnected with the fellow
suppliers

SC2.Supply chain gains flexibility by using the strengths
of specialist Suppliers

73% replied it to always and 27 percent often, there are
number of suppliers are available in the market who are
very specialist and particular in their supplies.

Flexibility in supply chain is another recommended
factor, flexible supply chains use the strength of the
suppliers based on their specialists.

SC3. Supply chain is market sensitive in the sense of
connection with the end users

Market sensitive means that the supply chain is capable of
reading and responding to real demand. Most
organizations are forecast-driven rather than demand-
driven. Agile supply chains are used to be very sensitive
to the markets to which they are responding.

Supply chain is very much market sensitive in the way
that what products are being manufactured their supplies
are always remained there in the market and there are no
such huge changes in the products for which supply chain
has to be sensitive for the change so for existing scenario
supply chains are sensitive.

SC4. The company shares complete product information
with its suppliers

There is no secrecy in the information follow, everyone
knows everything about others. What they prefer to hid is
their revenue and this is too from income tax officers not
from suppliers. Figure 6 describes the SC factors in
graphs.
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Figure-6 Supply Chain All Factors
F. Manufacturing Strategies

Following are the questions asked in survey under the
category of Manufacturing Strategy being used and their
response. Every question was offered with four scale
choice from never, rarely, often to always.

MS1. Lean manufacturing is applied for manufacturing

Respondents were not aware of what is the lean
manufacturing actually but on describing they have told
that they always remains in the pursuit to minimize the
waste, hence 70% replied that the work on the principle of
lean manufacturing in fan industries of Pakistan.

Lean manufacturing is one of the highly recommended
and diversely used agile manufacturing enabler.

MS2. Automated manufacturing systems are in use for the
manufacturing of products

There is no automation in targeted fan industry, most of
the work is being performed manually, however some
companies have acquired some automation like for
winding of motors but no one is fully automated.

Automated manufacturing systems have become the order
of the day; it has become impossible to cater the modern
day manufacturing demands without them so they are
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being used throughout the world for achieving agility in
manufacturing.

MS3. Just in time(JIT) is implemented as manufacturing
strategy

There is no concept of JIT in fan industry of Paksitan,
96% replied never. They keep on manufacturing fan on
the orders and guess work in which they have become
expert, they understand the market demands and the
manufacture it on the bases of demands, when order is
place the seek time for delivers, although some time if
there are products in the inventory they deliver it
immediately.

JIT is a globally recommended and used enabler of agile
manufacturing; it has changed the manufacturing
paradigm by eliminating the inventory.

MS4. Total quality management (TQM) is used in the
company

Same is the case of TQM as was of lean manufacturing,
70% replied they keep on working to raise the quality of
products, every time they do some sort of work they try to
do it better than before but there was not any special
accountability for TQM which is praised in literature.

Total quality management is an important and highly used
agile manufacturing enabler, everywhere there is the
motto of production is achieving agility TQM cannot be
avoided,

MS5. Flexible manufacturing systems are in used for
manufacturing

Depending upon the products being manufactured the
available facilities are flexible, from the responses 73%
replied it often and 26% always.

MS6. Mass customization is a focus of the company

There is not any concept of mass customization in SME’s.
96% respondents replied it never. They produce things
according to their design and then customers select from
these available designs.

MS7. Concurrent engineering is a part of manufacturing
process

Concurrent engineering is a part of process in the targeted
industry; different sections keep on working to
manufacture their related parts, and work concurrently
with each other.

MS8. Manufacturing cells technology is applied for
manufacturing

Manufacturing cell technology also has application in fan
manufacturing SME’s. Work floors are designed in the
way that closely related machines are near about with

each other to help the process. Figure is about MS factors
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Figure-7 Manufacturing Strategy All Factors

As illustrated in the literature, it is crucial to reflect upon
the ability of SMEs to integrate their different resources
and therefore to create a coherent bundle of enablers. It
appears that although the extended organization and the
human resources of SMEs are highly integrated, these
organizations lack a companywide initiative to develop a
vision for AM. Therefore, the set of AMEs explained
above is inherent to the organizations, rather than actively
created for an overall agility purpose. Companies are
lacking a consistent AM plan of action, which results in
an incomplete consistency with the AM model praised in
the literature. An overview of the existing AMEs in the
organizations surveyed is provided using the table 3.

Figure-8 AME’s distribution chart of Companies
G.  Agile Manufacturing Frame Work

Keeping the findings of the survey under consideration
and taking guidelines from literature about the AME’s the
following frame work (figure # 9) is prepared for the
SME’s in the fan industry of Pakistan. It can be argued
that the main AME’s are rooted in the workforce,
knowledge management, information technology, supply
chain, product design and manufacturing strategy. Some
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of the AME’s are being implemented up to some extent in
the industries but not wholly especially in Pakistan. So
the focus of the frame work is to keep all the praised
AME’s under consideration to recommend a way forward
for their integrated implementation.

It can be concluded that the AMEs identified in the
literature are partly reflected in the practices of the

Table: 3 AME's Identified in SME's

studied SMEs. 29% AME,s always applied, while 19%
often, 19% rarely and 32% never applied shown in figure
8, this comparison shows that SME,s are far away from
implementing the praised AME,. There is still a
significant need to implement AMEs in SME,s in more
progressive way to adopt the changing demands and then
to react them timely.

Always Often Rarely Never

Decentralized decision making

v

Continues education and training

v

Team work

v

Multifunctional workforce

Comitted work force

knowledgeable workers with |.T

Qick decision Process

Work Force

Good internal relationabt departments and employs v

Availability of Database

Academic literature

Knowledge Transparancy of information

Management

Mechanism to dissiminate the best practices

Internet based communication

MRP

ERP

CRP

ANANAN

CAD

IT Database

Customers feedback for product design

Upgradeable design

Design modularity

Product Design

customers integration with design process

Customizable design

Supply Chain

Process interconnectivity = between  network
members

Flexibility by using the strengths of specialist
players

Supply chain is market sensitive

Information sharing amnong all chain partners

ANANEN

Manufacturing
Strategy

Lean manufacturing

Automation

JIT

TQMm

Flexible manufacturing system

Mass customization

Concurrent engineering

Manufacturing cells

specialisation on core products

Modular reconfigurable system
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Agile Manufacturing

LT

7 E mails 7

MRP 7

|

7 CAD

7 mx_U 7
7

CRP 7

Supply Chain
management

process interconnectivity between
network members
Supply chain is market sensitive in
the sense of connection with the
end users

Transparency of info among all
partners in chain

Supply chain is flexible

Product Design

Designs of products are
customizable

Designs of products are modular

Designs of products are upgradable 7

Products are being designed after
taking feedback from customers

7 Academic literature is available 7

Knowledge Management

Transparency of information

Mechanism to disseminate best
practices

7 Team to manage the data base 7

7 Accessible data 7

Manufacturing Strategy

7 Concurrent engineering 7

7 Manufacturing cells 7

7 Automated manufacturing systems 7

7 Modular reconfigurable systems 7

Lean Manufacturing

T

Total quality management

7 Flexible manufacturing system 7

Human Resource

Cross functional cooperation

7 Multitasks training 7

7 Decentralized decision making 7

7 Quick decision power 7

7 Team work 7

7 Continue education and training 7

7 Workers are knowledgeable with _.._.7

Turbulent Enviroment

Figure-9. Agile Manufacturing Frame work



10. CONCLUSION

The literatures’ richness of AM definition, concepts and
enablers for large companies was highly visible, barely
any attempt has been made to challenge the concepts’
relevancy and applicability in the context of SMEs.
Therefore purpose of this was to shed light on the AM
concept itself and to scrutinize the concepts enablers
suitable for SMEs, and thus companies with less financial
resources than the large ones. The aim hereby was to
challenge and to extend the existing body of knowledge
not just by identifying the practices used by SMEs in the
FAN industry in the quest to achieve high responsiveness,
but also by providing a more practical approach gained
from real-life examples. In coherence with this purpose,
the main contribution of this paper is the creation of a
model illustrating the AMEs applied in SMEs in the FAN
industry. Furthermore, this model will give other SMEs
the possibility to reflect on their practices and to identify
feasible areas of improvement.. Furthermore, it is crucial
to recognize the AM concept, and also the created model
within this thesis, as a guideline rather than a best-
practice model applicable for each and every company
and industry. The capability of the SMEs managers to
create the right set of AMEs relies strongly on their
capability and willingness to perceive and act on change.
Therefore, it is essential to pursue a continuous learning
approach by constantly reflecting its own business
processes and by being open-minded.

Further Research

Considering the genuine interest in our research by the
SMEs’ managers from the FAN industry in Pakistan, it is
believed that SMEs’ AM deserves further investigations.
As a matter of fact, the author of this paper is well aware
of the generalizability issues raised in the methodology
part. The choice made to focus on a single industry and a
single country restrains the expandability of the
conclusions. Therefore it would be interesting to compare
the findings at a wider scope with a comparative analysis
with different industries and perhaps different countries.
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