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PREFACE
Sustainability means “to maintain or endure.” According to the work of the UN Brundtla nd
Commission, sustainability in the context of development is to “meet the needs of the present
without compromising the ability of future generations to meet their own needs”. Sustainab le
development encompasses social, cultural, environmental and economic aspects.
Pakistan is facing various problems and energy is one of the main issues today. There are many
reasons behind energy crises in Pakistan, inefficient processes are one of the major factors
amongst them. It is high time to address sustainability, link it to the process industries, and to
contribute to sustainable development of Pakistan.
The Chemical Engineering Department of University of Engineering and Technology,
Peshawar plays a vital role in research areas of national interest. Our faculty is actively involved
in applied research at both national and international level.
The 1st conference on “Sustainability in Process Industries (SPI-2012), held at UET,
Peshawar on March 28, 2012, attracted prominent researchers from all over Pakistan which
created a linkage and presented approaches for the application of sustainability in the process
industry.
The Department of Chemical Engineering had again taken initiative to hold a 2nd conference
on “Sustainability in Process Industry (SPI-2014)”, on May 22, 2014 in collaboration with
PASTIC and NAYS. The 3rd conference in this series, i.e. “Sustainability in Process Industry
(SPI 2016)” was held on October 19-20, 2016, organized with the support of Higher Education
Commission (HEC) in collaboration with PASTIC.
Continuing this tradition the 4th conference in this series, i.e. “Sustainability in Process
Industry (SPI 2018)” is organized on October 24-25, 2018 with the support of Higher
Education Commission (HEC), Frontier Works Organization (FWO), in collaboration with
PASTIC.
The mission of this conference is to identify new directions for research and development on
“Sustainability in Process Industry” and share success stories regarding applied research and
industrial case studies on R&D.
We hope that you will find this 4th conference on “Sustainability in Process Industry (SPI
2018)” intellectually stimulating and that the conference will provide you with a valuable
opportunity to share ideas with other researchers and industrial practitioners.

Prof. Dr. Mohammad Younas
Conference Chair
Email: spi@uetpeshawar.edu.pk, m.younas@uetpeshawar.edu.pk
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Pakistan Scientific and Technological Information Centre (PASTIC) formerly known as Pakistan National
Scientific and Technical Documentation Centre (PANSDOC) was established under auspices of Pakistan Council
of Scientific and Industrial Research (PCSIR) with the technical assistance of UNESCO. PANSDOC was later
transferred to Pakistan Science Foundation, an autonomous organization of Ministry of Science & Technology
and was renamed as Pakistan Scientific and Technological Information Centre (PASTIC). At present PASTIC is
functioning under administrative control of Pakistan Science Foundation, Ministry of Science and Technology.
PASTIC is the premier organization in the field of scientific and technological information dissemination serving
thousand of researchers and R&D workers in the country. PASTIC mission to serve as a Gateway for S&T
information for research and development community by catering to their information needs through its
anticipatory and responsive scientific information services. PASTIC collects information from within the country
as well as from abroad, processes and organizes the same and disseminate to its users. Major users of PASTIC
services are S&T and R&D organizations, educational institutions, medical professionals, Govt departme nts and
industry. PASTIC National Centre is housed in its own building at Quaid -i-Azam University Campus, Islamabad
and its six Sub Centres are located at, Karachi, Lahore, Peshawar, Faisalabad, Quetta and Muzaffarabad (AJ&K).
PASTIC is functioning under following aims and objectives.
•
•
•
•
•
•

Acquisition, processing and dissemination of scientific & technological information to the researchers,
scientists, academicians, R&D workers, industrialists, entrepreneurs etc.
Provision of S&T documents and literature searching facilities, both On-line & Off-line.
Development of inter-library cooperation and resource sharing at national level.
Interaction and collaboration with regional and international information agencies / networks.
Provision of trainings in contemporary techniques and methods of information handling & dissemination.
Compilation and publishing of reference information publications, such as Abstracting and Indexing
Journals, Union Catalogue, Directories etc.

The information services and activities of PASTIC to meet the aims and objectives includes
•
•
•
•
•

Document Supply Service (Copies of full text articles)
Bibliographic Information Service/Literature Search
Technology/Patent Information Service
Abstracting and Indexing Service/Reference Information Publications
Reprographic Service
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•
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PASTIC is striving for information support of S&T and R&D community of the country and playing its indirect
role in the socio economic development of the country.
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Training, Research, Quality Control, Laboratory, Health, Environment & Pollution Control, and Material Testing.
Head Office (Karachi)
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Phone: +92-21-32734260- 61; Fax: +92-21-32730728
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Modeling and Simulation of Kaplan Turbine
Wahad ur Rehman, Farid Ullah Khan*
Department of Mechatronics Engineering, University of Engineering & Technology Peshawar
*Email: dr_farid_khan@uetpeshawar.edu.pk

Abstract
This paper show modeling and simulation of micro Kaplan
turbine for power generation for low head stream
application. For the micro Kaplan turbine the analytical
modeling and simulation are performed to estimate the
optimal design parameters. Moreover, the dependence of
output power on various parameters of Kaplan turbine is
also investigated during simulations. It is found, during
analysis that the head and discharge are the major factor
affecting the output power. The turbine runner dimeter
varies with the variation of head and discharge. For the
head of 2 m and discharge of 0.35 m3 /s, design parameter
for Kaplan turbine producing 6.68 kW power are
obtained with the devised analytical model. The
simulations carried out for the 6.68 kW power
generation, show that a 0.34 m runner diameter with 4
number of rotor blades and with 10 number guide vanes,
are capable of producing the des ired power from stream
discharge of 0.35 m3 /s with the head of 2 m.
Keywords: Low head; Modeling; Power generation;
Simulation; Kaplan turbine; hydel
1. Introducti on
Power generation is considered to be the life line of
country’s economy and is the most important source for the
progress and development. No country can progress
without the proper generation of power. There has been an
enormous increase in the demand of power generation as a
result of the rapid industrial development and increased
population growth. Use of renewable and non-renewable
energies, such as solar, wind, thermal, RF, nuclear and
hydel can solve the problem of power crises in the country.
However most of these energies have limitation. Solar
energy is only available in outdoor sunny days. It cannot
be available in rainy and cloudy weather conditions.
Similarly, power generation from wind energy highly

Department of Chemical Engineering

depends on locality and climate of the area. The power
produced by thermal and nuclear sources can affect the
environment and is responsible of various diseases in
humans. Usually, the ideal source of energy regarded for
power generation is hydel.
Hydropower is a renewable energy contained in flowing
and stored (dam) water. As flowing and falling water have
kinetic and potential energy and this energy can be
converted into useful electrical energy by means of
hydropower plants. On the basis of feasible of natural
location, large, medium and small hydropower plants are
normally installed. On the basis of power generation
capabilities, hydropower plants are classified into different
categories as shown in Table 1. Among these hydro plants,
the mini and micro hydro power plants are gaining
immense interest in recent decade due to the lower civil
infra-structure associated with these. Moreover, it has also
been learnt that building a large scale hydro power plant is
not only a momentous job but also has great effect on
population and environment. On the other hand small, min i
and micro hydro plants has the tendency to be installed
over a penstock connected directly to the upstream river or
canal.
Table 1: Classification of small scale hydropower [3]
Types of hydro power
plant
Large

Power capacity
Above 50 MW

Medium

10 MW to 50 MW

Small

1 MW to 10 MW

Mini

100 kW to 1000 kW

Micro

Less than 100 kW
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Table 2: Installed Hydropower Generation Capacity
in Pakistan
Location

Total hydropower
capacity
(MW)

Khyber Pakhtunkhwa

4304

Punjab

1699

Kashmir

1114

Total

7117

Pakistan has the potential of producing 40,000 MW fro m
hydro source. However, this available potential is not
significantly utilized in producing the hydro-electrical
energy in the country. Currently, only 16% of the total
hydroelectric available potential has been utilized in
Pakistan [1]. Pakistan has total of 23 hydroelectric power
plants, which are mostly installed in Khyber Pakhtunkhwa,
Punjab and AJK [2]. Table 2 shows the summary of the
hydropower plants installed capacity (7117 MW) in
various regions of Pakistan. Most of the power (4304 MW)
is actually generated in Khyber Pakhtunkhwa province
followed by Punjab (1699 MW) and Kashmir (1114).
In a hydropower plant, hydraulic turbine is one of the
important components. In the 19th century, hydraulic
turbines were invented and afterward these are frequently
utilized for electric power production. In a hydro
generation plant the kinetic or potential energy of the water
is transformed into mechanical energy with the help of
hydel turbine. The mechanical energy is then used for the
drive of electrical generator to produce the useful electrical
energy. Hydropower plants use the energy of the dam water
in the form of potential head that is available in the range
from a few meters to several meters. In order to cope to
generate power from different heads, several kinds

of hydraulic turbines are developed. Each turbine
differs in its working operation, according to the
level of the head. Based on the working princip le
and operating head, hydraulic turbines are mainly
classified into two groups, impulse turbines and
reaction turbines. Moreover, these are further

Department of Chemical Engineering

subdivided according to design technology as
shown in table 3.
2. Kaplan turbine
Kaplan turbine is a reaction axial flow turbine, which is
usually used for operation under low head (from 2 m to 40
m). Furthermore, the Kaplan turbine is of the form of
propeller turbine. The Kaplan turbine have adjustable rotor
blade and may or may not have adjustable guide vanes.
Specifically, in propeller type of turbines both the rotor
blades and guide vanes are fixed. The propeller turbines are
usually used when both the head and discharge of water are
practically constant. Moreover, Kaplan turbines are
classified into single regulated and double regulated
Kaplan turbines. In single regulated Kaplan turbine the
rotor blades are adjustable and guide vanes are fixed,
however, in double regulated Kaplan turbine both the rotor
blades and guide vanes are adjustable.
The main components of Kaplan turbine as shown in figure
1 are: Rotor (Runner and shaft), guide vanes, casing and
draft tube. Water from the channel enters into the spiral
casing through the penstock. Guide vanes are fixed in the
casing which regulate the water and direct it on to the blade
of the runner. The water flows over the blades which cause
the runner to rotate. After passing over the blades, the water
flows into the draft tube, where its pressure and kinetic
energy is further dropped. Finally the water exits through
the tail race. The shaft attached to the rotor is connected
(through belt and pulleys or gear box) to the electrical
generator for electrical power generation.
3. Analytical modeling of Kaplan turbine
In Kaplan turbine, the discharge [4]
π

Q = (D 2 − D 1 2 )Vf
4

(1)

Depends on the flow velocity
Vf = ѱ √(2gH)

(2)

Diameter of runner
D=

√(4Q)
√π(1−n 2)ѱ√(2gH )

(3)

and diameter

Pa ge 2

Conference
Proceedings

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

http://enggentrancetest.pk/modules/spi-2018

D h = nD

(4)

of the hub. Where H is the water head, ѱ flow ratio and n
is hub to runner diameters’ ratio.
Water after passing through casing has whirl velocity
Vw =

η hgH

The inlet angle [4]

(5)

U

U, relative velocity Vr, tangential (whirl) velocity Vw and
flow velocity Vf. Moreover, the angle at which water enters
over the blade is θ. At the blade’s outlet water leaves at the
relative velocity Vr1 and at angle of φ with axial flow of Vf1
= Vf.

which is the function of hydraulic efficiency ηℎ , head H
and blade linear velocity

θp = tan -1 (

Vf

U p − Vwp

) + 180

(8)

at the periphery of the blade and the blade outlet angle
U = ɸ√(2gH)

(6)

Where ɸ is the speed ratio for the turbine and its value is
range from 1.4 to 2 [5]
Moreover, the speed of the runner
N=

60U

фp = tan -1 (

Up =

can be obtained with the blade velocity U and runner
dimeter D.
Blade angles (inlet and outlet) over different blade’s
position can be obtained with the help of velocity triangle
at the blade as shown in figure 2. The inlet velocity triangle
consists of the absolute velocity V of water, blade velocity

)

(9)

at the periphery of the blade can be obtained with the blade
velocity

(7)

πD

Vf

Up

πDN

(10)

60

and the periphery, whirl velocity
Vwp =

η hgH

(11)

Up

at the periphery and with the flow velocity Vf.
However, the inlet angle [4]

Table 3: Classification of hydraulic turbine
Head range
(m)

Maximum
efficiency

Specific speed range

Pelton Wheel Turbine

50-1300

0.89

0.005-0.025

Turgo Turbine

50-250

0.85

-

Cross Flow Turbine

5-200

0.86

-

Francis Turbine

25-350

0.94

0.05 – 0.33

Kaplan Turbine

2-40

0.93

0.19 – 1.55

Types of Turbines

Impulse Turbine

Reaction Turbine

Department of Chemical Engineering
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фℎ = tan -1 (

𝑉𝑓
𝑈ℎ

)

(13)

at the hub can be obtained with the blade velocity
Uh =

π D1N

(14)

60

near hub, whirl velocity
Vwh =

η hgH

(15)

Uh

at hub and velocity of flow Vf.
The casing of Kaplan turbine can be of rectangular or circular
in cross-section. The purpose of the casing is to distribute
water over the guide vanes and to prevent the formation of
eddies. Dimensions of rectangular spiral casing as shown in
figure 3 [6] are related to the runner’s diameter D and are
expressed by the system of equations (14) [6].
K= 1.45 D, L = 1.5 D, M =1.9 D, N = 2.05 D,
Figure 1: Cross sectional view of Kaplan turbine.

O = 1.6 D, P=1.25 D, S = 1.85 D

(14)

Figure 3: Dimension of rectangular casing [6].
In the turbine the guide vane angle [6]
∝ = tan −1
Figure 2: Inlet and Outlet Velocity triangle of Kaplan
turbine
θℎ =tan -1 (

Vf

) + 180

𝑈 ℎ − 𝑉𝑤ℎ

at the hub and outlet angle [4]

Department of Chemical Engineering

(12)

Vf

(15)

Vw

is a function of whirl velocity Vw and flow velocity Vf and the
draft tube diameter
𝐷𝑟 = 𝐷

(16)

at the runner side is actually equal to the runner outside
diameter D. However, the draft tube diameter [6]
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D t = D + 2Y tan ∝

(17)

at the tail race can be found with the length of the draft tube
Y (which is approximately 2.5 to 3 time of runner diameter).
The force
𝐹 = 𝜌𝑄𝑉𝑤

(18)

exerted by the water on the blade of the runner is the function
of discharge Q, water density 𝜌 and whirl velocity 𝑉𝑤 .
By inserting equation (5) and (7) in equation (18), yields the
force

to 2 m the output power increases from 2.08 kW to 8.34 kW
with 85% of overall efficiency.
Diameter of the turbine’s runner, equation (3), is simulated
for a head that varies from 0.5 m to 2 m for constant values
of discharge of 0.25, 0.30, 0.35, 0.40, 0.45 and 0.50 m3 /s. At
0.50 m3 /s discharge as the head varies from 0.5 m to 2 m the
runner diameter changes from 0.58 m to 0.41 m.
Table 4: Flow conditions and different parameters of
Kaplan turbine used for simulations
Parameter

Value

Head (H)

2m

on the blade in terms of head H, runner diameter D, runner’s
speed N and efficiency η.

Discharge (Q)

0.35 m3 /s

Flow Ratio (Ѱ)

0.7

The torque

Width to Diameter Ratio (n)

0.3

Speed ratio(ɸ)

1.6

Number of blades

4

Number of guide vanes

10

Hydraulic efficiency

0.90

Overall efficiency

0.85

F=

60ρQ η gH
πDN

T = Fr

(19)

((20)

produced by the shaft is the product of force F on the blade
and runner radius r.
By inserting equation (19) in equation (20), yields the torque
T=

30ηγQH

(21)

πN

in terms of the physical parameters.
The output shaft power
2𝜋𝑁

S. P = Tω = 𝑇 (

60

) = ηγQH

(22)

of the Kaplan turbine can be obtained from the shaft torque T
and rotational velocity ω.

SIMULATION AND DISCUSION
The analytical models discussed in section 3 are simulated for
a micro Kaplan turbine in order to analyze the dependence of
the generated power and turbine’s designed components on
physical parameters, such as, head H, discharge Q. The
simulations are performed for the parameters listed in table 4.
Figure 5 shows (equation (22)) the variation of shaft power
of Kaplan turbine with respect to head H and discharge Q. In
this simulation, the head is varied from 0.5 m to 2 m for
constant values of discharge of 0.25, 0.30, 0.35, 0.4, 0.45 and
0.50 m3 /s. At 0.5 m3 /s discharge as the head varies from 0.5

Department of Chemical Engineering

Figure 5: Variation of Shaft Power with Head and
Discharge
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m3 /s. At 0.5 m3 /s discharge as the head varies from 0.5 to 2
m the hub diameter from 0.2 m to 0.14 m.

Figure 6: Variation of Runner diameter with Head and
Discharge

Figure 8: Variation of Blade inlet angle with Head.
Figure 7 shows (equation 8 and 12) the blade inlet angle at
hub and periphery as a function of head while keeping all
other parameter constant. When the head varies from 0.5 m
to 1.7 m, the blade inlet angle at periphery (𝜃𝑝 ) varies fro m
2200 to 2700 while for head of 1.71 m to 1.8 m the blade inlet
angle at periphery (𝜃𝑝 ) decreases and then again increases for
1.81 to 2 m head. The blade inlet angle at hub (𝜃ℎ ) varies
from 1920 to 2090 as head varies from 0.5 m to 2 m.
Blade outlet angle at hub and periphery (equation 9and 13) is
simulated for a head that varies from 0.5 m to 2 m. When the
head varies from 0.5 m to 2 m for constant values of other
parameter the blade outlet at periphery ɸ𝑝 varies from 11.40
to 21.50 and blade outlet angle at hub ɸℎ varies from 300 to
480 .
Conclusions

Figure 7: Variation of Hub diameter with Head and
Discharge
The dependency of hub diameter on the head and discharge
is shown in figure 7. For the computation, Equation (3) and
(4) are utilized to obtain the plots. Hub diameter decreases as
the head increases and discharge decreases. In this
simulation, the head is varied from 0.5 m to 2 m for constant
values of discharge of 0.25, 0.30, 0.35, 0.4, 0.45 and 0.50

Department of Chemical Engineering

Analytical modeling and simulation for Kaplan turbine is
reported in this work. Kaplan turbine has the preference over
other hydropower generation machines due to the capability
of the power generation for low head application. This
Kaplan turbine can be easily installed and operated at any
location where there is low head and high discharge.
Analytical model was presented for output shaft power and
other design parameters. Simulations are performed for
different head and discharge condition to predict the
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optimized design parameters for micro Kaplan turbine. On
the basis of this modeling and simulation we can easily
develop a micro Kaplan turbine.

[5] E. J. Finnemore and J. B. Franzini, “Fluid Mechanics
With Engineering Applications - 10th Edition.pdf.” pp. 1–
816, 2001.
[6] S. LE MINN, H. H. WIN, and M. THEIN, “Design and
Vibration Characteristic Analysis of 10 kW Kaplan Turbine
Runner Blade Profile,” vol. 03, no. 06, pp. 1038–1044, 2014.

Figure 9: Variation of Blade Outlet angle with Head.
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Abstract
The energy crisis in Pakistan has led to load shedding.
The use of UPS with battery backup as a source is the
only option for the general public during load
shedding. Battery replacement is costly, which has put
financial burden on their use. Portable generator sets
produce noise and environmental pollution with high
capital and operational cost is high. An alternative
scheme is to replace the battery with UPS system by a
small pump storage hydroelectric scheme. In this
research a small home pump-storage plant is proposed
that can eliminate costly batteries in UPS system and
can be a clean possible long-term solution. The work
includes an easy installation of pump-storage scheme
and designing of suitable hydro turbine that can be
made locally with minimum effort and with
components easily available in the local market.
Key words: Hydroelectric, Impulse Turbine, Inverter
Introduction
Pakistan has been in a grip of energy crises due to a
continuing shortfall in generation since last two
decades [1,2]. In order to cope with shortfalls, the
transmission and distribution companies have resorted
to load shedding of 4 to 8 hours on urban and 8 to 18
hours on rural feeders. This has forced the general
public to use Un-interrupted Power Supply (UPS) with
battery backup as a source of power during load
shedding. However, batteries are costly and are
beyond the affordability of majority of people,
especially those belonging to backward rural areas.
The use of portable generator sets based on fossil fuels,
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on the other hand is expensive because of their high
capital and operational cost and are subject of noise
and pollution. The objective of this research is to
design and install a prototype home hydroelectric
generation based on a concept of pump-storage system
[3]. The aim is to develop a most economical turbine
with minimum effort, and with the material and
associated accessories easily available locally at
affordable price.
Home Pump-Storage Scheme
The scheme of prototype home pump-storage is shown
in Figure (1). The scheme essentially consists of an
identical intake tank and tailrace tank. The potential
head of water from the intake tank located at higher
altitude is converted to useful work by a turbine
coupled to a DC generator at the tailrace tank. The
output of DC generator is fed to a 1kVA ,
12VDC/220VACUPS. A transfer switch facilitates to
connect load to utility or inverter supply.

Figure 1: Scheme of Pump-storage Plant
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A 1HP centrifugal pump driven by AC motor was used
to deliver water from tailrace to intake tank,
incorporated with an auto-start and shutdown
mechanism, controlled by transfer switch. Thus when
utility supply is restored after load shedding, the pump
motor starts automatically and when the water level in
the intake tank reaches its top water level, the pumping
system shuts down.

Electrical Load Requirement
The essential electrical load of an average home
during load shedding used with UPS system comprise
of light bulbs and ceiling fans, which for an average
home ranges between 200 and 500W that can be
conveniently provided by an automobile DC generator
(Suzuki 800cc, locally manufactured) rated at 500W ,
12 Volts, 35A, 800rpm (idle), 2200 rpm (maxi mu m)
and 95% efficiency.
Hydro System
The design of complete system requires the hydrology
data that is necessary for selection of conduits
(piping), design of turbine and the amount of energy
that can be obtained. The scheme is installed on the
rooftop of the department of electrical engineering of
University of Engineering and Technology, Peshawar
giving a gross head of 13 meters, measured between
the top water level of the tailrace and bottom water
level of the intake tank. Each intake and tailrace tanks
has capacity of 550 gallons, and made of reinforced
polymer. A galvanized iron pipe having diameter of ¾
inch (1.9cm) was used as water conveyer system.
Using coefficient of velocity of 0.97 [4], the velocity
of flow was calculated to be 13.58m/s, with a
measured discharge of 0.0038m3 /s. The power
potential of 484W was estimated.

forms a jet of water. Applying the principle of
conservation of mass, the nozzle diameter d n was
calculated to be 1.55 cm. The nozzle was terminated
in a cone of 30 [5]. Using contraction factor of 0.8 [6]
for best design and maximu m possible efficiency the
jet diameter d should then be 0.8d n or 1.24 cm. The exit
velocity of water from the nozzle was calculated to be
20m/s using the law of conservation of energy at the
inlet and exit of the nozzle. The specific speed and the
available headat the turbine for a Pelton wheel is given
by [6,7]:

NS 

85.49 n j
(h) 0.243

(1)

For a single jet; n j = 1 and h = 10 meters, so that the
specific speed was 48.45 rpm. The turbine shaft power
and specific speed are related as [8]:

NS 

N Pshaft
h5 / 4

(2)

For the shaft power Pshaft of 500W (0.5kW ),
the rotation speed N of the turbine from Eq (2) was
calculated as 1230 rpm, well within the range of DC
generator to give 12 volts at the output.
Once the rotational speed of the turbine has
been determined and knowing the jet diameter, the
main dimensions of the bucket can be set accordingly
[8,9]. The main dimensions are the depth and diameter
of the bucket and the curvature that must provide a
deflection angle of 165°-170° [10]. The bucket
dimensions were as follow:
Width: B = 3d = 4.8 cm
Depth: T = 0.85d = 1.36 cm
Length: L = 2.6d = 4.16 cm

Hydro Turbine
Because of its simplicity and ease of construction axial
flow impulse turbine incorporating the principle of
Pelton wheel was used. In Pelton wheel the potential
energy of water at a static head is converted to kinetic
energy utilizing the velocity head that can be achieved
by a convergent nozzle of appropriate diameter that

Department of Chemical Engineering

The buckets usually have the form shown in Figure
(2).
The buckets were casted in a local foundry to give
desired shape and size. The shape is governed by the
water jet defection angle of about 165°.
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A groove measuring 7mm was cut as shown in Figure
(2) so as to allow the water jet to strike more than one
bucket at a time. Before fitting them to the turbine
runner, a bucket was tested for performance in the
laboratory. It was found that for the same discharge
and flow velocity as mentioned above, the force
exerted on the bucket was measured to be 63.1N. Since
[3]:

D
 F 

2

Pin

(3)

W, sufficient for combination of few light bulbs and
fans. The performance of the hydroelectric system was
checked through electrical load test. The discharge at
all times was maintained constant. Table (1) shows the
test results.
The test results shows that the load changes has little
affect on the performance of the hydroelectric plant
since both the output voltage and speed are within the
permissible range. The average time of emptying the
tank is about 15 minutes, so that for a storage that
should last for at least one hour will be using 8 tanks,
with 4 as intake and 4 as tailrace tanks.

Figure 2: Main dimensions of bucket
The speed at which the turbine should operate is 1230
rpm, so that the runner diameter calculated from Eq.
(3) is 12 cm. Pelton wheel can give high efficiency
provided that numbers of buckets are chosen
appropriately in accordance with the runner diameter
[11,12], which in the present design was calculated as
16, equally spaced with angular displacement of 22.5º
between successive buckets. The efficiency of turbine
in laboratory test was found to be 78.45% at 966rp m
(within the range of DC generator for 12VDC output).
During the test the discharge was maintained at
0.0038m3 /s as measured at the outlet of nozzle. The
turbine was coupled to the generator and enclosed in
casing mounted on the tailrace tank as shown in Figure
(3). The nozzle at the end of water conveyer pipe was
fitted to the casing through a 90° bend. The nozzle axis
was adjusted to ensure that the jet of water strikes the
bucket centrally and at 30° for an angle of deflection
of water jet at 160°.
Performance and Analysis
With the system installed the actual power that can be
made available at an overall efficiency 73.45% of 274
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Figure 3: Complete Turbine
Table 1: Electrical Load Test
Load combination
Load
Voltage
(watts)
(volts)
1 bulb
35
223

Speed
(rpm)
905

2 bulbs

70

223

895

1 Fan

80

220

878

1 bulb + 1 fan

115

219

869

2 bulbs + 1 fan

150

217

862

2 bulbs + 2 fans

230

215

855

3 bulbs + 2 fans

265

212

833

Conclusions
The pump-storage hydroelectric system is more
economical as compared to batteries that are used with
UPS system. The system is almost maintenance free
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and easier to install and operate. The components are
easily available in the local market and we have
illustrated the fabrication which takes minimum effort.
Further that fabrication can be done in local workshop
or at home provided the basic necessary tools are
available.

[6] C. Renche, Layman’s Handbook on How to
Develop a Small Hydro Site, 2nd Ed. Published Books
DG XVII-97/010, European Commission, (1998).
[7] J. Thake,The micro-hydro Pelton turbine manual,
design, manufacture and installation for small-scale
hydro power, ITDG Publishing, UK,(2000).
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Abstract

Key
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Cardboard, Compressive

The increasing number of concrete construction

Ecofriendly, Lightweight, Mix Proportion

strength,

industries is a major problem around the globe due to
emission of CO2 which is a serious threat to
environment.

The

rising

demand

of

concrete

construction is a major issue in future, for which an
alternate way is to find out ecofriendly materials and
minimize the use of common materials for concrete
production to reduce its cost. This study is based on
the potential use of waste cardboard as a partial
replacement of aggregate, yielding common brick into
low cost, lightweight and ecofriendly concrete bricks,
pushing the boundaries of research in the field of
innovative sustainable construction material. Since
there is no specified code for its mix proportioning,
therefore experimental investigation was carried out
by preparing specimen of

three different mix

proportions, 1:1:1.5,

and 1:2:4

1:1:2,

(cement,

cardboard, sand) based on trial and error. To find out
the compressive strength of these three

mix

proportions, a cubic dimension specimen were
prepared and after 7, 14 and 28 days curing periods,
compressive strength tests were carried out on air
dried samples. On the basis of results, it is concluded
that using cardboard as a partial replacement of
aggregate, yield low strength bricks due to which it can
be used for non-load bearing walls utilizing waste
cardboard as a construction material.

1.

Introduction:

Cardboard and paper industries is increasing with the
everyday increase of their product’s usage around the
world. Cardboard and paper production stood 407
million metric tons around the globe according to 2014
survey and disparately large amount of cardboard are
discarded into landfill or dump site in almost every
country without utilizing it by recycling, creating
serious environmental problem [1]. Similarly, the
raising number of concrete industries is also threat to
environmental pollution.
Eric Patterson and Mike MacCain independently used
re-pulped paper fiber with Portland cement and clay.
They named their research Padobe and Fibrous
Cement,

developing new construction material

collectively called “Papercrete”. Papercrete is a
composite material using waste paper, replacing
Portland cement reducing amount of cement, reduce
the dead

load of

main

structure and make

environmentally friendly building material [2]. It
encourage waste paper recycling, saves landfill spaces
and saves trees and other construction resources that
are used in place of papercrete [3]. H. Yun et al.
worked on the mechanical properties of papercrete in
2007. He tested various samples and concluded that
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the average compressive strength of sample containing

papers and specimen with 5% wastepaper showed

5% paper-cement replacement ratio was 34 MPa, also

higher strength then controlled samples.

he concluded that water-binder ratio hardly affect

No specific research has been carry out to find out the

compressive strength of papercrete [4].

feasibility of using abundantly available wasted

Fuller investigate the mechanical and physical

cardboard as a construction material. So there is a need

properties of papercrete in 2006 [5]. He studied

to develop a technique to utilize the wasted cardboard

various parameters including Young’s modulus (E),

in construction replacing concrete ingredient up to

thermal conductivity (K), thermal resistance (R), bond

some proportion. This research is intended to find out

characteristics and creep behavior. The stress strain

the compressive strength of cubic specimens,

curve he obtained reveals that papercrete can

incorporating wasted cardboard up to some proportion

withstand large deformation and hence a ductile

and named it “Boardcrete”.

material. Moreover, he also faced higher young
modulus for specimen of high cement content.

2. Research Objective:
The prime objective of this research is to investigate

In 2006, Gallardo et al. emphasize on the feasibility of

the ideal mix proportion for “Boardcrete”, performin g

paper mill sludge as an alternative construction
material. This finding can be implemented on partial
replacement aggregate while preparing fresh concrete
for building low cost housing. He found that mix
proportion ranging between 5-10% replacements of
paper sludge to fine aggregate can result in to higher
compressive and tensile strength. While further
increase in percentage lower down its compressive and
tensile strength.
In 2008, Ghani et al. investigate the utilization of
waste paper as an additional constituent in concrete
mix that can be used for housing projects. Their
experimental work comprises of four specimens in
which one are controlled while the three are 5%, 10%
and 15% as an additional material to concrete mix of
1:2:3 by weight of cement, sand and aggregate
respectively. The results of experiment concluded that
compressive strength, tensile strength and flexural

comparative

analysis

of

three

different

proportions.
3.

Experimental Procedure:

3.1. Raw material:
Cardboard is the main ingredient for preparing
boardcrete. It is widely available in various form, a
commonly available products are single faced board,
single wall board, rigid cardboard box and folded
cartons etc. as shown in the figure 01. These are made
up of heavy-duty paper containing corrugated
fiberboard, paperboard and card stock. The pulp
production from single face board and single wall
board is cheap and facile.
Moreover, cardboard is an anisotropic material while
the strength and quality of its fibers depend upon
various factors including the type of wood from which
it is prepared, amount of water in the pulp, the method
of pulping (Chemical or physical). For this study,

strength decreases with the increasing amount of waste
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waste cardboard were collected in Peshawar region of

specimens for three different mix proportions, 1:1:1.5,

Pakistan.

1:1:2, and 1:2:4 (cement, cardboard, sand). The mix
proportion 1:1:1.5 was labelled (A), similarly the mix
proportion 1:1:2 was labelled (B) and 1:2:4 was given
the name (C) as shown in table 01.

FIGURE 1: TYPES O F CARDBO ARD

3.2. Preparation of pulp:
Cardboard collected from different sites could not be
used in raw form rather it should be converted into

FIGURE 2: PULP PREPARATIO N
TABLE 1: MIX PRO PO RTIO N LABELLING
Mix Proportion

Labelled

1:1:1.5

A

1:1:2

B

1:2:4

C

slurry, which is known as pulp. Pulp is prepared by
chemically or mechanically separation of cellulose
fibers that is exist in fiber crops, wood, paper or
cardboard etc. Mechanical pulp procedure were
adopted by immersing waste cardboard in hot water
for 48 hours and then taken out, shredded into small
pieces. After that, the shredded pieces is subjected to
high speed rotation which turn it into pulp as shown in
figure 02. The pulp has some water, which is not
suitable for mixing it with cement and sand.

3.4.

Sample preparation:

Three different mix proportions were adopted, 1:1:1.5,
1:1:2, and 1:2:4 (cement, cardboard, sand) and three
samples for each ratios were tested to investigate the
ideal mix proportion for boardcrete. In order to prepare
specimens for compressive strength test, ASTM C109

3.3.

Ratio Used:

Since no specific code is available for the mix
proportion of boardcrete, therefore experiment al
procedure were based on trial and error, carrying out

recommends a cubic specimen which should be at
least 50mm (2 inch) in height with 1:1 ratio of its
height and lateral dimension [6]. For this test,
5cm×5cm×5cm (2 inch cube) were prepared as shown
in figure. After the preparation of pulp, all the
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ingredient were mixed according to their respective

mix proportion (B) and (C). Also, the compressive

mix proportion keeping 0.35 WC ratio, based on trial

strength decreases with the increasing amount of waste

and error. The specimens prepared for 7 days, 14 days

cardboard. Moreover, brittle failure has been observed

and 28 days curing period and for each mix proportion

in specimen (A) while ductile failure was recorded in

and test, three specimens were prepared as shown in

specimen (C) as shown in figure 05. Since cement gain

figure 03. So total number of 29 samples were

strength when get hydrated, the phenomenon has been

prepared.

observed.

1.3.

Testing Samples:

Compression test indicate the axial load capacity of
concrete. The test was carried out according to ASTM
C170-06, 50mm cube were tested using steel pad
above and beneath the specimen to ensure uniform
loading during test [7]. Universal testing machine
(UTM) was used to record the compressive load, as
shown in the figure 04.

.
FIGURE 4: S PECIMEN B IS TESTING UNDER UTM

FIGURE 3: 2 INCH CUBIC SPECIMENS
1.

Results and Discussion:

The compression test results are shown in table 02.

FIGURE 5: S PECIMEN A, B & C AFTER TEST

The end results are the average of three tested samples
of the same mix proportion. The results indicate that
sample (A) exhibit higher strength than specimen of
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TABLE 2: CO MPRESSIVE S TRENGTHS O F A, B &
C MIX PRO PO RTIO N
Mix
Proportion

7 Days
(PSI)

14 Days
(PSI)

28 Days
(PSI)

A (1:1:1.5)

552.84

683.24

914.66

B (1:1:2)

497.74

595.08

686.91

C (1:2:4)

216.73

264.48

286.52

The graphical representation of 7, 14 and 28 day’s
compressive strength is shown in figure 06, 07 & 08.
Compression capacity of specimen A was recorded
552.84 psi which is the highest among all seven days
compressive strength as shown in figure 06.
Similarly, figure 07 indicate that specimens of mix
proportion A has the highest compressive strength of

FIGURE 6: 7 DAYS CO MPRESSIVE STRENGTH

683.24 psi while that of mix proportion C has the
smallest of 264.48 psi.
Also in 28 days compressive strength test, specimen
having

mix

proportion

(A)

exhibit

highest

compressive strength of 914.67 psi. The highest
compression capacity obtained from boardcrete is
almost equal half of the compressive strength of
Portland cement which is almost equal to 1800 psi.
While specimen of mix proportion (C) is recorded as
the lowest of all, as shown in the figure.

FIGURE 7: 14 DAYS CO MPRESSIVE STRENGTH
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bricks which can be used in non-load bearing
walls.
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FIGURE 8: 28 DAYS CO MPRESSIVE STRENGTH
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Conclusion

The following results can be drawn from the above
discussion;
•

The compression capacity decreases with the
increasing quantity of waste cardboard.

•

Mix ratio of A (1:1:1.5)

stand highest

compressive strength among the rest.
•

28 days compressive strength of specimen A
is almost one half of the compressive strength
of OPC mortar.

•

Increasing amount of cardboard content leads
toward ductile failure, which is suitable for
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housing project.
•

Boardcrete replace partial aggregate utilizin g
waste cardboard, can yielding low strength
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Introduction
Abstract
There are areas in Pakistan that do not have access to
electricity irrespective of the amount of electricity
production. These are the areas which are called as
“Off grid” areas and are not connected to the national
electricity grid. To provide them with electricity we
bank upon different ways and methods.
Pakistan`s first Alternative and renewable Energy
policy was drafted in 2006 and came out with short,
medium and long-term goals. The policy did focus on
providing energy to far flung areas and areas which
were not connected to the grid by using sustainable
options [1]. The 2006 policy was then extended for
implementation as the new ARE policy of 2011 and it
is still in use. The main theme and focus of these
policies is towards energy security and energy
sufficiency along with social equity and economic
benefits to the society. In this paper we shall discuss 2
different options to provide these areas with electricity
these are 1) national grid extension, 2) Standalone
system- Solar Home Solution. The paper presents a
comparison both options by carrying out a cost
evaluation and a financial analysis of these options.
The results are compared, and a conclusion is drafted
to present the most suitable option.
Key words: Off grid, Micro Grids, Financial Analysis,
Energy Security, Social Equity.
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The UN General Assembly declared 2014-2024 as the
decade of “Sustainable Energy for All”, noting that
there are 1.3 billion people in the world without
electricity. The International Energy Agency (IEA )
indicated that 95% of these 1.3 billion people are
residing in Asia or in sub-Saharan Africa [2]. The
major reason for most of the areas is that they don’t
have access to the grid. Energy infrastructure itself and
production is a financially intensive project wherever
it is installed, hence due to certain financial and
economic reasons we stand at such a stage.
Similarly, there are areas in Pakistan that do not have
access to electricity irrespective of the amount of
electricity production. These are the areas which are
termed as “Off grid” areas and are not connected to the
national electricity grid. The provision of electricity
till date has been a hard task due to financial, political
and geographical reasons. However, with the interest
from governments, donors and development agencies
we see a transition in the amount of interest for such
projects.
Pakistan is a signatory of the Kyoto protocol and with
an international shift from orthodox fuels towards
alternative energy we must act in the same way. In this
report we shall look at the status of Pakistan`s power
sector, the status of rural electrification in Pakistan and
with that we shall be providing sustainable options for
electrification in off grid areas.
Pakistan generally sees an increase in demand of
electricity by 5 to 6 percent every year and according
to NTDC by the end of 2020 this demand would reach
to 32000 MW. This demand is for existing users which
are connected to the grid [3]. We shall later discuss
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about the status of rural electrification and off grid
areas which need to be connected.
Pakistan is lucky to find itself in such a geographical
position that there is an abundance of alternative
energy. Pakistan is blessed with 5.5 Wh/m2 /day solar
insulation and an annual mean sunshine of about 8 to
10 hours, along with 5 to 7 m/s wind speeds tapping a
potential of 20,000 MW in the coastal regions of Sindh
and Baluchistan alone [4]. This could be the answer to
Pakistan’s energy problem along with supply of
energy to Off grid areas.
Current status of power sector
A Bifurcation
Pakistan`s power sector is driven mainly by
hydrocarbons, hydrocarbons constitute a huge chunk
of 86 percent overall. Natural gas provides 47 percent
share followed by furnace oil at 33 percent and coal at
6 percent. Then, we have Hydel energy at 11 percent,
LPG at 1 percent and Nuclear at 2 percent [5].

Figure 1. Power Sector Bifurcation
Renewable energy projects have picked up a lot of
pace in Pakistan, with its share increasing with every
passing year. Pakistan has decided to increase its
renewable energy share to 20 percent according to it`s
ARE policy of 2011. Renewable Energy projects are
usually decentralized, which means that they need to
be installed in areas where the resource is available at
its best potential, due to this they are best suited for far
flung areas and areas which are not connected to the
grid [6].

Department of Chemical Engineering

Status of Electrification in Pakistan
Pakistan’s current installed capacity is about 18000
MW, with the demand reaching to 22000 MW
equaling to a shortfall of 5000 MW [7]. The deficit is
met by planned outages in the country known as power
cuts or load shedding. Over the last few years,
Pakistan`s grid capacity has increased and there has
been a great fall in the number of hours of load
shedding, however a problem which can already be
perceived for the near future is Pakistan`s national
grid. Pakistan`s energy supply has increased by 1.8
percent every year for the last six years and on the
other hand the rate of energy demand has increased by
almost 2.9 percent due to which we have seen an
increase in the demand and supply gap.
Status of Village Electrification in Pakistan.
As per the National Electric Power Regulatory
Authority (NEPRA) State of Industry Report 2016,
there are about 32,000 villages in the country which do
not have access to electricity from the national grid.
This is forcing the residents to take up different forms
of fuels for lighting and cooking purposes, including
kerosene oil, diesel and firewood. The reason for this
is that most of these villages are away from population
and exist in remote locations which makes the
expansion of the electricity grid very expensive.
Amongst the provinces , Sindh is leading with the
greatest number of un electrifies villages , followed by
Punjab , KPK and Balochistan [8].
We must also note that connection to the grid does not
quantify to availability of electricity. There are a large
number of villages which are shown as being
electrified however, there are massive power outages
which go up to 16 hours a day.
Options for Electrification of Off Grid Villages
National Grid Extension
Pakistan`s national grid operates at 132 KV lines for
distribution and the distribution of the grid is
controlled by relevant 9 discos and K-electric all these
entities are controlled administratively by PEPCO. All
these Discos and KESC are interconnected to each
other through 220 KV transmission lines and this
transmission network is controlled by NTDC. One
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way to electrify rural areas or villages is to extend this
national grid to areas where it is not present.
The Power Station
The generating station can be of any form for
electricity production, Hydel, Thermal or even
Alternative Energy fuels. These are mostly located
near the source of fuel to consider economies of scale
for example in Pakistan currently the three majo r
Hydel power plants are Tarbela, Mangla and Ghazi
Barotha. Electricity is produced at these power plants
and then carried out to different areas.
Step up Transformer
The step-up transformer is used directly after the
production of electricity its sole purpose is to increase
the voltage of the electricity to transmit it from one
location to the other. The electricity is transmitted at
such high voltages to avoid line losses and to increase
transmission efficiency.
The working concept for a step-up transformer is quite
simple where the primary coil has less number of turns
than the secondary coil this increased the induced
voltage and hence the voltage is increased.
Transmission Lines
In Pakistan a typical high voltage line is a 500 KV and
a 220 KV line. Pakistan has approximately a total of
12436 Km transmission lines spread across the
country. As per description these lines have three
phase conductors to carry the current and two
grounded shield conductors which are used to protect
the lines from lightning.
Transmission lines use ACSR (aluminum cable, steel
reinforced).For 220 kV lines, two-conductor bundles
are usually used. The safe and reliable transmission
and distribution of electricity remains a major problem
in Pakistan. Losses from the transmission and
distribution network totaled some 30 percent in 20032004 [9].
Distribution Substation
At the substations, the transformers reduce the voltage
to a lower level to transfer the electricity to
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commercial as well as residential users. The
distribution is accomplished by a combination of subtransmission 33KV to 132 and distribution from 3 to
25 KV.
Step Down Transformers
These transformers are used to bring down the high
voltage used during transmission to a low voltage.
This is done for safety purposes in order to use a low
voltage with electric equipment. The working
principle is like a step-up transformer, here we see the
primary coil has a higher number of coils than the
secondary coil and the voltage induced is much lower.
Stand Alone System – Solar Home Solution
These provide generation at the point of consumption
(e.g. a single building in an off-grid location). This
solution often consists of diesel generators, or battery
based renewable energy systems such as solar or wind,
or a combination to create a hybrid system (e.g. solardiesel hybrid system).
A standalone system unlike the grid consists of several
components all working together to produce electricity
as per the demand.
For our purpose we shall consider a s olar system as an
off-grid solution. The system design caters for
placement of solar panels in the form of an array on
the rooftop or in open un-shaded areas in each house.
The panels shall be used to charge batteries during day
time , which can then be us ed during the night for
lighting purposes , fans and T.V etc.
Photovoltaic Array
A PV array is a combination of a number of PV cells
joined together to produce an electric current. The
working principle behind this is, when sunlight falls
on the PV cells we see that electrons break free fro m
the atoms and move in a certain direction, the
movement of these electrons produces electric current.
For a PV array its performance is rated according to
the current it produces in Standard Testing Conditions.
Charge Controller
The basic purpose of a charge controller is to prevent
the batteries from overcharging by keeping a check on
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the voltage or the current. It regulates the voltage and
the current coming from the PV array going into the
batteries, preventing the batteries from overcharging
and damage.

Table 2-Energy requirements for one day
Operation
(Hours)

Energy
Requirement
(Watt Hours)

Day
time

Backup
time

Day
time

Backup
Energy

Room Lighting

1

6

26

156

Kitchen Lighting

1

2

11

22

Outer Lights

0

5

0

65

Inverter

Fan

4

8

100

200

An inverter basically converts DC current to AC
current to use our electric appliances. In some cases,
to save the inverter cost we rely on DC current for our
DC equipment.

TV

2

2

50

50

Mobile Charger

0

3

0

15

187

508

Batteries

Description

These provide the storage option for the power
generated by the array; the stored power can be used
during the times when there is no sunlight falling on
the array. There a different number of batteries, we
chose them to depend on our system size, requirements
and finances for the project.

Methodol ogy
Total daily energy requirements are 60.6 Kwh/day.
In this paper, we shall now compare both options
provided for rural electrification. For system design
for supplying electricity to an off-grid village,
following assumptions are made:
The village shall comprise of 100 households.
Each household comprised shall use the followin g
model for consumption.
Table 1-System Modelling
S.no

Description

Power

Qty.

Wattage

1

Room Lighting

13

2

26

2

Kitchen Lighting

11

1

11

4

Outer lights

13

1

13

5

Fan

25

1

25

6

TV

25

1

25

8

Mobile Charger

5

1

5

System Design and Costing
National Grid Extension System
We have carried out a Cost analysis below for a village
comprising of hundred homes to be connected to the
national grid for electrification.
Distance: The grid, shall cover 20km. This is the
distance of the village from the existing national grid.
Load: To keep all loads same, the load calculated for
one house on Solar System it was multiplied for 100
houses for a village. Adding line losses and other
forms of losses, we have selected a load of 13kW for
the village.
Costs to be Included: In the analysis we have
calculated the cost for installing one connection,
keeping in mind costs of
Transformers
High Voltage Transmission line,

Total load for village is 10.5 KW, from summation of
wattages.

Low voltage distribution lines
Individual meters.
Generation Capacity Enhancement

Department of Chemical Engineering

Pa ge 21

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

The analysis has helped us calculate the cost for one
individual household to be provided with electricity ,
this cost shall be used in comparison with the stand
alone solar PV system.

Estimation of number of PV panels

In table no 3, we have made some critical assumptions
to help our calculations. The assumptions are based on
a hypothetical village which is approximately located
20 km away from the main grid. Then, once this cost
is incorporated into our calculations, we look further
on to different village lines i.e. the HT line and the LT
distribution system for the village.

Load Estimation:

In table no 4, we have added a cos t of 5km HT line for
a single village. The rest of the line will be shared by
different villages in the area

Estimation of battery bank
Cost Estimation of the system

Required load for the electricity supply is given at in
section 4 above as 10.5 KW
Table 5-Cost of 1 house through National Grid
Extension
Transmission
for Village

Lin e

0.4

Kms

13

KW

Qty

Units

Unit Cost
(M.Rs)

Amount
(M.Rs)

Grid
Capacity
Enhancement

0.013

MW

2.5

0.1

132 KV Line

0.4

Kms

3.5

1.4

Load of Village

Table 3-Distribution System for 1 house
Distribution System Required for 1
Village of 100 houses

Value

Unit

Assumptions
Distance of Village from Grid Network

20

Kms

Average HT Line for Village

5

Kms

Cost of Transmission
System

LT Distribution System for Village

2

Kms

Generation Capacity Enhancement

Distribution Transformers for Villag e
(25 KVA)

2

No
Generation Capacity
Enhancement

Table 4-Distribution System Costing
Units

Unit Cost
(M.Rs)

Amount
(M.Rs)

Qty
HT Line

5

Kms

0.35

1.75

LT Line

2

Kms

0.3

0.6

25 Kv Transformers

4

Nos

0.09

0.36

Cost of Distribution
System

2.71

1.5

Qty

Units

Unit Cost
(M.Rs)

Amount
(M.Rs)

0.05

MVA

48

2.4

Cost of Generatio n
System
Cost of Connection
(Meter, Service Etc)

2.4
100

Nos

0.004

Total Cost
Cost per House

7.01
Rs

0.0701

Rs

70100

Estimation of Number of PV panels:
Stand Alone System–Solar Home Solution
A solar PV system design can be done in four steps:
Load estimation

Department of Chemical Engineering

0.4

Using the design electricity load and available solar
resource potential, calculations indicate that the
required solar PV panel Peak Power rating should be
424 Wp. As per industrial data, most suitable solar PV
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panel size available in the market is 250 Wp, thus we
shall use two of these modules. This panel size is
recommended for use to supply electricity to each
house.
Estimation
Controller:

of

Battery

Bank

and

Charge

In order to supply electricity during the night time, the
calculations indicate that a single battery of 80 A H
would be required. This size is available in the market .
Therefore, same is selected for system design.
The system sizing indicates that charge controller with
amperage of 15A will suffice current flow
requirements.
Table 6-Solar PV system Design
Design Electricity Load

695

WH

424

Wp

Total PV System Size

250

Wp

Select PV Module Size

250

Wp

No. of Modules

2

Qty

Back up

6

hrs

Total Battery Bank Size

80

AH

Select Batteries Size

80

AH

No. of Batteries

1

Qty

15

A

0

kW

Ppeak

Selected
Controller Size

Charge

Selected Inverter Size

The table 7 shows different costs that shall occur on
the construction of a Stand Alone System, the costs
have been taken using an average of different vendor
rates from the market. After bringing into
consideration all these costs, we are in a position to
compare both the total costs. However, as it will be
shown in the Financial Analysis, there shall be some
recurring costs that shall be added after a certain
period in this case.

Department of Chemical Engineering

Financial Analysis
National Grid Extension Financial Analysis
The financial Analysis for this project has been carried
out keeping in consideration the price for installation
of one connection, which has come out to be 70,100
rupees. The project has been spread over 25 years to
calculate values for
NPV: A very high negative value has come out for
NPV for this project, which means that it is not
feasible enough.

BC ratio: The BC ratio shows a very low value, again
implying that the Benefits to cost are very low and
keeping in mind that usually grids are supplied with
orthodox fuels, not many donors or subsidies would be
available.

IFRR: The IFRR value was unable to be calculated
because of negative values; hence this is financially
non-viable project.

Payback Period: The investment of the project is not
going to recover during life of the project and even
after.
Stand Alone SystemFinancial Analysis

Solar

Home

Solution

The Financial Analysis above has been carried out for
a 25 year period which has been kept keeping in
consideration the life of the solar panels. The batteries
have been replaced after every 5 years and their cost
has been added into the financial analysis, where same
has been done for the inverter which is being replaced
every 10 years for our analysis.
NPV: A NPV value of 5.13 has been calculated for
discounted benefit of 8%, as we can see that it is a
positive value hence we shall be able to conclude that
it is a financially viable project.
BCR: The BCR value shown is of 0.51. The value is
not a very large one for BCR, however such projects
bring social advantages and are usually supported by
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financial grants, loans, subsidies and donations due to
which there isn’t much issue for this value.
Table 7- Stand Alone PV system costing
Description

UoM

Qty

Unit
Price

Total

PV Frame

Pcs

1

2500

2100

Solar Module

Watts

1

11250

11250

DC wires & connectors
(M)

Pack

1

5000

5000

Charge Controller 15A

Pcs.

1

4500

4500

AC

Pack

1

2000

2000

Misc. items for installation

Pack

1

1500

1500

Power Generation System

Electric Items
wiring (M)

&

Cost of the Solar Power
Generation System

26750

Battery Disconnect

Pcs.

1

3000

3000

Deep Cycle Batteries

AH

1

13000

13000

Cost of
System

the

Back-u p

Engineering
Transportation

Cement, Sand,
Mason, Worker

Payback Period: A payback period of 20.6 years is
enough for the project, which has a life of 25 years.
Thus falling well within the project life, making the
chances of recovery high.
Table 8-Results for financial Analysis, National
Grid Extension
Discounted
Benefit

8%

10%

12%

NPV

-8.4975248

-8.1262047

-7.8081035

BC Ratio

0.15126612

0.14069625

0.13214062

IFRR

Nil

Nil

Nil

Payback
Period

Nil

Nil

Nil

16000
Table 9-Financial Analysis Stand Alone System Solar Home Solution

&

Foundation

IFRR: An Internal Financial Rate of return value of 3% shows a negative value. Negative IRR indicates
that the sum of post-investment cash flows is less than
the initial investment; i.e. the non-discounted cash
flows add up to a value which is less than the
investment. However, we shall consider the positive
value of NPV be enough to support the project.

Pack

1

2500

2200

Crush,

Discounted
Benefit

8%

10%

12%

NPV

5.13

5.07

4.95

BC Ratio

0.51

0.45

0.40

Transportation (At site)

Pcs

1

1500

1000

IFRR

-3 %

Installation of the Unit

Pack

1

1200

1000

Battery Tray

Pack

1

1000

1000

Payback
Period

21.95
years

Engineering
Transportation Cost

&

6200
Conclusion

Unit Cost

48,950

System Quantity

1

Cost Per House

48.950
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For a sustainable Off-grid Project, we shall keep the
following in mind in order to assess any sort of
feasibility for the project. Least Cost Design: In order
to create a comparison for the above two types of
electrification techniques, we shall look into the least
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cost design. As per our calculations shown above the
Stand alone Solar PV system has a price of 48,950
rupees as compared to a price of 70,100 for
electrification through national grid. Practical
Technology Choice: With the global transition
towards alternative energy and an increase in its usage
being promoted. We shall look into the fact that a solar
PV system seems to be a more reasonable choice. The
power through national grid is mostly from Thermal
or Hydel sources which aren’t enough for urban areas
itself thus posing to be a hard choice as a technology
choice.
Financial Feasibility: After analyzing both the models,
we are now able to conclude which of the two is more
feasible. The standalone Solar PV system is more
feasible, with a payback period of 21.5 years well
within our project life. Although we have a negative
rate of return for the project mentioned but such
projects have social importance and are supported by
donors,
loans
and
subsidies.
As for the Electrification through the grid is
concerned, we look into the financial calculations
where we see that we are unable to have an internal
rate of return for the project. Also, the NPV is a
negative number due to which we shall see that the
project does not seem feasible at all.
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Abstract
In gas distribution networks accurate metering is necessary
because a great number of diaphragm gas meters are installed
and most of the meters are old. The purpose of this work is to
study the effect of operational age on the performance of gas
meters. In this work a statistical model is introduced to notice
the measurement error of diaphragm gas meters wh ile
considering the effects of age on
(0.20Qmax) and (0.80Qmax) of the maximu m flow rate. In this
study, G4 diaphragm gas meter were used because of its
prevalence in Pakistan. Using regression analysis, this study
analysed the experimental results to determine the
performance of diaphragm gas meters as a function of age.
The statistical model proposed was able to evaluate the
amount of error at .20Qmax and 0.80Qmax. The results showed
a correlation between age and error and strong impact of age
on the measuring error. The results can be used as a correction
factor on diaphragm meters’ operation on different age
groups.
Keywords : Analysis of variance,Diaphragm meters,
measurement error, natural gas, statistical model.
1. Introducti on
According to United State Energy Information Centre (EIA )
Pakistan possesses 9 Billion Barrels Of petroleum and 105
trillion cubic feet in shale oil and natural gas reserves.
Pakistan is listed among one of those countries that are
struggling against the constancy and reliability of the gas
meters especially in domestic sector because of very old
meters in operation is very thoughtful for the potential
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economic and financial loss. Work has been done on the
numerical
modelling
Through which
metrological
performance of diaphragm meters has been quantified [1, 2],
relating error of gas meters with gas consumption [3],
statistical analysis has been done on diaphragm meters for
different ambient temperatures [4]. In these analysis indirect
coloration between age and error of diaphragm meters has
been found keeping many other factors under consideration
i.e. pressure, temperature etc. But in this study only
relationship between age and error is considered and keeping
the rest of the conditions constant in controlled environment.
The aim of this study was to determine the performance of
diagram meters. How its performance change’s over time and
predict its accuracy. Concerned National authorities
nowadays impose strict roll-out procedures of existing meters
with new ones. A slight inaccuracy in metering system can
create undue disadvantage to the customer or the company,
depending on the magnitude of the error. The company may
lose millions due to UAG (unaccounted gas) consumed. To
estimate the error caused in diaphragm meters it was
necessary to initiate this study.
2. Method
2.1 Equipment Used
Compressor
Pressure regulator
Orifices
Dry test meter (DTM)
Meter under test (Sample)
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after getting results for each flow rate. The followin g
equation was used to find the error [5]

%𝑒=

𝑉𝑟𝑒𝑎𝑑 −𝑉𝑟𝑒𝑓
𝑉𝑟𝑒𝑓

× 100

(1)
%e = Percent Error
Vread = Gas volume measure by the test meter
Figure 1Experimental Setup
2.2 Experimental Procedure
To check for the internal leak tightness at normal
laboratory conditions by immersing the meter without
its index in water and observing for leakage for about
30s after any tapped air has dispersed. For the
elimination of external leaks Teflon tapes around the
joints were used to prevent leakage of air from the
meter joints which can influence the readings. To
determine the effect of age on the accuracy of
diaphragm gas meters. The influence of age on
0.20Qmax and .80Qmax were studied. 0.20Qmax is an
index to measure the flow at 0.20 of the maximu m
flow rate. .80Qmax is an index to measure the flow at
.80 of the maximu m working flow rate. These two
indexes are important parameter in measuring the
accuracy of the gas meter. The experiments were
conducted using (dry gas meter). A compressor was
used to give a constant flow of air and a pressure
regulator was connected to the flow of air to give a
constant pressure throughout .A standard calibrated
meter (DTM) was connected to the flow fro m
compressor (constant pressure) at the inlet of the
DTM. At the outlet from the DTM a gas meter (meter
under test) was connected in series as shown in Figure
1. To avoid the influence of temperature on the
experiment the temperature of the room was kept
constant i.e. 25C0 ±2 and standard atmospheric
conditions.

2.3 Mathematical Equations
Measuring aging effect on gas meter we passed
.2Qmax and at .8Qmax from all diaphragm meters

Department of Chemical Engineering

Vref = Reference gas volume provided by a traceable
standard
3. Results
The table shows the number of meters tested in each
age group.
Table 1 Number of samples from age 1-10

AGE

Number Of Samples

1

11

2

20

3

12

4

9

5

13

6

12

7

9

8

12

9

11

10

38

The experiments were conducted at two different flow
rates i.e.
0.2Qmax and 0.8Qmax where Qmax is the
maximu m flow rate of the meter.
Furthermore Analysis Of Variance (ANOVA) test was
conducted to figure out the significance of the results.
One way ANOVA (with one independent variable)
was performed on 0.2Qmax and 0.8Qmax at 95%
confidence interval showed a significant result as the
P values in both anova is less than 0.05 which is a
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necessary condition for rejecting the null hypothesis.
[6]

Table 2 Analysis of variance for 20% flow rate
Source

DF

Sum of squares

Mean
squares

F-value

Pvalue

Model

1

690.8307

690.8307

14.2051

0.0002

Error

144

7003.0848

48.6325

Corrected Total

145

7693.9154

Table 3 Anova at 0.80Qmax

Sum of squares

Source

DF

Model

1

64.3282

Mean
squares
64.3282

Error

144

1267.5874

8.8027

Corrected Total

145

1331.9156

Fvalue

Pvalue

7.3078

0.0077

Table 4 Average Error for Age 1-10 years old meters

AGE

AVERAGE

AVERAGE

ERROR AT

ERROR AT

0.2QMAX

0.8QMAX

1

-1.8200

-1.8800

2

-2.0300

-2.0450

3

-1.6667

-1.2333

4

-2.8889

-1.6111

5

-2.7769

-2.5538

6

-2.8417

-1.9833

7

-2.8444

-2.2667

8

-3.8667

-3.0750

9

-4.1273

-1.6364

10

-8.3947

-3.8026

Department of Chemical Engineering
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Table 2 shows the results of ANOVA for 0.2Qmax . As
the Pvalue which indicates the significance level is
less than 0.05(P-value<0.05), this indicates that the
error for 0.2Qmax is statistically significant. Table 3
shows the results of ANOVA for 0.8Qmax . As the
Value of P which indicates the significance level is
less than 0.05(P-value<0.05) which means the error is
statistically significant. The results from both the flow
rates are significant which show a relationship
between age and error moreover and is a necessary
condition to reject the null hypothesis.
The table shows the average error at two different flow
rates. The measurement error of the meter increases
with age. The increase in measurement error is
significant at low flow rates as compared to high flow
rates. The increase in error is large in age groups of
8,9,10 as from the other age groups.
Statistical model (Linear regression) for estimating the
measurement error of gas meters in the form of
0.2Qmax, are presented as below.
𝐸0.2𝑄𝑚𝑎𝑥 =

−0.5096𝑥 − 0.5329

(2)

Where x is the age group and 𝐸0.2𝑄𝑚𝑎𝑥 represents the
measurement error. The value of R-squared
(coefficient of determination) is R2 =0.6295. The
equation is also able to estimate the error of the meters
with age greater than 10 years.

Figure 2 Linear Regret ion for 0.2Qmax
The results from the experiments showed a positive
trend between the operational age and the error (error
increases with the age). To clarify the results of the
above experiments the domestic consumers in

Department of Chemical Engineering

Pakistan mostly uses less gas which results in lower
flow rates.

Figure 3 Linear Regret ion for 0.80Qmax
Based on the results of experiments at 0.8Qmax a linear
line is fitted on the data for estimating the error at
0.8Qmax are presented below.
𝐸0.8𝑄𝑚𝑎𝑥 = −0.1518𝑥 − 1.3738
(3)
Where x is the age group and 𝐸0.8𝑄𝑚𝑎𝑥 represents the
measurement error. The value of R-squared
(coefficient of determination) is R2 =0.632.
4. Conclusions
From the above results it can be concluded that there
is a significant effect of age on error, as the analysis of
variance suggest, the value of p < 0.05 which is the
condition for rejecting null hypothesis and is an
indicator of variances among groups and within the
groups. The negative error is proportional to age and
this trend is seen in the regression analysis. From the
values predicted by this model a meter should be
calibrated after 5 years in operation, because the error
after this duration exceeds the allowable limit and
causes under billing. If not calibrated the meters
should be replaced after 10 years in operation because
after this interval the error exceeds more than twice the
value of allowable error.
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Abstract
Supplying clean energy for remote communities fro m
hydropower resources at mini or micro level is the most robust
and reliable source of off grid power generation. However, in
the past the implementation suffered from high failure and
proved to be unsustainable. In Pakistan more than 12000M W
hydro potential has been estimated to be available in the form
of mini/micro hydro power plants (MHPPs) which can be
harnessed to overcome electricity supply demand gap. Out of
this potential less than 5 percent has been tapped so far. In Gilg it
Baltistan (GB) MHPPs having capacity between 100kW to
500kW have an estimated potential of 300MW exists
respectively, but still the present system of energy generation is
unable to meet region’s rapidly increasing energy demands.
This paper presents the study about the status of MHPPs
development in GB, also discuss behind failure of these hydro
power plants. It will also present the role of MHPPs in socio
economic development of region and environmental benefits
which was previously ignored as most part of the region
depends on fossil fuels for cooking, heating and lighting
purposes in the past.
Keywords: Energy, Electricity, Renewable, Economic.
Introduction
Clean Energy Source
Energy from a renewable source can help countries come across
their goals of sustainable development, access to clean, reliable
and affordable energy, uplift country’s economy. Hydro power
appears among cleanest energy source, totally carbon-free and
inexhaustible [1]. International Energy Agency (IEA) energy
technology perspective 2010 states that the aim is to achieve

Department of Chemical Engineering

reduction of 50% in energy related CO2 emissions by the year
2050 in a hydropower projects, that could produce energy up to
6000TWh in 2050. The advantage of mini/micro hydro
powerplants (MHPPs) is that it can be made on small streams,
river and canals in the hilly areas. There is no need of building
reservoir or a dam, a simple technique of diverting water fro m
a river through a channel towards the power house. The water
that has been used to run the turbine again meet the same river
without any loss. No combustion of fuel or gas is needed for
energy production.
Using hydro power at mini/micro level is among one of the best
option for climate change mitigation, therefore, they are
contenders for international carbon trading opportunities such
as the Clean Development Mechanism [2].
Role in the Energy Mix.
Globally, hydropower is the leading renewable source for
electricity production, more than 70% of world renewable
electricity (1,064 GW) is because of hydropower, contributing
16.4 % of world electricity from all sources. During last ten (10)
years from 2005-2015, hydropower capacity has grown by 39%
with annual growth rate of 4%. The total installed capacity has
been grown by 39%. In Pakistan the total hydro energy
generation per year is 204,000 GW and 172,820 GW/yr is
approximately underdeveloped, whereas current utilization is
almost 14% [3].
Hydro power at Mini/ Micro level.
Hydro plants at mini or micro level is an attractive way of
electricity generation, especially in rural and hilly areas because
of the rise in the level of greenhouse gases emissions (GHGs )
and fuel prices in these sites [4]. Mini hydro plants range fro m
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100kW to 1MW, whereas micro hydro plants have capacity
between 5kW to 100kW [5].
In countries with perennial rivers in mountainous topography,
micro/mini hydropower (MHPPs) is one of the recommended
technologies for rural electrification using mini-grid system.
The power harnessed from mini/micro hydro power plants
(MHPPs) can be used for institutional, households and small
industrial purposes [6]. International organizations such as
Practical Action and United Nation Industrial Development
(UNDP) on this basis, considered MHPPs as better and efficient
way of off grid electricity supplying technique.

MW, 43 mini hydro plants with capacity 35.8 MW and 46 micro
hydel plants generating 8.71 MW of electricity to the region
shown in the Figure 1.
Number of installed HP

103.75

Capacity in MW

43
22

Small

35.8

46
8.71

Mini

Micro

MHPPs in Pakistan
More than 1200MW micro/mini hydro power potential is
estimated to be available in the country. Out of this potential,
less than 5% is being developed. For microhydel power plants
with capacities 100 and 500 KW each, an estimated potential of
300MW and more than 400MW respectively exists in Northern
Areas only shown in Table 1. Gilgit-Baltistan (GB) and Chitral
region have the highest concentration of MHPPs and small
hydro power sites. Several non-governmental organizations
(NGOs) and international organizations took part in
construction of less than 1 MW projects with communit y
involvement and beneficiary communities are operating them
at their own to encounter their energy needs (heating, lighting
and cooking [7].
Table 1. Small Hydro Power (SHP) in Pakistan (Data
source: Alternative Energy Development Board (AEDB)
Pakistan.)

Figure 1: Small, Mini & Micro hydel plants in GB (Data
source: GBPWD)
Barriers to MHPPs Development
Washed out due to flood
Impacts because of flood and natural disasters are often
prolonged especially in mountainous and hilly areas, which
intensified disruption to critical infrastructure systems. MHPPs
are situated in mountainous and hilly areas where there are
natural falls and on canal drops [8].
There are many glaciers from Karakorum and Himalayas fro m
where rivers originate, Gilgit-Baltistan is home to glaciers and
highest mountains. Both scar water and plentiful water in the
form of floods is not suitable for MHPPs. In the past floods
washed away MHPPs in different location and hurdles MHPPs
development in the region. In Baltistan region AKRSP reported
that seven (7) functional MHPPs have been washed out due to
flood. Table 2 Illustrates verification of flood damages in Water
& Power department GB in the year 2017-2018.

Re gion

No. of
Potential
Sites

Potential
Range(MW)

Total
Potential(MW)

KPK

125

0.2 to 32 MW

750

Need to change turbine

Punjab

300

0.2 to 40 MW

560

GB

200

0.1 to 38 MW

1300

Sindh

150

5 to 40 MW

120

AJ&K

40

0.2 to 40 MW

280

It has been found that turbine is one of the critical component
in development of mini/micro hydel plants, selection of a
suitable turbine can affect economic and technical performance
of MHPPs projects. Therefore, a surge in waterflow velocity in
a hydro power plant can cause extensive destruction to a hydro
turbine [2].

T otal

3100

In Gilgit-Balt istan (GB), more than 100 projects have been
developed by GB Public Works Department (GBPWD), of the,
22 are small hydro plants having installed capacity of 103.75
Department of Chemical Engineering

In Gilgit-Baltistan (GB) a German Development Cooperation
(GIZ) along with Aga Khan Rural Support Program (AKRSP)
conducted technical evaluation of 40 installed MHPPs, it was
found that local turbines are less efficient, project developers
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Table 2: Flood Damages in Water & Power Department in
GB (Data source: GBPWD)
Name
division

of

Flood
damages
(million
RS)

Verifie
d

Nonverified

Total

(millio
n RS)

(million
RS)

(millio
n RS)

Skardu
Division.

15.689

15.689

Gilgit Division.

4.530

Capacity
(kW)

Status
/Reason
functionality

Doko

150

Not operational due to social conflict

Shagarthang

100

Washed Out due to flood

Katisho

100

Non-operational need turbine change

Hushay

150

Not operational need turbine change

4.530

Gamba
Memush

20

Totally washed out due to flood

0.450

Khosolik
Kendarik

35

Not operational due to Electricit y
supply system

Chomik
Kndarik

24

Not operational due to
Electricity supply system

Bagicha

20

Completely washed out due to flood

Alchuri
Shighar

75

Not operational due to
Electricity supply system

Balti

50

Demolished Due to Flood

Tistion
Shighar

24

Totally washed out due to flood

Balti

50

Not operational due to Electricit y
supply system

15.689

-

Ghanche
Division.

0.450

-

Hunza
Division.

20.180

20.180

10.971

-

4.530

0.450

-

10.971
31.151

Astore
Division.

18.503

18.503

18.502

-

-

33.503

33.503

Name
Micro
Hydel

of

Chilas
Division.

4.368

Nagar
Division.

12.000

Kharmang
Division.

3.407

-

-

12.000

Department of Chemical Engineering

GOP

GOP

25.213
Tazipi
longba

35

60.586

Not operational due to Electricit y
supply system

24

Destroyed due rock sliding

4.368

Momenpi
longba
Shagaran
Hargusil

50

Flood Damaged(Demolished))

Yarhkor
Thalley

24

Not operational Due to Electricit y
supply system

4.368

12.000

3.407

non-

Khar

25.213

of

Kusho

18.502
37.885

Ghizer
Division.

Table 3: Non-Functional MHPPs in Baltistan region (Data
Source: GBPWD)
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used low cost approach in purchase of turbines. Moreover, there
is unavailability of trained technicians in the project sites [9].
Some of the MHPPs in Baltistan region are nonfunctional
because of failure of a hydro turbine as shown in Figure 2
below.
Non-Operational due to Social Conflicts
The rural electrification hydropower project should not disrupt
might results in losing the trust of community social dynamics
of communities [10]. Prevailing differences in compensation
policies results give rise to mistrust from affected people
towards hydropower companies. If such projects and their
consequences are not effectively addressed, hydropower
development will suffer [11].

(handicraft, carpentry), flour mills, agro-processing, restaurants
and teashops. Cheap energy available will open new avenues
for self-employment and business opportunities in Gilgit Baltistan.
Jobs Creation
The MHPPs projects had brought about many positive impacts
on the live of residents, during construction of MHPPs it
provided them with improved economic conditions by engaging
them on full time jobs. An estimate, inhabitants made almost
1.5 million PKR income by working as a labor in the MHPP
project.

In some of the districts of Gilgit-Balt istan (GB) development of
MHPPs has been blocked due to social conflicts between local
communities and government departments. Some of the
projects in Baltistan region that have been suffered due to social
conflicts are shown in the Figure 2.

These MHPPs projects reduces their household burden by
facilitating them to use electric appliances such as washing
machines, butter churner and sewing machines etc. Now that
they spend less time on household chores the can s pend the
same on productive (incoming generation). Overall these
projects are also contributing to boost the economic status of
women beneficiaries in the area as well.

3. Socio-Economic Development

Economic Development

Health and Educational Benefits

Activities on Productive uses of Renewable Energy benefits for
the rural communities such as cash income, communit y
development, and by reducing time and labor burdens on
women and men, as well as contribute to the overall social and
economic development of rural communities. For women,
productive use of hydropower contributes to the improvement
of their social position, confidence level and overall living
conditions as they become an active part of the communit y
development and economic activity in their respective areas.

Un-interrupted power supply will bring improvement in the
health and educational sector. Previously in the GB region
locals had to travelled miles for health and educational
facilities, we know how important its is for health and
educational institution to be electrified, development of MHPPs
in some of the districts such as Ghizer, Diamer, Kharmang,
Shiger and Nagar in the region increases study hours, providing
community access to mass media to TV and Internet.
Healthcare centers in remote location electrified by MHPPs
improve living standard of local community.
Rashida, a middle-aged house wife was excited, “It is indeed a
relief to use electric appliances. Life has become much easier
now, I utilize most of my time in sewing and earning a sufficient
amount to spend on my children’s education. The 500 kW
Borith MHPP project will improve the educational prospect as
currently, six schools are getting uninterrupted supply of
electricity that will benefits both the school going children and
teachers.
Small Enterprise development
Installation of MHPPs opened vast opportunities to develop and
establish small businesses, they can now use for electricity fro m
MHPPs for multi purposes such as cottage industrial activities
Department of Chemical Engineering

Sufficient generation from MHPPs will help boosting economic
activities like cottage industries, tourism promotion and all
other business and commercial activities. Cheap energy
available will open new avenues for self-employment and
business opportunities in Gilgit-Baltistan (GB).
Environmental Benefits
Reduction in Deforestations
The hydro power projects on Run-off Rivers do not involve any
environmental hazard or migration of local community. The
people of the area were initially 100% dependent on fuel wood
to meet their day to day requirements for cooking and heating,
which resulted rapid deforestation in the valleys posing serious
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threats to the environment and migration of people towards
cities/ towns.
The supply of liquefied petroleum gas (LPG) from down
country started in late eighties, present energy mix in GB is;
Wood (30%): LPG (40%): K2 Oil (6%): Hydel Power (24%).
This shows that still maximu m dependence is on fuel wood,
LPG and cutting of forest and fruit trees persists. Energy
requirements will be met from MHPPs reduce dependence on
import fuel. Reduce extra cost and minimize risk involved in
transportation and fuel stocking.
Saving on Fuels
Environmental and health impacts of diesel fire electricity
generation will be diminished 100% by hydro power. A resident
Rehmat said, “Prior to this MHPP project in Borith village, we
used to spend a whole day to fetch fire wood by covering miles
of distance on foot and used to consume all the fuel wood in
just one day. This project employed me on a daily wage of
1200/ day. Now I have savings in village organization.”
The indirect benefits will come in the form of savings of foreign
exchange for importing the diesel generator, its annual
maintenance cost and cost of fuel to be used for operating the
units.
Conclusions
Harnessing energy from hydropower by developing mini or
micro hydel plants (MHPPs) is the attractive alternative for
electrification of rural and remote countries. It is clean,
inexhaustible and simple technique. Pakistan has vast potential
of generating energy from MHPPs but only 5% has been tapped
so far. The region of Gilgit Baltistan (GB) despite of high
potential of more than 300 MW from MHPPs unable to meet
energy demands. In the past several functional MHPPs in the
region have been subjected to natural hazards and floods,
turbine failure because of installation of locally manufacture
inefficient turbine and social conflicts between local
communities and MHPPs developers.
However, development of MHPPs in villages plays a key role
in socio economic development of the region, improving the
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living condition of remote and rural communities. Productive
use of MHPPs is an effective vehicle for bringing economic
development, social progress and upgrading value chains in
remote areas.
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Abstract
The significanceof energy analysis in the design of building has
been grown due to increase in the awareness of its role in
building life cycle cost and environmental effects. The building
needs to keep occupants safe, efficiently comfortable and also
have thermal comfort and visual comfort. But they lack in
above parameters. So they use space heaters or window air
conditioners as choice for heating and cooling purposes. But
this approach proves to be substantially worse than the ordinary
Heating, Ventilating and Air Conditioning (HVAC) systems.
Pakistan has critical energy break that need to bind. Most of the
construction companies use practiced techniques including
Energy Plus and IDA for energy simulation. These usual
techniques are costlier, time consuming, difficult to perform
and lack of interoperability. Thus a fascinating technique
known as Building Information Modeling can be used as a
choice. By the use of BIM approach for energy analysis, we can
expect the input data to be more effective and the available date
to be more revisable. This paper signifiesa unique approach and
practical software environment for energy analysis. BIM is an
approach to build 3D computer model for the design process
and its performance is assessed by simulating its energy model.
Four Storey Building located near Ring road Peshawar is
designed in Revit for energy analysis and exported into Green
Building Studio for analysis. The results exhibit implicit
benefits of applying BIM based techniques. By the analysis of
the different stages of a building process, thermal performance
can be rectified. BIM process is optimizing energy efficient
designs and gives positive results. The Research benefits
sustainable design by applying BIM to this building and it is
clear that we are running with Energy wastage for Pakistan.
Real Project experience shows that all the building owners have
benefits to do Energy Retrofitting for their buildings.
Keywords: Energy Retrofitting, Energy Plus, Green Buildin g
Studio, BIM, Revit.
Introduction
Due to ascent observance in global climate change caused by
human activities like using of fossil fuel sufficiently results in
Department of Chemical Engineering

emission of CO2 and various gases which is precipitating
gallantly the environment and causing global warming. By
International Energy Agency (IEA) demand of global energy
increased by 2.1% in 2017 exceeding double of 2016 and CO2
emission rise by 1.4%. Global use of energy in building has
grown 1% per year and emitting 1% of CO2 per year
continuously[1]. Electricity requirement is increasing day by
day globally and it is increased by 3.1% in 2017 which is very
high[1]. Pakistan has critical energy break that need to bind.
The significance of energy analysis in the design of building
has been grown due to increase in the observance of its role in
building life cycle cost and environmental effects. The Buildin g
needs to keep occupants safe, comfortable efficient and also
have thermal comfort and visual comfort. But they lack in
above parameters. So they use space heaters or window air
conditioners as choice for heating and cooling purposes. But
this approach proves to be substantially worse than the ordinary
Heating, Ventilating and Air Conditioning (HVAC) systems.
Different sectors are consuming energy at different ratio but
building sector are using most of the energy about one third of
the total energy used and soshowmore response toward
climate[6]. It is studied that the concepts of energy efficiency
in buildings is important. So energy efficiency principles can be
incorporated to reduce the effect of energy wastage problems.
Application of energy efficient building in the newly
constructed buildings and for renovation could decrease the
consumption of energy resulting money saving and slowing
electrical load and also air emission. Currently large amount of
energy consumption are due to building stocks. These building
stocks are consuming energy because of poor orientation
designs resulting lack of lighting creating visual discomfort and
need of air conditioning. Also a lot of energy is consumed due
to common construction materials, also in windows and doors
having unusual R-value, U-value and position of windows and
door also depends [3].
By above discussion it should be kept in mind that energy
efficiency is necessary and will be the first step regarding
sustainability in buildings that will use energy principles to
reduce wastage in buildings and bring the occupants in a
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comfortable environment.In Pakistan principle of energy
efficiency in building design has no importance. Owner must
keep that in mind building must be planned and designed
energy efficiently because in our country energy shortage is
increasing continuously.

as a choice [4]. By the use of BIM approach for energy analysis,
we can expect the input data to be more effective and the
available date to be more revisable.
Building information modeling techniques are used in this
research which is digital method for energy analysis and also
give cost information, schedules which is necessary to estimate
wastage for building. Revit software has been used to create
Energy Analytical Model (EAM) and we can easily modify
components in Revit and maintain consistency throughout the
research. This EAM is then used for energy analysis.

Figure 1: Carbon dioxide emission in various sectors

Figure 3: Work flow for building information modeling
Figure 2: Electricity consumption in various sectors
The contribution of building sector is 39% which is more than
transport and industry. Also environmental impacts are more
due to electricity use. In Pakistan most of electricity comes fro m
fossil fuel which emit CO2 increasing environmental impact. In
order to maintain usable environmental certain externalenergy
source has to be supplied for comfort level and need power for
lighting etc. So the designer will make sure that building must
be equipped energy efficiently.
Most of the construction uses practiced techniques for the
energy analysis. Software are available for such analysis
including TRNSYS, BLAST, ESP, DOE-2, were used in 1970’s
[4]. But now for accurate analysis some new tools like
Energyplus and IDA are used [4]. These usual techniques are
costlier, time consuming, difficult to perform and lack of
interoperability. So building information modeling can be used
Department of Chemical Engineering

After such design our building wastage will be minimized than
ordinary buildings thereby increasing comfort level for
occupants and ensuring healthy environment.
Building Information Models contain several types of
information including geometric, semantic and topological and
that’s why called “Richer Repository”. Geometry informatio n
give ability to show building in three dimensions and this 3D
model consist of its component having properties such as Rvalue, u-value given by semantic information while topological
information gives dependencies of these components on each
other [5].
Building Survey and Energy Audit
Generally study about existing buildings is necessary for new
technology to be implemented in building industries. In
engineering project initial survey, collection of data and also to
check feasibility of project is the most important steps to be
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carried out while applying new methods. To decide about
energy efficiency provisions in new buildings, it is necessary to
check the design, construction and energy consumption of
existing buildings and also to know about the nature of existing
buildings. For this purpose important data about energy
consumption were collected through survey of existing
buildings. This will help us to control energy wastage through
structural solutions and to get energy efficient buildings.
Collected data includes, building type, geometry and material
from which it is constructed, location, orientation, building
life, floor area, stories, electricity and gas bills of different
months and also building and trees around the buildings. This
collected data help us for modeling in Revit.
Building Informati on Modeling for Energy Simulation
Building Information Modeling (BIM) is away to design and
simulate that uses precise 3D computer models to draw, qualify,
share, and coordinate data through design process[2].The
Building Information Model (BIM) has aneffective digital
characteristics of the building uses for designdecision making ,
best-quality
construction documentation, construction
planning, quality forecastingand cost calculation [7]. It is an
emerging technology in AEC industry. As an output, BIM has
physical and functional characteris tics of a building that can be
used as a shared knowledge resource for building informatio n
(NIBS 2008). As a process, BIM can be used as a construction
of a digital model of a building and its information can be
exchanged and also interoperable (Eastman et al. 2008). The
BIM provides up-to-date and effective information of the
design for project, costinformation, schedules, energy
simulation, structural design, etc., that is needed for the
construction projects[7].BIM is an approach to build 3D
computer model for the design process and its performance is
assessed by simulating its energy model. To be able for
simulation of building energy wastage BIM gives accessibility.
By new research, BIM energy simulation is said to be very
beneficial for the energy ass essment of a building. Using BIM
as a data source for energy analysis makes the data input more
effective and the existing data more revisable [8]. Moreover, as
BIM allows a 'live', digital model can be connected with
analysis program, it is more convenient for designers to use and
conduct the performance evaluations with a known software
interface [9].
The best advantage marks for the visualization of energy
analysis results in a short time. Also, changes in the design can
be efficiently incorporated.In this way, more design changes
Department of Chemical Engineering

can be analyzed which improves efficiency and meet
sustainability goals [10]. One of the studies proposed to utilize
BIM for evaluating building energy performance by showing
its efficiency, based on a case study that used BIM technology
for optimizing energy-efficient design, which showed positive
result [11].BIM is the key to analyze energy performance of a
building process in different stages.
Following procedure should be adopted for energy simulation
of BIM model.
Making of 3D BIM model using Revit software as shown in
figure 4.
Set the model for energy analysisas shown in figures 6 and 7.
In the analysis tab analyze the BIM model by creating energy
model as shown in figure 5. Energy Analytical model is used
for simulation
Run the simulation and get results

Figure 4: 3D Model
Assessment strategy of energy wastage in Pakistan
Using the above energy model final energy analysis results
based on energy simulation and analysis performed by REVIT
is provided.
Energy Simulation Results
These results are based on energy setting we provided as shown
in figures 6 and 7. We get some basic information from the
analysis run. Weather station we used and floor area is shown
in figure 8. The average lighting power and people are taken
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from the building type we set. The electrical and fuel cost are
based on location we set. The annual energy use and cost shows
the breakdown of electricity and fuel use.

Figure 7: Energy setting

Figure 5: 3D Energy Model

Figure 8: Energy Analysis Result

Figure 6: Energy Setting
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Next is the potential energy chart which is very valuable and
telling us about building performance. The next charge is
monthly load charges separated into monthly heating and
cooling loads. For any value of heat below zero contributes to
the energy that has been loss. This give results that heat must
be added to ensure for this loss and conserve thermal comfort.
The contribution of wall to wastage of heat energy is more
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because heat can filter out through the empty space and hence
wastage of heat energy occurred. So, if we insulate this wall
these losses can be reduced.

The next data that deserve proper attention are climate data
from weather station. These charges include wind, temperature,
diurnal, and humidity.

Figure 9: Monthly Heating Load
The cooling load charge can be interpreted in the same way
however value above the zero contributes to energy being
gained. This means that heat energy must be added to maintain
thermal comfort.

Figure 12: Annual temperature Bins
Conclusions and Recommendati ons
Building Information Modeling has become an innovative way
to deal with energy analysis. Using BIM technology the
integrated design of energy efficient buildings and assessment
of wastage in buildings can be done effectively. From the above
results we assess energy wastage of building and it is clear that
how much different components are responsible for energy
wastage.
Due to ascent consumption of energy in buildings it is
recommended for the future that we have assess wastage for
buildings of different cities of KPK and find their energy
wastage.
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Abstract
Raw oil extracted from different sources such as seeds,
flowers and so forth contain various impurities like
free fatty acids, wax, phospholipids, water and
pigments which effects the quality of oil and harmfully
effects the human body. Therefore it is necessary to
refine the raw oil before using it. Steps involve in
refining
are
degumming ,
Deacidification/Neutralization,
decolorization,dewaxing, deodorization and drying.
Conventional dewaxing of oil is carried out through
winterization
technique. However, membran e
dewaxing technique is replacing conventional
winterization. The feasibility of microfiltrat io n
ceramic membrane technique for dewaxing of Canola
oil was studied in this research. The experiments were
carried out by using a laboratory scale cross flow
tubular ceramic membrane of pore size 100µm.
During the process Canola oil was passed through
microfiltration membrane.The effect of operating
parameters like velocity, pressure difference and
temperature was also investigated. The results
obtained from the experiments were acceptable, which
concludes that microfiltration membrane is suitable
for dewaxing of edible oil.
Keywords: Canola oil, Dewaxing, Porous ceramic
membrane.
1. Introducti on
Edible oil is an essential constituent of everyday use.
Edible fats and oils sources include fruit pulp,

Department of Chemical Engineering

oilseeds, fish, and animals. Major source of edible oils
are oilseeds and flowers that includes Tea seed oil,
Sunflower oil, Corn oil, Rapeseed oil, castor oil, olive
oil, Sesame oil, Linseed oil, Cottonseed oil, Palm oil,
Coconut oil, Hemp seed oil, Perilla oil, Kapok oil,
Tung oil, Soybean oil, Rice bran oil, Safflower oil etc.
[1]. The raw edible oils show quantitative and
qualitative differences in their constituents and these
differences are helpful in characterizing plant origin of
the oils [6]. In 2003 major vegetable oils production in
world was approximately 100 million tons [2]. The
selection of oil extraction method depends on
industrial plant capacity, as well as the raw material
nature. For variety of oilseeds, the most widely used
method is pressing followed by solvent extraction, [3]
which contribute to about 50% of the total world’s
production of vegetable oil.
The extracted crude oil is not suitable for direct use
since extracted raw vegetable oils constitute of over
95% triacylglycerols [4] and rest of 5% contains
various minor substances such as free fatty acids
(FFA), phospholipids (PL), waxes, coloring pigments
water, and trace elements such as halogens, sulfur,
iron, and copper[1]. Triglyceride fraction is of most
importance, primarily used as edible oil. Fatty-acid
and mono-glycerides can be used as emulsifying
agents
and
flavors
[12].Waxes ,
Fats, phospholipidsand steroids, are different types of
lipids [8]. Fats and oils are triglycerides (or
triacylglycerol), consisting of three molecules of fatty
acids combined with glycerol. Ester bonds links fatty
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acids to glycerol [9].Chemically, a wax is a type of
lipid that may contain a wide variety of long-chain
alkanes, polyesters esters, fatty acids and hydroxyl
esters of long-chain primary alcohols. Waxes are
esters of an alcohol aside from glycerol and a single
long-chain acid. They are generally distinguished
from fats by the absence of three fatty acids and
triglyceride esters of glycerin (propan-1,2,3-triol).
The impurities present in raw edible oil are very
harmful for human health. It can cause obesity, which
is the root of all diseases like Heart disease, cancer,
diabetes, infertility and many more [10]. Wax and
phospholipids both degrades taste of oil and also
clouds the oil. [11] The wax content should be at the
level of almost 10 mg/kg for a sufficient cold stability.
[4]. Due to negative effect of the impurities in raw oil,
it needs to be refined. Edible oil refining process
includes degumming, de-acidification, bleaching, dewaxing, and drying.
Dewaxing is the removal of wax. Certain types of oil
such as Rice bran, sunflower, corn and canola oil
needs dewaxing step. Waxes are removed through
three simple steps that is chilling, settling, and finally
separation. The conventional process use for dewaxing
of edible oil is winterization technique which needs
cool room temperature and good control due to which
it’s operating cost is high. Filter aids use in this
technique clog the pores of filtration medium; also
large about of waste is produced. Due to these
disadvantages a need for more efficient technique was
felt which is now known as membrane dewaxing .
Membrane is not only use for dewaxing but also for oil
extraction, degumming, deacidification, bleaching and
metal recovery.
Mutoh et al. [5] in 1982 worked on Dewaxing of edible
oil. They invented a porous membrane with critical
surface tension of less than 33 dynes/cm and average
pore diameter of 0.05-5µm for dewaxing of sunflower
oil. They performed several experiments on different
polymeric membranes with average filtration pressure
of 2kg/cm2 . They performed experiments on three
different samples. Sample A: The crude oil is cooled
to 5ºC. Sample B: first added caustic soda, followed
by mixing and stirring and finally cooling for 5ºC.
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Sample C: First cooled to 5ºC, and then added caustic
soda followed by stirring. The wax content in crude oil
was about 0.58 wt% and after membrane dewaxing it
was reduced to 0.004-0.008 wt% which is according
to requirement. The result of 3 experiments performed
is shown in table 1.1. [5]
Murdaldihara et al. [7] in 1996 invented a process for
removing wax using a porous non-metallic inorganic
membrane. Experiments were performed on crude oil
with 670 ppm wax content at about 65ºF
(approximately 18ºC) and trans-membrane pressure of
about 25psig and they claimed that wax content in
permeate oil was less than 10 ppm at 65ºF. [7] B. K.
De et al. [13] in 1998 performed research on
degumming and dewaxing of rice bran oil. They
worked on the refining of rice bran oil through
membrane. For preparation of membrane, alphaalumina and polyvinyl alcohol, M. W. 125000 was
used as a binder. Experiments were performed at transmembrane pressure of 294 to 490 kPa, dilution 5% to
20% which showed that with increasing the dilution,
the wax and gum weight percent increases, also they
did comparison between membrane and centrifugation
technique. For this purpose, two samples of rice bran
oil with the characteristics given in table 1.2 were
taken [13].
Table 1.13.Experimental analysis of three samples

After passing through the membrane the wax and gum
content was significantly reduced. From the results
they concluded that membrane separation is much
better than water treatment and centrifugation
technique, as combine gum-wax content in refined oil
was 7.6–8.1% through membrane separation process,
and 62.4–65.3% in oil refined through centrifugal
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separation technique. Present research aims to check
the feasibility of porous, alumina ceramic membran e
for the dewaxing of canola oil.

The Schematic of the cross flow membrane dewaxin g
of canola oil used is shown in figure 2.1. Tubular,
alumina ceramic membrane with area of 0.00477 m 2
was used. Membrane performance was investigated
for dewaxing.

Table 1.2 Raw rice bran oil Characteristics [13]
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2. Materials and methods
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2.1 Materials
Canola oil was used in this research. More than 70%
of the canola oil is use in liquid i.e. non-hydrated form.
Canola oil is used in producing baking and pastry
margarines, shortenings, Hard (stick) margarines, soft
(tub) margarine. Canola oil is a natural salad oil. The
products in which canola oil is used are salad oil, salad
dressings, mayonnaises and also used as cooking oil
and pan-frying. [14] In this research canola raw oil is
used to carry out the experiments.
Microfiltration membrane is used for dewaxing of raw
canola oil have the following specifications.

2

1. RAW OIL FEED TANK
2. RAW OIL FEED PUMP
3. FLOW CONTROL VALVE
4. TEMPERATURE SENSOR
5. PRESSURE GAUGE
6. MF MEMBRANE
7. PRESSURE GAUGE

Figure 2.1 Schematic diagram of the
experimental setup
Table 3.1 Analysis of raw and refined oil
Description

Length: 250 mm = 0.25 m
Outer Diameter: 10 mm
Internal Diameter: 06 mm

8. PESSURE CONTROL VALVE
9. FLOWMETER
10. PERMEATE CONTROL VALVE
11. PERMEATE TANK
12. BACKFLUSHING PUMP
13. BACKFLUSHING CONTROL
VALVE

Weight
of
sample(g)

oil

Raw canola
oil

Refined oil

2.5

2.5

Thickness of membrane: 10 – 06 = 04 mm

Wax-gum
content(mg)

98

31

Pore size: 0.1 µm

Wax-gum (wt. %)

3.92

1.24

Membrane Material: Alumina Ceramic

Rejection(%)

68.36

Membrane Manufacturer: Toho Ceramic Technology
Co., Ltd
Membrane Type: TOHO01*10
Methods:
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Raw canola oil analysis was performed on the basis of
acetone insolubility of wax-gum. Before starting the
experiment, apparatus and membrane was checked by
passing distilled water through it for about 2 to 3
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hours. Then oil was cooled to about 5°C. The feed
(raw canola oil) is passed through the membrane at
temperature 5°C to 20°C and pressure of 0.5 to 2 bars.
Readings were taken at every 5 mints. After passing
through membrane sample was taken again to find out
the wax-gum content through same procedure,
performed for raw canola oil.
2.2 Sample Analysis
To find out the wax-gum contents in the raw oil. Equal
amount of chilled acetone and oil sample was taken
and centrifuged for 20 mints at 5000 rpm. The
insoluble portion i.e. wax-gum was wash with acetone,
dried in vacuum dryer and weight it. [15]
3. Results and discussions
Wax-gum content determined through acetone
insoluble method is shown in table 3.1.
Wax-gum content in raw canola oil was 3.92 % which
is reduced to 1.24%. Rejection of the pres ent
membrane noticed is about 68.36 %. The permeate
flux vary from 82.541 lit/m2 .h at 5ºC temperature and
0.5 bar pressure to 330.062 lit/m2 .h at 20 C
temperature and 2 bar pressure as shown in figure 3.1.
The dewaxing should not be carried out below 5º C
because of very low permeate flux which in turns need
a high surface area for permeation making the process
costly.

Figure 3.1 Effect of temperature and pressure on
Permeate flux
Conclusions
The wax-gum content in canola is reduced to 1.24 wt
% which is according to the requirements. Use of
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membrane for dewaxing is feasible because of the low
operating cost as it does not need a cooled room for
operation, easy to handle, high rejection i.e. 68.36 %
of wax-gum content and an efficient production of
dewaxed oil at a high flux. It is concluded that alumina
ceramic membrane can be used for dewaxing of canola
oil in industries for an efficient processing.
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Lightning Protection Analysis of Sheikh Muhammadi Grid Station by Effective Placement
of Surge Arresters
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Abstract
Installation of surge arrester is foremost important to ensure
lightning performance of transmission lines especially dealing
with high voltages. This paper depicts a case study regarding a
500 KV transmission line of NTDC (National Transmission
And Dispatch Company, Pakistan) and evaluates the most
appropriate approach relating surge arrester placement and
type. Arresters limit the voltage across equipment thus provide
protection in presence of strike. In this research, metal oxide
surge arresters are analyzed. Transient modeling of three phase
line and substation is done in PSCAD/EMTDC software which
supports transient and steady state analysis of power systems.
The analysis is carried out to find precise choice and location of
lightning arrester to minimize the outages due to lightning
surges.
Key words: Transmission line modeling, lightning arresters,
PSCAD/EMTDC, transient analysis, NTDC
Introduction:
Lightning is pre-eminent source of black outs in electric power
utilities and counts for massive destruction in world lightning
prone territories. About 5% to 10% of lightning flashes result
in permanent damage to power system[1]. The occurrence of
lightning flash activity is above 40,000 annually and at very
second 100 lightning bolts hit the earth[2]. Back flash over and
shielding failure are two root effects of lightning strike[3,5].
Both contribute to creation of significant amount of flash over
in over head lines. The shielding failure can be minimized by
setting appropriate value of shielding angle in accordance with
rate of flashover due to direct strike to phase conductor. In
lightning studies, back flash over rate mainly depends on
resistance of shield wire. The decrease in value of grounding
resistance cause reduction in back flas h over incidents.
However installation of surge arresters is effective solution in
areas having higher value of soil resistivity.

of transmission lines with poor shielding phenomenon and
overall efficiency is enhanced[7]. In this paper,500 KV line is
studied and high frequency components are modeled according
to IEEE and CIGRE standards. PSCAD/EMTDC tool is used to
evaluate lightning performance of Sheikh Muhammadi Grid
Station.
Modeling
2.1 Transmission line modeling
Frequency dependent model is used for transmission line
modeling[8]. 500 KV single line circuit carrying three phase
conductors and two shield wires is facilitated by tarbela hydro
power plant. Phase conductor specifications are shown in table
I
Table I :Conductor Specifications
Material

Greeley

Conductor per phase

4

Diameter

0.00281 m

Bundle Spacing

0.457 m

Resistance

0.01733Ω

The shield wire parameters are shown in table II
Table II :Shield Wire Data
Name

Steel

Number
Diameter
Relative Permeability
Resistance

2
0.00055245 m
1
2.85645Ω

The idea of line arrester installation is to eradicate lightning
transients on power systems[6]. Thus it increases performance
Department of Chemical Engineering
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Transmission line is represented by a resistance approximately
equivalent to surge impedance of shield and live wire. Equation
1 is used to determine the surge impedance of live wires

Value of inductance and capacitance are 0.0012 H/km and
9.36×109 F/km respectively. So surge impedance of phase
conductor is 352 .Value of shield wire impedance is 340 [9].
2.2 Tower Configuration
Waist type towers supporting three phases and two ground
wires are employed to transmit power to distribution ends.
Figure 1 shows the typical 500 KV single circuit tower.

Seven identical transmission lines modeled as frequen cy
dependent segments are considered in PSCAD simulations.
Remote ends of line are used to minimize the over voltage
produce over transients[10].

dependent ,non linear I-V characteristics of surge arrester are
taken into consideration [11]. Table III shows the I-V
characteristics of surge arrester
Table III I-V characteristics of surge arrester
Voltage(PU)

Current(KA)

1.1

.0001

1.78

.001

2.15

.01

2.26

.02

2.37

.5

2.567

1.5

2.672

3

2.761

5

2.9

10

3.094

20

3.406

40

2.4 Substation Model

Fig. 1: Tower specification
where,

Substation comprises of disconnector switches, earthing
switches, circuit breakers represented by value of stray
capacitance. In order to analyze high frequency phenomenon
stray capacitance values are taken in accordance with IEEE
standards [12] as described in table IV

Ht=Total height of tower.
R1=Horizontal spacing between ground wires.

Table IV: Capacitance Values

R2= Distance between phase conductors
R3=Vertical spacing between phase conductor and ground
wire.
Department of Chemical Engineering
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Single line diagram of substation equipment along with
respective stray capacitance is described in figure 2.
Four power transformers of 250 MVA are employed in grid.
Power transformer is represented by using capacitor, inductor
and resistor value in accordance with IEEE standards. Double
bus bar is used as it facilitates by isolation of feeders during
maintenance operations.

4 Result And Discussion
The simulations are carried out for different scenarios.
Placement of surge arresters at different points on grid station
is done and results are taken accordingly.
Figure 4 illustrates the system without arresters

3 Simulation Model
Seven transmission lines are modeled between waist tower.
Average distance between adjacent towers is about 346 m and
117 km long transmission line is under study. Figure 3
described detailed model of transmission lines, grid station
equipment and bus bars.
Fig. 4: System without surge arresters
The placement of surge arrester at entrance of substation and at
transformer guarantees the protection of equipment from
lightning as shown in figure 5.

Fig. 5: System with two surge arresters
Fig. 2: Substation Model Details

Placement of surge arrester at entrance of substation ensures the
normal operation of substation along with substation equipment
while at transformer value of voltage fluctuates and has
oscillations which may lead to damage to transformer as
described in figure 6 .

Fig. 3: Complete PSCAD model of power system
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system both surge arrester at substation and at transformer are
needed.

Fig. 6: One arrester at substation
Without surge arrester at substation, there is rise in oscillations
which may lead to disturbance and cause transients in
substation and their subsequent effect is transferred to
transformer as described in figure 7.

Fig. 7: One arrester at transformer
5 Conclusion
This paper described the simulations for 500 KV grid station by
making precise choice for locating surge arrester in
transmission system. Installation of surge arrester is key
element to provide safety of transmission lines and subs tation
equipment. During analysis it is observed that without arrester
at transformer end there is fluctuations in voltage values.
Similarly in absence of surge arrester at entrance of substation,
substation equipments are at risk. Furthermore, one surge
arrester at substation entrance is enough to ensure substation
equipment protection. Thus, to ensure optimal performance of

Department of Chemical Engineering
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Abstract
Bio-Ethanol, a type of bio-fuel, has great value as a prospect
fuel due to its high efficiency and low environmental impact.
The process starts with pretreating the peels mainly washing to
prevent any dirt and grit to enter the liquefaction and
Saccharification process. Liquefaction around 120o C causes
starch to come out to the surface making it easily reachable for
the microorganisms to complete the conversion to glucose and
finally to Bio-Ethanol. This study employs Simultaneous
Saccharification and Fermentation for its economic feasibility .
Also, use of Talaromyces Cellulolyticus as the source for
pectin, alpha amylase and Cellulase proven economically
beneficial to the production process, is employed to promise
higher yields.
This paper employs the plant designing skills of Chemical
Engineers for a theoretical pilot scale model using Equations
studied in the Bachelors Course of Plant Design. To customize
the already present equipment to the product specification and
design conditions, knowledge of Plant Design will be of utmost
use. Majorly the distillation and reactor unit, in accordance with
the process needs, were designed, while the rest of the units
were be given a general description. After calculating the
Engineering and Chemical Design for the mentioned
equipment, a Cost Estimation for the plant was made. An ROI
6.1% and a payback period of 7 years, showed the models
capacity as a pilot scale plant in Pakistan.
Keywords: Unit Design, Cost Estimation, Process Design,
Simulation.

Introduction
Reducing dependence on fossil and non-renewable sources of
fuel is a great step in order to protect the environment as well
as suppling our energy needs. Therefore, Bio-ethanol, a
biological energy source, is a prospective alternative to fossil
Department of Chemical Engineering

fuels. It has the capacity to be modified to meet the increasing
demand as energy for various capital ventures [1].
In 1819, the French chemist, Henri Braconnot, hydrolyzed
cellulose to sugar by sulfuric acid, hence the first to employ acid
hydrolyzation [2]. Cellulose, acid hydrolysis was first
employed in a commercial plant in Germany in 1898. The last
two decades have seen a fleeting advancement in enzyme
technologies, hence replacing the acid hydrolysis with
enzymatic hydrolysis. For effective conversion to sugars using
enzymatic hydrolysis, a pretreatment process is required for
removal of contamination.
Recent statistics show an increase in fuel consumption [3].
Economic issues put aside, fossil fuels contribute the most
when it comes to environmental degradation - and burning of
fossil fuels release various oxides, prominent among which are:
oxides of nitrogen, Sulphur and, carbon. Carbon dioxide is
responsible for raising the temperature of Earth by forming an
invisible layer in the stratosphere and reflecting back the
irradiation from the earth’s surface.
These oxides wouldn’t have posed much of a threat and could
very easily be controlled if it hadn’t been for the various
metallic additives embedded in the fuel to increase its burning
efficiency. Tetra Ethyl Lead or TEL is an organic compound of
lead vastly used as an anti-knocking agent. Lead vapors fro m
the engines exhaust are dispersed into the air and have the
potential to cause acute lead poisoning. Another problem is that
even low level of lead pollution are highly precarious to health.
Apart from lead additives, Tertiary amyl methyl ether (TAME)
and Methyl tert-butyl ether (MTBE), are also poisonous and
injurious to health. If leaked into nearby water source they will
render that water useless for any purpose.
With above arguments, attention was shifted to renewable
energy sources such as solar, wind, hydel, Geothermal, etc.,
who by the way have gained popularity in some areas, while in
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others, unpredictable climate, makes it a nuisance to have an
operable setup.
Cost is also a major factor that limits the use of these renewable
energies since a large group of people cannot afford such costly
setups. Therefore, Bio-energy started to gain awareness
globally. Bio-ethanol among other sources of bio-energy, has a
huge potential of serving, the rising energy demand by b eing
inexpensive, clean and renewable. Worldwide production of
ethanol has escalated since the last decade [4, 5]. 73% of the
fermented ethanol was utilized as fuel while the rest was

employed for use in beverages. Apart from being used directly
as fuel, it also found its way as an additive by replacing MTBE
and TAME. It has higher octane boosting abilities than either
MTBE or TAME [6]. On top of providing lower carbon dioxid e
emission, higher octane number, lower dust emission,
biodegradable, and renewable, it can either be used purely as
fuel or blended with other fuel [7].
Figure 1 shows annual production in gallons over the last 8
years.

Global Ethanol Production by Country/Region and Year
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Literature Survey
Ethanol - a pure alcohol commonly known as ethyl alcohol - is
a flammable, volatile, and colorless, liquid with a pungent
smell. It has a melting point of – 114.1°C, and boils at around
78.5°C. Low freezing point of ethanol, makes it a suitable
antifreeze agent for automobile radiators [8] and a temperature
sensor. Ethanol properties are given as, in Table 1. Being
ecofriendly it doesn’t pose a threat when leaked into water
sources. When compared, ethanol’s octane boosting properties
by far exceed that of either MTBE or TAME. Transportation in
various countries including Brazil, have seen a rise in
automobiles recruiting pure ethanol or gasoline blended ethanol
as a fuel alternative for their engines [9].
Although it has partially replaced petroleum derived fuels some
of the properties like water solubility, low density and flame
luminosity among others, put bio-ethanol at a disadvantage [9].

Department of Chemical Engineering

Potato is a very starchy tuberous crop of the Solanaceae family.
Roughly potato peel waste consists of 58% of dry weight as
starch [10] while a potato is composed of 18% starch [11].
Pakistan cultivated about 3,491,800 Tons of potatoes in the year
2011[12]. Approximately 5-20 percentage of the produce is
likely to be wasted during potato cultivation while 18 percent
of the potato waste is available in the form of peels from potato
processing industries [10].
Disposal of potato peels is a major issue of the food industry
since normal dumping won’t solve the issue and because of the
wetness of the peel due to processing, the peels are susceptible
to rapid microbial spoilage [13]. Hence the utilization of this
waste will result in pollution control, and a valuable energy
source leading to reduced environmental pollution due to fossil
fuels and such. This also means that bio-ethanol production
from inedible raw material will save edible raw materials fro m
being utilized. Apart from fermentation, potato waste can be
utilized as animal feed after going through a drying process. But

Pa ge 52

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

since it is an energy demanding process hence they are utilized
for fermentation without having the need to be dried [14].
Process Selection and Materials
There are various processes employed for ethanol fermentation.
These include:
Separate Hydrolysis and Fermentation, SHF
The SHF is a process capable of producing high yields of
ethanol with higher concentration. It is limited by expensive
equipment’s, possible chance of contamination, lower yield
rates, conversion and concentration than SSF and possible
inhibition of glucose.
Table 1: Properties of Ethanol [8]

Molecular Formula

C2 H6 O

Density

0.789
20°C)

purity of the fermented ethanol. The only drawback is that it
needs optimized
conditions of Saccharification and
fermentation to be carried out simultaneously, which is not
impossible but difficult to achieve.
Co-fermentation can also be employed to increase ethanol yield
by coupling two or more microorganisms. One of the two
microorganisms, convert the substrate to glucose and the
second one converts it to Ethanol. Apart from microorganis m
culturing being a problem, the reduction in substrate
inhibition/retention time favors SSF over SHF. [9].
An application of SSF is Simultaneous Saccharification, yeast
propagation and fermentation (SSYPF), by incorporating for
hydrolyzation. However, lack of cell growth due to reduced
inhibition time of glucose can be a problem [9].
Direct Microbial Conversion, DMC

g/cm3

(at

Melting Point

159 K

Boiling Point

351.52 K

Flash Point

13–14 °C

The DMC combines enzyme production, hydrolysis and
fermentation, all in a single vessel. Bacteria are employed to
breakdown cellulose into hemicellulose and hemicellulose into
ethanol. Unfortunately, the bacteria also produce a number of
products in addition to ethanol and yields are lower than both
SSF and SHF [14].

Auto Ignition Temperature

363 °C

Continuous Process

Lethal Dose-50 (LD50)

5628 mg kg−1

Calorific value (MJ/kg)

26.9

Stoichiometric air/fuel ratio
(kg air/kg fuel)

9

Lower flammability

2.06

Higher flammability

0.3

Motor
octane
number
/research octane number

89/107

Continuous process - which is also known as chemo stat,
continuous-flow, or stirred-tank fermentation - employs a fresh
sterile media fed into a reactor continuously. In addition to
feeding the reactor with fresh nutrients, the effluent is removed
from the reactor constantly as to keep the volume of the reactor,
constant. The rates of feeding and removing are als o equal. To
avoid wash-out, which means taking away all the enzyme cells
from the reactor, growth rate of the microorganism is chosen as
a function of the cell removal rate [14].

Cetane number

8

Flame temperature (K)

2235

Simultaneous Saccharification and Fermentation, SSF

Advantages of continuous process over batch fermentation are
low construction costs of bioreactors, lower maintenance and
operational requirements, higher yield, and a better control of
the process [9]. Stability of culture, however, is an issue for
continuous fermentation. Even small changes in any of
parameters, such as: temperature, dilution rate, substrate
concentration of feed, etc., can decrease yield.

After liquefaction of raw material to gelatinized form
Saccharification and fermentation are carried side by side in a
single tank. Enzymes are added in the tank wherein
Saccharification occurs and as soon as glucose is produced it is
converted to ethanol and carbon dioxide. This process is
characterized by high yield, conversion rate, concentration and

With the above arguments in mind, SSF process is selected for
maximu m conversion of glucose into ethanol using
Talaromyces Cellulolyticus as producer micro-organism, and
employing very high gravity conditions (VHG conditions).
VHG conditions involve the preparation and fermentation of
mash containing high dissolved solids (>300 g/L) to yield a
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high ethanol concentration [15,16]. This is desirable for
production of fuel grade ethanol because of its potential to
increase throughput of the fermenting tank, and reduce
processing costs [16].

Table 3 gives a general description of the used microorganisms.
Using Acremonium Cellulase obtained from Talaromyces
Material Selection
Potato peels waste is chosen as the raw material for being
inedible, difficult for industries to properly dispose of and
relatively of low cost. Table 2 shows a typical composition of
potato peel waste obtained from industries.

Table 2: Typical composition of Potato Peels [18]
Parameters

% dry weight

Moisture

85.06

Nitrogen

1.3

Protein

8.0

Total Soluble Sugars

1.0

Total Carbohydrates

58.7

Reducing Sugars

0.61

Fat

2.6

Ash

6.34

Cellulolyticus has advantage over the other microorganism as
it directly converts starch to monosaccharides and also reduces
the inhibition time of monosaccharides, which results in an
increase in ethanol yield.Table 4 presents a couple of reactions
involved in the process.
Table 3: Properties of Microorganisms used [13]
Component

Characteristic

Volume

Acremonium
Cellulase

Powder form
and retains the
characteristics
of water

The same volume as
would be occupied by
Water having the same
mass as the enzyme.

Baker’s Yeast,
Saccharomyces
Cerevisiae

Solid form

Volume
based on
density of the micro organism

Table 4: Reactions and Conditions involved
Process

Reaction

Conditions

Temperature: 370 𝐶

Saccharification

Pressure: Atmospheric pressure
𝐶12 𝐻22 𝑂11 + 𝐻2 𝑂 − −−→ 2 𝐶6 𝐻12 𝑂6

Retention time: 23 hrs.
Enzyme: Acremonium Cellulase
Microorganism: Talaromyces Cellulolyticus
Temperature: 370 𝐶

Fermentation

Pressure: Atmospheric pressure
2 𝐶6 𝐻12 𝑂6 − −−→ 4 𝐶2 𝐻5 𝑂𝐻 + 4 𝐶𝑂2

Retention time: 4 Days
Enzyme: Zymase
Microorganism: Saccharomyces cerevisiae
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Amount of raw material was calculated using amount of bio ethanol required, as basis. Performing back calculations on
stoichiometric reactions are used to calculate the material
requirement for a 100% efficiency after which the actual

amount of materials required are calculated using the actual
yield of the process, as described by Shinichi Yano in his paper
[17]. Table 5 shows the raw material amount for stoichiometric
and actual calculations for the proces

Table 5: Stoichiometric, Basis Calculations for 100% process efficiency, Basis Calculations for Actual Yield, and Enzyme
Calculations.
100% conversion
Components
Stoichiometric
Requirement

100% conversion

Actual
Conversion

Basis requirement

Basis
requirement

% Actual
conversion

Unreacted

Starch

324

68.7

176.0869565

256.3128916

80.225935

Total Water

36

-

19.56521739

28.47921018

8.9139928

Glucose

360

90

195.6521739

217.3913043

21.73913

Carbon Dioxide

174

-

94.56521739

94.56521739

-

Ethanol

184

-

100

100

-

Potato peels

551.9591141

-

299.9777794

436.6488783

-

Basis: 100 Kg Ethanol
Enzyme

14.55496261

Standard Dosage of Cellulase is 10 FPU/g of biomass

Yeast

8.732977567

1 g of Cellulase equals 300 FPU

4. Process Description
The process taking place can be placed in 5 steps as follows:
Pre-treatment
Simultaneous Saccharification and Fermentation
Centrifugation
Distillation
Per-vaporation
Pre-treatment
Raw material containing starch based feedstock has to be
treated prior to the fermentation process. Potato peels waste is
Department of Chemical Engineering

required to be washed prior to fermentation to remove dirt and
gravel from the raw material. After washing, Gelatinization of
the peels will be carried out. Although this step will be carried
out in the reactor it is considered a pretreatment step. Raw
material will be soaked in a water bath at a temperature of
120o C, for 30 minutes. Water vapors at 120o C and atmospheric
pressure will then enter via amorphous regions, the tightly
bound areas of double helical structures of amylopectin
consequently allowing them to leach out on the surface. After
30 minutes, the process is stopped and the temperature is
dropped to SSF temperature by means of cool air.
Simultaneous Saccharification and Fermentation
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Potato waste enters the reactor along with some water. After
gelatinization Acremonium Cellulase and Baker’s Yeast are
added inside the reactor to start the fermentation process. This
is the main step of the process and requires a lot of monitoring.
Monitoring include controlling variables like temperature, pH,
pressure, foaming etc. Cellulase breaks down the dextrins in the
mash into low weight mono-sugars which are then
simultaneously converted to ethanol by the action of
Saccharomyces Cerevisiae IR-20[Reference], a yeast strain.
Conversion takes place at a temperature of 37o Celsius. Also, it
is necessary to maintain a pH of 5 - 5.5 inside the reactor for
maximu m growth of yeast cells. The SSF process is carried out
for a time period of 3 days. The process is batch and unaerated.
Centrifugation
After fermentation period is over, the product mixtu re
containing unhydrolyzed material, ethanol product, enzyme
solution, yeast cells and under 1% of by-product, undergo
centrifugation. Unconverted solid potato waste is removed and
starch and yeast get converted into pellet form and passed along
with Ethanol, enzyme solution and unconverted liquid glucose
for distillation.

Distillation
Distillation can either be continuous or batch depending on the
scale of production. A batch distillation can be used where
annual ethanol production is less than 100000 Liters’. For a
batch system, the product from centrifuge, is fed to a large
vessel, which is then heated. Vapor formation takes place and
are passed into the distillation column. Ethanol in the product is
obtainable up to 95% pure after which it forms an azeotropic
mixture in water.
Per-vaporation
Fuel grade Ethanol requires high purity content; hence it is
required that ethanol have a purity of as high as 99% and not a
percent lower. This is where membrane technology comes in
handy. Ethanol water azeotrope is charged into the
pervaporation module for a membrane based separation. The
product is a 99% pure ethanol ready to be used as a bio-fuel.
Figure 2 shows a proposed process flow sheet for the selected
process. The sheet is designed keeping in mind the process
constraints.

Figure 2: Proposed Process Flow Sheet generated using Visio
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Plant Design Calculations
The fermentation process and conditions selected have sprouted
a need for a customized set of equipment. To customize the
already present equipment to the product specification and
design conditions, knowledge of Plant Design will be of utmost
use. Majorly the distillation and reactor unit, in accordance with
the process needs, will be designed, while the rest of the units
will be given a general description.
Pretreatment unit
Pretreatment of the potato peel involves removing any
contaminants that may accompany the peels into the reactor
hence reducing process efficiency and reducing yield and
conversion. Contaminants in feed might include:

Another way to separate Dirt and Mud is to put them inside a
large tank, coupled with agitators and a screening mechanis m
to remove the peels. The tank will contain luke warm water for
removal of the contaminants. The agitators will help increase
the efficiency and reduce inhibition time of the peels.
Removal of Girt
Designing an automatic system for girt removal can be a little
difficult since the separation might also remove peels. It is more
convenient to remove dirt under manual supervision for a superefficient removal. Of course, since the whole manufacturing
process is 4 days in total, and also has a small scale of
production, manual separation of girt instead of designing can
help in the economics of the process.
So, when it comes right to it, it is desirable to have a custom
design based on the type of feed you will use for the process.
For a small-scale process like this one, a single feed source
might be preferable in order to optimize the process and its
economics.

Dirt
Mud
Grit
Separation of Dirt and Mud

SSF reactor

Now two of the contaminants Dirt & Mud can easily be
removed by spraying water through the feed. The feed can be
placed in perforated buckets and passed through a stream of
high spraying water. This will help remove the mud and dirt by
draining it out from the feed. A simple harmonic motion can be
coupled with the perforated buckets to shake around the feed
for higher efficiency.

To design the reactor, it is important to know the thickness of
the vessel as well as the inside and outside diameter, the
material of construction, joint efficiency, operating pressure
and temperature, corrosion allowance, joint efficiency, type of
head. The design is based assuming the whole of the vessel is a
cylindrical vessel. Table 6 shows the design requirements for
the SSF reactor

Table 6: Design Calculations for the construction of an SSF reactor
Operating Pressure

Design
Pressure

Stress Factor

101325

111457.5

2

Length to
Diameter
ratio

3

Vessel
Volume
(𝒎𝟑 )

33

Internal
Diameter
(𝒎)

2.4104

Department of Chemical Engineering

Length
(𝒎)

7.2313

Design
Pressure
(𝑷a)

111457.5

Tensile
Strength
(𝒌𝒔𝒊)

90

Design
Stress
(𝒌𝒔𝒊)

45

Corrosion
allowance
(𝒎𝒎)

Joint
efficiency

1
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Wall Thickness
(𝒎𝒎)

Outside
Diameter
(𝒎)

Volume of Steel
Used (𝒎𝟑 )

Volume of Steel
Used (𝒇𝒕𝟑 )

Density of steel
(𝒍𝒃⁄𝒇𝒕𝟑 )

Mass of Stainless Steel
Used (𝒍𝒃)

22.7751

2.4332

0.20984

7.41014

501.3

3714.7045

Design Pressure
(𝑷)

Inside Radius (𝒎)

Allowable Stress (𝒌𝒔𝒊)

Min. Joint Efficiency

Head Thickness (𝒊𝒏)

111457.5

1.2052319

45

1

0.406159

Centrifuge
Centrifuges are employed in industries as separators for
incoming feed, solid-liquid or liquid-liquid, based on difference
in viscosities [19]. Centrifugal forces are at work during the
operation, and two different components get separated as the
heavier ones are sent to the outer layer and the lighter one
towards the center [20]. It works on the functionality of Stokes
law and becomes known as the G-Forces when the Rotation
speed is increased manifold over the gravity.
Type of Feed determines the custom design for a centrifuge for
process implementation. A Gravity Shake Test is used to
determine whether or not a centrifuge is fit for a given system
(liquid-liquid since our feed to centrifuge will be all liquid)
[21].
Figure 3: Centrifuge Operation [Reference from Email]

Most centrifuges employed, for liquid-liquid process, are
tubular bowl in design with feed entering from the bottom. A
distributor and baffle assembly can be employed to match the
incoming feed with the rotor speed [22]. Baffle is used to
separate the feed into its components. Each layer travels up the
side of the bowl as an annulus, discharging the liquid layers
from the top of the centrifuge through discharge ports [23]. The
ports are located at different locations throughout the centrifuge
bowl depending on properties of the component to be separated.

Rate of Separation in a centrifuge depends upon the
particle/globular size and respective densities [24].
Particle velocity can be calculated as:
𝑉=

𝐷 2 𝑁 2 𝑟(𝜌ℎ − 𝜌𝑙 )
1640 ∗ 𝑛

𝑉 = 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦
𝐷 2 = 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
𝑁 2 = 𝐶𝑒𝑛𝑡𝑖𝑓𝑢𝑔𝑒 𝑅𝑃𝑀
𝑟 = 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑟𝑎𝑑𝑖𝑢𝑠
𝜌ℎ = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 ℎ𝑒𝑎𝑣𝑦 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
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𝜌𝑙 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝑁 = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛

𝑛 = 𝑉𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 𝑜𝑓 𝑚𝑒𝑑𝑖𝑢𝑚

So, to conclude, experimental data are of utmost importance for
a centrifuge design and obtaining an initial design data from
laboratory runs is necessary for a scale up design [26].

Effective radius should be measured from the central axis to one
third the depth of the centrifuge [25].

𝑅𝑃𝑀 = 3.1622 ∗ 𝑁
Table 7: Distillation Column dynamics representing the chemical design of the column
Operating
Pressure

Design
Pressure

1

1.1

Minimum
Reflux
(Underwood)

Reflux ratio
(Eduljee)

Design
Reflux

Minimum no
of stages
(Fenske)

Average
Stage
Efficiency
(Baur)

Actual
no of
Stages

Total Stages
(Condenser +
Boiler)

Actual no
of Stages
(Eduljee)

0.810432

1.2

0.9725184

5.388844

0.493538

10.9188

12.9188026

13

Length to
diameter Ratio

Distance
between
each Stage
(𝒊𝒏)

Total
Column
Height (𝒊𝒏)

Total
Disengaging
Space (𝒎)

Total Column Height
(𝒎)

Column Diameter (𝒎)

3

24

288

3.047999902

7.3152

2.4384

Table 8: Specification for the Construction of Distillation Column

Operating
Pressure

Design
Pressure

Stress Factor

101325

111457.5

2

Vessel Volume
(𝒎𝟑 )

34.16

Internal
Diameter (𝒎)

2.4383829

Department of Chemical Engineering

Length (𝒎)

7.3151487

Design
Pressure
(𝑷𝒂)

Tensile
Strength

Design
Stress

(𝒌𝒔𝒊)

(𝒌𝒔𝒊)

101325

90

45

Joint
efficiency

Corrosion
allowance

1

2
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Wall Thickness

Outside
Diameter (𝒎)

(𝒎𝒎)

Volume of Steel Used
(𝒎𝟑 )

Volume of Steel
Used (𝒇𝒕𝟑 )

Density of steel
(𝒍𝒃⁄𝒇𝒕𝟑 )

Mass of Stainless
Steel Used (𝒍𝒃)

0.039968939

1.411463112

501.3

707.5664582

4.272059143

2.442655

Design Pressure
(𝑷𝒂)

Inside Radius (𝒎)

Allowable Stress (𝒌𝒔𝒊)

Min. Joint
Efficiency

Head Thickness (𝒊𝒏)

111457.5

1.2191914

45

1

0.410863

Pervaporation
Distillation tower
The design (Tables 7 & 8) will include the determination of
minimum reflux ratio and the calculation of the number of trays.
Following Assumptions were made:
Glucose will have a lower volatility than Water and Ethanol. It
will be considered a heavy component and will remain in the
bottoms as part of Water.
If centrifugation is carried out before distillation, yeast cells are
collected as solids along with starch in the form of pellets.
Calculations will be based on an ethanol - water system.
The design of the membrane module was carried out via
simulation to find the process parameters suitable for the

separation, using the option of custom unit design , in COCO
COFE. Feed from the distillation column was sent to the
membrane module – usually in case of ethanol-water mixtu re,
a pervaporation module is used. The splitter modified with
controllers (Figure 4), was employed. A separation of 99 %
ethanol was obtained under set conditions that helped achieve
the desired concentration of Ethanol to be used as fuel. Refer to
Table 9 for a simulation stream report for the Pervaporation
Module Design showing the pressure and temperature
conditions for the, when experimenting. The splitter has an
ethanol-water split ratio of 0.459798-0.012013 in order to
achieve desired purity of bio-ethanol to be used as a fuel. This
simulated design was used as a basis to select the cost of the
membrane module that will be used for bioethanol purification.

Table 9: Stream Report for Simulation of the Pervaporation Module

Stream

Feed

Distillate

Bottom Product

Retentate

Permeate

Unit

Pressure

1.01325

1.01325

1.01325

1.01325

1.01325

Bar

Temperature

45

78.4135

100.904

78.4135

78.4135

°C

Flow rate

1.2096

0.743541

0.466059

0.464713

0.278828

mol / s

Mole fraction Water

0.501707

0.189372

1

0.299356

0.006067

Mole fraction Ethanol

0.498293

0.810628

2.66E-09

0.700644

0.993933

Department of Chemical Engineering
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These three measure units could be combined into one for efficiency

=

Retentate

Membrane

=

c
Distillate

=

c

Permeate

=

Title:
Membrane simulated with Compound Splitter
Author: Pierre Boucot
Created: Feb 13, 2015

These three measure units could be combined into one for efficiency

Figure 4: Custom Membrane Module Design using a splitter in COCO ChemSep Lite

Hazop Analysis
A HAZOP is a qualitative technique based on guide-words
and is carried out by a multi-disciplinary team (HAZOP team).
A hazard and operability study (HAZOP) is a structured and
systematic examination of a planned or existing process or
operation in order to identify and evaluate problems that may
represent risks to personnel or equipment, or prevent efficient

operation. The HAZOP technique was initially developed to
analyze chemical process systems, but has later been extended
to other types of systems and also to complex operations such
as nuclear power plant operation and to use software to record
the deviation and consequence. Table 10 show a similar study
carried out for the viability of this Pilot Plant.

Table 10: Hazop Study
Stage

Parameter

Guide
Word

Possible Causes

Possible Consequences

Required Action

Gelatinization

Temperature

Less

Failure of temperature
indicator

Water does not get
heated to the required
temperature

Low temperature sensor

Operator error
Improper maintenance
High

Operator error
Failure of
Temperature indicator

Department of Chemical Engineering

Process automation

Less starch availability
Increase in Pressure

High temperature sensor
and alarm
Accurate temperature
indicator
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Pressure

High

Faulty pressure
indication

Rupture of Unit

High pressure sensor and
alarm

Vent line closed
SSF

Temperature

More

Less

pH

More

Continuous check of PSV

Temperature
controller failure
causes overheating of
reactor

Microorganism and
Enzyme gets killed

High temperature alarm
in DCS (digital control
system)

Failure of temperature
indicator

Effect the rate of the
reaction

Low temperature sensor

PH meter failure

Production of acid byproducts

Use more sensitive pH
meter, so that quick pH
adjustment by adding
base may be possible.

Damage the reactor

Process automation

Enzyme denaturing
Less

PH meter failure

Increased dosage of base
during pH control in the
previous stage
Immature yeast cell
growth

Distillation

Use more sensitive pH
meter, so that quick pH
adjustment by adding
Carbon dioxide may be
possible

Foaming

More

Fermenter aeration
and agitation

Contamination and loss
of material

Automation process for
adding an anti-foam
agent or a mechanical
foam destroyer.

Aeration

More

Fermenter aeration

Lesser enzyme efficiency

Controlling system for air
inflow to the fermenter.

Temperature

More

Operator error

Lesser separation

Install High temperature
sensor and alarm

Faulty temperature
indicator

Pressure

Less

Improper
Maintenance and/or
faulty equipment

Off specification product.

Install Low temperature
sensor and alarm

High

Pressure relief valve

Tower damage and/or
Tray damage

Install Pressure sensor
and alarm.

Low

Decrease in
temperature

Vacuum condition

Install pressure sensors
and alarms

Leaks

Department of Chemical Engineering
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Pervaporation

Temperature

Pressure

PH

More

Inaccurate monitoring
on temperature
control before passing
Bio-ethanol through
the pervaporation
module

Membrane damage

Use of Temperature
sensors and Temperature
controls.

Less

Same reason as above

Inefficient separation

Use of Temperature
sensors and Temperature
controls.

More

Faulty pressure
controller

Damage membrane

Install pressure sensor

Less

Faulty pressure
controller

Improper separation

Install pressure sensors

PH meter failure

Damage Membrane

Other
than

Process automation
Use more sensitive pH
meter, so that quick pH
adjustment may possible.

Cost Estimation
To wind up the paper it is imperative that a proper cost
estimation be made so that the feasibility of the plant and the
process can be studied. Table 11 shows equipment cost
analysis carried out on the process and. Table 12 shows the
Operation Cost including utilities and labor costs as well.
Also, as shown, the ROI and Payback period make it so that

the entire process in terms of cost and process selection is
feasible. The cost has been estimated for the Raw Material and
Miscellaneous items as it would be for a 4-day operation for a
year (i.e. 91.25 days) and similarly the Product Selling Price is
estimated for that same time period.

Table 11: Projected Equipment Cost

Equipment

Cb

Q

Qb

M

C

CEPCI (2016)

Ce (2016)

Fm

Fp

Ft

Cost ($)

Reactor

11500

12.63

1

0.45

36006.07

533.9

44111.15

1

1

1

238200.25

D. Column

65600

1.65

8

0.89

16165.31

533.9

19804.17

1

1

1

106942.52

Valve Trays

18000

1.76

0.5

18000

533.9

22051.85

1

1

1

154804.04

Centrifuge

1800

-

-

-

533.9

1980

0

0

0

7326

-

Water Bath

-

20000

Pervaporation Unit (Projected Cost)

-

10000

Total

567272.82

Table 124: Operation Cost and ROI

Department of Chemical Engineering
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Base Price
($/kg)

Mass
(kg)

Total Cost ($)

Potato Peels (10% 0f Potato price)

0.24

552

1208.88

Yeast

4.2

8.7

3334.275

Enzyme ($/ culture quantity)

152.66

-

13930.23

Workers Cost (3 Engineers + 3 DAE)

-

-

17174.76

Utilities

-

-

5000

Tax (18%)

-

-

16894.76

Items
Raw Material

Miscellaneous

Total Expenses (Raw Material & Miscellaneous)

57542.9

Product
Carbon Dioxide

10

94.56

86286

Bioethanol

0.83

100

7573.75

Product Selling Price

93859.75

Net Profit

36316.855

$

Total Cost

594815.72

$

ROI

6.10556

%

Payback

6.337282

years

Among the various formulas used for calculations in this study, some of them are tabulated below in Table 13.
Table 135: Various equations employed for calculations of various parameters
Parameter
Min. Reflux
Ratio
(Underwood)
Reflux ratio
(Eduljee)

Equation

Description

𝑅𝑚𝑖𝑛 + 1 = ∑
𝑖

𝑆 − 𝑆𝑚
𝑆 +1

𝛼𝑖 𝑥 𝐷𝑖
𝛼𝑖 − 𝜃

= 0.75[1 − (

Department of Chemical Engineering

− − − −→ 1

𝑅 − 𝑅𝑚𝑖𝑛
𝑅 +1

)0.5668 ] −→ 2

𝛼𝑖 : Relative volatility w.r.t
heavy key component

𝑥 𝐷𝑖 : Concentration of
component I in the top

𝑅𝑚𝑖𝑛 : Min reflux ratio

𝜃: Relative volatility between
light and heavy key

𝑆𝑚 : Minimum no of stages

𝑅𝑚𝑖𝑛 : Min. Reflux Ration

𝑆: Total no of stages

𝑅: Reflux Ratio
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𝑁𝑚𝑖𝑛 : Minimum no of Stages
Min. no of
stages
(Fenske)

Stage
Efficiency
(Baur)
Wall
Thickness

ln[
𝑁𝑚𝑖𝑛 =

𝑥𝐷𝐿𝐾 𝑥 𝑤𝐻𝐾
]
𝑥𝐷𝐻𝐾 𝑥 𝑊𝐿𝐾

ln(𝛼𝐿𝐾 ,𝐻𝐾 ) 𝑎𝑣𝑔

𝑥 𝐷𝐿𝐾 : mole fraction of light key
component in top
− − − −→ 3

√∑𝑛𝑖=1(∆𝑦𝑖,𝐿 )2
𝜀=
− −−→ 4
√∑𝑛𝑖=1 (∆𝑦𝑖∗ )2

𝑡=

𝑃 ∗ 𝑟𝑖
𝑆 ∗ 𝐸𝑗 − 0.6 ∗ 𝑃

+ 𝐶𝑐 − −→ 5

𝑥 𝐷𝐻𝐾 : mole fraction of heavy
key component in top

𝑥 𝑤𝐻𝐾 : mole fraction of heavy
key component in bottoms
𝑥 𝑊𝐿𝐾 : mole fraction of light
key component in bottoms
(𝛼𝐿𝐾,𝐻𝐾 ) 𝑎𝑣𝑔 : Average relative
volatility

∆𝑦𝑖 ,𝐿: length of actual
composition profile

∆𝑦𝑖∗ : length of composition
profile

P: design pressure

𝐶𝑐 : corrosion allowance

𝑟𝑖 : radius

𝑡: wall thickness

S: stress factor
Hemispherical
Head
Thickness

𝑡=

Split ratio

𝜃=

Cost
Estimation ($)

𝑃∗𝐿
𝑆 ∗ 𝐸𝑗 − 0.2 ∗ 𝑃
𝑓𝑝
𝑓𝑟

− −−→ 6

− − − −−→ 7

𝑄
𝐶𝐸 = 𝐶𝐵 ( )𝑀 ∗ 𝑓𝑀 𝑓𝑃 𝑓𝑇 − −→ 8
𝑄𝐵

P: design pressure

S: stress factor

𝐿: inside radius

𝐸𝑗 : joint efficiency, percent

𝑓𝑝 : flowrate in permeate

𝑓𝑟 : flowrate in Retentate

CE = equipment cost for carbon
steel at moderate pressure and
temperature with capacity Q

fM = correction factor for
materials of construction

CB = known base cost for
equipment with capacity QB
M = constant depending on
equipment type

Net Profit

𝑁. 𝑃 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑆. 𝑃 − 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 − −→ 9

ROI

𝑅𝑂𝐼 =

Payback
Period

𝑁. 𝑃
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 =

− −−→ 10

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡
𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑆𝑒𝑙𝑙𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒

𝑁. 𝑃 = 𝑁𝑒𝑡 𝑃𝑟𝑜𝑓𝑖𝑡

fP = correction factor for
design pressure
fT = correction factor for
design temperature
𝑆. 𝑃 = 𝑆𝑒𝑙𝑙𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒

𝑅𝑂𝐼
= 𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
− −→ 11

Conclusions
Results show, that the proposed flowsheet and the consequent
plant design followed by an individual unit design and a
detailed cost analysis, has the potential for commerciality in
Pakistan.
Department of Chemical Engineering

This research has the potential to act as basis for the
commercialization of a bioethanol production plant.
However, a detailed unit design would be necessary for
optimizing
the entire process and increasing its
commerciality.
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Abstract
Despite

reduced to zero using motorized brakes operated by on-board
many

successes,

wind

technology

needs

improvement. Of the many, one such issue is to effectively
regulate the wind turbine speed against wind gust. The

battery. It is established that Electro-mechanical brakes can
be integrated to locally manufactured off-grid wind turbines to
protect blades from over-speeding due to wind gust.

minimizat ion of over-speed risk is of high importance due to

Key words: Darrius turbine, wind gust, Over-speed controller,

economic implications of over-speed, such as loss of turbine

Angular torque, off-grid, Moment of Inertia.

unit and blades structural fatigue. Thus, it is imperative to

Introduction

control wind turbine blades in turbulent wind speed to protect
structural damages to the blade, unit cost reduction and
protection against burning of the generator. This research
pertains to the development and subsequent testing of
electromechanical over-speed controller for VAWT system.
The testing and analysis of this over-speed controller is
practically

performed

on a

prototype controller

for

parameterization to establish feasibility of this system for its
application on commercial VAWT in terms of cost, power
drawn from on-board battery, brakes delay and robustness.
The testing of the brakes was conducted to determine moment
of Inertia I, total Angular Torque L of the shaft when brakes
are applied to analyze whether braking system can hold
moment of Inertia of the turbine shaft on over-speeding. A
detailed mathematical analysis is carried out to establish the
feasibility of the system on real Darrius turbine. The analysis
of the tests revealed that Angular torque of the shaft can be
Department of Chemical Engineering

Amid environmental crises, developing countries are rapidly
shifting to green energy sources. Wind Energy offers an
enormous potential to produce electrical power. The
ecological impact of wind power is negligible. Pakistan has
tremendous potential of 40 GW of wind power, which if tamed
properly could alone cater for Pakistan’s Energy needs by
2025 [1]. However, indigenous R&D in wind energy field is
almost zero. Locally produced turbines are of low capacity and
lack on-board control systems to regulate turbine functioning
[2]. The turbine produced are often off-grid without any
mechanism to regulate blade rotations [2]. There are other
myriad of technical issues relevant to local conditions. Of the
many, one such issue is to effectively regulate the wind turbine
speed against wind gust. These turbines have no integrated
automatic braking system which reduces their operational time
and increase maintenance cost. During wind gust, turbine
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blades are vulnerable to structural damages and due to over-

breakdown which we should referred to as over speed

speeding, the shaft suffer fatigue and torsion stress. An

protection mechanisms. One of the main purposes of such

ordinary wind turbine begins creating electrical power when

mechanisms is also to harness the maximu m power from the

the wind speed is 2-4 m/s, also called cut-in wind speed and

available wind energy at the moment. Research conducted this

accomplishes its maximu m power output at rated wind speed

far has developed control strategies to tame the speed of rotor

which is for the most part 12-17 m/s [3]. The maximu m output

in the wind gust. There are few mechanisms to regulate the

power of wind turbine is likewise named as rated output

speed of turbine. The earliest braking system was centrifugal

Power. As the wind speed increases, power output increases.

brakes employed in windmills having high torque and low

The figure 1 shows as to how output power of the turbine

speed [6]. In this system weights mounted on the axis move

varies with the wind speed. If the wind speed exceeds cut out

outwards as speed increases when the turbine gets to a certain

speed, turbine can spin so fast that it can destroy itself with

speed, the weights apply pressure on brake pads. This was a

turbine blades ripped off, the nacelle damaged by excessive

simplest and easy to install mechanism. However, it was prone

heat of induction generator and the tower may collapse [4].

to mechanical failures. The excessive heat generated reduces

Subsequently at certain speed beyond rated speed, the turbine

overall efficiency and the heat-expandable parts make

rotation is halted, this speed is known as cut out wind speed

centrifugal brakes inapplicable to fast rotating wind turbine for

[5].

Electric power generation [6] [7]. Furling is control method
used for safety of the wind turbines as well as for optimu m
power regulation [8]. In this mechanism, the blades are turned
away from the wind if the wind speed crosses the safety limit
of the system. Unlike pitching, where individual blade angles
are monitored and controlled, furling allows the whole set of
blades to change its position as per the speed and direction of
the wind. Since furling requires acting against the torque on
the blade, it requires active pitch angle control which is only
cost-effective on very large turbines [7][8]. Many turbines use
hydraulic systems [9]. These systems are usually spring
Figure 1 Wind turbine Speed vs velocity

loaded, so that if hydraulic power fails, the blades

Past the cut-out wind speed, a turbine is intended to withstand

automatically furl. Other turbines use an electric servomotor

expedient wind conditions which extend higher than the cut -

for every rotor blade. They have a small battery-reserve in case

out speed [3]. This extreme wind speed which a turbine can

of an electric-grid breakdown [9]. Yawing mechanism is used

withstand securely is known as survival wind speed [5]. In

for the precise positioning of the nacelle in the wind. A nacelle

this way, with the end goal of safe operation of wind turbines

is the casing in which component like gear box, generator and

under outrageous wind conditions and expanding their life

braking components are enclosed. The yaw system enables the

expectancy, certain mechanisms are developed keeping in

nacelle to be optimally positioned in the wind allowing it to be

mind the end goal to shield the turbines from going to

readjusted if the permitted deviation between the wind
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direction and nacelle is exceeded [8] [10]. Most of the small

This

wind turbines use tail vane for positioning but in case of large

technologies which combine principles of mechanical,

wind turbines the nacelle movement is usually monitored by

electronics and cybernetics [13]. The second is Passive Pitch

computer and electronics. An anemometer is attached at the

Control which in contrast to active pitch control, the rotor

top end of the nacelle which detects the speed and the direction

blades do not rotate around their longitudinal axis. Instead, the

of the wind at that moment. Mechanical Braking System

rotor blades are aerodynamically designed to create a stall and

where the whole rotor is brought to standstill in case of

lower the rotation speed under high speed wind conditions.

extreme

wind conditions, emergencies and maintenance

These types of rotor blades require precise blade design and

purposes [7]. The mechanical brake constitutes of a circular

strong towers. Pitch control mechanism is only required in

disc attached to the rotor shaft [11]. So, when braking has to

Horizontal Axis Wind Turbines (HAWT) [11]. Thus, it is

be done, the brake shoe mounted on the brake disc clamps the

cleared in the above passages that several mechanisms to

disc and hence stops the motion of the motor. Apart fro m

control Over Speed of wind turbine has been developed over

mechanical braking which brings about a complete stoppage

time to protect the system against wind gust. Each system has

to the rotor, aerodynamic braking system decreases the speed

profound applications along with disadvtanges in terms of

of the rotor and keeps the turbines running power production

high power drawn from source and manual operations. Since

[11][13]. This is done generally by adjusting the rotor blades

the underlying turbine is Darrius type which is vertical axis

along their longitudinal axis as required by the wind

turbine, it is not influenced by wind direction. Any change in

conditions. Aerodynamic braking is generally spring operated

pitch angle or adjusting yaw angle will have no effect on the

which is further monitored by computer and electronic devices

speed of the rotor, therefore, pitch control cannot be adapted

[11]. Depending upon the cost and manufacturing differences,

in this situation. Yet, also furling control is not applicable, as

hydraulic braking is also used which uses hydraulic fluids for

by changing the longitudinal axis of Darrius turbine blades

amplifying the braking forces.

can’t bring any substantial reduction to rotor speed. Manual

Pitching in simple terms is the adjustment of angles of wind
turbine blades in order to harness optimum power from wind
or to protect the turbine from unexpected forces and power
output caused by high speed wind [12]. An advanced pitch
control mechanism allows the rotor blades’ angle of attack to
be measured, monitored and controlled [13]. With the help of
such features the rotor blades’ angle can be adjusted
continuously to capture optimum wind energy and the rotor
blades can be automatically turned to stall turbine. Basically ,
there are two major types of pitch control mechanisms [12].
Active Pitch Control in which the rotor blades turn around
their longitudinal axis by a computer-controlled mechanism.

type

of control mechanism

requires

advanced

braking system has high friction and excessive loss of energy
occurs, also an inherent delay of minimum 10 sec are required
to apply disc brakes manually, during this delay the blade
structure is exposed to severe gust causing damage to rotor.
Another problem with in Pakistan context is that wind turbines
are installed mostly in remote areas off the grid. These turbines
are standalone turbine which requires a fully automatic
electromechanical brakes system that draws power from the
installed-on board-battery which charges by turbine generator
[14]. Therefore, no such automatic control system has been
developed

that

has

a

sensor, controller

chip

and

electromechanical brakes installed on a board that can
automatically adjust speed of the rotor in high speed wind to
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avert any structural hazards to turbine. Therefore, this

systemization of the whole system including motors, power,

bottleneck needs to be addressed in locally manufactured

interfacings and communication between devices [15]. The

turbines. This research attempts to develop a robust and

main challenge was programming the Arduino for fetching

automatic electromechanical braking system that employs a

data from IR-based tachometer sensors which output was

feedback system so that in high wind speeds the turbine should

square wave and converting it into shaft rpm [16]. Moreover,

not halt, rather the shaft moves the generator in a controlled

system stability was another issue in terms of power drawn by

manner. This will have two advantages firstly rotor will rotate

each component. Since there were high power motors drawing

in a steady motor independent of increasing wind speed and

substantial current from the source which could cause blinking

secondly the rotation of the shaft at a reference value will

of the LCD. In order to minimize current jerk due motor’s back

support generator output power with a fixed frequency.

emf and current fluctuations, a pair of buck and boost IC is

Thereby decreasing the cost of expensive power electronic

feeding current to motors to isolate rest of the circuitry fro m

circuitry for reforming the output.

motors and brakes [17].

This research will contribute in a way to enhance the life and

System Algorithm

capacity factor of WPPs. The deliverables of this thesis can

The system algorithm functions through a microcontroller

conveniently be replicated and installed in both VAWT and

which controls each module on board. The Infrared transmitter

HAWT. Moreover, this thesis will lay ground for other

and receiver which functions as tachometer continuously

research areas like fixed frequency power output, pitch control

determine rpm of the shaft by calculating the number of black

and electrical brakes systems for on-grid WPPs. The testing

and white strips it traverses during the period of rotation.

and analysis of this over-speed control should be empirically
performed on a prototype to determine various parameters to
establish feasibility of this system in terms of cost, power
drawn from on-board battery, delay and robustness.
Design and Implementation
After conception of the idea that Electro-mechanical brakes
can be used instead of costly and technically intensive
mechanical brakes. The practical tests and evaluation of the
system couldn’t be possible without practically implementin g
the brakes and performing its analysis to establish its
feasibility to real time wind turbine and estimate approximat e
cost. Thus, electromechanical brakes were designed using
motor-controlled brakes, a motor rotating shaft which is
emulating real turbine shaft and on-board power supply
source. The fast and easily accessible 16 Bit Arduino
microcontroller was an excellent choice to control the
Department of Chemical Engineering

Figure 2 Flow chart of the system algorithm
The algorithm is shown through flow chart in figure 2. By
taking average of number of white and black strips crossing IR
beam, the number of revolution per minute is determined and
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fed to the Arduino. In Arduino programming, the critical
angular speed at which brakes are applied is hard-core. The
controller continuously compares the real time value of
angular velocity (rpm) with the critical rpm. The algorithm of
the system begins by starting the motor with any random
angular speed which can be adjusted through a knob operating
pulse width modulation (PWM). By adjusting the PWM the
angular speed of the motor can be increased or decreased. The
real time value of the shaft rpm is calculated by Arduino
through on-board IR-based tachometer. The rpm value is
compared with threshold value which is 200 rpm in our case.
Based upon the comparison result, the controller takes logical
decision either by allowing the shaft to continue its rotation or
commands to exert brakes. If rpm is less than 200, then shaft
continues to rotate normally. If the speed is 200 or more the
controller commands the application of the brakes. During
braking, the main motor is powered-off and let the shaft rotates
due its moment of inertia and angular torque. When the shaft
is stopped by brakes, there is a delay of 2 sec and then brakes
are released. The motor is again powered, and the loop
continues again by giving rpm feedback. The sampling of the
IR transmitters are 100 readings per second which will led
controller to follow this loop of checking. This is iterative
scheme in which the loop executes 100 times a second.,
comparing and taking logical decision of either exertin g
brakes or allowing rotation.
System Implementati on

Figure 3 Schematic of the complete circuit

. The LCD’s Vcc is provided by controller port 11 and port 12
and for data a separate data bus is connecting 8 pins of
controller with LCD [18]. The LCD shows status of the brakes
and current value of the shaft speed. In order to emulate
rotation of the turbine shaft, 24 W DC motor rotates a shaft
having large angular torque and moment of inertia is used. For
controlling of the motor, PWM code and externally mounted
knob is placed on the board to adjust speed of the motor shaft
[19]. As shown in figure 4, the tachometer is fabricated using
IR transmitter and receiver, which signals digital square wave
to the arduino which calculate rpm of the shaft through simple
algorithm. The motor and Arduino are powered by on -board
full wave-bridge rectifier. Since the motor shaft has high
angular torque, it draws much current which causes jerks. The
jerks damage controller and LCD if allows for much time [17]
[18]. Additionally, the winding of the motor runs the risk of

In the figure 3, a schematic of the system is shown. The
arduino UNO is the main microprocessor with which all on board devices are interfaced. There is 16x4LCD 8 pin LCD
connected with Arduino to interface, the real-time values of
the rpm, braking status, and over speeding indication etc [18]

being burn out.
Thus, to avoid sudden jerks in current drawn by motor, a set
of buck and boost IC is available through which the motor
draws power [19]. This isolates the power system from motor
through voltage boosting by buck and boost IC. A dedicated
H-bridge IC is needed to control the direction of motor rotation
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using switches [20]. In case DC voltage polarity changes, the

to operate motor shaft in maximu m load, a generator is

motor rotates in the same direction due to H-bridge.

coupled with the shaft through gear assembly. The generator
is shown coupled through gears. This generator is driven by
the rotation of the shaft. The generator produces emf and
current across its terminals. The maximu m load can be exerted
on the shaft by short circuiting the generator outputs so that
maximu m current is drawn out of the generator. At maximu m
load, the shaft will have maximu m moment of inertia and
angular torque to resist braking mechanism. A detailed testing
of the system is carried out to check its performance and
effectiveness of the brakes.

FIGURE 4 PICTO RIAL VIEW O F THE FABRICATED SYSTEM

Cost Estimation
The speed of the motor rotating shaft is adjustable from a knob
available on the board. The variation in the speed is interfaced
on the LCD. The speed control of the motor is achieved using
an Arduino feature and dedicated hardware for pulse width
modulation. The entire circuitry was fabricated on PCB using
copper board. The system has power convers ion circuitry that
coverts 220Vac into 24v Dc voltage. This is achieved through
step-down transformer and full-wave bridge rectifier. There is
a set of two relays, one is normally open (NO) and other is
normally close (NC). Normally open relay is interfaced with
motor running shaft and normally close NC relay is connected
with the motor operating brakes [21]. These two motors are

The total cost incurred on the fabrication of the whole system
was around PKR-72,000. However, major portion of the
budget went to mechanical work such as lathe machine and
other tasks which were mechanical intensive. The cost
incurred by the controller, power system and controller
auxiliaries were meagerly 30% of the entire cost. Thus, mass
production of this system can be achieved using the code
written during this project, mathematical calculations and
algorithms are the deliverables of this thesis. The only thing to
be developed is motorized brakes of any power and size. The
whole system is cost efficient and appropriate to be in
integrated in Pakistan’s indigenous wind turbine production.

switched off/on using relays by Arduino UNO. When the
speed is normal, and brakes are not applied motor relay is

Results

energized feeding current to motor and shaft rotates, while

In

another relay is in normally closed status and braking motor is

electromehanical brakes, it is imperative to test it in real time

off [21].

scenario. The exertion of brakes was contingent upon correct

When brakes are to be applied, the two relays switch their

calculation of the shaft rpm by sensor. The sensor’s working

status. The motor relay comes to 0 state and braking relay

was thoroughly checked using digital multimeter

comes to 1 state and begin to interface current to braking motor

alternating 0V and 5V states. The sensor’s output voltage was

causing it to operate. In the figure 4, the actual picture of the

0V for black strip traversing the path of the sensor and

system is shown. The relays are shown in pair in blue. In order

similarly 5V for white strip [22]. These alternating quantized
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states are manipulated by controller’s algorithm to determine

physical parameters of the rotating shaft. The shaft is taken as

rpm. The simplest way to check whether brakes applied by

pointed mass in order to have high density so that maximu m

controller on the over-speeding shaft can reduce speed in

moment of inertia and torque is obtained. In order to obtained

intermittent on/off power to motor. A calculated load in the

angular acceleration α of the shaft, it is assumed that shaft

form of generator was coupled with the shaft. The shaft drives

initial angular speed 𝜔 i is zero. The critical angular speed 𝜔 f

the generator to produce emf. The generator’s output was

is the threshold at which brakes are applied. The time for the

short-circuit to draw maximu m current which in turn will exert

motor to achieve this speed from zero is approximately 2 sec.

full load on the shaft. The full load scenario of the shaft means

Moment of Inertia of shaft

that it will offer maximu m angular torque and moment of
inertia by the virtue of its mass and angular speed. In order to
avoid burning out of the motor coupling shaft, at the times of
braking, the motor is momentarily powered off. Since if brakes
attempt to stop the shaft with high angular torque, the motor

Rotational Inertia is the property of any object by which it
resists any change in it angular motion. Rotational inertia has
same characteristic as linear inertia. It depends on mass
distribution of the rigid object and quantitively measure the
difficulty to change any object state of rotational motion [23]

runs the risk of being burn out due to over current. This will

[24].

allow the motor now to rotate solely due to its moment of
inertia. The observed testing of the system revealed that

In order to determine the total angular torque of the shaft in

brakes can successfully reduce to zero the speed of the shaft

our system, it is imperative to determine its moment of inertia.

in approximately 2 seconds. The total delay in rechecking the

Let imagine the section of the shaft in the form of hollow

speed by sensor is 2 seconds. After 2 second of pause, the

cylinder of length L and inner and outer radius r1 and r2 . The

motor is turn on again. If the rpm is less than the critical

moment of inertia I for cylinder is calculated to be related to

value of 200 rpm, the shaft will continue to rotate. In case,

mass as follow

the trend of over speeding is again detected by IR sensor, the

𝐼 = ∫ 𝑟 2 𝑑𝑚

(1)

brakes are again applied and released by certain pause. This
is iterative loop which keep on continuing to minimize the
risk of shaft being over speeded. If we applied the same logic
to the VAWT, the same IR based sensor will determine shaft
speed instead of expensive wind sensor. The shaft speed can
be translated through fussy logical control to the wind speed
using simple mathematical manipulation by central
controller.
Mathematical analysis of the shaft
In order to determine Angular torque Γ and Moment of inertia
I, it is imperative to obtained parameters of the shaft at the

Figure 5 shaft cross-section

threshold speed which in our case 200 rpm. Below is given
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The integration can be evaluated to determine I

Angular torque
In rotational motion, torque is required to produce an angular

1

𝐼 = 𝑀𝑅 2

acceleration of an object. The amount of torque required to

(2)

2

produce an angular acceleration depends on the distribution of
the mass of the object. The moment of inertia is a value that
Since 𝑚 = 250 𝑔

describes the distribution of mass. Angular torque is given by

𝐼 = 0.5 × 250 𝑔 × (10
𝐼 = 12.5 𝑘𝑔. 𝑚𝑚

𝑚𝑚)2

Γ = ∫(𝑚𝑟 2 )𝑑𝑟𝛼

(4)

2

Since the shaft is uniform mass distribution and we earlier

Angular acceleration

proved that for solid shaft moment of inertia is

When a torque is applied to an object it begins to rotate with
an acceleration inversely proportional to its moment of inertia.

𝐼=

1
2

𝑀𝑅 2

This relation can be thought of as Newton's Second Law for
rotation. The moment of inertia is the rotational mass and the

Then angular torque is given by

torque is rotational force. Angular motion obeys Newton's
Γ =𝐼 ×𝛼

First Law.

(5)

Where 𝛼 is angular acceleration of the shaft

𝑠ℎ𝑎𝑓𝑡 𝑟𝑎𝑑𝑖𝑢𝑠 𝑟 = 10 𝑚𝑚

Substituting values, we get
𝜔𝑖 = 0 𝑟𝑒𝑣 /𝑚𝑖𝑛

= 12.5 𝑘𝑔. 𝑚𝑚2 × 1.6

𝜔𝑓 = 200 𝑟𝑒𝑣/𝑚𝑖𝑛

𝑟𝑒𝑣
𝑠𝑒𝑐 2

× 2𝜋 𝑟𝑎𝑑

Γ = 1.25 × 10 −4 𝑁𝑚

The time taken by brakes to stop the shaft from over-speeding
𝛤 = 0.125 𝑁. 𝑚𝑚

to zero is

Power consumption by brakes

∆𝑡 = 2 𝑠𝑒𝑐
Since time rate of change angular velocity is angular

Power P is the product of angular torque and angular velocity

acceleration

(rpm) and expresses mathematically as

𝛼=

∆𝜔
∆𝑡

=

𝜔𝑓 _ 𝜔𝑖

200 𝑟𝑒𝑣/𝑚𝑖𝑛 − 0
2 𝑠𝑒𝑐

(3)

𝑡

2
= 6000 𝑟𝑒𝑣 /𝑚𝑖𝑛

𝛼 = 1.6 𝑟𝑒𝑣/𝑠𝑒𝑐 2

𝑃 = Γ× ω

(6)

= 2𝜋𝑛𝑟𝑝𝑚 Γ
= 2𝜋(𝑛 𝑟𝑃 𝑚 /60) Γ
= 0 ⋅ 105𝑛𝑟𝑝𝑚 Γ
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Substituting values
𝑃𝑜𝑤𝑒𝑟 𝑏𝑟𝑎𝑘𝑒𝑠 = 1.45 𝑊
Thus 1.45-Watt power is consumed by the brakes motor to
reduce the angular torque to zero. This 1.45 watt can be
supplied from the same battery that is charged by the turbine.
Practical application of the system on real VAWT
The main purpose of this research was to observe and establish
the feasibility of the electromechanical brakes so developed
through motorized brakes and applied on large VAWT. In the
picture shown is 400W patented turbine designed by the
supervisor of this research. This turbine is 4 stage vertical axis

Figure 6 Darrius VAWT
Since the turbine is solid cylinder having unifo rm mass
distribution. Thus, moment of Inertia I will be

wind turbine with very high angular torque to be stopped in
case of fast wind. The mechanical brakes in this case will be
too costly and manually operated which render it less efficient
and down time increases. If we successfully implemen t
automatic

electromechanical

brakes

using

indigenous

𝐼=

1
2

𝑀𝑅 2

𝐼 = 0.5 × 25 × (0.609) 2
𝐼𝑠ℎ𝑎𝑓𝑡 = 4.6 𝐾𝑔 𝑚2

resources will be inexpensive, self-sufficient and appropriate
to local conditions of wind and wind turbine industry. The
turbine shown will have estimated angular torque.

The moment of Inertia due to blades can be calculated by
summing inertial contribution from each blade. The crosssection of blade is shown in figure 7. Since the blades are

Mass Distribution and Inertia of turbine

rectangular rotating from

In figure 6 shown the diameter of the turbine is 4 feet, while
the mass of the 20 feet long shaft was around 25 kg. The
moment of Inertia of the turbine shaft will be
𝐼 = ∫ 𝑟 2 𝑑𝑚

𝐼𝑏𝑙𝑎𝑑𝑒 =

1
12

(4ℎ2 +𝑤 2 )

(8)

𝐼𝑏𝑙𝑎𝑑𝑒 = 0.48 𝑘𝑔 𝑚2
The moment of Inertia due to all mass distribution in blades is
summing inertia from each blade of the stages.
𝐼𝑏𝑙𝑎𝑑𝑒𝑠 = 5.711 𝑘𝑔 𝑚2
Thus, total moment of Inertia of the turbine is integral sum of
the blades and shaft i.e.
𝐼𝑡𝑜𝑡𝑎𝑙 = 10.31 𝑘𝑔 𝑚2
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𝐼𝑏𝑙𝑎𝑑𝑒 =

1
12

(4ℎ2 +𝑤 2 )

(8)

𝐼𝑏𝑙𝑎𝑑𝑒 = 0.48 𝑘𝑔 𝑚2
The moment of Inertia due to all mass distribution in blades is
summing inertia from each blade of the stages.
𝐼𝑏𝑙𝑎𝑑𝑒𝑠 = 5.711 𝑘𝑔 𝑚2

Since time rate of change angular velocity is angular
acceleration
𝛼=

∆𝜔
∆𝑡

=

𝜔𝑓 _ 𝜔𝑖
𝑡

480 𝑟𝑒𝑣/𝑚𝑖𝑛 − 0
10 𝑠𝑒𝑐

𝛼 = 0.8 𝑟𝑒𝑣 /𝑠𝑒𝑐 2
Thus, total moment of Inertia of the turbine is integral sum of
the blades and shaft i.e.
𝐼𝑡𝑜𝑡𝑎𝑙 = 10.31 𝑘𝑔 𝑚2

Angular torque
Then angular torque is given by

Γ= 𝐼𝑡𝑜𝑡𝑎𝑙 × 𝛼
Γ = 8.24 𝑁𝑚
This is quite large angular torque to be stopped with
mechanical brakes. Mechanical brakes are more prone to
mechanical wear and tear and structural fatigue. Mechanical
brakes are abruptly applied which prone the shaft to
FIGURE 7 RECTANGULAR BLADE RO TATING FRO M END

mechanical

damages. Additionally,

mechanical

brakes

increase down time and reduce efficiency of the turbine. The
Angular Acceleration
Since the turbine is designed at 8 m/s wind speed at a tip speed
ratio of 3, and with a diameter of 4 feet, we will want the
brakes to be applied when the wind speed is 10 m/s. At this

best solution is motorized electromechanical brakes applied
which is powered by on-board battery charged by the same
turbine. The battery power needed to stop the shaft of this
turbine can be computed as

wind speed, the angular velocity should be around 50
radians/sec, which translates to around 480 RPM, at which we
will want to apply the brakes.

Γ=

30 𝑃
𝜋 𝑛𝑟𝑝𝑚

𝑃𝑜𝑤𝑒𝑟𝑏𝑟𝑎𝑘𝑒𝑠 = 54.26 𝑊𝑎𝑡𝑡

𝑠ℎ𝑎𝑓𝑡 𝑟𝑎𝑑𝑖𝑢𝑠 𝑟 = 0.609 𝑚
Thus 54.26 Watt power is required to fully stop the turbine
𝜔𝑖 = 0 𝑟𝑒𝑣 /𝑚𝑖𝑛
𝜔𝑓 = 480 𝑟𝑒𝑣 /𝑚𝑖𝑛
∆𝑡 = 10 𝑠𝑒𝑐

having angular torque 8.24 Nm.
Discussion of the findings
The practical demonstration of the prototype confirms that
electromechanical brakes could be extended to large turbines
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having high moment of initial and torque. The intermittent

which itself is charged by the electricity produced by the

brakes are more feasible than abrupt mechanical brakes to

turbine. This battery can itself cater for the power needed for

avoid structural damages to the blades and shaft. The fact that

brakes. Thus, brakes controls are fully integrated to turbine’s

power drawn from on-board battery for application of brakes

control system. The findings of this research embolden us to

is very small as compared to the instantaneous power

apply the same motor operated brakes on 400 W, 4 stages

generated by the turbine. The battery power can be used to

Darrius wind turbine. Through comprehensive mathematical

operate brakes which itself is charge by turbine. No other of

analysis angular torque was determined of the shaft and

power is required to operate brake system. Additionally,

concluded that 23 Nm torque of this turbine could be regulated

automatic braking system will reduce down-time of the turbine

using motorized brakes. However, the brakes would be applied

and maintenance cost. Moreover, the brakes are fully

and released intermittently with certain delay between brakes

automatic and independent.

exertion and release. This will progressively stop the turbine
instead of at once to avoid fracturing of the turbine and

Conclusions

mechanical wear and tears of brakes. It is established that
Electro-mechanical

It has been established that Electromechanical brakes are
feasible and practical for application on VAWT to regulate
over-speeding automatically. A prototype motor-driven shaft
which emulates VAWT shaft was accelerated through certain

brakes can be integrated to locally

manufactured off-grid wind turbines to protect blades fro m
over-speeding due to wind gust. The brakes along with
controller are quite inexpensive and best suited local wind
turbine industry.

speed designated as over-speeding. The controller translates
shaft angular speed into wind velocity and based on this data,
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Improvement of Water Flux through Membrane in Forward Osmosis by
Comparing and Investigating Multiple Salts Draw Solutions
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Bilal Shahid
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Abstract
Forward osmosis (FO) is known as the net movement
of water across a semi-permeable membrane driven by
a difference in chemical potential across the
membrane. We have developed a prototype
desalination plant for experimentation and acquiring
insight into the method of the Forward Osmosis and
improving the flux of water diffusivity through the
membrane to increase the overall efficiency of the
process. The FO process does not require higher
pressure as compared to reverse osmosis process, and
hence has a significantly lower operating cost,
therefore, introducing an energy efficient water
purification technology. The FO process was carried
out with counter flow orientation and a flow rate of
1.75 l/min, on both ends. Flux rates were measured,
considering a negligible change in density, and an
effective membrane (CTA) surface area of 49 cm2 .
Meta-thesis precipitation was conducted in batches
and optimal compositions were determined, of Bariu m
Sulfate, to maximize quality of the effluent obtained.
The effects of membrane fouling were examined, on
flux rate and ex-situ cleaning methods were employed
(0.1 % H2 SO4 , 0.1% NaOCl). Draw solutions fro m
assorted salts (NaCl, MgSO4 , CaCl2 , MgCl2 ) have
been developed and experiments with multiple draw
solutions and feed inlet compositions were conducted.
Best draw solution with the highest osmotic pressure
differential and ease of regenerability was observed to
be Calcium Chloride. We developed a draw solution
with a higher osmotic pressure and ease of
regenerablilty hence improving the water flux through
the membrane.
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Keywords: seawater desalination, forward osmosis,
membrane, amalgamated mixture.
Introduction
Forward Osmosis (FO) can be trailed back centuries,
with the invaluable discovery of osmosis itself; an
imperative footing demarcated its way, in the fields of
water purification technology. The amount of research
enacted in this field dates back to the 20th century
however significant advancements have been made
due to the substantial need for water in recent times.
With the growth of the industrial sector and the
increasing population world wide a gross requirement
per capita of clean usable water has proliferated
exponentially. Over the past decade and a half,
innumerable attempts have been made to decrease the
cost of Reverse Osmosis (RO) and none have, by far,
come close to breaking records then Forward Osmosis
(FO), or more intuitively framed as Naturally Driven
Osmotically Pressurized Water Filtration System. It
can be considered as one of the many Membrane
Driven Water Purification processes however without
the overwhelming need for externally applied
hydraulic pressure. Due to this and many other points
of interests, Forward Osmosis has become one of the
most sought out techniques in the market and is
ruminated over multiple times as the future for water
purification technology.
The use of carbon filled polymer hydrogels as draw
solutes for forward osmosis desalination is another
compliable method rendered feasible. The effects of
hydrogels were reviewed extensively under different
conditions and promising yet non pragmatic results
were dispensed. [4]. The effects of membrane fouling
were also comprehensively examined and detailed
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descriptions of the effects of biopolymers and silica on
the process flux patterns were scrutinized. [3]
Another procedural maneuver was considered, which
employed the use of ultra-sonication as the method for
separating the agglomerated nano-particles however it
was only successful to a certain extent [5]. Forward
Osmosis (FO) is an osmotic process that uses a semipermeable membrane to separate water from dissolved
solutes. The driving force for this separation is an
osmotic pressure gradient between a solution of high
concentration, often referred to as “draw” and a
solution of lower concentration, referred to as the
“feed”. This Process does not require any pressure,
and therefore has a significantly lower operating cost.
Salt and other contamination rejection is >99%.
Currently the most common procedure opted in the
industry is Reverse Osmosis (RO), and although the
yield is significantly high, the costs associated with the
process are very high due to generation of High
Pressure. FO is in the development phase of a novel
low energy desalination technology. [1, 2, 6]

Osmosis (RO) membrane system is performed at
arbitrary operating parameters i.e. the membran e
operates at steady state, temperature 25 ⁰C and 85%
conversion or recovery. Conversion or recovery of
85% here describes that 85% of total feed flow will be
produced as permeate into the draw solution.

Figure 1: Forward Osmosis Module (Flat Sheet
Membrane)

Method
The composition of salts in the raw water is
approximately same as found in ground/surface water
and brackish water. Experiments are carried out to
treat the modeled synthetic water with Forward
Osmosis (FO) in order to make it drinkable.
Experiments were also performed to investigate the
effect of different parameters such as Flow rate, Feed
composition and Draw solution composition on
quality of pure water (TDS, TSS, pH) extracted fro m
draw solution
Forward Osmosis used for desalination and dilution
purposes utilizes a circuit of equipment combined
together to favor the osmosis process through pressure
driven, retarded pressure driven and non-pressure
driven methods.
The equipment used are Custom Designed FO Module
(MOC: acrylic) with an exposed membrane Surface
area of 88cm2 , Silicon pipes (0.0079m inner
Diameter). Assorted Salts were used for the
preparation of Draw and Feed Solution like NaCl,
MgSO4, CaCl2, MgCl2, KMnO4, and Urea. Forward

Department of Chemical Engineering

Figure 2: Forward Osmosis Preliminary Setup
Draw Solution concentration is 80g/L and brackish
Feed Solution is 5g/L. by applying balance,
We have Area (A) = 1ft 2 = 0.0929m2 .
Flux
of
water
through
membrane
(0.9L/hr)/(0.0929m2)= 9.7 L/(m2 .hr)

=

Concentration Factor = 1/ (1-0.85) = 6.67.
Water going to rejectate will be 6.67 times more
concentrated than feed which is within limit and does
not cause scaling. The experiment is performed using
the Custom Designed FO Module (MOC: acrylic) with
an exposed membrane Surface area of 88cm2 and
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Silicon pipes (0.0079m inner Diameter). The
membrane of 0.00414m2 flat sheet cellulose tri-acetate
(CTA) with 2 Graduated beakers and 4 Fluid
Entry/Exit Nozzles is used. Pump to draw water is
Double Headed Peristaltic Pump (Flow rate: 0.06-2.4
L/min), Chemicals (Calcium chloride, Sodium
chloride, Magnesium chloride, Magnesium sulfate)
and a Power Source is also required.
Salts, sludge and other dissolved contaminants are
blocked by the membrane and pure water travels
through UNTIL the concentration in both containers is
the same. Due to concentration polarization the flu x
rate of water may reduce and the membrane needs to
be cleaned after 8-10 experiments. Washing of
membrane is done through circulation of sodium
hypo-chlorate, surf and 0.5% solution of H2SO4. Pure
water is further extracted by addition of bariu m
hydroxide in the Draw solution (MgSO4+water) so
that two insoluble salts are produced. Pure water is
decanted through filter paper.
Results
Both the feed and the draw salts were weighed on a
mass balance with an accuracy of 0.001g and distilled
water was used to stir up their respective solutions.
The volumes of both the solutions were noted and
hence the molarity was calculated by using the
Table 2: Trend of Flux

formulae c=n/v, some salts were hepta-hydrates and
octa-hydrates thereby a mass fraction was obtained
methodically. Then experimental data was emulated
and readings of the increase in mass (Δm) of the draw
solutions were obtained at 20min intervals. Towards
the end of the experiments, the flux rate was calculated
by considering the effective surface area of the
membrane (149cm2), the increase in mass was taken
as an increase in volume (1ml=1g), density changes
were neglected, and the time.
Table 1: NaCl vs Distilled Water (EXP:1)
NaCL Vs Distill water
NaCl added=

59.91

g

time/min

Draw sol/g

Change

0

1353.69

0

30

1421.18

67.49

60

1463.66

42.48

90

1535.02

71.36

120

1586.02

51

Rates with Time

Time(min)

Flux rates of NaCl2
and CaCl2

Flux rates of NaCl2
and MgS O4

Flux rates of NaCl2
and MgCl2

Flux
rates
of
S ynthetic S ea Water
and MgCl2

0

0

0

0

0

20

29.11

2.51

25.14

27.13

30

25.77

5.03

25.23

25.43

40

22.43

3.9

21.32

21.87

60

24.89

2.77

24.85

24.87

80

24.2

3.43

23.09

23.64

90

21.95

4.09

22.27

21.84

100

19.7

3.21

21.45

20.575

120

19.98

2.33

20.52

20.24

150

19.98

1.37

20.47

19.84
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Figure 3: Graphical Representation of Flux Rates against Time

Conclusion
After conducting experiments with multiple draw
solutions and feed inlet compositions which have
boiled down to a few hard assumptions, it is evident
that the best draw solution with the highest osmotic
pressure differential was observed to be Calciu m
Chloride however without a chemically formulated
method of removing water from the amalgamated
mixture; there is no methodology for economical
extraction yet. The feed water composition if uniform
at the inlet, will deliver homogeneous results all year
round and the membrane has to replenish by ex-situ or
in-situ cleaning methods accordingly.
Recent findings in compliance with our areas of
research state emphatically and without any amends, a
coherently ambivalent side to water reclamation but
we hope to be on ends with this natural way to
purifying water in the future.
In the 21st century if science is to make progress either
in the fields of water evolution or in membran e
technology, FO will be among the top five most
pertinent and consequential contenders in the market.
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Abstract
Public sector hospitals in KPK breed substantial quantity of BioMedical Waste (BMW) per day (0.5 to 2.5 kg/bed/day). These
wastes includes Risk Waste (75%) and Non-Risk Waste (25%)
which influence directly and indirectly the health of serving
doctors, patients and hospital administration with a very sturdy
pessimistic impact on our green environment and aquatic life.
Hence this generated medical waste should be treated properly
before it affects human and our green environment. This study
aims to investigate the Common Bio-medical Waste Treatment
Facility (CBWTF) of some hospitals with deep study of the
biomedical waste generation, collection, storage and disposal
situation of the hospital. Appraisal in this regard was done via
detail questionnaires, interviews, meetings, discussions, site visits
and participant pragmatic approach. These studies divulge that
biomedical waste were collected manually in all hospitals without
proper training and without any precautionary measures and were
then burned, dumped, entombing or mixed with municipal wastes.
The incinerators of the most hospitals were found ill-functioning .
From the mentioned study it can be concluded that proper and
friendly strategy should be implied for the secure removal of
biomedical waste.
Key words: Hazardous Waste, Sustainable Environment, Bio Medical Waste (BMW), Common Bio-medical Waste Treatment
Facility (CBWTF), Hospital Waste Management.
Introduction
Healthcare institutes are the organizations run by different groups
of inhabitants for providing the healthcare facilities and are the
largest developers of biomedical waste (BMW). It is an imperativ e
practice which should be properly disposed in a good scientific
manner. Biomedical waste management is the sustainable and
effective collection, segregation, handling, transporting, storage
and disposal of biomedical waste in an accurate and systematic
way. Biomedical waste is the foremost predicament in developing
countries because it is treated as an evil waste, which is mostly
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mixed with municipal waste and is typically dumped due to its
pitiable management system and in turn it has been linked with
high spread of unceasing diseases like HBV and HIV. Biomedical
waste should be managed on the basic five principles adopted by
many developed countries like “The Polluter Pays Principle”, “The
Precautionary Principle”, “The Duty of Care Principle”, “The
Proximity Principle” and “The Prior Informed Consent Principle”.
[1, 2 and 3]
The word biomedical waste is an expression used for every type of
waste generating from healthcare institutions in any form. It is also
called as healthcare waste, clinical waste, hospital waste or medical
waste. It may be broadly of two major types; Hazardous waste or
Risky waste and Non Hazardous waste or Non Risky waste. The
broader categories of risky waste are contagious, chemical,
radioactive, pathological and pharmaceutical waste and that of non
risky waste are food packing from these institutes, papers,
cardboards and any other type of stuff which doesn’t grounds any
infections to human body. [4]
The top bodies concerned in the creation of biomedical waste are
public and private hospitals, nursing homes, veterinary offices,
dispensaries, public and private clinics, blood banks, medical
research labs, while the major generating source being the
government hospitals and dispensaries. This waste arising fro m
different areas should be managed on the principles of waste
management in sustainable way and are schematically publicized
in Figure 1. [5, 6].
A total of 2.4 billion syringes are used in Pakistan every year.
Pakistan has utmost patient to syringes ratio and maximu m rate of
superfluous injections in the world. [7]
A total of 30% of Pakistani population is using 10 injections per
person per year. Scavengers collect the re-used syringes, they
recycle it, sell them with handsome amount and they are available
freely in open market, which is the major vulnerability to high
spread of persistent diseases and this problem is only because of
lack of knowledge and inadequate endowment. [8, 9 and 10]

Pa ge 86

4th

Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

Infecting quantity of Hepatitis B & C major viruses can persist to
exist for up to 9 days in a drop of blood in the infected needle of a
syringe according to Japanese Association for Research (JPMA) in
biomedical waste. [11] The solid waste generated from these
healthcare institutes get mixed with municipal waste and it spoils
the body of municipal because of high bacterial ratio. Also the
sewage generated from hospitals is filled with pollution indicators
and pathogenic bacterial species that come from patients and are
mixed with home sewages which degrade our green environment
and aquatic life and it slows down the biological treatment
progression. [12]

Figure 1: Sources and Sustainable Management of BMW
Flaming and incineration of biomedical waste have been linked to
rigorous pollution consequential in the discharge of poisonous
dioxin as well as mercury and other toxic substances and these
materials turn out a notable diversity of unfavorable effects on
humans. [13] Biomedical waste management is a severe health
concern in numerous developing countries and close population is
exposed to health hazards due to contemptible management of
risky hospital wastes, which are generating in severe amount fro m
different hospitals in different forms. [14]
About 75-80% of beds are occupied by the patients daily in a state
of no emergency in hospital for the maximu m tenure. A total of
70% of this generated waste is risky in nature. [15] The biomedical
waste which is mostly infectious and poisonous in character is
produced by health treatment institutes worldwide in varying ratios
contains body parts, medical tools such as bandages, syringes,
broken glasses, blood bags, drip bottles and wires. In U.S.A a total
biomedical waste (BMW) of 3,361,100 tons per year is generated,
Department of Chemical Engineering

which is 8 kg per bed per day. Out of this, 504,000 tones is
hazardous waste. In Bangalore India, it is about 0.5 to 4 kg per bed
per day in government hospitals and 0.5 to 2.0 kg per bed per day
in private hospitals. In Pakistan 250,000 tons per year is the total
estimated generation of biomedical wastes, which is 0.5 to 2.5 kg
per bed per day and in Punjab it is 15 tons per day. [16, 17, 18 and
19]
These wastes consist of high toxic chemicals and are geotaxis in
nature and are flammable and explosive in nature and cause
intoxication, and injuries and causes headache, dizziness and
serious congenital anomalies. Sharp blades, glasses and needles
cuts causes puncture and wound infection, which is the most
important cause of HIV. [20]
Worldwide, the matter of appropriate biomedical waste
management has been seriously considered on the peak. At present
there is no practice of sustainable handling of biomedical waste in
Pakistan. In Pakistan biomedical waste till disposal is treated in two
major processes i:e, disposal via incinerators and disposal via
landfills. The poor system of this treatment system is because of
many factors, akin to non availability of skilled workers, faulty
incinerators, little or less funds, shortage of power and poor design
of system. As a result of these deficiencies, this study was intended
to gather data concerning the current practices of handling
biomedical wastes in Pakistan.
Methodol ogy
The tentative study was conducted at the major government
hospitals of KP. The aim and objective of the study was explained
to the public hospital administration, waste handling staff, and
visits were made to each point from where waste was generating
along with the final disposal point. More technical and theoretical
approaches related to the waste management s ystem cycle, its
disposal system, machinery, laws and methods were gathered
through the detail study of books, lectures, research papers and
guidance from the concerned field expertise. Data related to the
entire method of waste management (from generation to disposal)
in these healthcare institutes were collected through presentations
from hospital administration, doctors, ward keepers and nurses.
The way they were collecting, handling, storing, transporting and
disposing off the BMW were studied in detail and were noted
separately for each hospital. They were interviewed by person for
in-depth and accurate data collection. In this regard tentative
questionnaires were developed and were filled accordingly.
Questionnaire were designed with hospital name, address, phone
number, name of questionnaire filler, designation, type of services
offered by the hospital, number of beds, number of doctors, names
of wards, estimated amount of generated waste, waste management
scenario system, recycling facility available, collection bins
information etc.
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The cross tentative detailed study was planned in a manner to cover
BMW management system in the major public hospitals of KP,
which includes Khyber Teaching Hospital (KTH) Peshawar, Lady
Reading Hospital (LRH) Peshawar, Saidu Teaching Hospital
(SDH) Swat and Ayub Teaching Hospital (ATH) Abbottabad.
Each waste generating point in these hospitals were visited for a
continuous period of 1-2 weeks and a deep analysis of the waste
management system was studied and analyzed separately for any
discrepancy. The waste management system of different public
healthcare institutes were then observed and explored in details.
Results and Discussion
For precision of the collected data and results; the questionnaire
was distributed in double copies among the entities of survey. First
draft was filled by them in the start of the first week and second
was filled by them in the end of second week. About 94%
responses were same in both the questionnaires. Also the waste
management system in thes e hospitals was studied two times, for
accuracy purposes.
A total of 4 medical superintendents, 108 doctors, 16 OT
technicians, 37 laboratory assistants, 12 head of departments, 161
ward workers, 19 waste transportation personals, 3 incinerator
operators and 3 sanitary workers were interviewed in-depth for
accurate investigation. Different OPD’s staff was questioned as a
part of study and they were from wards of Paeds, Casualty, ENT,
Medical, Surgical, Skin, Cardiac, Dental, Urology, Gynae and
Gastro.
A total of 4 major healthcare institutes were visited for study and
survey. Only 31% of the interviewed staff knew the sustainable
management of Biomedical Waste (BMW) and were aware fro m
its negative impacts on green ecology. 52% of the doctors, 26% of
waste handling staff and 77% of the incinerator operators had gone
through the process of sustainable waste management system and
proper training were given to them from different organizations.
57% of the interviewed staff thought that waste efficient
segregation and disposal of BMW is an utmost important issue.
The incinerators in mostly public healthcare institutes were faulty
and out order, despite the fact that they were brought to the
hospitals at high costs. At most incinerators the 3-Phase motors,
the hydraulic door, the scrubber, the automatic flam ON/OFF,
second chamber ignition system, first chamber ignition rod and
temperature gauge were out of order and they needs to be replaced
or repaired as required. At one hospital the incinerator was not in
accordance to the agreement with the firm. The incinerator
provided has utmost heat production capacity of 1100°C not in
favor of the concurrence stipulation of 1650°C. Repair notices
from hospital administration side were displayed on the autoclave
of one incinerator for its repair since 2015 but still they were as it
as, as publicized in the Figure 2.
Department of Chemical Engineering

Figure 2: Faulty Autoclave with Repair Notice
In one of the healthcare institute a huge number of blood bags
(2580 bags) were received from the concerned blood bank for
incineration in a period of 2 years as these blood bags were unfit
for use and as per laboratory testing, they were highly infected due
to hepatitis virus. During the visit, it was observed that they were
still there in queue because of the ill capacity of incinerator as
publicized in Figure 3.

Figure 3: Infected Blood Bags in Queue for Incineration
At many hospitals the incinerators were installed at inappropriate
places as publicized in Figure 4, which clearly indicates that the
hospital administration has not carried out Environmental Impact
Assessment (EIA). These components were installed near to
hostels or wards and the chronic smoke were entering directly into
these buildings and were affecting them badly because it consists
of cancer causing agent dioxin and mercury etc.
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Figure 4: Inappropriate installation of Incineration Chimney

Figure 5: BMW collection Bags

At one hospital the chimney was installed below the base of
overhead water (OHW) tank. It was almost attached with the base
column of overhead reservoir. The smoke which usually flows out
at a range of 1400-2000°C was directly hitting the base of the slab
of OHW tank. It directly heats up the reinforced concrete structure
and its steel bars, causing to heat up water with transformation of
chronic viruses into the water stored. It also reduces the design life
of OHW tank because of continuously increasing the temperature
of bars.

No proper waste collection bins were present in mostly healthcare
institutes. If there were any, they were either wrecked, little in
number, undersized or placed at unsuitable position. There were no
proper waste transportation system and mostly ambulances and
poor stated trolleys were used for transportation of BMW as
publicized in Figure 6.

No proper bags were used for the collection of BMW. It was noted
that only blue or yellow color bags were used in the collection
process of these BMW as publicized in Figure 5.
There was no proper segregation in these healthcare institutes and
very few of them were applying proper waste management
practices. There was no concept of sorting, reuse and waste
minimizat ion in these institutes. Waste was found in dumped form
in open places and its smell was deteriorating the environment
directly. At one hospital there was a pit dug in its vicinity for burial
of human body parts. It was covered with only a small cover and
was the main cause of deep smell and diseases at that area.
Figure 6: Trolleys used for BMW Haulage
Waste collecting staff at maximu m institutes was handling BMW
without using any gloves or masks which was the main cause of
persistent skin diseases as publicized in Figure 7.

Department of Chemical Engineering
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experts. An active head should be assigned for timely arrangement
of funds. Advanced research should be conducted for further
studies of BMW management. The incinerator ash should be
compacted, capsuled and should be buried in deep designed
trenches with proper coverings. Proper transportation mechanism
should be designed along with high storage area for the proper
placement of BMW and it should be far away from the contact of
ordinary persons and only sanctioned staff should be permitted to
access these storage areas. Proper segregation should be made, in
order to stop incinerator from damage because of heavy metals and
needles. Recycled objects should be estranged as these engender
mammoth amount of income, which can be used for different
hospital works. Committed staff should be hired after proper
tentative trainings with good remuneration. Medical graduates
should be trained at their college/universities for the proper
management of BMW.
Figure 7: Infected Hands due to Poor BMW management
Conclusions
The overall findings of the study indicate that BMW is the main
source of disease transmission and from the actual study of the
BMW management in public sector hospitals of KP, it can be
accomplished that BMW management system in Pakistan is
underprivileged. There is lack of alertness and poor knowledge
among the inhabitants of healthcare institutes and neighborhood
members. Waste was not collected in appropriate customary color
bins and bags. In some hospitals it was noted that BMW was mixed
with municipal waste directly and in other it was not kept
separately in central storage area. There were no segregation
practices at the started point at many hospitals and usually
scavengers were available for such task, which mostly were
addicted to drugs because of poor environment and they were
selling these used syringes directly to black market owners, which
after short processing were brought back to market with
considerable amount. There were no skilled labors for the
sustainable operation of BMW management. Mostly incinerators
installed in these hospitals were ill fettled, old and out dated and
they were installed in wrong places and no NOC form
environmental protection agency in this regard were obtained. The
hazardous smoke of these incinerators was entering directly into
the wards or doctor hostels. In two out of four hospitals the waste
brought in bags to incinerator hub were present there for long time,
though as per the Hospital Management Rules 2005; it should be
burned within 24 hours.
Recommendati ons
Continuous monitoring mechanism should be engaged for the
accurate management of BMW. Regular meetings should be
arranged for the waste management personals with different
Department of Chemical Engineering
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Abstract
In this paper, a conformal dual-band implantable antenna over the
MedRadio (401-406 MHz) and midfield (1.45-1.6 GHz) frequency
bands is reported for capsule endoscope applications. The
proposed antenna can be easily wrapped inside a capsule inner
boundary due to its 0.05 mm total thickness. A significant amount
of size reduction was achieved due to the novel shape of the
antenna. In the conformal state, the total volume of the antenna
measures only 16.88 mm3 (π x 10 mm x (5.42 – 5.352) mm2), while
that in the flat form is 26.5 mm3. The angled meandered six slots
with one end opened on the patch, one circular slot in the ground
plane and four long arms are introduced in order to achieve this
miniaturization. The proposed antenna designing and optimization
process is performed in the center of a homogeneous muscle
phantom (HMP). The antenna wrapping and capsule circuitry
effects are also observed. HFSS is utilized in the designing and
evaluation of the performance in different conditions.

are
preferable [5]. However, MedRadio band is attracting
researchers interest owing to its special allocation for IMDs [6].
Med radio band is used mostly internationally for electronics with
low power. It propagates through tissues in a good manner and
supports enough data rate.

In the field of IMDs one of the recent addition is the ingestible
capsule based on implantable antenna. First time in 1950s
Swallowable capsules were reported for measuring temperature
and pressure [7]. Through capsule endoscope (CE) biological
statistics can be transferred in real time. For example, with the
increasing heat strokes of athletes, these capsules can be utilize for
their body temperature monitoring and transmission of diagnostic
info to outside receiver [8]. Only the upper 1.2 m portion of the
small intestine and stomach can be observed with the conventional
wired endoscopy (TWE). Colonoscopy is another diagnosis
process used for observation of the other parts such as colon and
rectum [9]. Further, capsule endoscopy avoided the infections and
discomfort caused by a traditional wired endoscopy. A capsule
Key words: dual-band, conformal, implantable, capsule endoantenna needs to fulfill several requirements, such as compactness,
scope, and biotelemetry.
conformation in structure, and tunable dimension parameters to
1. Introducti on
recompense for the tissues effects.
The development of implantable antennas is boosting day by day
due to the rapid growth in wireless medical telemetry (WMT). The
idea of making IMDs is a reality now, it’s no more an imaginary
task [1], [2]. Intra-cranial pressure (ICP) monitors, heart beat
controller and blood pressures regulators, are the main examples
of these IMDs. The integration of planar antennas into these IMDs
because of their conspicuous characteristics like enhanced
flexibility in design, compact size, biocompatibility and reliable
data exchange is getting significant attention of the researchers. All
the equipments inside these IMDs must be miniaturized, because
of imposed limitations in frequency availability and size
restrictions [3]. Furthermore, achievement of good performance
behavior at lower frequencies with a miniaturized size dealing with
lossy media is more difficult [4]. MedRadio band (401-406 MHz)
is mostly preferred for medical implants. Nevertheless, most IMDs
require large bandwidth along with good radiation performance to
support higher data rates. In that case, the industrial, scientific and
medical (ISM) bands like 902-928 MHz and 2.4 - 2.483 GHz
Department of Chemical Engineering

In the literature, for telemetry applications various implantable
antennas have been suggested [10]–[12]. With the dimensions
comparable to capsule size a novel dipole antenna has been
designed in [13]. By impedance matching technique based on
dielectric loading this dipole antenna characterization was done
numerically. In [14], for CE and wireless power transfer systems,
a triple-band implantable antenna was proposed. The ground slot
in the proposed design is the tuning source for the targeted three
frequency bands. This antenna is also suitable for a pacemaker. In
[15], a circular polarized (CP) capacitively patch loaded antenna
has been introduced for biotelemetry. This antenna was operating
on 2.4 GHz. Similarly, in [16], [17] differentially fed implantable
antennas were suggested, that covers the MedRadio and ISM
bands.
In this work, a dual-band, thin (0.05 mm), conformal implantable
patch antenna having a total volume of 26.5 mm3 (flat form) is
designed for CE application in the MedRadio (401-406 MHz) and
midfield (1.45 - 1.6 GHz) bands. Six angled meandered slots with
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one end opened, were introduced into the patch of the proposed
antenna for miniaturization purpose. Initially, the proposed
implantable antenna with flat geometry was tuned to the desired
frequency bands in the center of a 100 mm x 100 mm x 100 mm
homogeneous muscle phantom (HMP). To fit the antenna in a
standard capsule (11 mm x 26 mm), a helical shape was given to it
by wrapping around. Again, the simulations were performed in the
center of the same HMP and the effects of wrapping were
examined. After that, the proposed antenna was integrated with CE
inside the same HMP. The detuning occurring due to the CE
circuitry was compensated by the increment in the meandered slots
width.
The rest of this work is composed as follow. Design
methodology of proposed antenna system will be covered in
section 2. Results of the proposed implantable antenna will be
analyzed in Section 3. Section 4 will conclude this paper.

system. The geometry of the conformal and flexible antenna shown
in Fig.1. The side, rear, and front views details of the designed
implantable antenna are portrayed in Fig. 1(a). Polyamide has
biocompatible and flexible nature [18], due to these properties it
has been used for both the substrate and superstrate. Polyamide
thickness is 0.025 mm, permittivity is 4.3, and loss tangent is 0.004.
The total volume of the antenna in the flat state is only 26.5 mm3
(53 mm × 10 mm × 0.05 mm). The serpentine shape radiator is
designed by creating meandered slots at 40o angle with the arms
direction. One circular slot in the ground plane and six meandered
slots in the patch helps in miniaturization. The four arms each
having a length of 20.5 mm, helps in impedance matching and
tuning. The gap between the upper two arms and the lower two
arms is 3 mm and 3.4 mm, respectively. The lower right side arm
includes the 50 ohm coaxial feed. For the antenna excitation a
coaxial feed with a 0.6 mm diameter is used. The width of the
meandered slot, radius of the ground slot and length of the four
extended arms assist in tuning of the designed antenna. After,
optimization of the proposed antenna with flat geometry, a capsule,
as shown in Fig. 1(b) was modeled in HFSS. Capsule thickness was
kept 0.1 mm and polyethylene a biocompatible material with loss
tangent of 0.001 and permittivity of 2.25 was used. Most of these
internal components given in Fig. 1(b), such as the spacer, CMOS
camera, and lens holder were assumed to be dielectric. For batteries
material, perfect Electric Conductor (PEC) was used, while the
optical dome material was considered as vacuum. The volume of
the antenna is substantially reduced to 16.88 mm3 or π x 10 mm x
(5.42 - 5.352) mm2 in the wrapping condition inside the capsule, as
shown in Fig.1 (b). The optimized values for the parameters shown
in Fig. 1 are given in Table I.

Fig. 1. Detailed architecture with values in mm. (a) Side,
back, and front views of the proposed antenna. (b) Details of
capsule inside elements along with the conformal antenna.
Fig. 2. Simulation setup for the proposed antenna.
2 Designing Methodolog y
The goal of this research work is the designing of a dual band
antenna covering the MedRadio and the midfield bands for the CE
system and its consolidation with a completely designed CE
Department of Chemical Engineering

3

Results Discussion

As discussed earlier, the designing and optimization of the
proposed implantable antenna is initially done at the center of a
HMP with flat geometry. The selected HMP has a size of 100 mm
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× 100 mm × 100 mm, as demonstrated in Fig.2. The dielectric
properties of the HMP on both resonance frequencies were
acquired from [18]. After simulations in the flat condition, the
antenna is given a conformal shape to fit it in the capsule and
simulations were performed with same phantom scenario.
3.1 Reflection Coefficient
The simulated reflection coefficient (S11) of the antenna in HMP
with flat geometry is portrayed in Fig. 3. The achieved bandwidth
in the MedRadio and Midfield band is 38.3 MHz and 194.4 MHz
respectively. Similarly, the S11 value is less than -15 dB at the
desired resonances. The comparison of the performance of the
antenna in terms of return loss, in different states is given in Fig. 4.
It is examined that both the resonance bands shift towards the
higher side of the spectrum. However, the displacement in the
resonance observed for the wrapped antenna integrated with CE,
was more than that for the antenna without the CE. In fact, this is
due to the metallic batteries and other necessary components inside
the CE. Similarly, a decrement in the return loss values at the
higher resonance is noted for the two wrapped situations of the
antenna. The detuning of the reported conformal antenna owing to
batteries and the internal components of the CE is recompensed by
a 0.4 mm increment in the meandered slots width. In Fig. 4 the
return loss plot showing the bended antenna inside the CE was
achieved after the 0.4 mm increment in the slots width. After
integration of the antenna with the complete CE system, the
bandwidths at the 1.5 GHz and 405 MHz resonances increase from
194.4 MHz to 268.9 MHz and 38.3 MHz to 44.2 MHz,
respectively.
Table I. Dimensions of the designed antenna

3.2 Radiation Patterns

Variable

The 2D gain radiations patterns are portrayed in Fig. 5. A peak gain
of -38.18 and -24.43 dBi is achieved at 405 MHz and 1.5 GHz,
respectively. When antenna is integrated with the capsule system,
these gain values were achieved.
From Fig. 5, Omni-directional like patterns in the H-plane are
observable which is further emphasizing for its utilization in CE
applications.
3.3 Surface Currents Distribution

Value (mm)

Variable

Value (mm)

L1

4.45

L9

6.2

L2

7.26

L10

2.2

L3

8.68

W1

3

L4

10.8

W2

4.6

L5

5.8

W3

2

L6

4.45

W4

3.4

L7

2.4

W5

4.2

L8

6

W6

2

Department of Chemical Engineering

The surface currents distributions at 405 MHz and 1.5 GHz are
given in Fig. 6. It can be realized from Fig. 6(a), that at 405 MHz,
most of the currents focus on helical type path made by the
meandered slots. It can also be examined that very low intensity
currents can be found on the four arms of the radiator. Similarly, at
1.5 GHz as shown in Fig. 6(b), more intense currents can be
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detected on the four arms strips, while the currents intensity is low
on the meandered path relatively to that at 405 MHz. However,
very strong currents can be found on strip between the upper two
and lower two meandered slots at 1.5 GHz. It can be concluded
from the surface currents distributions that, the helical path is
responsible for the lower resonance, while the four arms are
responsible for the higher resonant frequency.

with on the basis of volume, resonance frequencies, bandwidth, and
gain previous works.
4

Conclusion

In this research, a dual band compact implantable antenna was
designed for CE system. The antenna was also integrated with the
CE system. The reported antenna covers the MedRadio band as
well as the midfield band. The antenna has a miniaturized volume
of 26.5 mm3 in the flat state. By its integration with CE, the volume
is further reduced to 16.88 mm3. The slots in the radiator, a circular
cut in the ground plane and the four arms were used as the sources
of miniaturization. The reported antenna can be tuned from the
width of the radiator slots, radius of the ground slot, and length of
the four arms. The reported antenna was integrated with a
completely designed capsule in the conformal form. The imposed
effects on the S11 of the antenna due to capsule circuitry has been
examined. Owing to the proper geometry of the proposed antenna
and its easy integration with CE system components, it can be
utilized for CE applications. The designed antenna will be
fabricated in the near future for substantiation of the simulations.

Fig. 5. 2D gain patterns. (a) At 405 MHz (b) At 1.5
GHz
Table 2. Performance comparison with work in literature
Ref

Volume

Frequency

Bandwidth

Gain

(MHz)

(dBi)

405 MHz

64

-40.8

915 MHz

91

-32.9

2.45GHz

105

-22.3

402 MHz

67

-39.1

2.45GHz

246

-21.2

(mm3 )
[4]

[10]

52.5

31.5

[19]

198.43

403 MHz

25

-32.49

[20]

486.4

920 MHz

100

-25

This

16.88

405 MHz

44.2

-38.18

1. 5 GHz

268.9

-24.43

Work

.

Fig. 6. Surface currents. (a) 405 MHz (b) 1.5 GHz.

3.4 Comparison with Previous Work
Table II summarizes the comparison of the proposed antenna with
some recent work. It can be observed from the table that the
proposed antenna shows good performance parameters with a
compact size of 16.8 mm3, as compared to the previous designed
antennas. The performance of the conformal antenna is compared
Department of Chemical Engineering
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Abstract
A methodology for the mathematical modelling of a power
transformer has been proposed. The transformer has been
modelled using its symbolic notations and the differential
equations in MATLAB Simulink.
A20 𝑀𝑉𝐴, 132/
11 𝐾𝑉, 50 𝐻𝑧 single and three-phase distribution grid
transformers have been developed and simulated in
Simulink. To enhance the understanding and reduce the
complexity of the model alpha-beta state space vector
representation has been used for the three-phase transformer
in this paper. A model is created that can be effectively used
for the analysis of different phenomenon in power
transformers like internal winding faults, insulation failures,
incipient faults etc. In this study, it is possible to get a closer
understanding regarding the mathematical modeling and its
significance in analyzing any electrical equipment in the
electrical power system.
Key words: Power Transformer, Mathematical Modeling,
State Space Vector, MATLAB, Simulink.
Introduction
The power transformer is an important and costliest
equipment of electrical power system (EPS). To maintain the
normal operation of the power transformer, its monitoring
and fault analysis is very important. For the fault analysis of
any electrical equipment, the very first step is to clarify the
concept of the nature and influence of the fault upon the
equipment. It is very dangerous, risky and expensive to
induce such faults upon the practical electrical equipment for
research.Therefore, the simulation model is the most suitable
approach for research purpose and can portray an accurate
estimation of the real-time behaviour of the equipment by
simulating such models.
The approach of modelling and simulation is now getting
quite
popular, catching the attention of the industry and now
widely adopted for estimating the real-lifebehaviour of
anequipment [1].One of the first study reported for the
analysis of transformer winding-faults based on inductance
Department of Chemical Engineering

models has been suggested in [2]. In [3,4], the reluctance of
core, magnetic flux, permeances and MMF sources have
been used to develop the magnetic equivalent circuit of the
transformer. The equations of the magnetic equivalent circuit
were arranged in state-space vector form in [5] to calculate
differentparameters of transformer i.e. current, flux etc. In
[6], a similar approach for the measurement of inrush
currents in the transformer has been used, whereas the
sameapproach is used to model three-phase, three
legstransformer using DC bias in [7]. In recent years, finiteelement models (FEM) are widely used for the analysis of
electrical equipment as it portrays the behaviour of the
machines more accurately by providing a Computer Aided
Design (CAD) interface. One of the earliest studies for FEM
based transformer modelling is reported in [8]. This
technique has also been reported in [9] for modelling the nonlinearity in transformer core, in [10] for the fringing effect of
flux in airgaps, in [11-13] for computing the stray losses and
for eddy-current losses in [14-16]. Moreover, in [17] the
arching and ageing circuits along with 2D FEM have been
used to analyse the incipient faults in the transformer. Each
of the modelling technique discussed in the literature has its
own advantage but the most common drawback in all these
models is the requirement of large memory, lengthy
simulation timings,and complex design.
Mathematical modellingis the most basic approach
tomodelling which provides an opportunity for analysing the
comprehensive dynamic model of the whole system from the
scratch level and understand its basics. Hence one can
develop new control techniques and analyze the behaviour of
the system under a range of conditions. the mathematical
model proposed in this paper overcomes all those short comings of the previous models and can be effectively used
to portray the real-time behaviour of a power transformer.
Moreover, this model can be used for the analysis of different
transformer faults like incipient faults, winding faults,
insulation failures,and internal short circuit faults. This study
will contribute to understanding the procedure of
mathematical modelling and its importance in analyzing the
real-life operations of the power transformer.
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Figure 1: Annular Inductor
At t = 0;
Methodol ogy

𝑖(𝑡 ) =

Using the concept of thesimpleelectromagnetic circuit and
ideal transformer (ITF), symbolic and reciprocal models are
developed for single phase and three phase transformers.
Moreover,
a
Simulink
model
for20 𝑀𝑉𝐴, 132/
11 𝐾𝑉, 50 𝐻𝑧 single and three-phase power transformers
have been developed.
Simple electro-magnetic circuitmodelling
Ideal inductance
An inductor having an annular magnetic is consideredas
shown in figure 1. The circuit will have a reluctance𝑅𝑚 ,
given by [18]
𝑅𝑚 =

1 𝑙𝑚

1
𝐿

𝑡

∫ 𝑢 (𝑡) 𝑑𝑡 + 𝑖(0)

(7)

0

By further solving the integral
𝛥𝑖 =

𝛥𝜓
𝐿

(8)

𝑡0

𝛥𝜓 = ∫ 𝑢 (𝑡) 𝑑𝑡

(9)

0

Where 𝛥𝜓 = 𝜓 (𝑡) − 𝜓(0), shows the flux-linkage variation
with voltage. The symbolic and reciprocal models for an
ideal inductor is shown in figure 2.

(1)

µ 𝐴𝑚

Where 𝜇 is the core permeability, 𝐴𝑚 is the cross-sectional
area and 𝑙 𝑚 showsthe average flux path length. The
inductance 𝐿 is given by
𝐿=

𝑛 2 µ 𝐴𝑚
𝑙𝑚

=

𝑛2
𝑅𝑚

(2)

Where n is the number of turns. Now
𝜓 =𝐿𝑖

(3)

Figure 2: Ideal inductor symbolic and reciprocal models
The simulink model based on the symbolic and reciprocal
model is developed and simulated in MATLAB simulink as
shown in figure 3.

Where 𝜓 is the flux linking the circuit. By Faraday’s law
𝑢=

𝑑𝜓
𝑑𝑡

(4)

From equation (3) and (4), we get
𝑢= 𝐿

𝑑𝑖
𝑑𝑡

(5)

or
𝑖(𝑡) =

1
𝐿

Figure 3: Simulink model of anideal inductor

𝑡

∫ 𝑢(𝑡)𝑑𝑡

(6)

−∞

Figure 4: Ideal inductance with resistance
Ideal inductance with resistance
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Ideally, the behaviour of an inductor is linear but in the
realcase, there must be some wire resistance which will
dissipate the energy stored in the inductor. The wire
resistance can be modelled as a series resistor with an ideal
inductor as shown in figure 4.
The terminal equation for the model is given as
𝑢 = 𝑖𝑅 +

𝑑𝜓
𝑑𝑡

(10)

Where R is the resistance of the inductor. From the reciprocal
model, it is clearly shown that the voltage drop across the
resistor will decrease the total inductor voltage 𝑢 𝐿 . The
respective simulink model in figure 5, has been developed for
the symbolic and reciprocal models in simulink MATLAB.

Figure 6: (a) Ideal relationship and (b) Real relationship

An inductor with magnetic saturation
There is a limit of magnetic flux density in every magnetic
material. At the saturation point, with further increase in the
magnetic flux will drop the permeability of the magnetic
material equal to the permeability of air i.e. µ → µ0 .

Figure 7: Reciprocal model for Inductor with saturation
The simulink model developed for the saturation effect is
shown in figure 8. In which 𝜓 = tanh(𝑖) is used as a nonlinear function in the form of a look-up table module.
Furthermore, a sine wave module is used for the voltage
signal having a value of 𝑢 = 𝑢̂ cos 𝜔𝑡 .

Figure 5: Simulink model for aninductor with resistance
The relation between the flux and current has been shown in
figure 6. Ideally there is a linear relationship but in reality, it
is a non-linear relationship.To add this non-linearity effect, a
non-linear function block is used in the reciprocal model
shown in figure 7. In which the function 𝑖(𝜓) has flu xlinkage𝜓 as an input and current 𝑖 as an output. Equation (10)
will remain unchanged only the gain module 1⁄𝐿 is replaced
by a non-linear module by introducing a saturation effect.

Figure 8: Simulink model for an inductor with saturation
The concept of the ideal transformer
The structureshown in figure 9, represents a transformer
having an outer tube as a primary winding made up of
magnetic material of infinite permeability and an inner rod as
secondary winding with 𝑛1 and 𝑛2 turn windings respectively.
Where 𝑖 1 is the primary current, 𝑖 2 is the secondary current.
Moreover, 𝜙𝑚 is the mutual flux linking both the primary and
secondary windings. For the ideal transformer, no leakage
flux has been considered [18].
From equation (1), as 𝜇 = ∞, hence 𝑅𝑚 = 0, therefore
𝑢 𝑐𝑜𝑟𝑒 = 0 as𝑢 𝑐𝑜𝑟𝑒 = 𝜙𝑚 𝑅𝑚 . Where 𝑢 𝑐𝑜𝑟𝑒 is the potential
inside the core. The MMF of the two inductors shown in
figure 9 is shown as
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𝑀𝑀𝐹𝑐𝑜𝑖𝑙 1 = +𝑛1 𝑖 1

(11)

𝑀𝑀𝐹𝑐𝑜𝑖𝑙 2 = −𝑛2 𝑖 2

(12)

Figure 10: Symbolic model for the ideal transformer
The symbolic model for theideal transformer in the form of
current directions is shown in figure 10. The corresponding
reciprocal model of an ideal transformer is shown in figure
11.
Two versions of the ideal transformer are presented in figure
11, because sometimes we may need to change the direction
of the current for the simplicity of the simulation circuit.
Figure 9: Ideal Transformer
The negative sign is due to the direction of currents . Hence
the 𝑀𝑀𝐹𝑡𝑜𝑡𝑎𝑙 = 0 as 𝑢 𝑐𝑜𝑟𝑒 = 0 i.e.
𝑛1 𝑖 1 − 𝑛2 𝑖 2 = 0

(13)

Or,
𝑖1 =

𝑛2
𝑛1

𝑖2

(14)

Which is required current relation of ideal transformer and
𝑛2
⁄𝑛1 represents the winding ratio. Now by considering a
voltage source at the primary side, hence 𝜙𝑚 =

𝜓1
𝑛1

, and

𝜓2 = 𝑛2 𝜙𝑚 . Therefore, the flux-linkage relation for an ideal
transformer will be
𝜓2 =

𝑛2
𝑛1

𝜓1

(15)

And the corresponding voltages will be given as
𝑢1 =
𝑢2 =

𝑑𝜓1
𝑑𝑡
𝑑𝜓2
𝑑𝑡

(16)
(17)

Figure 11: Reciprocal models of ideal transformer
Single-phase transformer
Making the concept of an ideal transformer as the basis, the
mathematical model of single-phase transformer is proposed,
considering all the non-linearity in practical transformer i.e.
magnetizing resistance 𝑅𝑀 and inductance 𝐿𝑀 of the core,
resistance 𝑅1 and 𝑅2 of the primary and secondary winding
respectively and the leakage inductance 𝐿𝜎 of the windings.
Airgaps are introduced in the primary and secondary
windings to increase the total reluctance of the transformer.
In this study the voltage is given at the primary side of the
transformer, hence the primary current will have a
component 𝑖 𝑀 called ‘magnetizing current’ given by
𝑖𝑀 =
Where 𝐿𝑀 =

𝜓1
𝐿𝑀

𝑛2
1
ℛ𝑀

(18)

and ℛ 𝑀 is the magnetic reluctance. This

component 𝑖 𝑀 will cause an 𝑀𝑀𝐹 = 𝑛1 𝑖 𝑀. Now the total
MMF becomes
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𝑛1 𝑖 1 − 𝑛2 𝑖 2 = 𝑛1 𝑖 𝑀
Hence,
𝑖1 = 𝑖𝑀 +

𝑛2
𝑛1

𝑖2

𝑖 1 = 𝑖 𝑀 + 𝑖 ′2
Where 𝑖′2 =

𝑛2

𝑖 ,
𝑛1 2

(19)

which is the primary referred secondary

current. The symbolic model for single-phase transformer is
shown in figure 12. While the corresponding reciprocal
model is shown in figure 13 respectively.

Finally,
20 𝑀𝑉𝐴, 132 /11 𝐾𝑉, 50𝐻𝑧 single-phase
transformer has been developed in simulink MATLABas
shown in figure 14. For the model presented in this paper, the
name-plate readings of 20 𝑀𝑉𝐴, 132 /11 𝐾𝑉, 50 𝐻𝑧
transformer has been considered as shown in table 1 [19].
The first step in modeling the transformer is to calculate the
circuit parameter of the transformer. For the transformer
parameters calculation, the equations of ‘open-circuit test’
and ‘short-circuit test’ are being used. OCT was used to
determine the magnetizing parameters 𝑅𝑀 and 𝐿𝑀 , while
SCT was used to determine the winding resistances 𝑅1 , 𝑅2
and leakage inductance 𝐿𝜎 by solving their respective
equations in MATLAB. The equations used for OCT are
given as
𝑐𝑜𝑠 𝜑𝑜 =

Figure 12: Symbolic diagram for single-phase
transformer
The complete set of derived equations for single-phase
transformer are given as
𝑑𝜓1
(20)
𝑢 1 − 𝑅1 𝑖 1 =
𝑑𝑡
𝑢 2 − 𝑅2 𝑖 2 =

𝑑𝜓2
𝑑𝑡

(21)

𝜓1 = 𝑖 1 𝐿𝜎 + 𝜓2′

(22)

𝜓2 = 𝑖 𝑀 𝐿𝑀

(23)

𝑖 𝑀 = 𝑖 1 − 𝑖 ′2

(24)

𝜓2′ = 𝑘𝜓2

(25)

(26)
𝑖 2 = 𝑘𝑖 ′2
𝑛
Where 𝑘 = 1⁄𝑛2 is the winding ratio and 𝐿𝜎 = 𝐿𝜎1 + 𝐿′𝜎2 is
the total leakage inductance of both the primary and
secondary windings.

𝑃𝑜
𝑈𝑜 𝐼𝑜

(27)

𝐼𝑤 = 𝐼𝑜 cos 𝜑𝑜

(28)

𝐼𝑚 = 𝐼𝑜 sin 𝜑𝑜

(29)

𝑅𝑀 =
𝐿𝑀 =

𝑈𝑜
𝐼𝑤
𝑈𝑜
𝐼𝑚

(30)
(31)

Where 𝑐𝑜𝑠 𝜑𝑜 is a no-load or OC power factor, 𝑃𝑜 is the noload power or iron losses of the transformer, 𝑈𝑜 is the noload voltage i.e. rated voltage of LV side,𝐼𝑜 is the no-load
currentmostly taken as 2 − 10% of the full rated current of
the LV winding [20], 𝐼𝑤 is current throughthe magnetizing
resistance 𝑅𝑀 and𝐼𝑚 is the current through the magnetizing
inductance 𝐿𝑀
Table 1: Name-plate readings of the Power transformer
Nameplate readings
Nominal Power

Rated values
𝑃𝑛𝑜𝑚𝑖𝑛𝑎𝑙

20 MVA

𝑓

50 Hz

Primary voltage

𝑉1𝑅𝑀𝑆

132 kV

Secondary voltage

𝑉2𝑅𝑀𝑆

11 kV

Frequency

No load losses

𝑃𝑖𝑟𝑜𝑛

𝑙𝑜𝑠𝑠

14 kW

𝑃𝑐𝑜𝑝𝑝𝑒𝑟 𝑙𝑜𝑠𝑠

70 kW

Rated current (HV)

𝑖 1𝑅𝑀𝑆

87.5 A

Rated current (LV)

𝑖 2𝑅𝑀𝑆

1050 A

Full load losses

Figure 13: A Reciprocal model of single-phase
transformer
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The equations for SCT are as follow
𝑅𝑝 =
𝑅1 =

𝑃𝑆𝐶
2
𝐼𝑆𝐶

𝑅𝑝
2

𝑅2 = 𝑅1 𝑘 2
𝑍𝑝 =

𝑈𝑆𝐶
𝐼𝑆𝐶

𝑋𝜎 = √𝑍𝑝2 − 𝑅𝑝2
𝐿𝜎 =

𝑋𝜎
𝜔

(32)
(33)
(34)

𝜶𝜷 – state space vectors
Introduction of the three-phase system increases the
complexity of the model; hence state-space vector
conversion is the best possible solution [18]. It is the
representation of athree-phasevariables 𝑥 𝑎 , 𝑥 𝑏 , 𝑥 𝑐 to space
vector form 𝑥⃗𝑎𝑏𝑐 = 𝑥 𝛼 + 𝑗𝑥𝛽 . The general equation for state
space vector is

(35)

𝑥⃗𝑎𝑏𝑐 = 𝐶 {𝑥 𝑎 + 𝑥 𝑏 𝑒 𝑗𝛾 + 𝑥 𝑐 𝑒 𝑗2𝛾 }

(38)

(36)
(37)

𝑈1
⁄𝑈 , is the winding ratio, 𝑅𝑝 is the total
2
primary side resistance, 𝑃𝑆𝐶 is the full-load power or the
copper losses of the transformer, 𝐼𝑆𝐶 is full-load current i.e.
full rated current of the HV winding, 𝑈𝑆𝐶 is the full-load
voltage mostly taken as 5 − 10% of the rated voltage of the
HV winding voltage [20], 𝑍𝑝 is the total primary side
impedance and 𝑋𝜎 is the total leakage reactance of the
windings, while 𝜔 is the frequency of the transformer.
Where 𝑘 =

Figure 15: Three-phase transformer
The conversion matrix used for the conversion from 3𝜑 →
𝛼𝛽 vector is given as
𝐶
𝑥𝛼
[𝑥 ] =
𝛽
[0
Where

Figure 14: Simulink model for single-phase transformer
Three-phase transformer
Three-phase transformer model has been proposed and
developed based on the model of single-phase transformer.
For the convenient and understanding of the reader, an αβspace vector representation of a three-phase system has been
used [18]. The model for the three-phase transformer is the
same as single-phase transformer except for the inclusion of
three-phase to αβ-space vector configuration as shown in
figure 15.there is now a pair of ‘alpha’ and ‘beta’ windings,
orthogonal to each other on the primary and secondary side
of the transformer.The ‘effective’ primary and secondary
turns are represented by 𝑛1 and 𝑛2 respectively and 𝑖1𝛼 , 𝑖 1𝛽
and 𝑖 2𝛼 , 𝑖 2𝛽 are the primary and secondary windings currents
respectively.
Department of Chemical Engineering

−

𝐶

2
𝐶√3
2

𝐶

𝑥𝑎
2
[𝑥 𝑏 ]
𝐶√3 𝑥
𝑐
−
2 ]
−

2

𝐶 = √ represents power
3

invariant

(39)

and

𝐶 =

2

represents amplitude invariant state-space vectors. While

3

the conversion matrix used for the conversion from 𝛼𝛽 → 3𝜑
vector is given as
2
3𝐶
𝑥𝑎
1
[ 𝑥 𝑏] = −
3𝐶
𝑥𝑐
1
−
[ 3𝐶
Where 𝑥 0 =

𝑥𝑎 +𝑥𝑏 +𝑥𝑐
3

0
1
𝐶√3
1
−
𝐶√3]

1
𝑥𝛼
[𝑥 ] + [ 1] 𝑥 0
𝛽
1

(40)

, is the zero sequence input.

Three-phase transformer based on 𝜶𝜷 – state space
vectors
Vector notation has been used in the models developed for
single-transformer for the modelling of a three-phase
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transformer. Hence, the same transformer parameters used
for single-phase transformer are used for the 𝛼𝛽-system.
Moreover, 𝑌(𝑠𝑡𝑎𝑟 ) → 𝛥(𝑑𝑒𝑙𝑡𝑎) conversion has been
implemented from primary to secondary winding. The
symbolic model for the three-phase transformer is shown in
figure 16. In which primary is start configured and the
secondary is delta configured and 𝑅𝐿 represents a three-phase
delta connected symmetrical load i.e. each phase has a load
resistance of 𝑅𝐿 .

Furthermore, based on the reciprocal model, the simulin k
model
for
20 𝑀𝑉𝐴 , 132 /11 𝐾𝑉, 50𝐻𝑧 three-phase
transformer has been developed in simulink MATLAB as
shown in figure 18. The same OCT, SCT parameter
equations and the name-plate readings mention in table 1,
have been used for the parameters calculation of three-phase
transformer.

Figure 16: Symbolic model for the three-phase
transformer

Figure 18: Simulink model of three-phase transformer

The equations derived for the three-phase transformer in
vector form are

Where the 3𝜑 → 𝛼𝛽 and 𝛼𝛽 → 3𝜑 modules are modeled
with the help of equation (39) and (40). Moreover, the
equations used for modeling the 𝑌 → ∆module is given as

𝑢⃗⃗1 = 𝑖⃗1 𝑅1 +

𝑑𝜓⃗⃗1

(41)

𝑑𝑡

′
𝜓⃗⃗1 = 𝑖⃗1 𝐿𝜎 + 𝜓⃗⃗2𝑆

(42)

′
𝜓⃗⃗2𝑆
= 𝑖⃗𝑀 𝐿𝑀

(43)

𝑑𝜓⃗⃗2𝐷
𝑑𝑡

= 𝑢⃗⃗ 2𝐷 + 𝑖⃗2𝐷 𝑅2

(44)

𝑖⃗𝑀 = 𝑖⃗1 − 𝑖⃗′2𝑆

(45)

′
𝜓⃗⃗2𝑆
= 𝑘𝜓⃗⃗2𝐷

(46)

𝑖⃗2𝐷 = 𝑘𝑖⃗′2𝑆

(47)

𝑢⃗⃗ 2𝐷 = 𝑖⃗2𝐷 𝑅𝐿

(48)

Where 𝑆 → 𝑠𝑡𝑎𝑟 and 𝐷 → 𝑑𝑒𝑙𝑡𝑎 configuration. A threephase sinusoidal grid has been connected to the primary side
of the transformer, having 𝜔 as an angular frequency,
i.e.𝑢⃗⃗ 1 = 𝑢̂ 1 𝑒 𝑗𝜔𝑡 in state-space vector form. Based on the
equation (41-48) the reciprocal model is shown in figure 17.

[

1 cos 𝜃
𝑖 𝐷𝛼
]
[
𝑖 𝐷𝛽 = √3 −sin 𝜃

sin 𝜃 ] [𝑖 𝑆𝛼 ]
cos 𝜃 𝑖 𝑆𝛽

Which shows that 𝑖⃗𝑠𝑡𝑎𝑟 must be scaled by

(49)
1
√3

and shifted by

𝜃 = 30˚ to get 𝑖⃗𝑑𝑒𝑙𝑡𝑎 . And the equation used for modeling the
∆→ 𝑌 module is given as
𝑢 𝑆𝛼
1 𝑐𝑜𝑠 𝜃
[𝑢 ] =
[
𝑆𝛽
√3 𝑠𝑖𝑛 𝜃

− 𝑠𝑖𝑛 𝜃 ] [𝑢 𝐷𝛼 ]
𝑐𝑜𝑠 𝜃 𝑢 𝐷𝛽

Which shows that 𝑢⃗⃗ 𝑑𝑒𝑙𝑡𝑎 must be scaled by

(50)
1
√3

𝜃 = 30˚ to get 𝑢⃗⃗ 𝑠𝑡𝑎𝑟.A voltage vector 𝑒⃗2𝐷 =

and rotated by
⃗⃗⃗⃗2𝐷
𝑑𝜓
𝑑𝑡

has been

usedto find 𝜓⃗⃗2𝐷 at the secondary side as shown in figur18.
Where 𝑒⃗2𝐷 = 𝑅𝑠𝑒𝑐 𝑖⃗2𝐷 and 𝑅𝑠𝑒𝑐 = 𝑅2 + 𝑅𝐿 .
Simulation Results
The simulink models developed in simulink MATLAB were
simulated and the results were obtained.
Results of electro-magnetic circuit
ideal inductor

Figure 17: Reciprocal model of three-phase transformer
Department of Chemical Engineering

A step voltage of 1V has been generated by using two-step
function modules as shown in figure 3. The results have been
shown in figure 19, for taking 𝐿 = 0.9 H.The inductor model
simulated, showsa constant flux-linkage and current in the
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results even if the voltage pulse provided to it is zero. Hence
showing the ideal behavior of the inductor.
Inductor with resistance
A resistance of 2Ω in the simulink model shown in figure 5
and the resultswere obtained by simulating the model as
shown in figure 20. The decay in the flux-linkage and current
of the inductor has been clearly shown in the simulation
results. Hence showing the real behaviour of the inductor.

and breakpoint [−5: 0.01: 5] for the look-up table has been
considered. The results obtained by simulating the model are
shown in figure 21. To validate the correctness of the
simulink model, phasor analysis has been done through
MATLAB code. In phasor analysis the input voltage function
𝑢 = 𝑢̂ cos 𝜔𝑡 may also be written as [18]
𝑢(𝑡) = ℜ { ⏟
𝑢̂ 𝑒 𝑗

(𝜔𝑡)

}

(51)

𝑢

Where in this case 𝑢 = 𝑢̂ = 240√2.The simulation results
show the unifying of both the simulink and phasor analysis
while there is a great transient difference between the
simulink and the results calculated by phasor analysis.
Results for single-phase transformer
calculated for the transformer are given in table 4.

Figure 19: Simulation results of an ideal inductor

Figure 21: Simulation results for an inductor with
saturation
Table 2: OCT/ No-load test data
Open-circuit data

values

OC voltage

𝑈𝑜

11 KV

OCcurrent

𝐼𝑜

21 A

OCpower

𝑃𝑜

14 kW

Table 3: SCT/ Full-load test data
Figure 20: Simulation results of the inductor with
resistance
Inductor with saturation
A sine-wave module is used for the signal generation having
𝑢̂ = 240 √2 V, 𝜔 = 100π rad/sec and phase of 𝜋⁄2 for the
cosine voltage signal as shown in figure 8. Inductor
resistance of 200Ω and the table data of tanh ([−5: 0.01: 5])
Department of Chemical Engineering

Short circuit data

values

SC voltage

𝑉𝑆 𝐶

6600 V

SC current

𝐼𝑆𝐶

87.5 A

SC power

𝑃𝑆𝐶

70 kW
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Simulink model for 20 𝑀𝑉𝐴, 132/11 𝐾𝑉, 50 𝐻𝑧 single
phase transformer has been developed as shown in figure 14.
The parameters of the transformer were calculated using
OCT, SCT and the name-plate readings in table 1 of a grid
transformer. To calculate 𝑅𝑀 and 𝐿𝑀 no-load or OCT were
implemented on the LV side of the transformer i.e. 11 KV, in
MATLAB. The data used for OCT is given in table 2.
Whereas, to calculate 𝐿𝜎 , 𝑅1 and 𝑅2 full-load or SCT were
implemented on the HV side of the transformer i.e. 132 KV,
in MATLAB. The data used for SCT is given in table 3.
Finally, the parameter
Table 4: Transformer parameters
Parameters
Winding ratio

Values
𝑘

0.083

𝑅1

4.57 Ω

𝑅2

0.03 Ω

𝑅𝑀

2.82 kΩ

Magnetizing
inductance

𝐿𝑀

2824 H

Leakage inductance

𝐿𝜎

238.3 mH

Primary resistance
Secondary resistance
Shunt resistance

After simulating the model, the resultant primary and
secondary voltage and current waveforms were acquired as
shown in figure 22. And the RMS values of the primary and
secondary voltages and currentsare given in table 5, which
were quite similar to the name-plate readings of a
20 𝑀𝑉𝐴, 132/11 𝐾𝑉, 50 𝐻𝑧 grid transformer.

Figure 22: Simulation results of single-phase
transformer

Department of Chemical Engineering

Table 5: Input/output Values of single-phase
transformer model
Simulation results

Values

Primary voltage

𝑈1_𝑅𝑀𝑆

132 kV

Secondary voltage

𝑈2_𝑅𝑀𝑆

10.9 kV

Primary current

𝐼1_𝑅𝑀𝑆

138 A

Secondary current

𝐼2_𝑅𝑀𝑆

1099 A

Results for a three-phase transformer
The simulink model developed for 20 MVA, 132/11 KV, 50
Hz 𝑌 → ∆three-phase transformer shown in figure 18 is
simulated and the results have been obtained. A three phase
source of 132 KV has been used which is converted to 𝛼𝛽state space vector. The same transformer parameters
calculated for the single-phase transformer in table 4, are
used for the simulation of a three-phase transformer. After
simulating the model, the resultant primary and secondary
voltage and current waveforms were acquired as shown in
figure 23. And the RMS values of the primary and secondary
voltages and currents are given in table 6, which were quite
similar to the name-plate readings of a 20 𝑀𝑉𝐴, 132 /
11 𝐾𝑉, 50 𝐻𝑧 grid transformer.
Conclusions
A real-time 132 KV grid power transformer has been
successfully modelled and simulated. Based on the concept
of an ideal transformer, a mathematical model of
20 𝑀𝑉𝐴, 132/11 𝐾𝑉, 50 𝐻𝑧
power
transformer
is
successfully developed, implemented and tested in
MATLAB Simulink.Transformer parameters have been
accurately calculated through short-circuit and open-circuit
tests with the help of the name-plate readings of the power
transformer.The real-time behavior of a grid transformer has
been accurately portrayed by the mathematical model
presented in this research work. Furthermore, the model
proposed and implemented in this study is a cutting-edge for
multiple data sets and applicable to different transformer
types. The approach proposed in this study can further be
applied to model the insulation of the transformer and could
be used for the incipient fault analysis of the power
transformers.
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Figure 23: Simulation results for a three-phase
transformer
Table 6: Input/output values of the three-phase
transformer
Simulation results
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inrush calculations using a coupled electromagnetic
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Primary phase voltage

𝑈1_𝑅𝑀𝑆
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Primary current
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156 A

𝐼2_𝑅𝑀𝑆

761 A

Secondary current
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Abstract
Most of the existing reinforced concrete structures in
Pakistan are designed as Ordinary Moment Resisting Frame
(OMRF). In case of seismic activity being not designed for
seismic control they may be vulnerable to certain level of
failure. This research has reported the fragility of such
structures in order to get an idea of how much these
structures can get damaged or be life threatening. An
analytical model of the 5 story reinforced concrete frame
was performed in SAP2000 whose analysis and design
results were based on Seismic moment resisting frame
(SMRF) reinforced concrete structures. SeismoStruct
software was then used to perform Incremental Dynamic
Analysis (IDA). Incremental Dynamic analysis (IDA) was
performed using SeismoStruct software and with three
different nodal accelerations. An IDA Envelope was
obtained from Incremental Dynamic Analysis (IDA) which
was utilized to create fragility curves. These fragility curves
shows that columns are more vulnerable to seismic damage
which is a serious loss of these structures and can result in
complete collapse of structure and eventually can be a
serious source of life loss.
Key words: Incremental Dynamic Analysis (IDA), IDA
Envelope, OMRF.
Introduction
The occurrence of earthquakes is potentially catastrophic
events. During minor shaking, the damage is usually less
and there will be almost no chances of structure getting
collapsed. There can be casualties, disruption of necessary
services and damage of structures due to a high intensity
earthquake. The best way to show the exposure of
structures is fragility curves. Seismic fragility analysis is
the anticipation of structural behaviour that isprobable to
happen during quake.
These curves represent the chance of exceeding a damage
limit state for a given structure subjected to ground motion
[1]. The fragility data is utilized in the seismic hazard study
to find out possible earthquake induced loss of life and
Department of Chemical Engineering

property harm [2, 3, 4, 5].
Nowadays, seismic fragility has become an important and
critical step in the procedures of performance based
seismic evaluations. Luco et al. [6] proposed an
incremental dynamic analysis (IDA) based numerical
procedures. Ryu et al. [7] generated the seismic fragility
curves of reinforced concrete frames under repeated
earthquake events. Tobas and Lobo 2008 showed a curve,
representing different limit states as shown in figure 1.

Figure 1. Representation of disparate limit states through fragility
curve

During an earthquake of minor shaking, the probability of
exceedance is high for slight damage whereas the stages
outlined by higher damage states like moderate, extensive
and complete are enormously piffling. This scenario is quite
different in case of an earthquake of strong shaking as the
building would cross the slight & moderate situation. The
probability for extensive damage is more as compared to
complete damage case.
Pakistan is a country with highest risk profile due to the
collision of Indian and Eurasian tectonic. The most
important of the disasters in history was the earthquake of
8th October 2005 when an earthquake of magnitude 7.6 hit
Pakistan killing 73 thousand people and about 3,000,000
homeless. In AJK alone, more than 84% of the infrastructure
was damaged or destroyed. More than 27 thousand sq km
area of the KPK Province and AJK was effected. Very high
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seismic activity was seen after the main event, in terms of
the 1,209 aftershocks recorded between 8th October and 7th
November 2005. Of the total aftershocks, 57 had magnitudes
greater than 5.0 [Pakistan Meteorological Department].

helpful is communicating the need for seismic design of
structures to the relevant authorities as well as locals.

Methodol ogy
For deriving of fragility curves of reinforced concrete
structure it is important to model the structure and then
analyse the structure. For this purpose the structure was
modelled through software structural analysis pro gram
SAP2000 [9] and analysed by SeismoStruct. With the help
of SeismoStruct incremental dynamic analysis ( IDA ) is
carried out to get IDA Envelope from which the top drift and
base shear are obtained which are required to develop
fragility functions.

Figure 2. Past seismicity of Pakistan

For the analysis of 5 story structure in 3 different zones; zone
2B, 3 and 4 the materials and sections were selected with
concrete having strength of 3 ksi and Rebar of strength 60
ksi the columns and beams were of different dimensions and
having different areas of steel as shown in table 1.
Table 1. Dimensions of different structural members (all values in
inches )

Column
Section

15*15

18*18

21*21

Beam End
Section

12*18

15*21

15*27

Beam Mi d
Section

12*18

15*21

15*27

Figure 3 Magnitude distributions of aftershocks

Problem statement
Unfortunately, Pakistan lacks reliable data on vulnerability
of structures despite the critical nature of the disasters it has
experienced. Under the current scenario, the analytical tools
such as Fragility functions are a key part of the performance
based seismic design. The primary goal in this research is
that to create an elaborate modelling through a software
called SeismoStruct, to represent the seismic assessment and
socio-economic losses for infrastructures in Pakistan.
Despite of the high risk profile of Pakistan, very little effort
is done in mitigating the disaster risk and enhancing the
response capacity. Many studies conducted after the 2005
earthquake revealed that a lot of buildings were violating the
building code because of increase of excessive dead loads
which were responsible for unavoidable collision. Hence a
seismic loss model such as derived in the study would be
Department of Chemical Engineering

For this specific modelling load of 60 pound per sq-ft live
load and 40 pound per sq-ft dead load is applied on each slab
except the top roof on which live load of 40 pound per sq -ft
and dead load of 60 pound per sq-ft is applied.
After modelling a five story structure for its Incremental
Dynamics Analysis (IDA)in three different zones i-e zone
2B, zone 3 and zone 4 and by three different nodal
acceleration
i-e
Northridge
(pga=0.58g),
Kobe
(pga=0.3347g) and Friuli(pga=0.35g).
Incremental Dynamics Analysis (IDA) is an investigation of
engineering earthquaketo perform a broad assessment of the
behaviour of buildings under seismic loads. It has been
developed to build upon the results of probabilistic seismic
hazard analysis in order to estimate the seismic risk faced by
a given structure. Then plots for peak values of base shear
vs their top displacement counterparts, giving rise to the so called dynamic pushover or IDA envelope curves.
Pa ge 109

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

For materials reinforcement type stl_mp and concrete type
con_ma were a better option. The cross sections with
reinforcement details of different structural elements are
shown in figure 5.
The selected element class was infrmFBPH which stands for
inelastic force based plastic hinge frame. The section fibers
for both column and beams equal to 100. In this research
study the structure is analysed by three different
accelerograms
i-e Northridge (pga=0.58g),
Kobe
(pga=0.3347g), and Friuli (pga=0.35g). Northridge is
selected as the base value and the other two accelerograms
are normalized with respect to it. The nodal accelerations
calculation is shown below:
Figure 6. Cross section details

For Northridge pga = 0.58g
Nodal load for Northridge =9810 mm/sec 2
The normalized nodal acceleration values for Kobe and
Friuli
Kobe pga= 0.334 g
Nodal load for Kobe = ( 9810/0.334 ) * 0.58
= 17035mm/sec2

Friuli pga = 0.3513g
Nodal load for Friuli = ( 9810/0.3513 ) * 0.58
= 16196 mm/sec2
The central beam is the one analysed so these beams carry a
dead load of slab which is 9 feet from both side and for
safety purpose 60 psf load is added. The load applied
is2.43kips or 0.005kN which is distributed evenly through
the beam.
Results

Figure 4 Internal frame selection from the structure

P robability of Exceedance

The incremental Dynamic Analysis carried out gives us the
plots for different zones i-e 2B, 3 and 4 showing the relation
between ground motion and probability of exceedance/
failure recorded for different accelerograms for different
structural members as shown in figures 6,7,8 below ;

Column slight c racks
Bea m Flexure Crac ks/S light Joint
Crac ks
Signific ant Diangona l C racks in
Joints/ Bar Slip in B eam
Cover Spalling From Be ams

Intensity Measure, P GA(g)

Figure 7. Fragility functions for zone 2B

Department of Chemical Engineering
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P robability of Exceedance

exceedance for reinforced concrete structures under a given
performance level in terms of the drift ratio.

Column S light Cra cks
Bea m Flexure Crac ks/S light
Joint C racks
Signific ant Diagonal Cracks
in Joints /B ar-Slip in Beam
Cover Spalling from Bea ms
Intensity Measure, P GA(g)

Figure 8. Fragility functions for zone 3

The vulnerability of the fore-mentioned structure is assessed
using the IDA method. By the help of SeismoStruct software
we are able to find out the base shear and drift velocity of
reinforced concrete structures. Analysis is done in three
different zones; zone 2B, zone 3 and zone 4 each having
different PGA. Each structure was subjected to three
different nodal accelerations having different PGA’s i.e
Northridge, Kobe and Friuli having PGA values 0.58g ,
0.3513g and 0.3447g.
Normalization of data was done by considering one
accelerogram as standard. Advance research could be
carried out to extend the outcome of this research to mult i
story reinforced concrete structures by taking the structures
in different zones and different stories. Moreover, fragilit y
curves could be developed incorporating different material
properties and dimensions.
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Optimization & economic analysis of crude stabilization unit
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Abstract

Out of the above four, the wo basic stabilization processes

The crude oil, a hydrocarbon liquid, separated from the slug

widely employed are:

catchers contains the dissolved light hydrocarbons, which

•

Cascade flash separation

must be removed from the liquid to meet the export crude

•

Distillation separation

specifications. In the natural gas processing plants, the

Cascade flash separation consists of multiple separators

typical purpose of crude stabilization unit is to produce a

besides compressors, and is more common in the offshore gas

product with its vapor pressure, determined as Reid Vapor

processing plants due to its simplicity, but its efficiency and

Pressure (RVP), with a specification of below 7 psia. This

crude yield is lower. The distillation separation type is

paper discusses the limitation of an existing industrial gas

comparatively more complex, and efficient, and therefore is

refinery located at Nashpa in District Karak, Pakistan. To

more common in the onshore gas processing plants.

carry out debottlenecking, the issue has been combated by
utilizing equipment along with in-house process simulation
and piping hydraulics, to produce the desired results.

2

Condensate Stabilization Process
2.1 Stabilization by cascade flash separation

The principle of the cascade flash separation is to remove the

Key words: debottlenecking, hydraulics, rvp, simulation ,

lighter components by flashing to lower pressures in several

stabilized condensate

steps. The liquid mixture is partially vaporized and then

1

equilibrium between the vapor and liquid would be reached

Introduction

Crude or condensate stabilization is the removal of light

when the two phases are in equilibrium at the temperature

components from a hydrocarbon liquid to lower its vapor

and pressure of separation. The crude oil can also be heated

pressure to a desired level. Stabilization may be used to meet

to promote removal of the light components. The process

a required pipeline sales contract specification or to minimize

equipment can be very compact, which is advantageous in

the vaporization of the hydrocarbon liquid stored in an

offshore gas installation where equipment weight and plot

atmospheric stock-tank. This is done by increasing the

space must be minimized. However, the crude yield is low,

amount of lighter and intermediate hydrocarbon components

particularly when processing a lighter crude to meet a low

(propane and butane) to flash into vapor state. Thus, it results

RVP requirement. The process is more appropriate for

in both increasing the liquid sales and decreasing the vapor

processing crude oil or heavier crude. A typical cascade flash

pressure of the liquid. One or more of the following methods

separation process is shown in Figure 1. The crude is flashed

of crude stabilization are normally used:

and separated at three successive pressures at 1080, 300, and

•

Weathering in a stock tank

100 psig, respectively. The flashed vapor can be used as fuel

•

Multi-stage separation

•

Crude oil treater after separation

•

Crude oil stabilizer

gas in the facility or sent to the flare (during early production
developments). Typically, the vapors are compressed back to
the feed section for recovery. Vapor from compressor
discharge is cooled and the condensed liquid is blended with

Department of Chemical Engineering

the crude product, which helps to reduce the crude losses. To
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achieve a low RVP crude, the feed must be heated to higher

tower pressure and bottom temperature. At a constant

temperatures, typically about 150–250°F. It is unrealistic for

pressure, the liquid hydrocarbon product’s vapor pressure in

the flash stabilization process to meet a very low RVP

terms of Reid Vapor Pressure (RVP) can be increased by

specification. If a low RVP is required, the only solution is

lowering the bottom temperature, or decreased by increasing

the distillation type, which will be discussed in the followin g

the bottom temperature. The configuration of stabilization

sections.

column can be either:
•

Cold feed stabilization (without reflux). (Figure.2)

•

Hot feed stabilization (with reflux). (Figure.3)

Figure 1. Schematic of cascade flash separation through three-stage
flashing

2.2 Stabilization by distillation
The second and most popular method to stabilize condensate
in gas industry is by fractionation. The stabilizer tower is
normally a tray type vertical pressure vessel; however,
structured packing may also be used. As energy is added to
the bottom of the stabilizer tower, vapors are generated on
the bottom tray. The hot vapors rise to the tray above, where
they bubble through the liquid. The liquid is heated by the

Figure 2. Cold feed stabilization (without reflux)

As shown above, cold feed stabilizer does not contain an
overhead condenser, therefore no continuous reflux from
the overhead stream.

hot vapors, which vaporize some of the hydrocarbon liquid.
The vapors, in turn, are cooled by the liquid, and a portion of
the vapor is condensed.
This process of vaporization and condensation is carried out
on each tray in the stabilizer tower. As the liquids fall down
the stabilizer tower, the heavier hydrocarbons (C5+) are
condensed so that the hydrocarbon liquids leaving the
stabilizer tower contain almost none of the light hydrocarbon
components, and the vapor leaving the top of the stabilizer
tower contains almost none of the heavier components.

Figure 3. Hot feed stabilization (with reflux)

A stabilizer tower with reflux will recover more intermediat e
components from the gas than a cold-feed stabilizer tower.

The vapor pressure of the liquid hydrocarbon leaving the

Since, it requires more equipment to purchase, install and

bottom of the tower is controlled by controlling the stabilizer
Department of Chemical Engineering
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Figure 5. Nashpa Crude Stabilization Process Flow Diagram

operate, therefore this additional cost can be justified by its
3.1 Existing process

ability to recover more hydrocarbon liquid.
3

The present condensate stabilization is a semi cold-feed

Process Description

` As shown in Figure 4, Nashpa Gas Processing Plant is an

onshore complex, which includes processing units, utilities
and allied infrastructure for the production of sale gas
comprising of methane and ethane, commercial

grade

Liquefied Petroleum Gas (LPG), Natural Gas Liquids (NGL)
recovery, and stabilized condensate. Nashpa condensate

conventional

stages

stabilization

column

accompanied by a reboiler, but without an overhead
condenser. The column is designed to handle a flow of
18000 bbl/day. The lack of an overhead condenser
means that there is no continuous liquid reflux from the
overhead 1st stage knockout drum (V-2203).
Table 1. Stabilization Column Details

stabilization unit is shown in Figure.5, which will be the
subject of this study.

26

Stabilizer Design Details
Type
Number of Trays
Design Temperature
Design Pressure

Modified process
Sieve Tray Distillation
Column
26
141-350 F
70 / 75 psig

Therefore as an alternate, it is replaced by intermittent reflu x
from 2nd stage knockout drum (V-2202). Hence, the feed is
introduced on the top tray and must provide part of the cold
liquid for the stabilization tower and maintain column
thermodynamic profile intact. Since the feed is introduced on
the top tray, it is important to minimize the flashing of the
Figure 4. Processing facility at Nashpa Gas Plant

Department of Chemical Engineering
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feed so that intermediate components are not lost overhead.

to keep the tower pressure below the design parameters [1].

The hydrocarbon liquids are let down to low pressure in a

This will be feasible only, if the temperature profile of the

Figure 6. Process flow scheme of existing crude stabilization using commercial simulation software

flash drum (V-2201). The flash gas is sent to the 1st stage of
compressor, and the flashed liquid is further reduced in
pressure before entering the crude stabilization column. The

tower remains sufficiently low, whereas by keeping reboiler
temperature low i.e. (< 350°F), the desired RVP (7 psia)
cannot be achieved.
7000

separation. The overhead vapor from the stabilizer is

6000

compressed and discharged to 2nd stage of compressor. The
combined gas stream is sent to molecular sieve dehydration
unit, followed by further extraction of natural gas (NG),
liquefied petroleum gases (LPG), and natural gas liquids
(NGL). A pump around (P-2201 A/B) is provided to reduce

Fl a ring ra te (kg/hr)

stabilizer is a fractionator with a reboiler to provide heat of

Flare (kg/hr)

5000
4000
3000

2000
1000
0
76 77 78 79 80 81 82 83 84 85 86 87
Tower Top Pressure (psig)

the heat duty of reboiler. The product crude is heat exchanged
with the stabilizer draw-off in E-2202, cooled, and sent to
atmospheric storage tanks as the stabilized condensate.

Figure 7. Effect of tower top pressure on flaring rate

3.2 Process bottleneck
Due to the non-availability of cooling utility and continuous

3.3 Process debottlenecking and design considerations

reflux at the overhead of C-2201, the temperature of reboiler

The entire condensate stabilization unit was simulated using

can’t be effectively manipulated. The reason being that, as

steady-state conditions in a process simulator. Since the

soon as the temperature of reboiler is increased, the partial

components used in this case are non-polar or slightly polar

pressure of vapor product moving to the top tray increases,

and all real, therefore, the Soave-Redlich-Kwong or the

consequently surging column’s top pressure and as a result

Peng-Robinson equation of state could be used. In this case

large amount of rich off-gas is flared

7).

study, the latter has been selected. The product specifications

Consequently, the excess pressure imposed on the column

that are monitored in this study are the product RVP, liquid

must be minimized

recovery

as flaring

(Figure

is not an economy

environmental friendly approach. In order to solve this

and the energy consumption at overhead

compressor.

problem, the engineering assessments must be implemented
Department of Chemical Engineering
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In this study, two amendments to the above mentioned

increase the efficiency of air coolers, water spray nozzles are

problems have been made:

provided to cool the gas to wet-bulb temperature, thus turning

•

Addition of coolers at the overhead of Condensate

them into evaporative air coolers. The simulation study is

Stabilization Column (C-2201).

carried out in Honeywell UniSim Design software, and the

Installation of pumps on 1st stage knockout drum (V-

standard method for measuring RVP is ASTM D323. In order

2203) for continuous reflux.

to ensure the validity of the simulation work, the composition

•

This can be explained from the fact that, by decreasing the

of final product for existing scenario was compared to the

tower pressure, the vapor pressure of lighter components is

composition of final product obtained with the measurements

enhanced at top trays as well as reduction of their

in the actual plant.

condensation temperature occurs. Consequently, the tower’s

Rating of the air coolers is done on AspenTech Exchanger

air cooler as a total condenser is there to cool the vapors in

Design and Rating (EDR) software. A hydraulic study is also

order to lower temperature for producing a saturated liquid

performed in an in house developed excel sheet and pump is

stream [1].

selected having differential head of about 170 ft and brake

The in-house spare coolers are of air cooled type heat

horsepower of about 0.06 hp. Existing 2” piping used for

exchangers, which existed at the old gas plant, and were used

intermittent reflux from V-2202 was made available for V-

before the commissioning of condensate stabilization unit.

2203, thus saving the capital cost of new piping spools.

By their addition to the condensate stabilization unit,
following purpose would be served:
•
•

4

Results

To cool down overhead gas vapors as reflux to achieve

Modification in the process resulted in greater recoveries of

product purity

condensate per day, meanwhile the overhead gas recoveries

To increase efficiency and decrease power consumption

also increased, contributing to increasing LPG production in

at stabilizer overhead gas compressors (K-2201)

the downstream units. Furthermore, the energy requirement

Figure 8. Simulation of modified crude stabilization using commercial simulation software

A simulation study of before and after scenarios was

of overhead gases compressor also decreased due to the

performed and a promising impact of coolers was found

recovered liquid from the existing gases as demonstrated in

(Figure 8). However, due to utilization of air cooled

the table (Table 3).

exchangers, the effect varied with ambient temperature. To
Department of Chemical Engineering
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Table 2. Material and energy comparison

Existing
process

Modified
process

Savings

18000

18128

128

12

6

6480000

6526080

fewer amounts of volatile components in the product.
15
14
13
12
11
10
9
8
7
6
5

46080

Table 3. Material and energy comparison

Existing
process

Modified
process

Savings

1st Stage Compressor
734500
653500
power (Btu/hr)
2nd Stage Compressor
1508000
1473000
power (Btu/hr)
New reflux pump power
42
(Btu/hr)
Overall energy
2242500
2126500
116000
consumption (BTU/hr)
Annual Energy
19375
18372
1002
(MMBTU)
The effect of after cooler temperatures was also observed

250 260 270 280 290 300 310 320 330 340 350 360
Reboiler Temperature (⁰F)

Figure 10. Effect of reboiler temperature on condensate RVP

5

effect on column profile.
•

considerable power requirement reduction of overhead
•

stabilizer column (Figure 9).

Compressor Power

400
300
200
100
0

Heavier

hydrocarbons are

recovered,

previously

drained, and purity of top product is enhanced
6.80E+05
6.75E+05
6.70E+05
6.65E+05
6.60E+05
6.55E+05
6.50E+05
6.45E+05
6.40E+05

Compressor Power (Btu/hr)

Refl ux Rate (lb/hr)

Reflux Rate

Reboiler duty can be properly managed to ensure the
desired RVP

compressors, after the heavier ends got refluxed back to the

500

Conclusion

The installation of evaporative air coolers have a significant

practically to prove the reflux rate improvement resulting in

600

RVP (psia)

RVP (psia)

Daily Condensate
Production (barrels)
RVP (psia)
Annual Production
(barrels)

components will flash off from the condensate, thus leaving

•

Compressor performance and efficiency increased

•

Reduction of CO2 emission by minimizing flaring (a
major greenhouse gas) to the atmosphere [1].

6
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practice comparison with good practices from other countries
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Abstract
The aim of this paper is to review Educational
Management Information System (EMIS) keeping in
view current scenario and good practices in the
international community and Pakistan. A proposed
solution is discussed for improving the efficacy of
current EMIS tools in Pakistan through investigation
of user interactions in the educational sector.
Challenges exist in the implementation of such
systems in Pakistan due to lack of resources, skills and
policies. EMIS implementation can be made effective
by taking steps to provide schools (government &
private) with EMIS tool which helps both; the
government administrators (with collection of
educational statistics) and aid in daily functioning of
school administration.
Keywords: Educational Management Informatio n
System, EMIS, NEMIS, Education Management,
Pakistan.
Introduction
Pakistan being a developing country is working on
education sector as it understands its importance, by
learning from the developed countries. Not only
Pakistan but all countries are working to stabilize and
improve their knowledge economy as it is one of the
most important factors that shape the growth of a
country [1]. It is significantly important that citizens
of the country skilled workforce and innovate in their
fields which leads to growth and prosperity of a
nation.Quality education or right to education is fourth
(SDG-4) in the sustainable development goals (SDG)
list of United Nations for Pakistan [2]. Pakistan is
improving education sector by using the techniques
utilized by other countries to achieve desired
Department of Chemical Engineering

performance and results. To attainthese goals
Government of Pakistan understood the importance of
Educational Management Information Systems
(EMIS) and implemented it through help of foreign
donor agencies.
Educational Management Information System (EMIS)
is the solution to managing the needs of education
sector problems and in Pakistan research and
development of national EMIS is in progress. Thomas
Cassidy [3] defined EMIS as a system which combines
all levels of education system together and works on
improving the integration, collaboration, management
and provide a single platform for informatio n
collection, maintenance and sharing. EMIS plays an
important role in the policy and decision-makin g
process by providing timely information of
educational statistics and related reports.
The Education Management Information System
(EMIS) is a diverse term which can be used for the
national level system and for a s ingle institution. EMIS
is widely used to monitor and analyse the educational
progress for a country [4]. EMIScan be defined as a
system that enables educational administrators,
experts and decision makers to make evidence-based
decision making for improved supervision, planning,
policy construction and evaluation of educational
sector[5, 6].EMIS provides accessible, efficient ,
relevant and quality educational information which is
vital for the educational decision making. EMIS
information is supportive in monitoring, evaluation
and budgeting, as well as research and analysis of
educational policies. EMIS provides dynamic support
for information-based decision making of the
education system. EMIS provides core educational
data and provides support to the educational processes
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and integratesall management stake holders [7].After
the implementation of EMIS in educational
organizations, the entire system can be structured, and
the benefits include easy access to information for all
related key personnel.
Policy makers and education leaders including
governors, ministers, education officers, educational
board members, principals are key consumers of
research information [4]. They make decisions,
allocate budgets and develop policies to be
implemented. Education officials need timely &
accurate data in a language they can comprehend to
perform their duties effectively [8].
Good Practices in the world
International organizations have realized thebenefits
of implementing EMIS for achieving the targets of
educational needs of the world and to provide help to
the developing countries they introduce solutions and
help in their implementation.Few
of those
organizations are Department of International
Development, United States Agency of International
Development, United Nations Children Fund, World
Bank, United National Educational, Scientific and
Cultural Organization[9, 10, 11].
EMIS was implemented in some low-inco me
countries in West Africa which resulted in
improvement of results and helped the educational
managementto achieve better performance [12]. It
reduced the accountability and administrative issues
resulting intheir improvement by identification of
schools in need of urgent resources. EMIS played an
important role in curbing the development issues of
the country and supported improvement in policy
planning and implementations of those policies.

Department of Chemical Engineering

Figure 1
Figure 1, elaborates an example of another education
system database design and components, which are
included for data collection related to the educational
scenario of a community [3].In the following figure 2,
the access & dissemination of an EMIS is elaborated
for the Latin America & the Caribbean [3].

Figure 2
An EMIS utilizes the data (academics, student
participation, student & faculty statistics, inventory
etc.) to make it available for analysis leading to
decision making for improving teaching methods,
funding requirements, which ultimately results in
improvement of standard of education. All educational
data should be available to educational staff who is
working on ground [13]. By providing information of
academic performance, attendance, co-curricular
activities, discipline and achievements to educational
staff they can benefit in understanding the students.
Faculty can bring relevant changes in their teaching
methodologies and communication strategies. EMIS
automates the generation of periodic reports, which
saves time of the administration and faculty [7]. This
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allows the educational setup to better analyze the
performance and provide relevant insights of the
shortfalls within the system. It allows the management
to actively respond to the arising issues and resolve
them with minimal delay [7].EMIS has played a
significant role in supporting the development of
educational policies and standards throughout the
countries of the world. Providing statistics and insights
which are crucial for progressive improvement and
maintenance of developed standards throughout the
educational sector of a country[14].According to study
on EMIS in Kingdom of Bahrain, Al-Koofi [10]
statedfull potential can only be achieved when all the
concerned departments collaborate with each other
and share their data. With reduced sharing of data
among directorates, the EMIS performance was
negatively affected.
Current practices in Pakistan
In United Nations SDGs(sustainable development
goal) (2015-2030) for Pakistan, quality education is in
the top fourgoals for the countrybesides 1. Poverty, 2.
Zero hunger, 3. Good health and well-being and 4.
Quality education [2]. Pakistan is continuously trying
to improve in education sector. More focus should be
made on the rural areas as urban areas are far better in
quality & standards than the rural areas . In 2015,
literacy rate of population of age 10 years and
abovestood at 60% based on Pakis tan Social & Living
Standards Measurement Survey [15]. After 19 years,
the population census was conducted in 2017 showed
increase in population of Pakistan to reach 207.8
million [16].District education profile (2014-15) [17]
shows the details regarding the school building,
teachers and students attending the school. It included
the basic information of availability of electricity ,
toilets, clean drinking water, boundary walls etc. It
was noticed that factors focused on the quality of
education were not covered in detail in these reports.
This is the main issue why new reforms and
improvements are not meeting the expected results &
expectations.This is due to the lack of capability of the
governing bodies to access and analyze the
performance of students, faculty and administration
staff. The collected data that has been used is very
vague as it only collects counts related to school
Department of Chemical Engineering

infrastructure, faculty members, staff and students.
These insights are not enough for calibrating and
judgement of quality of education in Pakistan.
A comprehensive EMIS which caters both private and
government educational sectors is not yet
implemented on ground. International community and
Pakistan have worked together to develop the tool
called NEMIS to empower and improve the current
system[18].National
Education
Management
Information System (NEMIS) started in 1990 with
financial and technical assistance from UNESCO in
Pakistan [19]. Research shows that NEMIS has a step
wise process to initiate the process of data collection
from the whole country. The process involves nine
steps mentioned below:
Table 1 NEMIS Report process cycle
Step

Description

Duration

1

Questionnaire
groundwork

1 month

2

Survey homework

3 months

3

Survey data collection

1 day for each
school

4

Data submitted to the
province EMIS

20 months

5

Data consolidation
province level

1 month

6

Report
EMIS

7

Data submission fro m
provincial
EMIS
to
NEMIS

Up to 1 year

8

Transfer of data
NEMIS database

1 month

9

Compilation of report by
NEMIS

by

at

provincial

to

10-15 days

10-15 days

Figure 3 shows the data flow of NEMIS at
different levels [9].
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cycle was the communication between the provincial
and district level. Reliability and timely collection of
data between educational institutes and the district
EMIS were two core identified issues.

Figure 3 Flow of NEMIS data
NEMIS stands at the top most level of EMIS in
Pakistan. All provinces of Pakistan have their
provincial EMIS implemented with two separate
additional EMISs for Islamabad and FATA. All these
EMISs feed data to the central NEMIS for compilatio n
of statistical reports on education sector. NEMIS
collects data from all Pakistan and provides insight to
educational performance and factors. This helps policy
makers and ministry of education to develop plans and
policies to improve the current situation.NEMIS
infrastructure and policy is very weak at the level of
districts due to lack of resources[9]. It was studied that
NEMIS reports are focused at government (public)
schools and contain very limited information. These
reports do not provide a concrete insight for
educational sector planning even for district level [20,
21].
Externally, EMIS connects all the different levels of
the educational institutes [13]. In Pakistan schools are
divided into three stages Primary, Middle and High.
EMIS in all schools will ensure that they all are
interlinked.
All
educational
institutions
(schools/colleges)
should
store
educational
information of their institute in the EMIS. With use of
EMIS, the performance of all the educational institutes
can be monitored and reforms can be decided and
implemented swiftly [20]. EMIS can provideinsight
and perform at all levels of government from national
to district level.According to Bhatti and Adnan [20],
in the case of Khyber Pakhtunkhwa (KP previously
known as NWFP) the main challenge in the EMIS
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To survive in the highly rich technical and scientific
world, the education system of the country plays one
of the most significant roles. By implementing EMIS
in the rural areas of Pakistan, decision and policy
makers will be guided with data that is timely, relevant
and reliable. We can identify the shortcomings in our
education system in rural areas, these areas can also be
developed along with the mainstream urban cities and
the gap in education standards can be minimized or
eradicated.
In the database terminology, islands of data exist in all
the institutions some in hard papers/registers, software
and databases. The district EMIS cells have a hard task
to enter all covered school data into the computers.
These cells are suffering from insufficient hardware
resources and personnel deficiencies. Data entry done
on large scale has increased chances of data
inconsistency. In the case of NEMIS, the survey and
questionnaires are not in a single hierarchy. First, it
starts from top to bottom (National level NEMIS to
school level) and then it returns from bottom to top
(school level to Nation level NEMIS) as elaborated in
nine steps earlier in the literature review.
Results and analysis
The data gathered from the educational informatio n
system should also benefit the people who generate the
data. It is of immense importance that we involve the
data providers of the system and give something back
to the people who produce the data like Principals and
Teachers. How can the system help those who are
working on ground? Currently, NEMIS does not cater
to data producers it is solely focused on providing
district, provincial and national level data to the stake
holders and forwards data to international
organizations for analysis and working.
The EMIS solutions, in view of the systems in
international counties especially in the developing
countries were studied.It was clear from the research
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that there are two kinds of systems which can work for
Pakistan:
Decentralized EMIS currently in place (implement ed
in the organizations within-house data access and data
extracted from the system is sent to the other relative
organization for further work and report generation)
Centralized cloud EMIS (Information entry based on
online interface. Nationally accessible information for
all stakeholders)
The method to devise the new system was to analyze
the existing solutions and propose the required
changes in the system or propose a new EMIS system
with new processes.With better internet connectivity
throughout Pakistan, online EMIS is the platform
which can work very efficiently in the case of
Pakistan.
Conclusion
After analysis of the current EMIS in Pakistan,
solution is to make the current system include all the
government and private schools. It is very important
from decision makers/stake holders point of view that
we have data from both government & private
educational systems. Our government is makin g
reforms in education based on the data collected
mostly from the Government (public) organizations. It
should be made compulsory on all educational
institutes to submit their data with up to date entries in
the EMIS enforced by the Government through new
policies. This is an area which needs urgent attention
which was noticed during this research on NEMIS of
Pakistan. In the case of Pakistan, we have a lot of
private education providers in the country. If we
exclude them while collecting the statistics, we won’t
be able to foresee the future of our country which is
one of the key benefits of EMIS. Private school
student’s details are submitted to the Government
Board of Intermediate and Secondary Education in
Class 9-10 & Class 11-12. Before it, the student data
is only in the school records (admission/withdrawal
registers). Government has no mechanism installed,
currently to have data collected from the private
schools on a routine basis (yearly).
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We also need to incorporate teacher/staff (attendance,
performance, workload etc.), student personal
information & performance indicators (attendance,
academic record, pass percentage, dropout etc.) to the
system to better analyze the student performance by
the school administration as well; rather than focusing
on the infrastructure details of the school.
Furthermore, Usability testing of the system interface
should be investigated in terms of primary users
(Principal, Teachers, Staff) which will be direct users
of the system. On a broader view we will be collecting
the information that is being actively used in the
schools which will generate more accurate reports for
generating statistics.In Pakistan, solutions like NEMIS
have been implemented to cater to increasing
educational needs of our growing population but
continuous improvements in the system need to be
implemented. Suggested improvementin NEMIS is by
taking the private institutions on board and we can
improve the capability of analyzing the performance
of both sectors as well as predict the future
requirements of our youth. As proposed in this study
more access to the resources would require improved
high-end data security and data integrity practices for
NEMIS.
By providing the schools with a EMIS which is not
focused on just collecting statistics but also helping in
functioning and working of the school will help school
administrators
and support the educational
infrastructure of Pakistan.
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Abstract
Tannery effluent is the main source of carcinogen chromium in
rivers, lakes and seas. The chromium can be harnessed or
deactivated by oxidation in the presence of photo catalyst, the
Titanium Dioxide (TiO2), activated by solar or artificial light;
This photo-catalysis process, can also be used for removal of
other heavy metals from the environment or a solution as well.
We design and construct a portable, efficient and cost effective equipment using the TiO2 as a photo catalyst that is
not only able to remove chromium up to Pakistan Health and
Safety Standards but also be able to recover usable amount of
chromium, which is a costly metal. The proposed design can
reduce the overall cost of implementing this project in tannery
industry.
In the present work, we used a mixture of 50-50 Brookit e
and aesthetic form of Titanium Dioxide as our catalyst. Firstly,
we do experiments to confirm the usability of photocatalytic
removal of chromium from tannery waste. Then by using
solutions of chromium prepared in our lab, we continuously
circulate the solution of chromium salt with a pH of 3 over the
catalyst while UV light (540 nanometer) is continuously
shining on the catalyst.The result that obtained for chromiu m
removal has an efficiency of 96%. This is a batch process and
it is easier to achieve the correct result with reduced chromiu m
in the solution, it also feasible with tanning process currently
used in the industry.
Key words: Photocatalysis, UV spectrophotometer, and
Ultravoilet lamp.
Introduction
Hexavalent chromium is extremely dangerous to the health of
living organisms and is an IARC Group 1 carcinogen [1]. All
hexavalent chromium compounds are considered carcinogenic
to humans. Chromium in its hexavalent state can also lead to
respiratory problems like asthma, nose irritation, and
respiratory cancer.
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It can also cause liver damage. Hexavalent chromium if
present in excessive quantities in the human body can also lead
to skin irritation and discoloration of teeth. The risk of
developing lung, nasal, and sinus cancer increases with the
amount of hexavalent chromium inhaled and the length of time
the worker is exposed [2].
A wide range of physical and chemical process are available for
Cr (VI) to remove from the effluents.but there is a majo r
drawback of those treatment processes that they produce
sludge,and have high operational cost and many of them are
complex for management.this obviously makes the utilizatio n
of these processes limited.
Activated carbon is mainly used for the absorption of Cr(VI)
[3]. But, the problem is that it can only be used for
adsorption of Cr (VI) and desorption of Cr (VI) still required
other purification technique. One of the most important
methods to treat Cr(VI) in tannerywaste is the transformation
of Cr(VI) to Cr(III) [4]. The Cr(III) is nontoxic and is an
essential trace metal in human nutrition [5].so it can be
precipitated out of solution in the form of Cr(OH)3 and
removed as a solid waste.Therefore, the reduction of Cr(VI)
to Cr(III) is considered as an important process for the
treatment of wastewater containing Cr(VI).
Other alternative methods used for tannery waste is solid-liquid
extraction processes[6]. Although these techniques have best
extraction yields, but the utilization of these techniques are
limited due to operational problems, major chemical
consumption and long processing time.
Zhou et al [7]. used a more important bioleaching method for
chromium removal from tannery waste using the mixture of
ingenuous iron- and sulfur oxidizing bacteria. But bioleaching
method needed control monitoring of process conditions and
has utilization of only low sludge solid concentration[8].
Among these techniques photocatalysis is the best technique
used because it achieves one step removal of chromium (VI) by
using sun light, TiO2 is used for its stability,low cost and also
nontoxic properties.
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Generally speaking, photo catalysis is a reaction which uses
light to activate a substance which modifies the rate of a
chemical reaction without being involved itself. Light can be
visible light or ultra-violet light depending on the reaction and
catalyst being used [9].
Photo-catalysis phenomenon can be implemented on a wide
range of infrastructure products.In addition to these
applications, we can highlight the auto-cleaning effects of
photo-catalysis that have consequently the reduction of
materials’ conservation and maintenance costs, since
photocatalytic substances prevent the accumulation of dirt in
their surface in greater extent and reduce unpleasant odors
thanks to their biocide and organoleptic character [10].
Various products using photo catalytic functions have been
commercialized. Among many candidates for photo catalysis,
TiO2 is the only material suitable for industrial use at present
and also probably in the future. This is because TiO2 has the
most efficient photo activity, the highest stability and the lowest
cost. More importantly it has been used as a white pigment in
the past so the safety of humans and environment is guaranteed
[11].
The goal of our design project is to find out the amount of
hexavalent chromium present in drinking water and to remove
it by converting it to trivalent chromium. We are using titanium
dioxide as a catalyst and activating it by using ultraviolet light
to remove the hexavalent chromium. The major design element
is the doping of a sieve with powdered titanium dioxide and
then passing the contaminated water over it. This will reduce
the chances of huge pressure drop and will be a cheaper
alternative compared to other designs. A simple low power
centrifugal pump will be used to pump the decontaminated
water from the product tank back to the reaction tank to achieve
high product purity.
The main objectives is to develop an environment-friendly
process to reduce Chromium (VI) ions to Chromium (III) ions,

light was partially submerged in the solution for photocatalysis
to occur. attached to enhance the process visibility. Differen t
solutions of chromium were prepared in the lab to be treated.
Fluorescent lights were attached to enhance the process
visibility. Compressor was used to inject air into the sample to
agitate it. A water pump injects the sample from the sample
reservoir into the reactor tank. The optimum pH for the process
was three.

Chromium solution with addition of Kr2Cr207 into water was
prepared,then chromium solution was added to the Tio2 laden
tank and the speed of stirrer was adjusted to medium after this
UV lamp and stirrer was deactivated.the process was allowed
to undergo for 30 minute.UV lamp was then activated and the
resulting solution from the tank was drained. By using
spectrophotometer the amount of Cr3+ formed was calculated.

Figure 1 Photospectrometer
Cr (VI) concentration was measured by UV spectrophotometer
(UV- 2100 spectrophotometer) through the colorimetric
method.An aliquot part of solution containing Cr (VI) was
diluted to 95 cc using DI water. 1, 5-biphenyl carbazide solution
(0.5% (w/v)) (as an indicator) was added to the prepared
solution and was mixed.pH was adjusted to 2±0.5 using H2SO4
solution (10 %( v/v)). Finally,the prepared solution was diluted
to100 cc.

Method

After 5 min, the absorbance of purple color was measured by
UV- spectrophotometer at 540 nm in a glass cell. In the first
step, a calibration curve was prepared according to the standard
method[10].

A Perspex glass container of dimensions 8” by 8” by 12” was
used as the reactor vessel. The thickness of the glass was six
millimeters. The reactor vessel had five openings on the lid.
One for the ultraviolet light, one as air outlet, one for the pH
meter, one as air inlet and one as the water inlet. The ultraviolet

During the given time intervals, 1.0 mL of the sample was taken
from the solution and was analyzed for Cr(VI) using a 1.5 diphenylcarbazide (BDH) colorimetric method , determined
spectrophotometrically by measuring the absorbance at 540 nm
in acid solution with a UV–vis spectrophotometer (Varian). The

To reduce the concentration of chromium(VI) below the
Pakistan Health and SafetyStandards.
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The effect of PH on percent removal of chromium was studied
and it was found that the percent removal for PH 2 was 96% as
shown in figure 4.
Effect of contact time on percent removal of chromium was
also studied and it was found that for 50ppm sample the
efficiency was 96% as shown in figure 5.

pH 2
pH 3
pH 4

% of Cr(VI) removal

concentration of phenol was determined by a HPLC using an
Agilent 1100 chromatograph equipped with a ZORBA X
Eclipse XDB-C18 reversed phase column. HPLC was detected
by a UV detector adjusted to 270 nm. The mobile phase was a
mixture of water and methanol (20:80 v/v) with a flow rate of
1.0 mL/min. The amounts of H2 and O2 was determined by
GC/TCD. The concentration of Methyl orange (MO) in aqueous
solution was monitored by UV/vis spectrophotometric
measurements at given time intervals. Hydrogen peroxid e
concentration was determined by a spectrophotometric method
using the potassium titanium (IV) oxalate method , and then the
absorbance was measured at 400 nm in a 1 cm quartz cell. The
fluorescence emission. (Photocatalytic reduction of Cr(VI) with
TiO2 film under visible light[11].

Time(mins)

Figure 2 Magnetic stirrer
Results
Effect of catalyst load on percent removal of chromium was
studied and it was found that as the amount of photo catalyst
increased so the percent removal of chromium increased as
shown in figure 3.

Figure 4 Effect of pH on Chromium (VI) removal

30 ppm

% of Cr(VI) Removal

% of Cr removal

40ppm
50 ppm

Time(mins)
Photocatalyst in g/L
Figure 3 Effect of catalyst load on Chromium(VI) removal
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Figure 5 Effect of contact time on Cr(VI) removal
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Conclusions
The performance removal of chromium was studied and
analyzed from different experiments.The effect of PH ,Contact
time and catalyst load was observed. Solution with different
ppm such as 30ppm, 40ppm and 50ppm was taken in which
50ppm solution shows 96% chromium removal.similary in case
of photocatalyst when photocatalyst in g/L was increased so
percent removal of chromium Increased.The effect of PH on
chromium removal was observed which shows an efficiency of
96%. Future research could be possible by modifying the
process from Batch to Continuous Type without adversely
affecting the efficiency of the process.Optimize the Anatase to
Brookite ratio in TiO2 catalyst to further improve the process.
Enhance the electron-pair forming ability of TiO2 catalyst via
doping with an assortment of transition elements such as
Selenium, Molybdenum.
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Abstract
Lack of efficient and affordable energy technologies are a majo r
constraints in development of emerging and developing
economies. Pakistan is no exclusion to other emerging nations,
thus is an energy-short country. Renewable energy has a great
growth potential to meet our future energy demands. The
number of biogas energy generation Systems is increasing
steadily, as they are generated with low-cost and can be operate
with very small budget. Pakistan’s 70% population residing in
rural areas, so biogas energy can be a good substitute. A
national policy regarding the development of biogas energy
technology is needed to enhance the biogas potential. This
study focuses on control of agriculture waste by chemical
absorption process, in which the biomass is converted into fuel.
In this way not only biomass is treated but renewable energy
can be generated. The raw material, biomass, was fed to an
anaerobic digester that operates at 35 o C and produces biogas
along with sludge biomass. The mixture of biogas and sludge
biomass was separated with the help of flash unit and further
separation was done by centrifuge to get concentrated biomass
and water. The raw biogas was compress from 1 bar to 5 bar in
order to remove ammonia from biogas. The biogas was
upgraded to bio methane in an absorption column by treating
biogas with potassium hydroxide. The process has the
advantage of being able to remove complete hydrogen sulfide.
Cost analysis indicated that the chemical absorption is feasible.

Pakistan is an energy-short country, with much of the intake
coming from oil and gas, the original reserves of oil and gas are
limited and the country depends on the delicate supply of
imported oil that is subjected to troubles and price volatility.
Almost 31% of the country’s energy necessity is met by
imports. The oil import bill of Pakistan increased from about $7
billion in 2007 to over $12 billion in 2011. The aggregate
energy supplies in the country amounted to 64.5 million tons of
oil equivalent and registered a growth of 2.3 % over the
previous year.
More than 99% of the energy is provided through conventional
energy sources and renewable sources supply only 1%. The
aggregate energy consumption during the year 2010-2011 was
38.8 million tons of oil, of which 38.5% was used up by the
industrial sector, followed by transport which consumed 30.9
% and agriculture only accounted for 2% of the total intake. [1]

Key
words:
Biogas, Hydrogen sulfide, Chemical
absorption,Potassium hydroxide,Bio methane, Renewable
energy.

Figure 1.1 Pakistan Energy Supply by source

Introduction

Renewable Energy

Energy Situation in Pakistan

Renewable Energy is described as the form of energy that is
being collected from resources which are naturally replaced on
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a human timescale. The conventional (non-renewable) sources
of energy are depleting at a faster rate day by day and this fact
is leading to concentrate on the renewable energy resources.
Renewable energy has a great growth potential to meet our
future energy demands mostly with the progress of the
worldwide energy crisis and environmental issue. Renewable
energy comes from natural resources which include:
Wind
Biogas
Tides
Rain
Geothermal heat & sunlight

health; reduce premature mortalities due to pollution and save
linked health costs. [2]
Biogas
Biogas refers to a mixture of different gases produced by the
breakdown of organic matter in the absence of oxygen. Biogas
can be produced from raw materials such as: agriculture waste,
municipal waste, plant material, sewage, food waste, and
animal waste etc.
Biogas is mostly methane (CH4) and carbon dioxide (CO2 ) and
may have small amounts of hydrogen sulfide (H2 S), moisture
and siloxanes. The gases methane, hydrogen, and carbon
monoxide can be combusted or oxidized with oxygen. This
energy release allows biogas to be used as:
Fuel
Heating purposes
Gas engines [3]
The waste can be treated by several processes:
Open air windrow composting
Incineration
Landfill
Mechanical biological treatment
In-vessel composting
Anaerobic digestion.[4]
Table 1.1 Composition of Biogas

Figure 1.2 Pakistan Energy Consumption by sector
Renewable energy resources exist over wide geographical
regions, in distinction to other energy sources , which are
concentrated in a few numbers of countries. Speedy deployment
of renewable energy and energy efficiency is resulting in
significant:
Energy security

Gases

Percentage %

Methane

50 - 75

Carbon dioxide

25 - 50

Nitrogen

0 - 10

Hydrogen

0-1

Hydrogen sulfide

0-3

Oxygen

–2

Climate change mitigation

History of Biogas in Pakistan

Economic benefits.

The concept of biogas is not new to Pakistan; it dates back to
1959 when the first farmyard manure plant was established in
Sindh to utilize animal and farm waste to produce biogas.
Biogas in Pakistan is about thirty five years old. Government of

It would also shrink environmental pollution such as air
pollution caused by burning of fossil fuels and develops public
Department of Chemical Engineering
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Pakistan started comprehensive biogas scheme in 1974 and
total 4,137 biogas plants were installed up-to 1987. In 1982 to
1985, one thousands of biogas plants were installed in various
districts of Punjab. In 2009-2010, agriculture department
launched a programme ‘Adaptation of biogas technology to
mitigate the energy crises’ to install seven hundred and fifty
family size biogas plants all over Punjab. [5]
Biogas potential in Pakistan
Biogas may be helpful in meeting the persistent energy crisis in
Pakistan and its cost is 35 to 50 percent less than that of
charcoal, kerosene oil and firewood to get energy. Energy crisis
is a big problem in Pakistan and it could be tackled by
enhancing livestock and dairy development. Animal dung can
be used for the generation of gas and effluent can be used as
fertilizer. Pakistan has approximately 29.9 million buffalos, 33
million cattle and 562 million poultry. One buffalo or cow
produces 15 kg dung per day and there are 56,900,000 animals
and even if 50 percent of the dung is collected every day, it can
reach 426,750,000 kg.A biogas plant can be set up within
Rupees 40,000 to Rupees 150,000 and its components are easily
available in the local market. [6]
Bio Methane
Biogas that has been upgraded by removing hydrogen sulfide,
carbon
dioxide
and
moisture
is
known
as
biomethane.Biomethane is a naturally occurring gas which is
the upgraded form of biogas, which is produced by the so -called
anaerobic digestion of organic matter such as dead animal and
plant material, manure, sewage, organic waste, etc.
Bio methane might be used as an alternative source of energy,
specifically for fossil fuels. Despite the fact that its usability is
recognized for fairly some time, production of bio methane
started only in the recent years as an end result of the mounting
prices of natural gas and high electricity prices other fossil fuels
as well as the threat of global climate change.
Chemically, it is same as natural gas which is kept deep in the
ground and is also manufactured from dead animal and plant
material. However, there are several changes between bio
methane and fossil fuel derived methane even though the fact
that both are produced from organic matter. Natural gas is
termed as fossil fuel, whereas biomethane is classified as a
green source of energy. Fossil fuel derived methane is produced
from thousands or millions of years old fossil remains of
organic matter that lies buried deep in the ground. Biomethane,
on the other hand, is produced from “fresh” organic matter
Department of Chemical Engineering

which makes it a renewable source of energy that can be created
worldwide. [7]
Possible Technologies for Upgrading Biogas to Bio Methane

Water and Polyethylene Glycol Scrubbing
Water scrubbing is used to remove carbon dioxide and
hydrogen sulfide from biogas since these gases are more soluble
in water than methane. The absorption process is purely
physical. Usually the biogas is pressurized and fed to the bottom
of a packed column while water is fed on the top and so the
absorption process is operated counter-currently.
Stripping with it is not recommended when high levels of
hydrogen sulfide are handled since the water quickly becomes
contaminated with elementary sulfur which causes operational
problems. [8]
Pressure Swing Adsorption
Pressure Swing Adsorption is a technology used to separate
some gas species from a mixture of gases under pressure
according to the specie’s molecular characteristics and affinity
for an adsorbent material. Special adsorptive materials (e.g.
zeolites and active carbon) are used as a molecular sieve,
preferentially adsorbing the target gas species at high pressure.
The process than swings to low pressure to desorb the adsorbent
material.
The main disadvantage of PSA technology is an additional
hydrogen sulfide removal step needed before PSA. Also, tail
gas from PSA still needs to be treated. [9]
Cryogenic Separation
Cryogenic separation of the biogas is based on the fact that
carbon dioxide, hydrogen sulfide and all other biogas
contaminants can be separated from CH4 as each contaminant
liquefies at a different temperature-pressure domain. This
separation process operates at low temperatures, near -100 o C,
and at high pressures, almost 40 bars. These operating
requirements are maintained by using a linear series of
compressors and heat exchangers.
The main advantage of cryogenic separation is the high purity
of the upgraded biogas (99% CH4 ), as well as the large
quantities that can be efficiently processed. The main
disadvantage of cryogenic separation is that cryogenic
processes require the use of considerable process equipmen t,
mainly compressors, turbines and heat exchangers. [10]
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Membrane Separation
The principle of membrane separation is that some components
of the raw gas are transported through a thin membrane while
others are retained. The permeability is a direct function of the
chemical solubility of the target component in the membrane.
The underlying principle of membrane separation creates a
tradeoff between high methane purity in the upgraded gas and
high methane yield.

commonly called caustic potash. This colorless solid is a
prototypical strong base. It has many industrial applications,
most of which exploit its corrosive nature and its reactivity
toward acids. KOH is noteworthy as the precursor to most soft
and liquid soaps as well as numerous potassium-containing
chemicals[14].

The advantages of membrane separation are that the process is
compact, light in weight, has low energy and maintenance
requirements and easy processing. The disadvantage of
membrane separation process are relatively low methane yield
and high membrane cost. [11]
Methodol ogy
Several researchers have worked on the different techniques
used for the up gradation of biogas to bio methane. Some of
these techniques are already discussed in the introduction
section. According to literature review the feasible, economical,
and environmental friendly technique is chemical absorption.
Availability of several absorbents, like KOH, NaOH, and MEA
used in this process is another advantage of chemical
absorption. According to GraziaLeonzio, among these
absorbents KOH is the suitable one, having low price and less
environmental impact. [12]
Chemical Absorption
Chemical absorption involves formation of reversible chemical
bonds between the solute and the solvent. Regeneration of the
solvent, therefore, involves breaking of these bonds and
correspondingly, a relatively high energy input. Chemical
solvents generally employ either aqueous solutions of amines
(i.e. mono-, di-, or tri- ethanol amine) or aqueous solution of
alkaline salts (i.e. sodium, potassium and calcium hydroxides).
The advantages of chemical absorption are complete hydrogen
sulfide removal, high efficiency and reaction rates compared to
water scrubbing and the ability to operate at low pressure.
Because of these advantages, the process is commonly used in
industrial applications, including natural gas purification. The
disadvantages are the additional chemical inputs needed and the
need to treat waste chemicals from the process. [13]
2.2 Potassium Hydroxi de (KOH)

Figure 2.1 Chemical Absorption Method
Anaerobic Digestion
This unit is an important and essential part of this process,
because for bio methane there must be a biogas pres ent already
in the stream. High levels of methane are produced when
manure is stored under anaerobic conditions. By converting
cow manure into methane biogas via anaerobic digestion, the
millions of cattle would be able to produce 100 billion kilowat t
hours of electricity, enough to power millions of homes. In fact,
one cow can produce enough manure in one day to generate 3
kilowatt hours of electricity; only 2.4 kilowatt hours of
electricity are needed to power a single 100-watt light bulb for
one day. Furthermore, by converting cattle manure into
methane biogas instead of letting it decompose, global warmin g
gases could be reduced by 99 million metric tons or 4%.Many
microorganisms affect anaerobic digestion, including acetic
acid-forming bacteria (acetogens)
and
methaneforming archaea (methanogens). These organisms promote a
number of chemical processes in converting the biomass
to biogas.
The four key stages of anaerobic digestion involve:
Hydrolysis- The process of breaking the chains and dissolving
the smaller molecules into solution is called hydrolysis.

The absorbent used in this process is Potassium hydroxide
which is an inorganic compound with the formula KOH, and is
Department of Chemical Engineering

Pa ge 133

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

Acidogenesis: The Biological process of acidogenesis results in
further breakdown of the remaining components by acidogenic
(fermentative) bacteria.
Acetogenesis: Simple molecules created through the
acidogenesis phase are further digested byacetogens to produce
largely acetic acid, as well as carbon dioxide and hydrogen.
Methanogens: Methanogens use the intermediate products of
the preceding stages and convert them into methane, carbon
dioxide, and water.
The overall process can be described by the chemical reaction,
where organic material such as glucose is biochemically
digested into carbon dioxide (CO2 ) and methane (CH4 ) by the
anaerobic microorganisms.
C6 H12 O6 → 3CO2 + 3CH4

biogas along with sludge biomass. The mixture of biogas and
sludge biomass was separated with the help of flash unit and
further separation was done by centrifuge to get concentrated
biomass and water. The raw biogas from the flash unit was
compress from 1 bar to 5 bar in order to remove ammonia fro m
biogas. The biogas was upgraded to bio methane in an
absorption column by treating biogas with potassium
hydroxide.
100 tons/day of biomass and 70% conversion of biomas s is
taken as basis. Material and energy balances are applied on
each unit by considering the following assumptions:
Mostly Theoretical based
Steady state Process
∆w = ∆K.E = ∆P.E = 0
98% Flash separation efficiency
80% centrifuge efficiency
For material balance the following equation is used:
Input + Generation = Output + Accumulation + Consumption
For energy balance the following equation is used:
Q = ∑mi, out x ∆Ĥi,out – ∑mi,in x ∆Ĥi,in
Physical data such as different specific heat capacities used in
the stoichiometric calculations is takenfrom ‘Elementary
Principles of Chemical Processes by Richard M. Feldar’[16],
while Thermodynamic data such as different enthalpies , fro m
‘Fundamentals of Thermodynamics by Michael J. Moran &
Howard N. Shapiro’[17]
The main reaction occurring in the anaerobic digester is:
CH1.7 O0.35 N0.1 S + 0.975H2 O ------- 0.3375CH4
+ 0.1NH3 + H2 S

+

0.6625CO 2

Indivi dual equipment design
Figure 2.2 Biogas Production
The three principal products of anaerobic digestion are:

Length, diameter and volume for each equipment are calculated
by using residual time and L/D ratio from literature, specific for
each unit. For example for the anaerobic digester:

Biogas
Residual Time = 10 days
Digestate
L/D = 1.7 [18]
Water [15]
Volume= Residual Time x Volumetric Flow Rate
2.4

Overall process flow diagram
Cost estimation

The raw material, agriculture waste as biomass, and water was
fed to an anaerobic digester that operates at 35 o C and produces
Department of Chemical Engineering
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Cost is calculated for each unit by using the following formulas ,
and the cost is estimated for the whole process to calculate the
payback period of the plant.
CE,1 = CB (Q / QB) M
CE,1 / CE,2 = Index 1 / Index 2
Total Equipment Cost (TEC) = CE,2 fM fP fT
CF = ∑𝑖 𝑓 M fP fT(1 + fPIP ) CE + (fER + fINST + fELEC + fUTIL +fOS +
fBUILD + fSP + fDEC + fCONT + fW S ) ∑𝑖 CE [19]

The overall process as shown in figure 3.1 we have treated 55
tons/day of biomethane with 10 tons/day of KOH as absorbent.
The absorbent KOH can be regenerated after treating with the
biomethane in the form of produced salts. This regeneration of
the absorbents make this process economical and feasible.
Indivi dual equipment design parameters
Design parameters such as length, diameter and volume for
each equipment are calculated as shown in the table. These
parameters are calculated by using residual time and L/D ratio,
taken from literature and mass flow rate from material balances
around each equipment.
The compressor used in this up gradation process is Single stage
compressor [20], which Compression Ratio is 5. Minimu m
RPM required for the compression is 672 and the power
required for the compressor is calculated to be 0.94 kW.
Table 3.1 equipment design parameters

Figure.2.3 Overall process flow diagram

Equipment

Length (m)

Diameter (m)

Volume (m3 )

Anaerobic
digester

13.209

7.77

627.3

Flash
Chamber

0.24

0.08

0.185

Centrifuge

3.84

0.48

3

Absorption
column

7.2

2.06

3.33

Results

Payback period

Biomethane

Total purchased equipment cost is calculated by estimating the
purchased cost of each equipment, as shown in the table. Then
total fixed cost for the whole plant was estimated. The values
of several factors are taken from the literature.

We have developed this process for an industrial scale and
cannot use this process in laboratory because of the
unavailability of such kind of equipment in laboratories.
One of the best processes that we have selected is chemical
absorption process in which biogas is upgraded to biomethane
with the help of potassium hydroxide.

The total fixed cost for the whole plant estimated as $ 90600.
Other costs such as maintenance cost, labor cost, Raw material
cost, plant overhead etc. as a factor of total fixed cost are
estimated to be $ 11453.

By this process we have collected 55 tons/day biomethane as
output, from 100 tons/day biomass feed. This biomethane is
purified from traces like H2 S,CO2 and NH3 .

Taking Sale price as $ 0.45 / lge, [21], the payback period
calculated for this plant is three years.

Department of Chemical Engineering
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KOH
55 tons/day CH4
40 tons/day CO2
3 tons/day NH3
2 tons/day H2S

Feed
100 tons/day
biomass
30 tons/day water

Purified Biogas /
Bio methane
55 tons/day CH4
0.8 tons/day CO2

10 tons/day KOH

Compressor

Temp=25 oC
P= 1 bar

55 tons/day CH4
40 tons/day CO2
2 tons/day H2S

3 tons/day NH3

Absorption
column
Anaerobic
Digester

Temp= 35 oC

55 tons/day CH4
40 tons/day CO2
3 tons/day NH3
2 tons/day H2S
30 tons/day sludge
biomass

12.2 tons/day
K2CO3
4.2 tons/day KHS
17.1 tons/day
water

5 tons/day water

Flash
Chamber
Centrifuge

25 tons/day conc.
biomass

30 tons/day sludge
biomass

Figure 3.1 overall process flow diagram with material balance
Conclusions
The biomass potential of Pakistan which is 853,500 tons/day
can be utilized by using this process to generate 469,425
tons/day of bio methane. The technique use in this process for
the up gradation of biogas to bio methane is environment
friendly, as the H2 S gas is completely removed by treating the
biogas with KOH absorbent. The waste from this process is a
high quality fertilizer, which is a byproduct of this process. The
cost of bio methane is 35 to 50 percent less than that of charcoal,
kerosene oil and firewood to get energy. The deforestation rate
can be control by using bio methane as a heating source.
Pollution like water, soil and air can be reduced by converting
organic wastes to bio methane. All these benefits make this
process feasible and sustainable.
Department of Chemical Engineering

There are several reasons for not to utilizing the biogas
potential. Some major reasons of them are that there is no
awareness of the peoples about this technology, lack of training
facility in this regard and follow up to address these problems.
Production of bio methane can be enhance by establishment of
bio methane directorate which will carry out the R&D activities
regarding the improvement of this technology. Informatio n
regarding bio methane generation and advantages is to be
disseminate through print and electronic media to develop
awareness of the people about this technology. Conduction of
training sessions will be helpful to share the technical aspects
of this technology. Coordination with international experts will
be more fruitful for the development of this technology.

Pa ge 136

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

[8] Wojciech M. Budzianowski, 2011, “Benefits of biogas
upgrading to bio methane by high-pressure reactive solvent
scrubbing, Biofuels”, 6, pages 12-20.

Table 3.2 equipment purchased cost
Equipment

Cost ($)

Anaerobic Digester

6437

Flash chamber

3407

Centrifuge

232

Compressor

3277

Absorption Column

6353

[9] Alonso-Vicario et al, 2010, “Purification and upgrading of
biogas by pressure swing adsorption on synthetic and natural
zeolites. Micro porous and Mesoporous Materials.”; 134, pages
100-107.
[10] E. Ryckebosch, M. Drouillon, H. Vervaeren, 2011,
“Techniques for transformation of biogas to bio
methane.Biomass and bioenergy”; pages 1633-1645.

Table 4.1 Comparison between Biogas and Bio methane
Biogas

Bio methane

Methane

50-75 %

>97 %

Carbon dioxide

25-50 %

<3%

Oxygen

0-2 %

< 0.5 %

Hydrogen Sulfide

< 0-6000 ppm

< 5 ppm

[12] GraziaLeonzio, 2016, “Upgrading of biogas to biomethane with chemical absorption process: simulation and
environmental impact. Journal of Cleaner Production”; pages
364-375.
[13] Pradeep et al, 2016, “Biogas Upgrading Technologies: A
Review. International Journal of Recent Technology Science &
Management”, pages 2-4.
[14] H. Schultz et al, 2005, “Potassium Compounds in Ullman’s
Encyclopedia of Industrial Chemistry”.
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ABSTRACT
In this particular study a self-supported
mixed matrix membrane was fabricated
using Pebax 2533 as base membrane
material and titanium dioxide (TiO 2 ) as
inorganic filler by solution casting method.
The developed flat sheet mixed matrix
membrane
was characterized
using
scanning electron microscope to investiga te
the morphology of resulted membrane. It
was shown that Tio2 particles were
dispersed uniformly without aggregation at
low loading. The gas separation properties
of fabricated membrane will be tested using
single gas and mixture of CO 2 and other
gases like CO 2 . High permeability and
selectivity are expected from resultant
membrane as this mixed matrix membrane
will use the combined effect of Pebax
polymer as base membrane and TiO 2 as
inorganic filler.
Keywords:
Pebax
2533,
Nanocomposite membrane

TiO 2 ,

1. INTRODUCTION:
Across the worldwide there is an increase in
the concentration of CO2 leading towards
global warming. According to a study, in
2050 the concentration of CO2 will double
if this issue is not addressed properly.
However, the recent research is focused on
taking solid actions to combat this problem
which include CO2 capture and storage,
Department of Chemical Engineering

renewable energy and energy efficie nc y
[1].There are so many technologies used for
CO2 capture like adsorption, absorption,
cryogenic distillation and membrane
process. Membrane Technology have many
advantages like energy efficient, low cost,
flexibility
and
environme nta l
sustainability[2].
Membrane
having
polymer as continuous phase and inorganic
as dispersed phase, are called mixed matrix
membrane (MMMs)[3]. For gas separation,
different
combinations
of polymer ic
materials
and inorganic
fillers
are
introduced in last decade [4-8]. As filler
considerable attention was received by
Titanium dioxide (TiO2) due to its excelle nt
stability in chemical and thermal properties
and gas separation properties [9, 10].
For gas separation, most of industria l
membrane processes are using glassy
polymeric membranes due their high
permeability, good selectivity, large free
volume
and
excellent
mechanic a l
properties[11]. PEBAX is polyether block
amide (PEBA) resin. PEBAX having elastic
segment containing polyether which give
gas permeation
and rigid
segment
containing
polyamide
which
give
mechanical strength to the membrane[12].
In 1981, the very first PEBAX polymer was
introduced [13].
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The structure of the PEBAX having
repeating unit is:

N l

A
PA =(𝑝 −𝑝
)
2

1

Here
NA = steady state flux of gas through the
Membrane,
l = film thickness,
Here

p2 = upstream pressure,

PA = aliphatic polyamide that is hard
segment

p1 = downstream pressure [15].

PE = an amorphous polyether that is soft
segment
Pebax shows several structures having
different ratios of polyamide and polyether
phases. Rezac. et al inquiries Pebax series.
the result of Rezac et al clearly indicates that
Pebax-2533 has excellent permeation
performance with respect to other Pebax
grades like 6333, 3533 and 5533[ 14]. This
research work is based on synthesis of
MMM by using Pebax-2533 as polymer and
TiO2 nano particles which were also
characterized
for
chemical
and
morphological properties.

2.

THEORY AND BACKGROUND

In polymer, gas transport is explained by the
solution diffusion mechanism. According to
this mechanism, from the upstream
molecules penetrate then diffused out of the
membrane to downstream. For a pure gas
permeating (PA) through a polymer
membrane is defined as the trans-membra ne
pressure difference, (p2 - p1 ), and the
thickness normalized steady-state gas flux,
(NA)
Department of Chemical Engineering

Using the solution-diffusion mechanis m,
the transport of gas molecules and the
permeability, PA, is written as product of a
effective diffusion coefficient DA effective
diffusion coefficient DA and gas solubility
coefficient SA [16]
PA = SA × DA
Here
DA = average effective diffusivity (cm2 /s)
SA = membrane selectivity for gas A cm3
(STP) / (cm3 polymer atm).
3. EXPERIMENTAL
Material:
Pebax 2533 was purchased by Arkema.
Other chemicals used in the experiment was
provided by the Department of chemica l
engineering, UET Peshawar, Pakistan,
Membrane Synthesis:
Solvent evaporation method is used to
prepare flat sheet Pebax-2533 membrane.
For
membrane
preparation
3wt%
homogeneous solution of Pebax-2533 was
prepared by adding polymer into iosproponal and stirring by using magnetic
stirrer at 100 rpm for 2 hours at 65 o C. On
getting homogeneous polymer solutio n
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brought it to room temperature slowly. Pour
polymer solution into Teflon Petri dish to
get pristine Pebxan-2533 membrane.
Suitable amount of TiO 2 were added to
polymer solution to get different MMM
solutions. Different volumes of Titanium
dioxide (TiO 2 ) were added carefully to a 3
wt% iso-proponal/PEBAX solution while
stirring using magnetic stirrer at 60 rpm for

20 mins. In a Teflon Petri dish took about
7–8 ml solution then Inverted the glass
funnel on it. To avoid fast evaporation cover
the mouth of glass funnel with tissue paper.
After 24 h, place dry membrane in vacuum
oven for 10-12 hrs then cool membranes
slowly at room temperature. Fig 1, shows
the process detail

Fig: 1 synthesis of Pebax 2533/TiO2 membrane
4. Results and Discussion
The SEM images of MMM composed of
Pebax-2533 and TiO 2 particles are fully
dispersed in polymer phase and show no
agglomeration, no voids with TiO 2 /Pebax2533 phases as shown in figure 2.
Furthermore, there are no major cracks and

Department of Chemical Engineering

division observed on membrane surface and
structure.

5. Conclusion

Mixed matrix membranes that result from
combination of inorganic filler with
Pa ge 140
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polymeric
membranes
have
been
investigated
and evaluated for gas
separation to cross upper bound trade-off.
From this research work, it is concluded that
Pebax 2533 base membrane material and
titanium dioxide (TiO 2 ) as inorganic filler
by solution casting method is a viable
methodology for synthesis of mixed matrix
membrane. The obtained membrane will be
suitable for the serparation of CO 2 from gas
mixtures.

Fig 2: SEM image of synthesized TiO2 /Pebax2533.
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Abstract
Water demand is increasing day by day with population
growth and causing a serious issue of absolute water scarcity.
Pakistan is already lying in scarcity zone since year 2000 and
there is no water recycling or saving policy at domestic level
on single unit (home) in Pakistan. This research work focuses
on water recycling at domestic level by aiming as a road map
for the fulfillment of future water demand with grey water
and runoff by rain. Gray water is produced by daily work like
washing, laundry, bath etc. it is cloudy appearance water and
can easily be reused with a little effort.
This research work will assess the total recyclable water at
domestic level. Selection of appropriate technology, fro m
available physical, chemical and biological treatment
technology, for domestic sector is identified. Recycling
potentials is determined with two variables that are no. of
people and available area where available area is the
dominant factor.
Keyword: Domestic runoff by rain, gray water, Recycling
model design.
Introduction
Water covers 70.9% of the Earth's surface, and is fundamental
for all known forms of life[1]. But all of this available water
is not available for humans basic needs as 97% of this is found
in ocean and only 3% is available as fresh water. Water is a
limited and at the same time, very important resource as it is
essential for urban, industrial, and agricultural needs. In urban
sector we use water for drinking, washing, cleaning, bathing,
cooking and gardening, in agricultural sector for growing
plants, vegetables and other food items, in industrial sector
for manufacturing processes and cleaning etc. depending
upon the industrial need.[2]
Department of Chemical Engineering

World is facing a challenge of water shortage, this problem is
so sever in some part of the world that it is causing economic
problem on national scale. This shortage have many causes
such as excessive consumption of fresh water, population
growth, lack of rain fall in many areas (Australia,
Portugal/Spain/France, California), climate change and
floods.[1] Pakistan was previously in list of countries
containing abundance of water resources but unfortunately
situation is not same from previous few years. World Bank
report in 2008 stated that Pakistan is among the 17 countries
that are currently facing water shortage.[3] According to
WWF report published in 2007 Pakistan is lying in scarcity
zone since year 2000 and was predicted to move towards
absolute scarcity in 2013 to 2025.[4] The situation is now
worst in 2018 where Pakistan is among top three countries
facing Absolute scarcity. Urban cities of Pakistan are facing
water problems e.g. In Lahore, major source of water is
ground water but as the city is getting populated there is
decline in water table level from 300 feet to 700 feet.[4] On
the other side in Rawalpindi sewerage system is old and only
serving 30% of the population due to which leakage in
sewerage and water supply pipes is causing mixing of water
that in result is the major cause of health related issues and
water borne diseases. Many of projects were proposed and
some of them are implemented in past but proven
insufficient.[5] Reports indicate this supplied water is
insufficient and contaminated, and according to health
experts, around 30,000 people, most of them are children, die
each year in the city due to consumption of contaminated
water, 25% of water is wasted by consumers in form of leaky
taps, washing cars, watering their gardens, etc.[6] In Multan,
90 per cent of the samples collected were also found
unsafe.[7] It is not just problem of unsafe drinking water but
Multan is also an agricultural city and our country economy
is lying on it. Multan is also facing 60% shortage of
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agricultural water.[8] Various studies were conducted in
Faisalabad and it was reported that water available for low to
average income domestic area is not meeting WHO standard
and causing water borne diseases. It is mainly because of lack
of awareness and un affordability of bottled water.[9][10]
Research work is being done around the globe to cope with
water scarcity issue and water is divided in three groups that
are blue water, black water and gray water. Blue water is the
potable or fresh water, sewage water or any water containing
human waste is considered as black water and gray water is
the left over water from the baths, kitchen, washing, showers,
hand basin etc.[11] Gray water is less polluted cloudy
appearance water, which can be recycled with a little effort,
generated by each person from every home.[11]

Constraints and Assumptions:
Model is developed with different following assumption
Govt./WASA is not providing water as per WHO drinking
water standard that is causing water borne diseases.
WASA is providing as per requirement of per person
(mentioned in BHWRI) in a residential unit.
In rainy season system is saving more water than basic
minimum water requirement so, providing water cost saving
charged from WASA.
There are separate pipelines for disposal of gray and black
water in the house.

There is no work done on quality and quantity of grey water
specifically, in Pakistan but many other countries done a great
job on gray water recycling. This research study has been
conducted for assessment of gray water and rain water that is
available for recycling and can be utilized to meet the basic
human demand of water.[12][13][14]
Methodol ogy
This research paper addresses the recycling potential of gray
and rain water in some representative urban cities of Pakistan.
Some big cities of Pakistan namely Karachi, Lahore,
Faisalabad, Rawalpindi, Multan and Quetta
as
“Representative Cities” which covers almost 75% of total
urban sector of Pakistan.[15] Considering the constraints of
data collection with an intention to maintain uniformity for
all sorts of data being collected Year 2015 is taken as
reference for analyses presented herein. Population data is
used for waste water assessment. By the use of “basic human
water index” minimum amount of gray water from the waste
water is estimated.[16] Rain fall pattern helps in determining
runoff volume in a city.
A solution model is prepared to be implemented on a house
is designed as shown below in Fig 1.
The model assumes that water is collected at rooftop of a
House the exposed area is available as rooftop catchment.
Where rain water is collected through rooftop catchment and
gray water is collected in a septic tank that will help in settling
down the larger particles and helps reduce the turbidity. As
rain may contain contaminants or contaminants might come
through encashment area. Therefore, rain water along with
gray pre-treated water passes through recycling reactor and
finally through the storage tank is pumped for application in
same domestic unit.
Department of Chemical Engineering

Fig 1: Gray Water and Runoff Recycling Solution Model
Variables:
There are two variables selected herein that effect the
capacity requirement. These variables will help us in
recycling potential determination. These variables are:
Area availability (marla)/ catchment Area: it directly affects
the cost of project. a = 5, 10
No. of persons: it directly affects the benefits of project. b=
1, 2, 3, 4, 5, ……
Results, Analysis and Discussions:
In order to suggest a gray water recycling solution for urban
domestic sector of Pakistan, it was needed to account the gray
water and rain water quality, quantity in country for selected
representative cities. There is no work previously done on
gray water in Pakistan so, it was very difficult to collect any
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First step for developing a model is selection of technology,
there are viable solutions available for medium to high
strength gray water are Constructed Wetland (CW) ,
Membrane Bio Reactor (MBR) and Rotating Biological
Contactor (RBC).[11] As we are following WHO guidelines
and need a system that provides output as per WHO drinking
water guidelines the only solution that fulfills our
requirement is Membrane Bio Reactor (MBR) as shown in
table 1 below.
Table 1: MBR Output Specifications

Parameters

Mixed
Gray
Water

Storage
and
Pretreatment

Membrane
Bio
Reactor

PH

6.3-8.1

-

7

TSS (mg/l)

25-183

19

-

Turbidity
(NTU)

29-375

17

0.5

COD (mg/l)

100-700

78

15

BOD (mg/l)

47-466

-

4

TN (mg/l)

1.7-34.3

-

5.7

TP (mg/l)

0.11-22.8

7.1

1.3

Total
Coliforms
(CFU/100ml)

568.03x107

-

-

Fecal
Coliforms
(CFU/100ml)

0.11.5x108

-

0

MBR is available in 500 and 1000liters domestic (indoor)
capacity units.
After the selection of treatment technology, next step is
estimation of required capacity in case of maximu m and
minimum amount of rain and grey water that will pass
through treatment unit for recycling purposes. Daily
Department of Chemical Engineering

minimum amount of gray water is calculated by using basic
human water index according to which gray water generated
is 25l/d/p (liters/day/person).[17] Gray water is dependent
upon the variable b.
Total volume/Quantity including rain and gray water can be
calculated by using the following equations.
VR = VGW + Vr

(1)

Where,
VGW = (nK + nL + nF + nR + nM + nQ )(D b + D c )

(2)

Vr = A (i − r)
(3)
For rainfall estimation, keeping in mind the realistic situation
that rainfall might or might not occur throughout the month
(as shown in Fig 2) therefore, peak month average value and
average no rainy days/month of last two years are used for
average per day rain calculation for determining per day run
off, that will help in determining the desired capacity, which
will help ultimately for selection of appropriate capacity of
treatment technology.

Rain (mm)

data representing exact values of gray water quality at
domestic level. This quality of gray water cannot will always
be a range because the quality of gray water varies as per
customs, habits and living standards of people. So for the
analysis presented here in mixed gray water (medium to high
strength) quality data from other study is taken for
identification of treatment technology.[11]

months

Jan

Feb

March

Apr

Fig 2: Comparison of Monthly Rainfalls of Representative
Cities
It is clear from above Fig 2 that June to September are Peak
rainy months of country. This duration is the critical time
period for saving water for critical applications. When rain
occur some of amount is use to infiltrate soil rest of water
flow over surface as run off.
Maximum rain water available for recycling in peak season
in a day is shown in table 2.
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Rainfall data mentioned in above table is us ed for run off
calculations by using the equation (3) where Area used is the
selected variable a is 5 and 10marla cannot be used as it is
due to some design consideration. Therefore, all 209m 2
(10marla) is not available as rooftop catchment area available
as rooftop catchment is 150m2 similarly 98m2 of 5marla is
available for rain catchment.[18]
Recyclable volume (runoff + gray water) of water in peak
rainy season per day for representative cities for a single
house with different variables is shown in table 3.
But there is a restriction that there is no rain throughout all
the year in all the days. So the excess amount of water, of
which maximu m volume is mentioned in above table 3, will
only be available in rainy days/ rainy months. This excess
amount of water can be stored in the storage tank and can be
used as per daily requirement in other days and cost of saved
water is considered as an extra benefit. There are some
months where there is no rain in that specific month consumer
may use stored water or if not available, rest of demand can
be fulfilled by WASA.

treatment technology (MBR, 500 & 1000liter). Recycling
potential curves of each representative city, shown below Fig
3 to Fig 6, will elaborate more where and up to what
limitations this domestic treatment technology can be
implemented.
Table 2: Recyclable Rain per Day per Domestic Unit in
Peak Season

Representative
Cities

Peak
Rainy
Month

Avg. No.
of
Rainy
Days

1Avg.
Rain[1]

Karachi

July

7

20

Lahore

July

5.5

36

Faisalabad

Aug

7

27.7

Rawalpindi

July

8

26.8

Multan

Aug

3.5

23.4

Quetta
Feb
4
From the above table 3 we can determine the gray water
recycling potential for urban domestic sector, where it is clear
that Rawalpindi and Multan lies beyond the range of domestic
Table 3: Water Recyclable per Day per Domestic Unit in Peak Rainy Season
b
Recyclable Grey Water (m3)

Representative Cities

Run off

Total Water to be Recycled

(lit/day)

(lit/day)
a=5

a =5

(mm/day
)

16

3

5

8

75

125

200

a=10

a=10
b=3

b=5

b=8

b=3

b=5

b=8

Karachi

547

1089

622

672

747

1164

1214

1289

Lahore

110

219

185

235

310

294

344

419

Faisalabad

213

424

288

338

413

499

549

624

Rawalpindi

1343

2674

1418

1468

1543

2749

2799

2874

Multan

1244

2479

1319

1369

1444

2554

2604

2679

Quetta

440

877

515

565

640

952

1002

1077

1

Avg. rain per day = peak season rain/ Avg. no of rainy days
of peak month
Department of Chemical Engineering
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3500

3000

2500

b=3

2000
b=5

1500

b=8

1000
500

Linear
(b=3)

0

0

10
20
Encatchment Area (marla)

30

Volume Capacity(liters)

Capacity (liters)

3000

2500

b=3

2000

b=5

1500

b=8

1000

Linear
(b=3)
Linear
(b=5)
Linear
(b=8)

500

0

Fig 3: Water Recycling Potential for Karachi

0

10
20
Encatchment Area(marla)

30

1200

Fig 6: Water Recycling Potential for Quetta

Capacity (liters)

1000

800

b=3

Conclusions

600

b=5

From the above analysis several conclusion can be drawn:

400

b=8

200

Linear
(b=3)
Linear
(b=5)

There does not exist any specific policy/guideline for
domestic water recycling in Pakistan.

0
0

10
20
30
40
Encatchment Area (marla)

50

There is not a solution that can be universally applied; the
consumer would first identify the requirement to be either low
or high considering the demography and available area. The
solution could be chosen as a subsequent step

Fig 4: Water Recycling Potential for Lahore

Volume(liters)
Capacity

1200

1000

b=3

800

b=5

600

b=8

400

200
0
5
10
20
Encatchment Area(marla)

The effect of encashment area in comparison to number of
people served is much dominant.

Threshold values may exist for certain locations where
available domestic solution can’t be applied.
There are certain limitations and recommendations for future
research.
The work done herein is limited to domestic sector of
Pakistan with assumptions taken herein. Other sectors may be
taken as a separate work.
Nomenclature:
BHWRI = basic human water requirement index

Fig 5: Water Recycling Potential for Faisalabad

n = population of an area under consideration
D b = basic bathing consumption
D c = basic Kitchen consumption
nK = population of Karachi

Department of Chemical Engineering
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nL = population of Lahore
nF

= population of

Faisalabad

nR = population of Rawalpindi
nM = population of Multan
nQ = population of Quetta
VGW = gray water volume

VR = recyclable water volume
Vr = run off volume
A = area
i = rainfall intensity
r = infiltration rate
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Abstract
Metals oxides (MO) are one of the best protective
coatings against corrosion prevention in process
industry. Optimizing preparation methods can
enhance the electrochemical properties of the MOs
towards corrosion resistance. Current research was
carried to develop cobalt/chromium bi-metallic
coatings of various compositions and to investigate
their properties for possible application as a corrosion
resistant material. Thermally prepared Crx-Co 1-x oxide
coatings of different compositions were formed on a
carbon steel substrate (CS). Electrochemical
properties of the developed coatings were investigated
through Tafel and cyclic voltammetry. Weight loss
experiments and Scanning Electron Microscopy
(SEM) were done to check stability of the coatings.
Comparative analysis of the results obtained for bare
metal CS (substrate) and
Crx-Co 1-xshowed that
coatings are very good in resistant to corrosion as
compared to bare CS. Various coatings compositions
of Crx-Co 1-xwere tested for the same application under
same experimental conditions using corrosion rates
and current densities, which concluded that Cr 0.7 -Co
0.3 is best composition of metal oxides for corrosion
control up to great extent and improved the stability of
carbon steel substrate against corrosion. In addition, it
was also concluded that resistance towards corrosion
is strongly depends upon the nature of the components

Department of Chemical Engineering

of which metal oxide
compositions as well.

is composed and their

Key Words: Cyclic Voltammetry, MO, Scanning
Electron Microscopy (SEM), Tafel curves, Thermal
Decomposition.
1

Introducti on

Corrosion is one of the main problem of industries
now a day due to the reason of effecting environment
and people’s safety. Due to the huge cost presented by
corrosion, therefore it is a matter of concern to make
its prevention. About 40 percent of the corrosion
related costs could be saved by recent technology and
its applications. [1,2]
Carbon steel is one of the most widely used metal in
industrial construction due to low price of the carbon
steel as compared to other metallic materials having
same physio chemical properties. It is also more
subjected to corrosion if not suitably protected. [3,5]
2

Literature Review

There are many reasons contribute to the deterioration
of metal known as corrosion. The cause of corrosion
is basically the presence of anode and cathode sites on
metal’s surface. Other factors including presence of
electrolyte and electrical connections also contribute
to occurrence of electro chemical corrosion. [4] To
terminate the corrosion, it is necessary to remove one
of these factors which is unfortunately impossible
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completely in practical.But however, there are several
techniques available to reduce the influence andthus
corrosion rate by using different parameters. [6]
Corrosion protection can be done in several ways like
selection of proper material, coatings, linings , cathodic
protection and corrosion inhibiters. Corrosion
inhibiters are used for corrosion control purpose. [7,8]
These inhibiters are absorbed on metals surface
promotes resistance to corrosion. Metal coating is also
one of the best choice of protecting metal fro m
corrosion. Various metals including chromium, iron,
cobalt, platinum, rhodium has been used as protective
coatings by forming metal oxides layers on the surface
of a metal. [9]
This research mainly focused on development of metal
oxides layers as a protective coating against corrosion
using chromium and cobalt, mixed in different ratios
formed a mixed metal oxide protective coatings on
carbon steel substrate tested under different
parameters. [10]

3

Experimental Procedures

3.1 Materials and chemicals
Carbon steel 1020 (CS-1020) wasusedas a substrate
material for corrosion control experiments. Grade
Percentage. Hydro Choric Acid (HCl), Ethanol,
Chromium Chloride and Cobalt Chloride precursor
salts were purchased from local markets. De-ionized
water was used for solution preparation.
3.2 Electrode Preparation
Crx-Co x-1 oxide coatings were prepared on carbon steel
substrate using precursor salts of Chromium and
Cobalt. Where x (x=0, 0.2, 0.3, 0.5 0.7, 0.8, 1) is the
molar ratio and refers to concentration/ content of Cr
and Co in precursor solution. Initially a 0.15M
solution of both the salts were prepared in deionized
water. Different concentrations solutions were applied

Department of Chemical Engineering

on flat surface of Carbon steel substrates using paint
brush followed by a thermal decomposition of
coatings. A carbon steel CS-1020 plate 2.54*2.54 cm
of dimension and 0.15 cm of Thickness was initially
wetpolished with the help of 600-grit paper of SiC
sandpaper. After polishing the plate was washed with
deionized water and sonicated for half an hour for
removing extra residues. After polishing, the plate was
etched in a boiling solution of HCl and deionized
water for 30 minutes followed by rinsing with
deionized water and drying in an oven. [10,11}
The prepared solution of CrxCo 1-x precursor coating
solution was then uniformly applied on the newly
polished Carbon Steel substrate with the help of paint
brush. After applying first initial coat, the sample was
allowed to vaporize the solvent upon placing in an
oven at temperature of 385 k for 5 minutes, then
annealing of the sample at 780 k for 15 minutes in a
furnace. After annealing the sample was removed and
cooled for 5 minutes followed by applying a second
coat.In order to optimize best coating best yield of
coating, a six layers of coating was applied using the
same procedure. In order to oxidize the coating of
CrxCo 1-x, the sample was allowed to annealed in
furnace for one hour in the last. [12]
3.3 Surface Characterizations
To investigate the surface morphology of coated
carbon steel plates, scanning electron microscopy
(SEM) was performed using Phillips XL-30 field
emission scanning electron microscopy(FE-SEM).
4 Results and discussions
4.1 Weight loss experiments
The carbon steel plates coated both the bare and coated
were tested for weight loss in HCl solution. The
weight loss tests were performed under different PH of
acid solution (HCl). All the values are given in table
1,2 respectively.
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Table 1. PH effect on bare carbon steel plate
PH

Wo (gm)

Wt(gm)

Weight Loss
(gm)

Time
(hrs)

CR. Bare CS mm/y

1

30.828

30.8215

0.0065

240

4.71459E-05

2

31.719

31.71499

0.00401

240

2.90854E-05

3.5

31.092

31.08909

0.00291

240

2.11069E-05

4.5

31.0142

31.0129

0.0013

240

9.42919E-06

6.3

30.803

30.80213

0.000875

240

6.34657E-06

7.4

30.576

30.57526

0.00074

240

5.36738E-06

Table 2. PH effect on Cr0.7Co0.3 coated carbon steel plate
PH

Wo (gm)

Wt(gm)

Weight
(gm)

1

30.828

30.8215

2

31.719

3.5

Loss

Time (hrs)

CR. Coated CS mm/y

0.0065

240

2.36E-05

31.71499

0.00401

240

1.45E-05

31.092

31.08909

0.00291

240

8.44E-06

4.5

31.0142

31.0129

0.0013

240

4.10E-06

6.3

30.803

30.80213

0.000875

240

2.12E-06

7.4

30.576

30.57526

0.00074

240

2.68E-06

Where wo and wt are the initial and final weight of a
CS samples respectively. And CR is the corrosion
rates in millimetre per year. The behaviour of PH vs
corrosion rate is presented in Fig 1.

SEM
In order to examine the surface morphology of the
coatings, SEM images were taken before and after the
acid treatment of samples.

The graph of PH vs weight loss shows an increase in
corrosion rate by decreasing PH(from 6 to 1) of HCl
solution. The corrosion rates for both bare and
Cr0.7Co0.3 coated carbon steel plateare calculated
from weight loss experiments given in table 1 and 2
respectively.

The SEM micrographs were obtained before and after
the acid treatment of the carbon steel plates. The
results show that the bare carbon steel substrate have
pits and a rougher surface as compared to the coated
one. While the coated CS plates were stable and
having almost zero changes in the surface morphology
which actually states the stability of the chromiu m
cobalt coatings against corrosion.
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4.2 Tafel analysis
The tafel curves indicated that high corrosion
resistance of coated carbon steel (CS) plates by
producing high current density as compared to the bare
CS plates. Moreover, the amount of current density
can be obtained at any potential from tafel
slop.[13]The tafel slop of coated (Cr0.7 Co0.3) carbon
steel is presented in Fig.2

5 Conclusion
Carbon steel is a material of construction in chemical
transportation system subjected to corrosion.
Thermally prepared carbon steel (substrate) coated
plate is more resistive to corrosion as compared to bare
carbon steel plate. Different weight loss and corrosion
rate calculations revealed Cr0.7 Co0.3 a best
composition of precursor salts as compared to other
compositions due to a very less weight loss.
Electrochemical
tests of tafel and cyclic
voltammetryalso reveals the low corrosion rate of
coated carbon steel plate,a better option to reduce
corrosion rate of carbon steel. Moreover, the scanning
electron microscopy (SEM) analysis also proved a
stable surface of Cr0.7 Co0.3 coated CS plate as
compared to bare CS.

a

6
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Abstract
In this paper, fabrication and experimentation of a
novel low cost vibration-based, electromagnetic
energy harvester is described. The harvester is
appropriate for energy harvesting from suspension
system of vehicles. The developed harvester consists
of movable magnets and a wound coil. The harvester
can easily be attached to the damper of the suspension
system and will convert the damper vibration fro m
road and other sources into electrical energy by virtue
of the relative movement of magnets and coil. The
developed energy harvester is tested under sinusoidal
vibration of different acceleration levels from 0.3 to
3g. The harvester successfully produced a maximu m
value of an open circuit voltage of 13.43 V at base
acceleration of 3 g and at a resonant frequency of 16
Hz. Moreover, at matching impedance of 256 Ω, it
delivered an optimum load power 151 mW at a
resonant frequency of 16 Hz and at 3 g base
acceleration.

Keywords-Damper,
Electromagnetic,
energy
generation, Harvester, Suspension system, Vibration based, Vehicle motion

1. Introduction
Vehicles are a cause of air pollution due to
exhaust gases and moreover, result in emissions that
also contributor to the global warming. The notion of
modern world is to devise such system that produces
green energy and reduce energy losses and help in
solving pollution and global warming catastrophes [1].
Renewable energies are a great prospect to generate
clean energies, nonetheless, in a world where energy
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is becoming more expensive and rare with passage of
time. In the US, over 70% of oil consumption is
through transportation [2], however, it is pertinent to
mention that a maximu m of 16% of total energy of fuel
is utilized to overcome the resistance from friction, air
drag and other resistive forces in automobiles [3]. In
automobile, a number of energies are available, such
as thermal, acoustic and vibration. When vehicles
travel on the bumpy and curved roads, these are
applied to excitation from road roughness,
accelerations, decelerations, braking and inertial
forces [4]. These forces are directly affecting the
moving vehicle and passengers comfort. In
automobiles suspension is a component to prevail over
these undesirable forces, moreover, to support the
vehicle’s weight and to insulate the automobile frame
from on road irregularities and permit tires to grip the
road surface. Spring (helical coil or leaf type) and
damper are the two major parts of the typical
suspension systems. In the suspension system, the
damper dissipates the mechanical vibrational energy
in order to decrease the vibration which is transmitted
from road irregularities, however, spring provides the
elastic effect between vehicle frames and wheels . The
energy losses on the suspension system of automobiles
were ignored previously; however, the losses which
are neglected are the energy dissipation related to the
suspension vertical vibrations [5]. Energy dissipated
by vehicle’s suspension system is s tudied by numerous
researchers; X.P. Lu and L. Segel performed some
modeling and simulation [6] and reported that around
200 W of power is lost by dampers when a vehicle
travels on a road. Zuo and Zhang work is related to
road roughness and dynamics forces applied on the
vehicle and it is reported that approximately 400 W of
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power can be produced from the four dampers of the
suspension system of a typical vehicle at a speed of 60
miles/h [7]. A usual vehicle normally utilized almost
300 W of energy for several on-board operations [8].
Actually, a vehicle requires more fuel power, in
account of 25%–45% engine and 50%–65% alternator
efficiency [9]. Theoretically 10% of fuel efficiency
can be recovered from vehicle suspension system by
introducing are generative shock absorber mechanis m
[10]. Various type of damper are introduced and
classified according to their architecture. Viscous fluid
damper, visco-elastic damper [11], friction damper
[12], metallic yield damper [13], buckling restrained
braces [14], magneto-rheological and fluid damper
[15, 16] are the few popular dampers. For dampers,
several mechanism or material have been explored ,
such as electromagnetic induction [16], piezoelectric
[17], electrostatic [18] generation and dielectric
elastomer [19]. Moreover, various types of vibrationbased energy harvesters are demonstrated based on
piezoelectric, electrostatic and electromagnetic
transduction mechanisms.
As compared
to
piezoelectric and electrostatic, the electromagnetic
energy harvesters are mainly preferred due to low
internal impedance and relatively high output current
and power levels [20]. In electromagnetic energy
harvesters, permanent magnet and a coil are normally
used. The strong permanent magnet, usually, generate
a strong magnetic field and the coil is used as a
conductor in which an emf is produced as a result of
relative motion of magnet and coil that results fro m
vibration. According to the Faraday’s law of
electromagnetic induction, emf produced depends on
the strength of magnetic field of the permanent
magnet, relative velocity between magnet and coil and
number of turns in coil [21]. In electromagnetic energy
harvester either magnet or coil is kept fixed. The coil
is normally flimsy as compared to magnet, therefore,
in order to increase the functionality and device’s life
in most of devices, magnet is kept movable while coil
is kept fixed [22]. The electrostatic energy harvester
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require an external voltage source to initially charge
the harvester and start the functionality and moreover,
need a mechanical stopper to restrict the direct contact
of the moving plates and to avoid the short circuit [23].
In vehicles the basic objective of developing
the regenerative damping harvester is to improve fuel
efficiency of automobiles. D. Karnopp devised a
regenerative linear electromagnetic damper composed
of moving coil and a fixed magnet [24]. Nakadia et al.
introduces a suspension system with embedded linear
DC generator that produced a voltage form the
induced vibration from the road roughness and
irregularities.
Zhang et al. devised the idea and developed a
ball-screw assembly and a strong magnet for
electromagnetic power generation and successfully
characterized the prototype harvester [26]. I. Martins
determined the performance characteristics of
electromagnetic type active suspension system and
moreover, increased its efficiency by improving the
design of the related circuitry and flux induction [27].
M.S. Seong et al. designed and developed a
controllable electro-rheological shock absorber that
generated sufficient energy to control entire
suspension system [28]. Chen and Liao introduced
features of self-sensing and an established a controlled
damping force in a vibration based magnetorheological shock absorber suspension system [29]. S.
Avad hany et al. reported on a hydraulically controlled
piston and motor of a shock absorber that is capable of
generating electrical energy from vibration energy of
suspension system of vehicle [30].
Zuo et al.
developed a prototype for electromagnetic energy
harvester and studied its characteristics by
characterization for generating power under various
scenarios [31]. Zu Li et al. introduced a rack and
pinion based harvester and analyzed various features
of a harvester and performed comparison of the
harvester with already developed non-linear dynamic
harvesters. Generally, according to the relative
movement, the electromagnetic type regenerative
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shock absorber of the vehicles can be classified in two
categories. The two categories are linear and rotory
type of regenerative shock absorber. The linear type
regenerative shock absorber generates energy when
the magnet and coil move relatively each other.
However, in regenerative rotory type, shock absorber
initially transforms the linear motion into rotory
motion and then the rotory mechanism operates the
energy generation mechanism to produce the power.
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0 to 4

Speed

Road
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By
virtue of the architecture of
electromagnetic linear type shock dampers, these are
further categorized in two types, moving magnet linear
type shock absorber and moving coil type shock
absorber. In moving magnet type linear shock
absorber the magnet is attach to the spring, while the
coil is attached to the stationary part of the suspension
system. However, in moving coil linear shock
absorber, coil is fixed to the moving part and the
magnet is attached with stationary part of suspension
system of vehicle. In the moving magnet linear shock
absorbers, magnet acts as inertial mass in mechanical
system and has an advantage to adjust the resonant
frequency and improve device’s power at various level
of low frequencies, however; in moving coil linear
shock absorbers, there is a separate proof mass which
Road
Road
Type condition

is used to tune the resonant frequency and also utilized
to enhance the power generation.
Table-1: Road Roughness Classification [41]
Table-2: Different regenerative shock absorbers
reported in literature.

- 3 to 3
0-200
0-80
0-500

48-100

B-C

The vibration produced by road roughness are
compute in wide range of measurements but simply it
may be quantify in Stationary Gaussian Stochastic
Process expressed in displacement power spectral
density S0 (m2 /(cycle/m)). Roads are classified from A
to H [41].
This research paper reports a novel low cost
architecture of an electromagnetic linear energy

Pa ge 156

[41]

4th Conference on Sustainability in Process I ndustry (SPI-2018) October 24-25, 2018

Conference
Proceedings

http://enggentrancetest.pk/modules/spi-2018

harvester that can be attached to the existing damper
of the suspension system of the vehicle and can
transform the damper vibrations (that result due to the
motion of vehicle on road) into electrical energy.
Moreover, in the energy harvester a number of
cylindrical magnets are stacked together to form a long
plunger that moves in the porous cylinder that has a
wound coil. Moreover, by attaching the magnet
portion to the upper part of the damper and the co il
portion to the lower part of the damper, the energy
harvester components (magnet and coil) will replicate
the same relative motion of the damper’s part and it is
expected to generate power from vehicle vibration.
2. Architecture, working and fabrication of
harvester
Figure-1 shows cross section view of the
prototype energy harvester, consists of stacked
cylindrical magnets and copper wound coil. Magnets
are fixed to the PVC head, which has to be attached to
the upper portion of the shock absorber. The wound
coil is produced on the

changing magnetic field density over the coil. The
developed energy harvester is a non-resonant energy
harvester and the relative velocity between the
magnets and coil is the same as that is between the
upper and lower portion of the shock absorber.
Initially prototype device is fabricated in which two
supports are made to fastener the prototype device
with the damper of suspension system of vehicle. In
the harvester, the cylinderical core of the wound coil
is made from a PVC pipe. Plan turning is done to make
collars (flinges) on the pipe section, moreover, holes
are drilled in the surface of the cylinder in order to
make it porous. The wall thickness of the porous
cylinder is kept 0.5 mm. An enamelled copper wire is
wrapped around the porous cylinder to form the
wound coil of the harvester. The fabricated wound coil
is then placed in the PVC support cover as shown in
figure 2.

Figure-2 Prototype device (Coil portion)

Figure-1 Cross section view of the prototype
vibration based electromagnetic energy harvester
porous PVC cylinder that is to be fixed with the lower
portion of the shock absorber. A gap is provided
between the stacked magnets and the wound coil
cylinder in order to avoid direct contact and to reduce
the frictional (mechanical) damping. As a result of the
movement of the upper and lower portion of the shock
absorber, the magnets and the coil actually move
relatively to each other and across the coil terminals
voltage is introduced because of the existence of the
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Moreover, five cylindrical magnets are first
stacked together and is then forced fitted in the PVC
end cap (magnet’s holder). The fabricated magnet
portion of the harvester is shown in figure 3. The
dimension and features of main parts of the developed
energy harvester is listed in table 2.
3. Experimentation
To evaluate the performance of prototype
harvester, it is simulated under a vibration with the
experimental setup as presented in figure-4. In the
experimental setup, main components used are power
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amplifier, vibration shaker, function generator,
oscilloscope, accelerometer and digital multi-meter.

adjusted according the working
harvester) as shown in figure 5.

stroke of the

For harvester’s characterization the function generator
is used to generate sinusoidal signals. Moreover, the
sinusoidal signals frequency and amplitude level are
also adjusted by the functional generator knob. The
signal is amplified by the power amplifier. An
amplified signal is then send to the vibration shaker.
An accelerometer is fixed on the PVC shaker’s fixture

Figure-3 Prototype device (Magnet portion)
Table. 2: Dimensions of the developed energy
harvester
Harvester’s part

Dimension or value

Magnet (NdFeB)

1 to 1.4 Tesla

Magnet’s size

Dia=20 mm, L = 125
mm

Mass of magnet

217 grams

Figure-4 Block diagram of the experimentalsetup.

Gap between magnet and 1.5 mm
coil
Porous
thickness

cylinder

0.5 mm

Coil’s turns

1200

Coil’s resistance

256.5 Ω

Coil overall size

ID
OD=26mm
mm

Device overall size

Dia= 45mm, L=125mm

=21.5mm,
, L=125

For testing, the prototype energy harvester coil holder
is fixed in the fixture provided in the shaker’s table,
however, the magnet’s assembly is bolted to the rigid
beam (movable in up and down direction and can be
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Figure-5 Developed energy harvester placed in the
fixture of the experimental setup
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with double side adhesive tape. Digital multi-meter is
used for connectivity confirmation between two
terminals of coil and secondly to check the
accelerometer output signal. Oscilloscope in the setup
is utilized to measure and analyze the output voltage
signals from the energy harvester and accelerometers
simultaneously. The developed energy harvester
during performance testing is to be subjected to
sinusoidal vibration of different acceleration level in
term of value of g (1g = 9.81 m/s 2 ). The harvester need
to be applied to a frequency sweep at constant
acceleration level and has to be characterized for
resonant frequencies, open circuit output voltage and
load output voltage at various load resistors including
matchable resistance and load power as a function of
frequency.

acceleration level of 0.3g, 0.5g, 0.85g, 1g, 2g and 3g.
Irrespective of the acceleration level the resonant
frequency
of
the
device
is
16 Hz, shows the linear response of the harvester. At
16 Hz frequency and 3 g base acceleration the energy
harvester generated a peak open circuit voltage of
13.43 V

Figure-7 Load Output Voltage Vs Load
Resistance.

Figure-6 Output voltage vs. operation
frequency.
Initially the energy harvester is applied to forward
frequency sweep and the open circuit output voltage is
measure and recorded as shown in figure 6. As seen in
figure the harvester is characterized at a base
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Figure-8 Load Power vs. Load Resistance.
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Resistance of the coil is 256 Ω measured through the
digital multi-meter. The developed harvester is
resonated at the natural frequency of 16Hz and is
subjected to several acceleration levels, moreover, a
potentiometer or variable load resistances are
connected to the wound coil of prototype device. The
load voltage levels as function of load resistance are
measured for the base acceleration level of 0.3, 0.5,
0.85, 1, 2 and 3g is plotted in figure-7. The data in the
figure show that by increasing resistance value, load
voltage increases with declining trend of output
current. At load resistance of 2.971 kΩ the load
voltage is almost constant.
Power delivered by device is calculated by using
potentiometer connected to the wound coil. At
resonant frequency of 16 Hz, acceleration level of 3g
and matchable resistance of coil having value of 256
Ω harvester delivers a maximu m power of 151.21
mW. The data is plotted in graph shown in figure-8.
Figure-9 shows the exponential decreasing trends of
current delivered by energy harvester with load
resistors. At resonant frequency, matchable resistance
and 3g acceleration level harvester delivered
maximu m current of 40.24 m A.

4. Conclusion
The paper described the development of a novel,
low cost vibration based electromagnetic energy
harvester to generate power from the movement of the
damper mechanism of vehicles. The main advantage
of the developed energy harvester is that it actually
does not disturb the damper of the suspension system
but rather will be easily attached or fixed with the
upper and lower portion of the damper. The developed
energy harvester when subjected to sinusoidal
vibration at different acceleration levels it produced an
open circuit voltage of 13.43 V at resonance frequency
(16 Hz) and at 3g acceleration level. The impedance of
the developed harvester is 256 Ω only and tested at
matchable impedance and at resonant frequency
that is 16Hz and at base acceleration of 3g, generated
an optimum power of 151 mW. The voltage and power
produced by the novel low cost energy harvester are
quiet sufficient to control and drive any sensor node or
wireless sensor node (WSN) used for the monitoring
application in vehicles.
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Abstract
Comparison of socio-economic parameters driven by
energy models of energy success countries is the first step
towards the successful energy modelling in Pakistan. This
comparison will help identify the parameters that became
the reason of modelling in energy success countries. This
will help energy experts to design a successful energy
model for the future giving momentum to socio-economic
growth and compensate demand supply gap. Pakistan is
facing an unprecedented energy crisis for a couple of
decades. The major reason of shortfall of energy is due to
lack of proper and successful energy modelling in
Pakistan. In order to address the energy crises, along with
national energy model, every province of Pakistan needs
to formulate a definite energy model for the future. To
build a successful energy model a thorough study of
energy models of different developing and developed
countries is required. In energy modelling four main
topologies are considered i.e. social, economic,
environmental and technical. In this research, a
comparison of socio-economic parameters is done to
analyze the important aspects for future energy model of
KP. In this paper parameters regarding socio-economic
topology is first defined, then these parameters are
extracted from the existing energy models of different
countries. These parameters are then compared in an excel
sheet which shows the reason behind the energy success
of developed countries. This data will be guidance for
policy makers towards the future energy models for KP as
well as for Pakistan.
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1 Introduction
In developing country like Pakistan the use of energy is
rapidly increasing which affects the country’s economy
and global climate change. To investigate the future of
developing countries like Pakistan energy models are
helpful. In order to meet the present day energy
requirements, previous energy models have to be
modified and new models have to be built(Urban, Benders
et al. 2007).
Energy models were first built in 1970s and used in
developed countries. The developing countries energy
systems were mainly built on the experience of energy
models of developed countries. That’s why the energy
system of developing countries would be more likely
those of developed countries. Present-day energy
modelling trajectory of developing countries would be
similar to that of historic energy modelling of developed
countries.(Shukla 1995)
In the line of this reasoning, this research aims to assess
fair modelling technique for Pakistan that have been
derived from the energy modelling trends of developed
countries and developing countries across the
world.Secondly, these present-day energy models are
compared to analyse their suitability for developing
countries energy systems and their economies. Then, the
results of the energy model comparison and increasing
their suitability to improve energy model for Pakistan
have been presented. And finally the findings and
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recommendations for future research have been carried
out.
(Ediger and Tatlıdil 2002) presented the planning and
future energy demand using modern statistical methods in
Turkey since 1984 emphasizing the social and economical
consideration of energy modelling. This method gives
better results than other complicated methods used for
forecast in developing countries like Turkey. The majo r
assumption used in this method is “events that occurred in
the past will occur in a similar manner in future”. The
price of energy affects the energy demand. Although the
increase in energy prices in Turkey have not affected the
primary energy consumption but rapid changes in energy
prices can affect energy consumption specially in energy
importing countries.
(Huang, Bor et al. 2011) presented the long-term
forecasting of energy demand and supply in Taiwan using
LEAP model applications emphasizing on economical
consideration of energy modelling. This LEAP energy
model is then used to compare future energy demand and
supply scenarios, greenhouse gas emissions scenarios.
This comparison help identify energy policies that have
better effect on greenhouse gas emissions, energy demand
and supply and other attributes. This study also verifies
the yearly increasing efficiency of 2% that will
significantly reduce CO2 emissions and Taiwan’s energy
import.
(Edmonds and Reilly 1983) presented a long term global
energy economic model for a period of up to 100 years
emphasizing the social and environmental considerations
of energy modelling. The model is developed for a base
case of CO2 emission. This study concludes that the
doubling date of CO2 concentration in the atmosphere
depends on the initial concentration of CO2 which is
taken 660pm, rate of release of CO2 and airborne fraction
f (fraction of that release that remains in the
atmosphere).The pattern emerging from modelling effort
shows that policy makers and researchers would
emphasize on the abatement of CO2 emissions.
(Jing, Lai et al. 2015) revises the existing tools used to
simulate and optimize stand-alone hybrid systems used
for the electricity generation emphasizing the social and
technical consideration of energy modelling. This study
concludes that in remote areas electricity generation by
stand-alone hybrid system is more suitable than one
energy source supplying energy to off-grid system but the
Department of Chemical Engineering

design, control and optimization of stand-alone hybrid
system is a very complicated task. Most stand-alone
hybrid system consists of PV or/and diesel generators
or/and wind turbines with lead-acid energy storage
batteries.
(Iniyan and Sumathy 2000) presented an optimal
renewable energy model that determines the favorable
allocation of renewable energy sources for different enduses and reduces the cost/efficiency ratio. The pattern of
renewable energy distribution will be determined by the
energy demand, renewable energy sources potential, their
acceptance level and renewable energy systems
reliability. This model developed in India for the year
2020–21 would ease the adequate utilization of renewable
energy resources and will help policy makers to extend
the commercializat ion of future renewable energy
resources.

2 Methodology
There are four main topologies that comes under energy
modelling and these are social, technical, environmental
and economical. A comparison of two topologies social
and economical is carried out in this paper. First of all by
detailed analysis of energy success models parameters
that comes under social and economical topologies are
defined .Parameters defined under social topology are
energy per capita, energy poverty, national level
regulations, regional level regulations, tax credits and
monetary policies, stake holder decisions/preferences,
employment potential, energy security, rural/urban split
and customer behavior. Parameters defined under
economical topology are cost per kWh, variable costs,
fixed costs, cost break up, dynamic cost projections,
economic hotspot analysis, economies of scale, rebound
effect, international and inter-provincial energy trade
(import and export).An excel sheet of 200 energy models
is designed in research which contains the above
mentioned data extracted by the critical review of these
energy models but a comparison of only 10 energy models
is presented in this paper.
Table 1 includes the title, type of literature, short
summary, software used in a model, geography of the
model and socio-economical topology of the model. If
any of the parameter in socio and economical topology is
“Yes”, it means the model is social and economical.
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Table 2 includes the defined parameters that comes under
economical topology and these parameters are marked
“Yes” or “No” based on the data extracted from the
model.
Similarly, table 3 includes the defined parameters that
comes under social topology and these parameters are
marked “Yes” or “No” based on the data extracted fro m
the specified model.
In this research, same tables are generated in excel sheet
for 200 models across the world and these parameters are
compared to generate results.

3 Results and Discussions
The data extracted in the excel sheet like that in above
tables are then plotted in the form of bar charts as shown
below:
Table 4: Number of topologies used in 200 energy
models

Table 5 along with figure 2 shows that in social topology
17 models include national level regulations,15 models
include energy per capita, rural/urban split and customer
behavior,14 models include employment potential ,10
modelsinclude energy security parameters and less than
10 models include regional level regulations, tax credits
and monetary policies, energy poverty and stakeholder
decisions/preferences. The most emphasized parameter in
social topology is national level regulations and least
emphasized
parameter
is
stakeholder
decisions/preferences. It means that most of the countries
that are rich in energy are because they have given due
consideration to national level regulations, energy per
capita, rural /urban split, customer behavior and
employment potential in their model.
Table 5: Number of “yes” for parameters under
social topology
Social parameter
National level regulations

No of Yes
17

Ene rgy modeling parameter

No of yes

Energy per capita

15

Modelling

139

Rural/urban split

15

T echnical

134

Customer behavior

15

Economic

95

Employment potential

14

Environmental

79

Energy security

10

Social

65

Regional level regulations

7

T ax credits and monetary policies

7

Energy poverty

6

Stakeholder decisions/preferences

5

Figure 1: Bar chart representing number of
topologies used in 200 energy models
The table 4 along with figure 1 shows that out of 200
models 134 of them are technical models, 95 are
economical, 79 are environmental and 65 are social.
Department of Chemical Engineering

Figure 2: Bar chart representing number of “Yes”
for parameters under social consideration
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Table 6 along with figure 3 shows that in economical
topologies 77 models cover cost per kWh,43 models
cover variable costs,39 models cover fixed cost,38 models
cover international and inter- provincial energy trade
(import and export) and less than 20 models cover
dynamic cost projections, hotspot analysis, cost break up,
economies of scale and rebound effect. It means the most
important parameter in economic consideration is Cost
per KWh .Most of the successful energy model across the
world emphasized on the Cost per KWh, Variable cost,
Fixed cost, International and inter-provincial energy
trade. Rebound effect, Economies of scale, Cost break up,
Economic hotspot analysis and dynamic cost projections
are given less importance in energy modelling.
Table 6: Number of “yes” for parameters under
economical topology
Economic parameter

No of yes

Cost per kWh

77

Variable costs

43

fixed cost

39

International and inter-provincial energy trade (import and
export)

38

Dynamic cost projections

19

Economic hotspot analysis

14

Cost break up

5

Economies of scale

0

Rebound effect

0

Similarly, the parameters important in technical and
environmental topologies needs to be find out. These
results gives an image of future energy modelling for KP
as well as for Pakistan.

3.1 Energy model comparison
To ensure adequate representations of energy modelling
developed countries addressed important parameters in
their energy models. In order to access the limitations in
energy models of developing countries, developed
countries energy models need to be compared.
Socio-economical modelling is done for “Forecasting the
primary energy demand and analysis of cyclic patterns in
Turkey” presented in (Ediger and Tatlıdil 2002)
.Parameters like Economic hotspot and employmen t
potential, rural /urban split are given due importance to
model socio-economic model for Turkey.
Socio-economical modelling is done for “Forecasting
long-term energy supply and demand of Taiwan using
LEAP” presented in (Huang, Bor et al. 2011).Paramet ers
like International and inter-provincial energy trade
(import and export),energy poverty ,national and
regional level regulations are given due consideration to
forecast energy demand and supply in Taiwan.
Social modelling is done for "From fossil fuel use carbon
dioxide release using a long-term global energyeconomic model " Is presented in (Edmonds and Reilly
1983).Parameters like energy security is given due
consideration in global energy-economic modelling .
Economic modelling is for Stand-alone hybrid
renewable energy systems simulation and optimization "
Presented in (Jing, Lai et al. 2015)Parameters like
economic hotspot analysis is emphasized in economic
model for Spain.
Socio-Economic modelling is done for “optimal
renewable energy model for different end-uses” presented
in Iniyan and Sumathy 2000).Parameters like energy
security and cost per KWh are emphasized in Socioeconomical modelling of India.

4 Conclusion and Future Work
Figure 3: Bar chart representing number of “Yes”
for parameters under economical consideration
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This research provides a pathway for future energy
modelling. The above discussed bar charts shows the most
important parameters that need to be addressed in the
energy models of developing countries like Pakistan. For
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adequate future energy modelling cost per KWh, variable
and fixed costs, international and inter-provincial energy
trade in economic topology and national level regulations,
energy per capita, rural /urban split, customer behavior
and employment potential in social topology should be
considered. The data gathered in this research will also
help policy makers to devise policy giving momentum to
socio-economic growth. The model will serve policy
maker to achieve sustainable and clean energy for all three
objectives: Modern energy access for all, double share of
renewable energy and energy efficiency. The model can
be made on provincial as well as on national level.
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Table 1: Summary, Software used, Geography and Topology used in models
S.No

Title

Literatur
e type

Summary

Software
used

Geography

Social

Economical

1.

VEdiger,
Volkan
Ş., and Hüseyin
Tatlıdil.
"Forecasting
the
primary
energy
demand in Turkey
and analysis of
cyclic
patterns."
Energy Conversion
and Management
43.4 (2002): 473487.

Research
paper

This paper presents the cost
analysis
technique, in
which fossil distribution
curves gives better results
for forecasting energy
demand in Turkey than the
other techniques. This is a
semi-statistical technique
that uses any cyclicity in the
annual energy demand
historical data.

lMAED
:energy
demand
analysis
model

Turkey

Yes

Yes

2.

Huang,
Yophy,
Yunchang Jeffrey
Bor, and Chieh-Yu
Peng. "The long-

Research
paper

This paper describes the
Taiwan LEAP model in
which comparison of future
energy demand, greenhouse

LEAP; the
Long-range
Energy
Alternative

Taiwan

Yes

Yes
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S.No

Title

Literatur
e type

term forecast of
Taiwan’s
energy
supply
and
demand:
LEA P
model application."
Energy
policy
39.11 (2011): 67906803.

Summary

Software
used

gas emissions, supply
patterns
for
various
scenarios
is
done
distinguish those energy
strategies that have better
effects
on
energy
conservation , greenhouse
gas emissions or other
attributes.

Planning
System,
a
tool
for
analyzing
energy
policy and
assessing
mitigation of
climate
change

None

3.

Edmonds, Jae, and
John Reilly. "A
long-term
global
energy-economic
model of carbon
dioxide
release
from fossil fuel
use."
Energy
Economics
5.2
(1983): 74-88.

Research
paper

This paper develops a longterm
global
energyeconomic model which
determine the alternative
energy expansions up to
2050. Renewable energy
technologies,
specially
biomass and non-electric
solar and conservation, will
contribute to significant and
cheap energy requirements
by 2050. Coal and shale oil
become cheap ways of
providing secondary liquids
and gases.CO2 growth
continued to slow in this
century.

4.

Bernal-Agustín,
José
L.,
and
Rodolfo
DufoLopez. "Simulatio n
and optimization of
stand-alone hybrid
renewable energy
systems."
Renewable
and
Sustainable Energy
Reviews
13.8
(2009): 2111-2118.

Review
paper

This paper revises the None
optimization
and
simulation techniques that
uses existing tools for the
electricity generation to
design and simulate standalone hybrid systems. This
analysis determine that the
widely
used
system
contains
Photo
voltic
generator and/or Wind
Turbines and/or Diesel
Generator having lead-acid
batteries for energy storage.
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Geography

Social

Economical

Global

Yes

No

Spain

No

Yes
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S.No

Title

Literatur
e type

Summary

Software
used

Geography

Social

Economical

5.

Iniyan, S., and K.
Sumathy.
"An
optimal renewable
energy model for
various end-uses."
Energy
25.6
(2000): 563-575.

Research
paper

This paper presents an
Optimal Renewable Energy
Model to minimize the
cost/efficiency ratio and the
favorable allocation of
different renewable energy
sources for different enduses. The results shows that
solar energy can be used for
lighting (to an extent of
6%),
pumping
(16%),
heating (2%) and cooling
(12%) ,bio –energy can be
used for lightning(9%),
cooking
(18%),
pumping(1%),
heating
(17%), and transportation
(14%), wind energy can be
used for pumping (4%) of
total renewable energy
demand of India. The paper
carried out to check the
accuracy of the model.

None

India

Yes

Yes

Table 2: Economic topology parameters extracted from models
Economics
Cost
per
kWh

Variable
costs

fixed
cost

Cost
break
up

Dynamic cost
projections

Economic
hotspot
analysis

Economies
of scale

Rebound
effect

International and
inter-provincial
energy
trade
(import
and
export)

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No

No

Yes

No

No

No

Yes

No

No

No

No
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Table 3: Social topology parameters extracted from models
Social
Energy
per
capita

Energy
poverty

National
level
regulations

Regio
nal
level
regula
ti-ons

Tax credits
and
monetary
policies

Stakeholder
decisions/
Preferences

Employment
potential

Energy
security

Rural/
urban
split

Customer

No

No

No

No

No

No

Yes

No

Yes

No

No

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No
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Abstract
It has been clinicians indicated that 1 out of 5 people are
disabled. This research aim is to mobilize a disabled person
through the pupil, with eyesight being their guide. Numerous
techniques and interfaces have been developed but are either
too expensive or too complicated to be used for a daily basis for
a common man. We developed a cost-effective system for
disable users, the user is required to wear a head mounted
camera. The algorithm performs its task in two steps, first it
detects the eyes after which in the second step the pupil is
detected. A webcam is used to take continuous pictures, which
is interfaced with the laptop. Once the pupil is detected then
based on the location of the pupil, the wheelchair moves
straight, right and left respectively in the desired direction.
However, for an emergency condition, we have installed a stop
button.
Keywords—Eye Gaze; Head Mounted Camera, Eye
Detection, Pupil Detection, PWD (Person with disability);
Introduction
Humans are trying to achieve Excellency in science and
technology, to get control over the difficulties and to achieve a
relaxed life. Unfortunately, not all people enjoy the same level
of comfort especially the disabled ones. Such People might face
a number of obstacles and hardships in their life. About 1 billio n
people over the world have different forms of disability
constituting about 15% of the globe’s population[1][2]. Over
the last few decades, society is giving much more attention to
disabled people[3].
Mobility is the most common problem of disabled people,
however, the introduction of power wheelchairs has depleted
much to diminish[4]. The research and analysis of motorized
wheelchairs dates back in time with several researchers and
scientists assessing the mechanism of eye-controlled
wheelchair[5]-[8].
In recent past, there have been different significant and
definitive control systems are designed for patient with
different abnormalities, disorders and disabilities. Such systems
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that are designed are highly competitive in substitutin g the old
conventional systems[7].
Literature Review
A wheelchair is an apparatus used for the transportation
purposes by its utilizers. This apparatus is set into the state of
motion by using either a manual configuration, Which involves
the rotation the wheels via hand or through various automated
systems[9]. Wheelchairs are usually utilize by the disabled, due
to different abnormalities [9][10]. Wheelchair can also be
considered a means expressing their individuality[11] and
independence, despite being disabled.
Wheelchairs have been around for many years, but yet the
motivation behind the prior wheelchairs was only to assist a
handicapped individual to move from one place to place. As the
community advanced and disabled person turned out to be more
incorporated, the part of the wheelchair started also[12][13].
There have been many attempts made from time to time to bless
humanity with a well-furnished and comfortable wheelchair
from the times of Christ. The first wheelchair was designed for
the King Phillip II of Spain, along with armrests and footrests,
in a drawing dated 1595. The modern day wheelchair took its
shape in the late nineteenth century and in the early 20th century
with the approach followed to push it rims for self-impetus and
slings it seat and backrests [14].
With the rapid research and development in electric wheelchair,
researcher felt to make wheelchairs more user-friendly. They
start controlling the wheelchair with voice commands. M.
Fezari and M. Bousbia-Salah worked on such type of
wheelchairs and developed a wheelchair that operates with the
voice commands and which also has the ability to avoid
obstacles[15]. The software simply relays upon the
advancement of a vocal command for Handicapped Person
Electric Wheelchair (HPEWC) that would work through simple
vocal messages of the handicapped victim. Moreover as a result
of such ability possessed it includes the compliance of
segregated terms based on a defined nomenclature[16].
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The HPEWC technical characteristics are based upon ten
instructions that hold an essential position to handle the
wheelchair, for example, switching the motor ON and OFF, to
give and control its forward and backward movements, to stop
the engine, to turn it left or right, to speed it up or to speed it
down, to put lights on or off and at last to put on or off. The
vocabulary controls the framework that contains most commo n
words. The number of words in the vocabulary were kept fewer
in order to keep the application as simple as possible. The
simplicity will make it easier to be utilize by the user. However,
the number can be multiplied if any essential and needy
improvement is to be made in the near or far future. As for
instance, if a modification regarding the addition of words to
control a horn or lights is to be made in the HPEWC[17].
M. Senthil Sivakumar and his team have also worked on the
voice-controlled wheelchair[18]. An Intelligent Home
Navigation System (IHNS) was proposed. The proposal
comprised of the following
1. Wheelchair
2. Voice module
3. Navigation module.
This system can be used by an elder or physically disable
person to move inside or outside the home with facilitation and
without any assistance and hardship [18] [19][20].
In the 20th century, the field was marked with enhancing
improvement and was added to wheelchair, from the principal
mechanized wheelchair to the primary folding wheelchair, fro m
lightweight to heavy sports wheelchairs. The latest two decades
have seen the advancement present in today’s wheelchair
that are lighter and perform in a far better manner than
machines present ever before. Many different wheelchairs are
now consumed for different reasons [21][22]. It is essential to
comprehend and apprehend the drawbacks of the machine,
Moreover the safe operation of wheelchair we select to design
and develop an eye movement controlled wheel chair for
physically challenged persons to move in any desirable
direction.
Methodol ogy
Many attempts have been made in order to achieve a
successful wheel chair that is self-reliant but are either to
expensive or too complicated to deal with. This study aims to
improve human life targeting the disabled or handicap and
making them independent and free or any assistance. For this
purpose the work is divided into two steps, in the first step a
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literature review will be done which will consist of a survey,
to stable a solid ground to build on. The second step involves
modeling and simulation, this process is mostly based on
finding customer needs, plotting specifications, and producing
conceptual ideas. Product architecture is also defined in this
phase and parts are modeled in Solid Works. Focus on design
assembling and simulation in an effective environment is
important. In the final phase, we advance towards prototype to
run various test.
Modelling and design
This phase involves two steps as shown in figure 1,
1. Design of wheelchair
2. Optimization design
In this step, we begin with outlining specifications and
generating concept designs shown in fig.1. Product architecture
is also defined in this phase and parts are modeled in Solid
Works. We mainly focus on design assembling and simulatio n
in an effective environment in the final phase. After completion
of these two phases, we move towards prototype to run various
tests Units.
After research and analysis on existing designs, used
technology, market aspects and reviews, and customer
requirements, we design an economical and compatible
wheelchair controlled by human Eye as shown in figure 2, 3 &
4.
The two motors each one of which is having power of 320 watt
are connected to the shaft of rare wheels. Micro-controller
sends the signals desired by the controller towards the motors
which instruct it to run in a certain direction. The direction of
both of the motors are controlled by ULN2003A (An IC Name).
Design dimesnions
In the design phase, the dimension varies in propo rtion to
scaling, depend upon requirement and need arises. While
implementing on subjective case dimensions of some features
of Eye gazed controlled wheelchair may vary in some
percentile after performing subjective analysis keeping in view
the subjective perceptions. Dimensions of different parts of the
proposed Eye gazed controlled wheelchair are displayed in
Table 1.
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Components
After completion of design and modeling phase, we required
the following components in order to build the prototype to run
various run test Units.

Figure 3 Solid works design (Front View)

Fig. 1. Modeling and design

Figure 4 Different views of design in solid works
.
TABLE 1.

Figure 2 Modeling and design

DESIGN DIMENSIO NS

No.

Parameters

Measurements

1.

Width
Open
(Measurement
at
widest point)

60.9 cm

2.

Width closed

20 cm

3.

Length

84 cm

4.

Height

99 cm

Motors
Motors are the main components of this project. Keeping the
budget and maintenance aspects in mind we choose the best
motors available in the market. We required two motors each
of 12V, 120W and 12 N.M Torque. The Motor specification is
shown in Table 2 and figure shown in figure 5.

Department of Chemical Engineering
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Table 3. RELAY SPECIFICATIO N
S.NO

Model
Parameters

Selected
values SLC12VDC-SL-C
(T91)

1

Pin

6 PIN

Motor drivers / Relay

2

Rated Load

20A/30VDC
250VAC

8 relays (4 for each motor) has been used to make a motor
driver. Relay specifications are in Table 3.

3

Contact form

1a, 1b, 1c

4

Coil Voltage

12VDC

5

Nominal
Voltage

12VDC

6

Nominal
Current

77mA

7

Coil
Resistance

155 ohms

8

Power Voltage

abt: 0.93VA

9

Pull-in Voltag e

75%MaxVDC

10

Drop-0ut
voltage

10%MaxVDC

11

MaxAllowable
Voltage

130%VDC

Figure 5 motors diminsions

ULN2003A IC
The most common utilization of the ULN2003A is in the driver
circuits for relays, lamp and LED displays, stepper motors,
logic buffers and line drivers
The ULN2003A is an array of seven NPN Darlington
transistors capable of 500mA, having a 50V output. It features
commonly involve the common-cathode fly back diodes which
is use for switching inductive loads.
The ULN2003 is shown in figure 6. It is famous for its highcurrent, high-voltage capacity. The drivers can be paralleled for
considerable higher current output. Much further, stacking over
another both electrically and physically has been done. For the
most part, it is used for interfacing with a stepper motor, where
the motor requires high ratings which cannot be given by other
interfacing gadgets.
TABLE 2.

MO TO RS SPECIFICATION

S.NO

Parameters

Values

1

Shape

Transaxle

2

commutation

Brushed

3

Operating
Temperature

40

4

Voltage

12 V

5

Power

120 V

6

Torque

12 N.m.

7

Speed

80 RPM

8

Current

~1.8 A (Running)

Department of Chemical Engineering

Figure 6. ULN2003 IC
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Arduino Mega

Laptop

Arduino Mega is used as the prime microcontroller, shown
in figure 7. Arduino Mega 2560 is a microcontroller board
based on the ATmega2560. It is an open-source hardware.
Technical specifications are given in Table 4.

A laptop is used in order to save the pictures captured by camera
and run the programs for further actions according to the needs
of the patient.

TABLE 4 ARDUINO S PECIFICATION

For emergency condition, a stop button can be used to cease all
movements of wheelchair respectively.

Emergency Button (Stop Button)

Software description
In software we used Arduino software open source platform
and OpenCV image Library

Batteries
Figure 8. Camera Mounted on Halmet.

12 Volts 47 ampere-hour two batteries are used. These batteries
can run the wheelchair up to 3 Hours of operation. But the time
of operation varies with load.
Web Camera
A Web-camera is used for capturing pictures of eye moments
and send it to the computer for further actions. The camera is
mounted on a helmet shown in figure 7 and 8, which will be
worn by the patient in order to control the wheelchair moments.

Figure 9. Patient wearing halmet with mounted camera.
.Arduino
Arduino is an open-source electronics field connected with
hardware and software for readily utilize. It is basically used for
building intelligent endeavors. Language is known as Arduino
programming language and uploaded to Arduino module.

Figure 7 Arduino Mega 2560.

Department of Chemical Engineering
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OpenCV image library
OpenCv Image library is free, and permitted under a BSD
license. It has C++, Python and Java interfaces. It also endorse
Mac OS, iOS, Windows and Android. It can be used free of cost
for both academic and commercial purpose. OpenCv was
mainly designed with a strong focus on real time application
and computational efficiency.
Eye tracking

can easily be plugged into it. Eye control feature is available for
patients who are suffering from Quadriplegia diseases, which
include partial or complete losses of limbs and torso.

REULTS
MOVMENT

TABLE 3.

OF

WHEELC HA IR

For Eye tracking, we used the Coordinate system which decides
the eye center pint location as shown in figure 9. This figure
shows the eye’s pupil location via the coordinate system.

Figure 10. Eye Positioning via Coordinate system
Where B1 and B2 are corner points of the pupil in Y-directio n
while A1 and A2 are corner points in X-direction. This X-Y
graph represents the eye moments directions. The eyeball
position in this graph is:



  



 



Experimentation and Result
As the wheelchair is programmed on an open source platform.
And the components used are readily available in all over the
world. The design of the wheelchair has been altered to
facilitate the patient with the camera mounted on a helmet .
Hence the helmet is worn by the patient and the camera starts
capturing the image of the eye moments which is sent to the
laptop for further processing.
A circuit base frame is installed at the bottom of the wheelchair
so that all the components including the battery can be installed
and kept safe. The batteries used are the common car batteries,
which are readily available in the market. The batteries are kept
at the bottom of the wheelchair so that the charging terminals

Department of Chemical Engineering

The Wheelchair mechanism received the date form based on
eye positioning and resulted data of image processing, in result
sending the command to the motor driver via Arduino Mega
2560. According to eye moments, the wheelchairs move
accordingly. Furthermore, an Ultrasonic sensor will be used for
obstacle detection to avoid any collision or an accident. The
results are displayed in table 5.
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Control System,” Int. J. Adv. Comput. Sci. Appl., vol.
2, no. 12, pp. 98–105, 2011.

Conclusion and future work
This paper renders with eye-controlled wheelchair and this
study was designed to make a compact and econ omical
wheelchair controlled by eye moments. As disabled people face
difficulty in controlling their moments thus eye control method
is very convenient for handicapped people as there is no need
of other body parts for controlling the wheelchair moments .
This prototype even works if the image is taken in dark room,
but it may affect the performance of the wheelchair.
To enhance its accuracy in future, it would be interesting to add
fuzzy logic. To make it more interactive for handicapped people
further features will be added. Introducing solar system will
make its performance much better.
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Abstract
Energy demand is increasing all inclusive because of
population growth, enhanced living standards, access and
accessibility of energy assets to the poor particularly in
developing nations. Pakistan is with rich with primary resources
but the resources and opportunity can only be utilized if strong
energy policies and future vision is in place. What is really
missing in Pakistan energy sector is the combination of vision,
strategy and commitment on the part of policymakers. In this
paper, different energy models of developed and developing
countries are analysed and important parameters for each
topology (social, technical, environmental, economic) are
extracted. Predominantly, technical and environmental
parameters are compared and analysed in National energy
models of different countries. Results will show us which
important parameters need to be more focused for designing the
strategy and devising future energy policy for Pakistan and will
help us in finding the existing capabilities of energy models to
address different policy questions .
Key words: Energy policy, National energy models, Technical
and Environmental parameters,
Introduction
Energy is a key commodity having direct impact on societ y,
economy, environment, development and sustainability.
Globally energy use is growing rapidly and this increasing
energy demand affects world’s resource stocks and global
climate change. Energy system is complex in nature, bounded
by multiple
vulnerabilities; energy market,
energy
technologies, national and regional politics, energy policies,
climatic concerns, economic well beings, natural disasters, and
end user profile, making the task of energy policy makers
challenging. Policy decisions made today have ripple effect in
energy system and can significantly shows its implications in
long run. To analyse the guiding policies and potential impact
of policies in different sectors, conventional approach has been
widely used. Integrated energy modeling is one such techniques
analysing in-depth energy sector in context of national or
regional socio-economic contexts. Integrated energy modeling

Department of Chemical Engineering

examines energy resources, demand, technologies, and
geographical regions and matches them for optimum solution
[1]. This comprehensive analysis enables policy makers to
foresee the impact of policies on particular sector or energy
system as a whole. Developed countries have stable energy
system due to their strong policy that meet their growing energy
demands but developing countries lack such energy system and
policy but still tend to behave like those of industrialized
countries. Humanity must recognize the expanding effect of
developing countries on the overall energy setting . One
approach to do this is through energy models, which explore the
effects of energy use on the human and natural environment and
inquire the future of the global and regional energy setting.
Increasing environmental awareness and increasing availabilit y
of the computer helps in development of first energy models in
1970s [2].
Certain studies have been reviewed that talk about
essential parameters of energy modelling including both
developed and developing countries. In the last half of
nineteenth century, the world has seen escalated
industrialization and economic growth supported by minimal
cost energy and materials from developing countries. The
energy system was characterized in term of demand and supply
where future demand was determined with the present pattern.
In 1970s Oil Crises, the indus trial countries economic
development confront challenge of sustainability with rising
concern of developing countries about economic order in globe.
The crises urge the world to consider the energy framework as
a sub-system of society where future demand can be determined
by the energy services wanted by end user. Adaptability and
security of energy system were looked in alternative energy
resources, energy technologies, proficiency and end user
profiles [3].Developing world endeavoring to upgrade their
economy, were searching for modern energy framework. In any
case, the non-homogeneous industrial-social profitabilit y
structures, technological reliance on developed nations, capital
investment and absence of capacities were the major factors
bringing about inadmissible outcomes from the planners'
traditional approach used in developed world [4].
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Developing countries however are distinctive with respect
to size, urbanazitation, energy assets, economy and
advancements, yet have regular highlights:, rural urban
partition and inequality, energy and economic poverty, low
investment rate, energy deficiency, unreliable energy supplies,
poor execution of energy utilities, structural transition in energy
sectors, innovation reliance, change of life vogue towards
modern societies, reliance on traditional energies, , low rate of
technological diffusion, numerous economic and social
hindrances and absence of capacities [5]. Energy foster
economic growth and development but pose serious threats to
environment. Thus developing policy for energy is not an easy
task. The system can be divided in the supply, demand and
conversion sectors. But many direct and indirect factors are
unavoidable in designing energy systems. Basic topologies
mostly defined in energy models are technical, environment,
social, economical, then each topology contains certain
parameters. All these are defined to make a proper energy
model for a country to mitigate energy crisis or eliminate energy
poverty. Different developed and developing countries dev ise
their energy models.
The paper gives an interdisciplinary review on the co advancing social and technical elements of DES focusing on
Micro Grids (MG), and Smart Micro Grids (SMG) and
Distributed Generation (DG), so as to draw insights for their
reconciliation in devising strategy and urban planning,
specifically reference to environmental change mitigation and
adaptation planning. [6]. This study is for US that involve both
technical and environmental parameters that how different
parameters play role in making overall energy model.
This paper looks at the causal relationship between the per
capita energy utilization and the per capita GDP in a board of
11 chose oil trading countries by utilizing board unit-root tests
and board co-integration analysis. The outcomes demonstrate a
unidirectional solid causality from economic development to
energy utilization for the oil exporting nations. [7]. This paper
describes policy for all exporting countries and shows how
economic parameters are affected by change in technical
parameters.
The motivation behind this paper is to analyse the policy
implications of utilization and demand for biomass energy in
Nigeria. To utilize these sources of energy effectively and on a
sustainable basis, analyzing the biomass energy’ demand is
very essential. [8]. Similarly this study implies the policy issues
of Nigeria and how different parameters need to be emphasized
to make their energy policy better. .
Pakistan is blessed with abundant energy resources however the
usable energy is always a challenge, not different than other
developing countries. In Pakistan, industrial growth and rapid
population has increased demand exponentially in past two
Department of Chemical Engineering

decades. For 2014-15, the share of different primary energy
supplies was gas 42.7%, oil 35.5%, Coal 7.0%, hydroelectricity
11%, nuclear 2%, renewable 0.3%, LPG 0.7% and imported
electricity 0.2% [15]. More orientation of energy mix towards
fossils use results in huge energy bills. Because of wrong
energy and investment policies, lack of finances and short terms
interest, the country is facing shortage of electricity in specific
and commercial energies in general [14]. In rural areas our 62%
of population is living; about 40,000 villages and nearly 44% of
rural households have no approach to national electricity grids
[16]. Our demand projection is bounded by uncertainties
therefore to electrify them; energy sector has to approach
differently. Furthermore in developing economy like Pakistan
demand flexibility is closely fastened with consumers’
purchasing power. Similarly the flexibility, supply and demand
side of energy system will be improved with renewable energy
development. China' renewable energy deployment can assist
us with jumping over the way of developed nations and get
energy efficient way of advancement but needed strong policies
and proper planning.
In Pakistan government, academia and some international
donor agencies attempted to assist planner and have made few
energy modeling efforts. Energy Wing of Planning
Commission supported by United States Agency for
International Development for optimization of energy planning
process, made such first effort in mid 1980s. 1988 was taken as
base year for the model and for next 15years projected the
energy demand based on fuel prices variations, socio-economic
situations accepting technological changes and energy
regulations as possible interventions. However, the model was
not used in devising first national energy policy [14]. In 2007,
Energy wing of Planning Commission with financial aid Asian
Development Bank and technical help from Integrated
Resource Group (International Consultant) take initiative to
device first national integrated energy model. The TIMES
model was used to project demand from 2007-2030 based on
BAU (business as usual) scenario of both high and low
economic growth. For sustainable and optimum solution,
various technical parameters like energy system demand side,
supply side, energy market, institutional framework and
technology were assessed in detail. Unfortunately during policy
devising it was neglected; although the model had successfully
developed guiding document [14]. Various academic efforts for
modeling energy demand and optimizing energy system with
close eyes on supplies, technologies and environment have been
carried. e.g.( Sahar ,2007), (Harijan, 2008),(Gull and Qureshi,
2008), (Farooq et Al.), ( Abdullah et al., 2014), ( Syed et al.,
2014) at national levels [18].
Despite the fact that national level efforts were made, however
their use during policy devising is limited. In contrast with
developed countries where incorporated energy modeling has
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been utilized at national and in addition states or provincial
levels, Pakistan has not seen yet such efforts at provincial level.

Table 1: Studies evaluated both environmental and
Technical Topologies

So there are several studies for different countries that achieved
their energy goals already by having a proper energy model and
strategy to improve their resources utilization and some are
struggling to get a better policy and model to make their country
energy efficient.
This paper aims to address the main characteristics of modeling
an energy system which includes technical, environmental,
social and economical parameters and how these parameters
affect each other. The paper assesses the different energy
models of both developed and developing countries and their
policies to make their country energy efficient. In Section2, we
therefore first describe the methodology that what are the main
parameters of each topology, like climate impact, non-climat e
impact and environmental hotspot analysis parameters come
under environmental topology. Similarly, various parameters of
technical topology has been defined that will help us in devising
a strategy and proper energy policy. Analysis of these
parameters are done in excel, almost two studies have been
reviewed for the analysis. In Section 4, we discuss the results of
the energy model comparison. In Section 6, findings are
concluded and for future research, some recommendations are
given.
7 Methodol ogy
Pakistan being rich in fossil and renewable energy resources,
needs a proper strategy that could be used to develop future
energy model for the country. Hence, different technical and
environmental parameters are compared and analysed in
National energy models of different countries that will help in
designing the strategy and devising future energy policy for
Pakistan. About two hundred related papers are reviewed to
extract the parameters of both topologies (Technical &
Environmental). Different policy questions like what
parameters need to fall under which topology, which
parameters need to be more emphasized to make a proper
energy model, energy models like LEAP and MARKEL are
mostly used software, what are the main inputs and outputs of
different software, all these questions are being answered after
reviewing the related studies. To analyse and assimilate the
different parameters of each topology (technical &
environmental), excel sheet will be made containing different
section for each topology like what is the title of paper, what is
it about and either it discusses the both topologies or only one
of them as shown in tables given below. Here included some
studies out of two hundred reviewed studies, each discussing
both environmental and technical topology. For example, first
study is about China discusses both topologies technical and
environmental and in summary column, we came to know about
what is study about.
Department of Chemical Engineering

Environmental Parameters
Perhaps the need of protecting environment is the most serious
challenge to energy policy thinking. For solving environmental
problems, reformulation of energy policies is needed. Here, an
effort has been made in the present work to define and illustrate
the environmental policy parameters to reduce air pollution as
well as to save energy. And some basic parameters that come
under environmental topology are
Climate impact, Non-climate impact and Environmental
hotspot analysis. Analysis of these parameters will help us to
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find out which parameters need to be emphasized more in
making a proper energy model.
Table 2 :Evaluating Environmental Parameters

energy models. For environmental topology, main features that
were incorporated are Climate impact, non-climate impact and
environmental hotspot analysis. Almost two hundred studies
regarding energy models of both developed and developing
countries have been reviewed and results show that in majorit y
of energy models, environmental issues have been discussed.
Graph 1 is for environmental parameters, shows that the
characteristic which has been addressed by the majority of
energy models is climate impact, that how greenhouse gas
emission trading, CO2 reduction, and the clean development
mechanism is possible along with a wide assessment of
renewable energies, increased power production, off-grid
renewable energies. Most of the studies emphasized on climat e
impact parameter, graph shows almost
Table 3: Evaluating Technical Parameters

Technical Parameters
The key element of energy policy making and energy efficiency
approach is the monitoring of technical parameter and finding
what are the most relevant parameters that fall under technical
topology. An approach has been made in the present work to
define the technical policy parameters and that are demand
simulation, supply simulation, non-electricity energy, energy
mix, change energy mix, increased renewable energy, reduction
in demand (energy efficiency regulations), sectoral resolution,
energy storage technologies, transmission losses, improvement
in energy technologies, improvement in transmission
technologies, generation station parameters (No of stations,
capacity factor, type of station), location strategy for energy
infrastructure. Table shows all evaluated technical parameters:
All these parameters of both topologies (Environmental &
Technical) need to be defined and focused for designing the
strategy and devising future energy policy for Pakistan.
Results:
For the energy model comparison, we evaluated the various
models according to the different characteristics of developed
and developing countries’ mainly technical and environmental
parameters of energy system as mentioned earlier. The model
comparison of the main parameters of technical and
environmental can be seen in Table 2, 3. Table shows the main
characteristics that are addressed by the different nation al
Department of Chemical Engineering

85 out of 200 papers include the feature ‘climate impact’ for
designing the energy model. A range of models however
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included Non-climate impact and environmental hotspot
analysis only implicitly.
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Fig-4: Technical Parameters (Quantified & Non Quantifie
The most relevant parameters that fall under technical topology
are discussed above in section 2. Graph 2 is for technical
parameters, shows that the characteristics which have been
addressed by the majority of energy models are Demand and
Supply simulation/forecasting, Non-electricity energy. As
shown in the graph below almost 126 out of 200 studies has
Department of Chemical Engineering

focused on these parameters. Then mostly emphasized
parameters are increased renewable technology and sectoral
resolution, means many of countries are trying to move towards
the renewable technology. Almost 90/200 studies discussed
about increasing renewable technology and 81/200 papers
talked about sectoral resolution.
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Other features further incorporated by different energy models
are energy storage technologies, change in energy mix,
improvement in energy technology, transmission losses,
location strategy for energy infrastructure. Some characteristics
being often addressed like improvement in transmission
technologies, location strategy for energy infrastructure,
transmission losses, generation station and parameters (No of
stations, capacity factor, type of station), these also are some
important features to be focused on but haven’t received much
attention. This is additionally because of, since several models
are specifically build for certain tasks and aren’t created for
coping with problems out of their scope.
Conclusion:
In conclusion, our results show that the key element of energy
policy making is monitoring of technical parameters and
another major challenge to energy policy making is the need to
protect the environment along with increasing energy
production globally. So technical and environmental
parameters are two important topologies taken into account for
making energy policy. Climate impact, non-climate impact,
environmental hotspot analysis is found out to be some
significant variables of environmental topology. And ‘Climat e
impact’ is mostly emphasized variable and others are discussed
rarely but need to be more focused for making a proper energy
model. For technical topology, different variables are also
sorted out discussed briefly in the paper. Results show that
demand and supply simulation, increased renewable
penetration are mostly highlighted variables among others.
Many other important technical parameters are neglected that
need to be observant as well.
Current energy models had a great influence of energy system
of energy efficient countries as experience from these energy
systems has a successful tradition. However, developing
countries have different economies and energy systems so need
to be modeled distinctively. A ‘universal’ model is needed that
will constitute all main attributes of developing countries but
that is also delusive because of complexity of system, limit ed
degree of models, technical limitations and data instabilities.
Pakistan is also a developing country so having different
characterisation of energy system as compared to developed
countries. An improved existing or new energy model need to
be designed which properly address the attributes of Pakistan’
energy system and all the variables defined in technical and
environmental topology take more into account for designing a
proper energy model. Various energy modeling tools like
LEAP, ENERPLA N, ENERGYTOOL BOX, MARKEL,
ENEP have been developed and used across the world to
facilitate the policy maker. But each software has a limit ed
scope and can include certain parameters so for further
research, a complete software is also required that can include
any energy parameter and has no technical limitations. For
Department of Chemical Engineering

devising a complete strategy and proper energy policy for
Pakistan, all important parameters of energy s ystem like
technical, environmental, economical and social must be
addressed adequately.
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