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Abstract 

Electrical power is stipulation of human life. Electricity generated by hydraulic power is economical and 
environment friendly. One of the most suitable choices for storing the electrical energy is pump storage 
plant. The system absorbs energy throughout off-peak and produces energy at peak load.  Apart from 
Pump storage hydropower being employed as a large battery, storing energy within the water of an upper 
reservoir until its release for instant power generation on demand. This approach is conventional for huge 
hydropower plants, except for this study; Pump Storage power plant is also used with a medium-scale 
hydropower unit to model a hybrid power plant employing a reversible turbine. Archimedes Turbine is an 
emerging renewable, low-carbon electricity generation technology. Archimedes Turbines are appropriate 
for low head hydro sites, such as existing small dams and rivers. Several hundred Archimedes Turbines 
have been installed in Europe. The purpose of combining the highly efficient Archimedes turbine and 
pump storage mechanism is to improve the overall efficiency of hydro power plants.  

In this research paper we will compare the efficiency improvement of Mini hydro power plant by using 
pump storage and Archimedes turbine technology with the efficiency of conventional hydro power plants. 

Results obtained in this study established technically the idea of pumped storage and Archimedes turbine 
for small hydro power project could be used to meet peak demand of consumer more effectively. 
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1. Introduction 

Mini Hydro Pump Storage Power Plant (MHPSPP) is a vital sustainable energy asset and has great 
significance in progressive countries wherever government cannot afford the expenditures of grid station, 
transmission and distribution lines. MHPSPP will run as independent DG system. MHPSPP principally 
have medium rating that’s why it’s for small group of consumers or for medium scale consumers. These 
systems get significance wherever the rate of flow is quick and head is low or vice versa. During this 
analysis main focus is placed on first framework, turbine used is Archimedes turbine that was fabricated 
by Greek physicist Archimedes (circa 287-212 B.C.) [1]. Hydro power plants that have capability more 
than 30MW are known as large hydropower plants while less than 10MW are referred as mini power 
plant whereas power plants having capability less than 100KW are referred to as micro power plant 
[2][3]. 

In hydro power production system; the core parts of this section are turbine and generator. Choosing the 
appropriate turbine is one among the foremost necessary elements of designing a hydropower power 
plant and in our case Archimedes turbine will be most popular for low head.  
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Mini Hydro Pump Storage Power plant (MHPSPP) main portions are turbine, slow moving coupling 
shaft, gear box, high speed coupling shaft and generator. From these chunks generator is that the utmost 
significant for medium scale generation of electricity wherever rate of  flow of water change over the 
year output power of MHPSPP will change and therefore the grade of power may come to be dangerous 
which can harm the equipment. To avoid its correct control features are installed and main target is kept 
on voltage and system frequency that tells regarding the standard of power of any system. Each three 
phase and single phase induction/synchronous generator available however induction generators are 
usually more acceptable for MHPSPP [2]. Induction generators are more useful than synchronous 
generator just in case of mini hydro pump storage power plant as a supply of power. Induction generator 
reduced toughness, unit cost, brush-less in case of squirrel cage construction, reduced size, easy 
maintenance, self-protection against short circuit, severe over load and no need to provide the 
independent direct current (DC) supply whereas capacitor is use for excitation [1][4][5]. Induction 
Generator is employed for small or medium scale generation. A four pole induction machine to be used 
for small scale generation wherever small rate of flow of water is persisted as four pole machines has 
1500 RPM instead of a two pole machine that has 3000 RPM. A turbine rotating at speed less than 
requisite revolution per minute (RPM) desires a speed boost mechanism named as gear box or correct 
pulley and belts. For MHPSPP exploitation of water a four pole induction generator machine is projected. 
It is a proposed idea to use induction generator for MHPSPP but for our prototype we use Dc generator 
for simplicity and ease. Second part deals with the integration of Pump Storage system in a Mini Hydro 
Pump Storage Power plant. 
 
Among the alternative strategies for energy storage, exploitation the potential energy of water holds on in 
several heights has been considered by human for ages. Pumped up storage plants are fabricated for this 
purpose and are thought of collectively of the foremost reliable and effective strategies of storing the 
electrical energy [6-7]. In hydro pumped up storage power plants, induction machines are used as 
induction motor to pump the water from the lower reserve to the higher reserve and as induction 
generators to produce power by using the falling energy of the water that flows from the higher reservoir 
to the lower reservoir. It ends up in increase overall efficiency [8]. Despite the losses of the pumping 
method makes the plant a net user of overall energy, the system will increase revenue by selling a lot of 
electricity in periods of peak demand, once electricity costs are highest. Pump storage is the largest 
capability form of grid energy storage currently accessible. Additionally, with growing power networks 
and increasing vitality challenges, the storable energy systems with high speed response will be 
developing. Thus, some papers have targeting the application of systems that include alternative energy 
and pumped up storage [6-7]. This paper includes two main sections. In initial section the introduction of 
the Archimedes turbine for MHPSPP and within the next the interconnection of Pump storage power 
plant, the results of this sensible model are reported in this paper to demonstrates the efficiency 
improvement of MHPSPP. 

2. Working of MHPSPP with Archimedes Turbine 

When conduit water spate through the Archimedes turbine, generator begins its stimulation is the reason 
for initial rotation of reversible pump turbine and thus manufacturing mechanical energy. Gear box 
process is used to vary the low revolution speed to high matched speed of alternator to urge the electrical 
power from it. Operation of MHPSPP with Archimedes turbine may be done via wireless control. Intake 
to MHPSPP may be closed through PLC gate and its functioning may be examined by means that of on-
line monitoring using wireless frequency [20]. A coarse screen is found in way of water to avoid 
MHPSPP screw from solids like branches, leaves and stones etc. but allowed to pass fish. Fish movement 
conjointly engineered besides the MHPSPP, allows the fish to swim upstream.  
 
The aqueous volume sustaining capability of screw turbine is about 16#$ /sec for the turbine screw 
having diameter of 5 m and variety of blades conjointly 5 giving electrical power output about 800 KW. 
Output power of the turbine changes with modification of any specification related to the blades variety, 
angle of inclination and the rate of flow of water.  
 
To get best potency it’s obligatory to stay minimal space between screw’s outer boundary and trough. 
MHPSPP with Archimedes screw has plug and play composition with adjustable angle of inclination for 
various rate of flow and gradient of height. One among most vital advantage of MHPSPP is demand of a 
minimal construction work and small accession time as its package may be constructed from concrete or 
metal and simply ought to place it in path of water and MHPSPP will be operational [11] as shown in Fig 
1:  
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Fig. 1. Illustration of Principles of Archimedes Turbine with Pumped Storage Mechanism. 

 

3. Operation of Pump Storage Mechanism 

In general, a pumped up storage system employ by exploitation the surplus power production 
occasionally of low electrical requirement to pump water to a reserve at an elevated elevation. Once there 
is a peak demand of electricity, water is discharged back to the lower level reservoir through Archimedes 
turbine that generates electricity which will be run through the grid to fulfil the spikes during high load 
demand [9]. A typical pump storage system composes of an upper and lower reservoir that is shown in 
Fig 1: Facilities are often brought on-line within 90 sec and might be working at full power within 120 
sec.  
 
Moreover, a pump storage facility will switch from pumping to generation or from generation to 
pumping in 180-240 sec. The choice for an applicable pumped up storage system site is determined by 
topographical, geographical, and environmental concerns.  Traditionally, pumped storage system requires 
enormous capital and nearly a decade to construct, but for this study we proposed that pump storage is 
also applicable for the MHPSPP so it will be considerably less expensive and need less time for 
construction. By using the Archimedes turbine, the pumping losses of the system will become minor 
because Archimedes turbine is a highly efficient turbine having the ability to pump water with maximum 
capacity without the huge losses for doing pumping [14]. During the period of low consumption of 
electricity or at night generator work as a motor to move the turbine in reverse direction to pump the 
water to the upper reservoir screw turbine is 83% efficient to pump water back [16]. 

4. MHPSPP Model Delineation 

An extensive model of Archimedes Turbine is presented here in this paper. By using the AutoCAD 
software, its complete 3d modeling had been designed as shown in Fig.2 in order to fulfil the practical 
standards before fabrication of a sensible hardware model. Table 1 represents the design parameters of 
the hardware turbine model which is calculated to prove the efficiency improvement by using 
Archimedes turbine and Pump Storage mechanism. 

Table 1. Designed Parameters for Archimedes Turbine 
Description Parameters 
Inner Cylinder  4” 
Outer Cylinder 12” 
Blade 1 
Blade 2 
Blade 3 
Blade Internal Angle 
Inclined Angle 
Blades Thickness 
Mass of one blade 
Mass of three blades 

1’-4”,3 turns at 120°  
1’-4”,3 turns at 120° 
1’-4”,3 turns at 120° 
71° 
37° 
0.008m 
172kg 
516kg 

Torque 2020 Nm 
  

 
Three blades of the turbine are displaced with each other at 120 degrees. So the cross sectional view of 
the turbine is shown in the Fig.2 (b) which clearly illustrates the all the information about the internal 
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structure of the turbine. Screw blades are designed in such a way that each blade supports the whole 
structure in the process of generation as well as pumping that’s why is called as Reversible Turbine 
having the highest efficiency [13]. For increasing the rate of flow of water through the blades the outer 
cylinder plays the most important role so it depends on the construction of the turbine while mostly it is 
taken as semi-circled or full-circled. 

 
 

Fig. 2. 3d AutoCAD Design of Archimedes Turbine (a) Screw parameters (b) Cross sectional view. 
 

Aluminium is selected for the construction of our prototype design because of some obstacles and due to 
high cost of aluminium, mild steel material is used which is also called as High carbon steel. All the 
parameters were taken under consideration according to the drawing of AutoCAD as shown in the Fig.2 
(a). In hardware model Dc generator, a gearbox is used to accelerate revolution while minimizing the 
speed of a prime mover output shaft and a set of bearing is also used that constrains relative motion 
between movable parts to only the desired motion see Fig.3: 
 

 
Fig. 3. Hardware Design of Archimedes Turbine (a) Screw (b) Other parts. 

5. Model Exposition 

Equation from “Entwurfsfluss für Wasserkraftschnecken”, (Design flow for hydropower screw) [15] a 
Matlab Simulink case of Archimedes rotary engine is developed as shown in Fig.4: All the values were 
taken under consideration according to proposed model as shown in Fig.5: By inserting the output of the 
Archimedes Screw model to “Product of C_x and Ra” to observe its behaviour with the applied rate of 
flow of water but the result found by the prototype model are more authentic and useful for this 
hydropower system. 

 

Fig. 4. Archimedes Screw Simulink Matlab Prototype 
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Fig. 5. Archimedes Screw Simulink MATLAB Prototype with Volume of water 

6. Results and Analysis 

Hydraulic rate of flow is sufficient for Archimedes Turbine to produce decent power to rush most of the 
loads. These results are found that output power of the system rely on the discharge rate and the angle of 
inclination of the turbine. By increasing the rate of flow of water through the turbine and angle of 
inclination of the turbine output generated power is also increased as shown in Fig.6: by using the "Eq. 
(1)". 

P = Q & g & h  &  η                           (1) 

Product of all efficiencies connected of equipment like gear box, belt drive etc. ought to be reckon to 
calculate the overall power transfer from harvested mechanical power is given by "Eq. (2)". 

'(= )*+ . ),* . )-(. . '/(01               (2) 

As per the Archimedes turbine feature output power of the turbine varies with the variation of the other 
parameters such as the head, efficiency factor, rate of flow and its angle of inclination Fig.6 (a) shows 
that its output power keeps on increasing by changing its all other factors and in Fig.6 (b): it is clearly 
illustrated that power is gradually increasing by taking its angle of inclination constant and changing its 
other parameters. 

 

Fig. 6. Efficiency of Archimedes Turbine with (a) Different parameters (b) Fixed parameters 
Experimental results reckon the dynamic behaviour of the Mini Hydro Pump Storage Power Plant in 
Fig.7:.It can be seen that in MHPSPP the pumping losses of the conventional pump storage power plant 
are reduced and the efficiency of the system increased because of minimized losses of the turbine and 
pumping. The results which are obtained by the practically running machine were of very low rating 
while from the experimental result are the induced results for MHPSPP. The results elucidate that in 
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traditional PSPP pump losses were more than 600 KW which is reduced to 400 KW and its top power is 
dramatically reached to almost 1200 KW from 1050KW.But still the system have some losses are present 
because it’s not an ideal system. 

 

Fig. 7. Efficiency Comparison of (a) Conventional PSPP (b) MHPSPP 

7. Conclusion 

These results validate a hybrid efficient structure of a mini hydro pumped storage power plant with 
Archimedes turbine is appropriate and able to meet spike time requirement for electricity. In this paper 
MHPSPP prospective is described for rustic as well as metropolitan areas. MHPSPP is extremely 
reliable, cost effective and talented of producing stable energy at need due to its construction on small 
watercourse/runoff garbage plants that operate all over the year [12]. Model of Archimedes Screw 
Turbine is represented in Simulink Matlab software and its hardware model is tested on a canal located in 
Xi’an, China. Main objective of this research paper is to prove the efficiency improvement by using the 
combination of two efficient systems and it also proposed a solution to overcome the pumping and 
turbine losses of a power plant. In future this concept is also provable and implementable for the large 
scale hydro power generation and additionally from the waste product like the sewages [11]. 
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Appendix 
3d  Three Dimensional 
)  Efficiency 
CAD  Computer Aided Design 
DC  Direct Current 
DG  Distribution Generation 
g  Force of gravity 
H  Height 
kW  Kilowatt 
MHPSPP Mini Hydro Pump Storage Power Plant 
MW  Megawatt 
MATLAB matrix laboratory 
PLC  Programmable Logic Control 
P  Power  
PSPP  Pump Storage Power Plant 
Pe  Power electrical  
Pm  Power mechanical 
Q  Flow rate 
RPM  Revolution per minute 
Sec  Second 
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Abstract 
 

This paper is all about the generation of electrical energy through non conventional way when people 
walks on Floor there some forces exerts these forces usually wastes during the walking. So my idea is to 
convert mechanical energy of footsteps that is exerted by person during walking into electrical energy by 
using transducers that is known as “Foot step power Generation System”. 

The power generating floor is used to interpret the kinetic energy into electrical power now a days 
demand of electrical energy is increasing and Energy crises became the root issue in all over the world 
and conventional sources are not enough for total demand of electrical energy. 

The principle goal of this research work is to face these energy disasters, despite the fact that it won’t 
meet the requirements but at least to vary and reduce the dependency on conventional electricity 
generation. as matter of fact weather we are able to design a power generating floor that may produce 
1000 watt on just 12 steps then for 120 steps it may produce 1000watt or 1 unit and weather we install 
such type of 100 floors such a system can produce 1Mega Watt of power. 

It can be implemented on substations and on several public places that can make difference in electrical 
power generation of country can make huge difference. 

© 2016 “Ali Muhammad Sumera Bibi, Asif Ali Brohi, Zeeshan Anjum” Selection and/or peer-review under responsibility of 
Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, 
Pakistan. 
 

Keywords: Electrical Energy, Energy crises, Kinetic energy, Foot step power generation system, 
Mechanical energy of frovot step 

1. Introduction 

In this paper the generation of electrical energy is described by using the weight energy. Person can 
amaze simply knowing that how much energy a person has by simply walking on the floor with normal 
speed. So the people usually have thousands steps in a day. While people walks they lose huge amount of 
energy that their weight energy of foot may be used and converted into electrical energy. The actual 
electro-kinetic floor is really an approach to make electrical energy by using kinetic energy of person 
who walks on the floor. The energy that is usually produced by the floor which can make the 
environment sound without any pollution such kind of energy will cost effective indeed the power floor 
does not need any fuel or any type of energy source only by using the kinetic energy which based on the 
person weight who moves on the floor. Regarding this modern world now a days energy and power are 
the basic key factors as the energy demand is increasing day by day so ultimate solutions of renewable 
energy are implemented. In case of our project we have used a technique of Generating power through 
foot step which is the source of renewable energy that is obtained by walking on footpaths, stairs, 
platforms and such a system is installed mainly in populated areas. 
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The basic principle of ‘Foot sep power generation’ is based on piezoelectric sensor in order to employ 
this system we will adjust wooden plates above and below the piezoelectric sensor and moving springs 
when person will walk on that mat the force will be applied in the result magnet will be fixed under the 
top wooden sheet and moves into the cavity. While this cavity is fixed at the bottom wooden sheet of 
mat. As completing the above procedure, we made ourselves to be able to design a compatible system by 
the help of which we could run the load, Home appliances by AC output voltage. And our task is to 
charge battery with the help of DC output and then using inverter to convert DC into AC for normal 
usage. 

Finally, conclusion is such type of design and techniques of Generating power are very useful to compare 
the supply and demand of energy globally. 

2. Background 

Many researchers have worked on the conversion of dynamic energy into electrical energy by human 
locomotion Jeff krupenkin and Ashley Taylor proposed a new technique which is called reverse electro 
wetting in which the motion of liquid on dielectric material coated. The conductive substrate will cause 
to create electrical energy [8], if there is any vibration on above platform due to human locomotion that 
will be cause to produce electrical energy. One of the scientists of Hull University worked on transferring 
the motion of man into electrical energy. so many experiments had performed by this person in Japan 
also to harnesses the energy from footsteps. 

They had installed flooring tiles on Tokyo in Japan at different bus stations. He observed that at the 
average weight of 60 kg 0.1 watt of power was generating in single second. On other hand with different 
mechanism for generation of electricity from foot step power generation process is given by Tom Jose V 
[7]. He had used rick and pinion gear system attached dynamo with its gear mechanisms shown in Fig. 

 

Fig.1 Generation by applying pressure © google 

In above Fig. gear is connected with fly wheel that will turn and rotate the dynamo. The power which is 
produced that can be stored in batteries in this manner we can be able to monitor and control the 
generated power above Fig. 1 clearly explains. 

When pressure force is applied it pushes the tile on the surface of ground that rotate the shaft 
approximately up to twice by single tile push. The movement of shaft turn the gear box which build up it 
15 times (1:15) then its movement will be smooth by the help of fly wheel which temporary store the 
movement that is convey with DC generator that generate 12volt ,40A at 100 rpm. 

The generated energy will be stored in the batteries then using the inverters it can be utilized.  

3. Literature Survey 
 
3.1.  Purpose 
 
There are some methods to generate electrical energy from the footsteps. Such as Gear wheel and fly 
wheel are methods to generate electrical power. This method works on the principle and in it mechanical 
parts are used because this is placed where there are so many people and the energy is produced by their 
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movements on the floor. 
 
Generation of power is done by footsteps from the crowed on floor and piezo plate scheme is used below 
the floor, then there will be sheet which cover the piezoplate and also spring will be there for vibrating 
force on piezo sensor. 
 
The piezo plate will be struck in the floor such a plates will generate power in the form of electric 
current. The power which is produced by footsteps can be used as additional features like street light or 
light which is used at the place of pedestrian’s .so the pedestrians should give credit the energy which is 
produced by their movement. 

 
3.2.  Literature Analysis 

 
To generate electrical power by using footsteps. The footsteps are more than enough to produce electrical 
energy. Following are the few method of generating power like the steps of fly and gear wheel method 
and piezo plate is also used in these steps. 

• To arrange the electrical components and equipment properly to convert the mechanical 
energy into electrical energy 

• After arranging the electrical system in proper manner that will transfer mechanical energy 
into electrical energy 

• Then spring is attached to piezo with the help of Sheet in this manner spring arrangement is 
done, spring is used to vibrate the piezo by force then power will be generated 

• After that voltage which is produced through the steps can be rectified and after betry 
charger circuit the DC voltage will be stored in the 12-volt battery of lead acid 

• Further this battery will be attached with inverter. Designing of inverter is such a way 
which convert the betry voltage that is 12volt DC into 220 AC 

• Finally, the AC voltage can be used in many appliances like charging the laptop battery as 
well as to charge the handset; it may also have used to lightening up energy saver. 

• If we need more power in this method then use more steps for more energy also the ability 
of battery and inverter should be increase, then output will be increased 
 

3.2.1.  Aspects 
 

The main features of power generation through foot step by piezo electric are that the power generated by 
transform ring mechanical energy into electrical by movement of people on the floor where piezo plate is 
placed. Piezo electric power system is safe and secures to use it is totally risk free method this system 
will not produce any problem and discomfort for people. 

 
Foot step power generation through piezoelectric process have electrical and mechanical parts but it 
hasn’t so many losses. This system has low cost if the system is damaged so no issue the cost of 
equipment is very low. This system has also ability to store the electrical power in the batteries. Foot step 
power generation system is cheap reliable and efficient method. 

 
3.2.2.  Upcomming Extent  
 
Now world is stirring to the renewable resources due to worldwide heating so this project foot step power 
generation through piezo electric has vast extent. Other renewable sources are also used such like sterling 
plant, biogas, wind turbine etc. But if we compare them with foot step power generation through piezo 
electric sensor so this will be inexpensive, useful, efficient and reliable as compare to other renewable 
resources. 
 
 
3.3.  Block Diagram 
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Fig.2. (a) Block diagram   (b) Circuit diagram 

4. Operational Description 

In this system gear is attached with flywheel shown in Fig.2. (b) which will use to rotate the shaft that 
shaft is attached with DC generator in order to generate DC current that will be stored in the batteries. 

When an individual pass, it will push the tile on the ground surface that turn the shaft beneath the tile, the 
turn is limited by clutch bearing which is underpinned by holders. The primary shaft will rotate almost 
twice by single tile push. The movement of prevailing shaft turn the gearbox shaft which buildup it 15 
times then its movement will be smoothed by the help of fly wheel that store the movement temperedly 
that will be transferred to DC generator which produce 12vvolt 40amp at 100rpms 

Generated energy is stored in the batteries and inverter circuit is also used to convert DC into AC so that 
we can run the home electrical load. Indeed, a microcontroller based home mechanization framework is 
used which control rooms with full protection. Whole frame work is put on the iron bars which are called 
channels.  

5. Application 

• Public places 
• Foot paths 
• Universities 
• In airports 
• In car parking system 
• In railway stations 
• Shopping Mall 
• In street lights 
• In bus stations 
• In lift system 

 

6. Conclusion 

Since the power generation using foot step get its energy needs from no conventional source of energy 
there is no need of power from the mains and there is less pollution in this source of energy it is very 
essential to the places, all roads and as well as all kind of foot step which is used to generate non 
conventional energy such as electricity. As a common fact 11% Non conventional energy which 
contributes our primary energy. Weather this project is employed then we can not only overcome the 
energy shortfalls issues but this will also contribute to create sound global environmental change 
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Abstract 

Due to increase in power demand day by day it is beneficiary to connect renewable energy sources like solar, wind, fuel 
cell, geo thermal energy, etc which are unlimited unlike conventional energy sources, pollution free and environmental 
friendly, to the grid. Utilization of alternative energy and interconnection with the grid is not easy hence power 
electronics converter are used for this purpose. The power inverter is a key component in most alternative energy 
systems. In this paper, an experimental and simulation study is done to investigate the performance of voltage source 
inverter topologies. In ac the quality of sinusoidal waveform is more important than the quantity. In order to achieve 
that, inverter with less harmonics is needed. For this purpose, the power quality analysis of square wave inverter and 
phase shift inverter is carried out through Matlab simulation and results are validated with experimental results. The 
performance of these inverters are evaluated in terms of Total Harmonic Distortion, power factor and true power. The 
simulation results are in good agreement with experimental results. It is concluded from simulation and experimental 
results that the total harmonics distortion in voltage and current waveforms of phase shift inverter are 17.7% and 20 % 
is less than the square wave inverter but with scarifying in active power and power factor.  

 
© 2016 Aneel Kumar Maheshwari, Abdul Sattar Larik, Mukhtiar Ahmed Mahar, Pervez Hameed Shaikh, Ghulam Shabbir Memon Selection and/or 
peer-review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
 
Keywords: Power Quality Analysis, Voltage Source Inverter, Square Wave Inverter, Phase Shift Inverter. 

1. Introduction 

Since environmental pollution are increasing day by day there is need of natural resources like photovoltaic and wind 
energy for power generation application [1-3], which are environmental friendly and free from pollution and are 
abundant in nature [4, 5]. Since the output of solar and wind are dc and almost all home appliances works on ac power, 
therefore there is dire need to convert dc power into ac [6]. The device which converts dc power into conventional ac is 
known as inverter. 
 
The inverter has been widely used in many fields, such as the motor control, the UPS, and the solar inverter systems etc. 
The inverters are power electronics converters which enables for converting dc to ac power by using the power 
electronics devices like the IGBT and MOSFET [7]. Traditionally, many inverter systems will be implemented by the 
analogue components. As the development of the digital processors, more and more low-cost and high-performance 
microcontrollers have gotten into the market. At the same time, more and more inverter systems tend to use the 
microcontrollers to implement the digital controller, which cannot only simplify the system structure but also improve 
the output performance of the inverters [8]. 
 
As the pure sine wave inverters are superior in quality and performance, very low harmonic distortion, reliable for many 
sensitive electronics load and won’t make any noise and heating in inductive load [9, 10] but in-spite of all these 
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advantages, drawbacks of pure sine wave inverter is, it is very much expensive, high switching losses, requires 
significant control circuitry and output power is also low as compared to Square Wave Inverter [11]. Therefore this 
paper focus on inverters which are less expansive, high output power, low switching losses that are Square Wave and 
Phase Shift Inverter [12]. 

Square Wave inverters are simplest and cheapest from all other kinds of inverter. Square wave can be obtained from 
simple full bridge inverter with appropriate switching of switches when the input is dc. Output seen from square wave 
inverter is either maximum or minimum or zero voltage/current depending on switches on and off state [13]. 

The output waveform of phase shift inverter is analogous to square wave with some exception that output waveform of 
phase shift inverter becomes zero for a while before swapping to positive and negative half cycles. Phase shift inverter 
have fairly improved characteristics than Square Wave inverter even though still economical [14]. 
 
Both Square wave inverter and phase shift inverters are perfect for Equipment that runs on Non-Sinusoidal Current [15]. 
Both inverter use dc power in more efficient way to overcome this job. Output of these two inverters is usually sufficient 
to run many small and medium electronic devices with some distinct exceptions [16]. 
 
Every power electronics converters have some power quality issues. From the literature review it is found that the main 
issue of power quality related to these inverters is harmonics [17]. 
 
2. Simulation Model 
 
The simulation model of single phase inverter is shown in Fig. 1 In this model three phase ac supply is converted into 
single phase dc and then filtered out by using capacitor, then this dc is fed as an input to inverter. IGBTs are used in 
inverter circuit. By giving suitable pulses to IGBTs the output seen from inverter is square wave and phase shift.  Fast 
Fourier Transform (FFT) tool of MATLAB software is used to analyse the total harmonics distortion of inverters. 
 

 
Fig. 1. Simulation Model of single phase inverter. 

3. Harmonic analysis of  Simulation Model of an inverter 
 
In this work, the harmonics of single phase square wave (S.W.I) and phase shift inverters (P.S.I) are analysed.  The 
output voltage waveform of square wave inverter is shown in Fig. 2 (a) while its harmonic spectrum is illustrated in Fig. 
2 (b).  
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FFT analysis of inverters are done to see the magnitude of harmonics present in the output of inverters. The output 
voltage waveforms of both inverters have no dc component and very less magnitude of even harmonics.  

 (a)  (b)  

Fig. 2. (a) Voltage waveform of S.W.I (b) %THD of Square Wave Inverter. 

4. Experimental setup 

In order to validate the simulation results of inverters, an experimental setup as shown in Fig. 3 has been established. 
Power quality analyser (Fluke 43B) is used at different points to take readings of THD, active power, power factor and 
to see the waveforms. The recorded results of power quality analyser are further analysed in Fluke view software. In 
experimental setup input is 3phase ac supply which is converted into single phase dc by using diodes and which is fed 
to inverter. Here resistive and inductive loads are connected to see behaviour of inverters at different loads.  

 
Fig. 3. Experimental Setup. 

5. Waveforms and THD Graphs from Experimental Setup 
 
Waveforms and THDs are very important to see the behaviour of inverter. The waveform as shown in Fig. 4 (a) gives 
the magnitude of voltage of square wave inverter (S.W.I) at resistive load. From PQ analyser it can be seen that the 
output THD harmonics or square wave inverter is 46.7% shown in Fig. 4 (b).   

 
Fig. 4. (a) Voltage waveform of S.W.I (b) %THD of Square Wave Inverter. 
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6. Result Discussion 

6.1. Inverter parameters from experimental Model  

Table 1 shows inverter parameters from experimental model at resistive and inductive loads. Various parameters such 
as THDs of Voltage and current, power factor and active power is taken from PQ analyser. It can be seen from measured 
values that the square wave inverter has high % THD in voltage and current at both R and at RL loads. On the other 
hand, phase shift inverter has lower value of THD in voltage and current but with sacrificing in active power and power 
factor values. 

 Table 1. Inverter Parameters from experimental Setup  
 At Resistive Load At Inductive Load  
 % THD 

(Voltage) 
% THD 

(Current) 
Active 
Power 

Power 
Factor 

% THD 
(Voltage) 

% THD 
(Current) 

Active 
Power 

Power 
Factor 

 

Square Wave Inverter 46.7% 48.0% 192W 0.989 48.0% 41.8% 464W 0.960  
Phase Shift Inverter at 600 30.4% 31.4% 145W 0.979 31.4% 29.0% 361W 0.949  
Phase Shift Inverter at 1200 29.7% 28.0% 107W 0.972 30.5% 28.2% 280W 0.937  

6.2. THD Comparison of Simulation Model and Practical Setup at R Load 

To validate the results, THD values of square wave inverter and phase shift inverter at resistive and at inductive load 
taken from simulation model are compared with results obtained from experimental model. Table 2 showing 
comparative THDs of voltage and current at resistive and at inductive load through simulation and through practically. 

 Table 2. Comparative %THD of simulation model with experimental results at R and RL load  
 At Resistive Load At Inductive Load 
 Square 

Wave 
Inverter 

Phase Shift 
Inverter 

at 600 

Phase Shift 
Inverter  
at 1200 

Square 
Wave 

Inverter 

Phase Shift 
Inverter  

at 600 

Phase Shift 
Inverter  
at 1200 

THD (V) Hardware 46.7% 30.4% 29.7% 48.0% 31.4% 30.5% 
THD (V) Simulation 47.42% 31.09% 28.79% 47.42% 35.34 % 33.14% 
THD (I)  Hardware 48.0% 31.4% 28.0% 41.8% 29.0% 28.2% 
THD (I)  Simulation 47.42% 31.09% 28.79% 41.68% 29.63% 28.61% 

7. Conclusion 

In this research work, simulation models of square wave and phase shift inverters have developed in MATLAB software. 
Also the experimental setup of proposed inverter topologies had done. The harmonics of simulation and experimental 
models are analysed. 
 
It is clear from results, that more pure, safe and suitable electrical energy source is Phase Shift Inverter but with 
sacrificing in Power and P.F and also expensive then Square Wave Inverter. On the other hand Square wave Inverter 
have more output with greater P.F but %THD is greater and are mostly used at domestic level due to low cost. 

8. Future Work 

In this research work comparison of inverter parameters through simulation and through practically are done. This 
research work can be extended to minimize the harmonics of these inverters. Filters can be design to make its output 
sinusoidal for the use in most sensitive devices and equipments like medical devices etc. Results obtained in this research 
are very useful for the designer to design inverter for different purpose like for renewable energy grid connection or for 
standalone applications etc.  

Acknowledgements 

I am thankful to my supervisor and co-supervisor who help me in writing this paper. Authors of this paper are very much 
thankful to Electrical Engineering Department, Mehran University of Engineering & Technology, Jamshoro for 
providing essential resources for this research. 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
References 

[1] Akin Cellatoglu and Karuppanan Balasubramanian, “Renewable Energy Resources for Residential 
Applications in Coastal Areas: A Modular Approach”, 42nd South Eastern Symposium on System Theory University 
of Texas at Tyler Tyler, TX, USA, March 7-9, 2010. 
 
[2] P. Berberi, S. Thodhorjani and R. Aleti, “Integration and Optimization of Alternative Sources of Energy in a 
Remote Region”, ELECTROMOTION 2009 – EPE Chapter ‘Electric Drives’ Joint Symposium, 1-3 July 2009, Lille, 
France. 
 
[3] Marco Liserre, Thilo Sauter, and Jhon Y. Hung, “Future Energy System”, IEEE Industrial Electronics 
Magazine, March 2010. 
 
[4] N.L. Panwar, S.C. Kaushik, Surendra Kothari, “Role of renewable energy sources in environmental protection: 
A review”, Renewable and Sustainable Energy Reviews 15 (2011) 1513–1524. 
 
[5] Sims REH, “Renewable energy: a response to climate change”, Solar Energy 2004; 76: 9–17. 
 
[6] M. H. Rashid, "Power Electronics Circuits, Devices and Applications", 3rd edition, Prentice Hall, 2007, 
Chapter 15, pp.359-373. 
 
[7] Chitra Natesan, Anitha Devendiran, Swathi Chozhavendhan, Thaniga.D, Revathi.R, “IGBT and MOSFET: A 
comparative study of power electronics inverter topology in distributed generation”, 2015 International Conference on 
Circuit, Power and Computing Technologies [ICCPCT]. 
 
[8] Yaosuo Xue, Liuchen Chang, Sren Baekhj Kjaer, Bordonau. J, Shimizu. T, "Topologies of single-phase 
inverters for small distributed power generators: an overview, " Power Electronics, IEEE Transactions on, vol.19, no.5, 
pp. 1305-1314, Sept. 2004. 
 
[9] Rafid Haider, Rajin Alam, Nafisa Binte Yousuf, Khosru M. Salim, “Design and Construction of Single Phase 
Pure Sine Wave Inverter for Photovoltaic Application”, IEEE/OSA/IAPR International Conference on Information, 
Electronics & Vision 2012. 
 
[10] Jim Doucet, Dan Eggleston, and Jeremy Shaw, DC/AC Pure Sine Wave Inverter, Necamsid Research Report, 
Worcester Polytechnic Institute, 2007. 
 
[11] “Waveforms Pure Sine or Quasi- Sine”, Airpax Dimensions Magazine, Comment Series, October, 2006. 
 
[12] Don Wilson, “Sine Wave vs. Modified Sine Wave: Which Is Better?” Xantrex Technology USA 2011. 
 
[13] Daniel W. Hart, “POWER ELECTRONICS”, McGraw-Hill Science Engineering Math, 2010, Chapter 08, 
pp.333-335. 
 
[14] Dr. Jamal A. Mohammed, “Performance Study of a Modified Sine Wave Inverter”, Eng. & Tech. Journal, 
Vol.28, No.2, 2010. 
 
[15] James H. Hahn, “Modified Sine-Wave Inverter Enhanced”, Power Electronics Technology Magazine, August, 
2006, pp. 20- 22. 
 
[16] Nam Paik, “The Merits of a Standby UPS with a Modified Sine Wave Output”, White Paper Series, Magazine, 
WP-Merits-of-Standby-UPS, 2006, pp. 271-272. 
 
[17] Ali Ahmad, M. Amer Saeed, Muhammad Usama, M. Usman Khan, Areeb Khalid, “Qualitative Analysis Of 
Low Rating Uninterruptible Power Supplies”, Sci.Int.(Lahore), 27(5),4047-4052,2015, ISSN 1013-5316; CODEN: 
SINTE 8. 
 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

159. Implementation of Condition Based Maintenance at Al-
Noor Medium Density Fiber (MDF) Board Company 

Asad Lagharia, Rizwan Memona, Hassan Durranib 

aMehran Univeristy of Engineering and Technology, Jamshoro, Pakistan 
bShaheed Zulfiqar Ali Bhutto, MUET, Khairpur Mirs, Pakistan 

______________________________________________________________ 
 

Abstract 
 
This Study is mainly focused on the implementation of condition based maintenance (CBM) on critical 
rotating machines, in Al-Noor MDF. The major rotary machines in Al-Noor MDF are identified to forced 
draft fans induced draft fans that transport flue gasses and fiber. Condition monitoring equal to the health 
monitoring, like taking blood pressure, monitoring the signal from heart, and testing blood, we can perform 
test of machines to determine their health. When a machine fails or break down the consequences can range 
from annoyance to financial disaster or personal injury and possible loss of life. For this reason early 
detection, identification and correction of machinery problem are paramount to anyone involved in the 
maintenance of industrial machinery to insure continuous, safe and productive functioning.We have focused 
on estimating the savings from reducing the defects in rotary machines and finding the potential of energy 
savings from the proper functioning of machines. For these objectives of vibration of sensitive rotary 
machine was measured using vibration analyszer ( Detector-3). Data analysis is done on the basis of spectral 
plot, amplitude against frequencies with the help of detector 3. A comparison of vibration reading was carried 
out with the experimental actions under the vibration severity standards. The defective machines were 
rectified using proper equipment and the results before and after rectification were compared. The cost of 
implementation of CBM was estimated to be PKR 1.2 million. Finally, net saving per year was calculated to 
be PKR. 5 million and a comparison between the savings and cost of implementation showed that payback 
period is three months. 
 
© 2016 Asad Laghari, Rizwan Memon, Hassan Durrani” Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
_____________________________________________________________________________________________________________ 
 
1. Introduction 
 
We can make an analogy between human health and machinery health in order to help explain the concepts. 
Doctors use different methods to determine the condition of human body: temperature, blood pressure, heart 
pulse rate, even fluid samples. 
 
For plant equipment, the process is similar. During machine running changes in vibration, temperature, 
lubricants and motor current then machine tell us own condition. So processes are checked…temperature, 
pressure, fluid, flow, speed, motor current, lubrication analysis and vibration analysis, and more. When the 
information is gathered, a clear, picture can be built of the machines condition. 
 
Rotating machinery is lot like the human body. And they way many maintenance departments deal with 
machinery is akin to the way many people deal with their own health. 
Some people lead life, drinking, smoking, and working hard. These activities are not good for their body. 
They ignore the vital signs, and eventually the body gives out. They just have to hope that the fault is 
repairable. This is akin to break down maintenance. 
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Then there are people who like wise may not take good care of themselves, but they will take a few vitamins 
now and again, and occasionally visit a health farm or fitness center to try and make up for all the wrongs. 
They periodically try to do the right things, but they will still get sick from time to time. This is akin to 
preventive maintenance. 
Next we have the people who still don’t take great care of themselves, but they do regularly go to the doctor. 
The doctor takes their blood pressure, a few samples of bodily fluids, and listens to their heart. The doctor 
tires to detect if there are any problems, to determine the person’s conditions, and then administers the 
required drugs or other remedies before the person get to sick. Occasionally a person will allow himself or 
herself to get sick, but they are going to against their doctor warnings. This is akin to predictive maintenance. 
 
Correction Maintenance or Breakdown Maintenance, to occur suddenly failures, other words runs to failures 
after face unscheduled maintenance. Preventive maintenance is scheduled maintenance, equipments are 
repaired before failure occurs& other is a condition based maintenance Or predictive maintenance, CBM is 
not traditional maintenance that advance maintenance technology reduce the number of unexpected failures. 
Condition based maintenance huge potential in the industries. Now days CBM is very important role play in 
industries. Condition monitoring early inform to condition of machines and to identify the need for 
preventive maintenance, with the help of CBM we extend machine life, reduce unnecessary maintenance, 
aggressively manage the health of the machines. (R.keith Mobley-2002) Total operating cost of all 
production plants, one of the big costs of maintenance cost. In generally specific maintenance cost 15% to 
60% of the cost good produced. Food industries the average maintenance cost 15% of the cost of good 
produced and heavy industries the average maintenance cost 60% of the cost of good produced. 
 
Machinery condition life, reliability and accuracy are key factors in any industrial process supporting 
successful economical plans and outcome. Every day we hear about a new idea or technique contributing to 
the objective of a successful machinery operation with minimum production lost.  
 
1.1.  Problem Statement 
 
I carried out our project at Al-noor MDF (Medium density fiber). I have focused on critical Induced draft 
fans and Forced draft fans that transport flue gasses. These accessories are having bearings as their major 
component, these bearings and belts are needed to be replaced frequently. These bearing can fail due to high 
vibration suddenly that's why there is necessity of vibration analysis so that further damaged can be 
prevented. Fans during operation consume more energy due to high vibration. We did this analysis using FFT 
(Fast Fourier Transformation) analysis because it is more accurate and fast method of vibration analysis. 
 
1.2. Objectives 
 
This Research work is exclusively designed by considering predictive maintenance or commonly known as a 
condition based maintenance in manufacturing industry. This study has adopted the reliable pattern of 
research which is consisting of site visit, interview and questioners. 
 
Main objectives given below: 
 

• To Study Condition based maintenance/ monitoring technique for determining defects in major 
rotary machines in Al-Noor MDF (Medium density fiber). 

• To evaluate the cost of defective rotary machines in Al-Noor MDF.  
• To estimate of possible energy saving from defective rotary machines 

 
1.3. Scope of Studies 
 
Condition based maintenance is most popular and modern maintenance technique. Often the terms 
“Condition Monitoring” and “Predictive maintenance” are used interchangeably. In reality, they do not mean 
the same thing. “Condition Monitoring” is the take steps of determining the condition of a machine. We are 
going out of our way to make this distinction because so many facilities have adopted condition monitoring 
technologies but have failed to rewrite their preventive maintenance action to take account of the new 
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technology. One person collects and analyzes vibration data but someone else replaces the bearings because 
the preventive action came up on the calendar and told them to do so or in other case the analyst knows a 
critical machine is on the verge of failure, but a large production run is scheduled with no planned outage 
because the people scheduling the production do not know about the condition of the critical machine. There 
is no reporting infrastructure in place. Rotating machines tells us about their mechanical condition in a 
variety of ways, and in most cases, machines will develop problems and wear gradually and give us plenty of 
warning before they finally fail. How do they tell us what is wrong with them? They get hot, they vibrate, 
they make noise, they shed particles into their lube oil, the put out high frequency sounds and they have 
difference responses to electrical currents going through them. Fortunately, there are technologies available 
that can objectively measures all of these quantities in order to help us diagnose the mechanical condition of 
our machines. Condition based maintenance is the used by industry to actively manage the health a condition 
of assets 
 
2. Condition Monitoring of Forced Draft Fan using Vibration Analysis 
 
Dileep et al ( 2013 ), In their research they have forced on monitoring of forced draft fan vibration based 
maintenance. It was noticed that forced draft fan drive end side bearing giving vibration because of long time 
after few days’ vibration was increased and bearing was a failure. After analysis they saw the main shaft of 
the fan was banded due to bearing failure. It shows that a replacement of bearing would have taken a 
stoppage of fan but the replacement of the shaft will take a shutdown of the unit. This factor may be rectified 
during condition monitoring of the forced draft fan. 
 
2.1. Vibration Analysis of Boiler Feed Pump 
 
Babu and Das-2013, In their research they did an implement on condition based maintenance in the thermal 
plant. They used a very common technique called vibration spectrum to find out the vibration values and the 
nature of the problem in the boiler feed pump. They feed water pump analyze and diagnose problem is 
impeller vanes are unbalance and they found more values than the normal values. After modification would 
able to get required values and also a considerable saving in personal resources. This study concluded that the 
reason for the frequent increase vibration may cause due to the looseness of foundation bolts, looseness of 
pump of impeller casing, Unbalance and design faults These problems found with the help of vibration 
spectrum analysis after rectification the readings were found to be feasible to ISO standard failure and 
unaccepted breakdown.    
 
3. Machine Faults Signature Analysis  
 
Jayaswal et at (2008), Has worked with vibration analysis on machine fault signature analysis. Many type of 
fault may be diagnosed through vibration signature analysis. In this modern era May techniques are included 
in condition monitoring on of the most useful and informative is the vibration analysis of rolling machines. 
Through vibration analysis all the faults of rotating machine can be arise or already arisen may also be simply 
diagnosed. Therefore it is a considered as the powerful tool of vibration monitoring analysis. The word 
signature defines the signal patterns and characterizes the state or condition of the subject which has been 
analyzed. Signatures are mostly used to find out the faults of mechanical system. After the deep study on 
machine fault signature analysis it describes the following points. 
 
To avoid the potential failure of machineries the smooth and safe operations are required and to avoid the 
disastrous failure of machineries property maintenance should be done. Condition based maintenance is the 
best technique to prevent the futuristic failure of rotating machineries and the vibration signature analysis is 
most suitable technique to diagnose the different faults. 
 
Rolling contact bearing is needed the more attention towards signature analysis among all machine 
components. Bearing fault signature has a lot of scope through vibration data for multiple points or 
generalized faults.  
 
4. Methodology: 
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This Research work is exclusively designed by considering predictive maintenance or commonly known as 
condition based maintenance in Al-Noor MDF . This study has adopted the reliable pattern of research which 
is consisting of site visits, interviews and questionnaire Al Noor MDF is selected to collect the data. Those 
rotary machines are selected which have high vibration. Intensity of vibration is identified using vibration 
analyzer (detector -3). Data of defects and the losses in production are collected. Identified defects are 
analyzed in terms of energy losses. Cost of defects is collected from maintenance department. Total loss 
(number and time of Defect+ Production loss + Energy loss) due to defects in machines is estimated. The cost 
of implementation of CBM technique is estimated. 
 
Possible savings using CBM technique are estimated through possible reduction in the number and time of 
defects, and energy losses. 
 
5.1. Results And Discussion 
 
This section consists of nine critical fans as given below: 

• Mat trim saw fan 
• Fiber relay fan 
• Fiber supply fan 
• Mat reject fan                                    
• Main vacuum fan 
• Scalper exhaust fan 
• Scalper  vacuum fan 
• Impulse air fan 
• Dryer fan 
• Induced draft fan  

Only five machines have been selected for vibration analysis; data collected before defects and after defects 
with the assistance of maintenance department. Further analysis and estimate the energy losses in terms of 
kWh and rupees are given below.  
 
5.2 Mat Trim Saw Fan Vibration Measurment  
 
The data collected for values of motor drive end side & fan drive end side vibration due to fan unbalance & 
misalingment is given below. 
 

Table 5.1:  Data collected before rectification 
S/No Location Reading in Velocity (mm) 
  Vertical Horizontal Axial 
1 Motor non drive end side 2.794 1.173  

2 Motor Drive End Side 3.595 4.709 8.421 

3 Fan Drive end side 8.071 10.34 5.305 
4 Fan non drive end side 2.524 7.789  

 
The following table shows the data of vibration after performing dynamic balancing 
 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

 5

 
Fig: 5.1 Before Rectification 

 
Fan drive end side at horizontal velocity figure show overall value and single spectrum plot before 
rectification. 

Table 5.2:  Data collected after rectification 
 Location Reading in Velocity (mm) 
  Vertical Horizontal Axial 
1 Motor non drive end side 2.196 1.14  

2 Motor Drive End Side 3.6 1.975 7.08 

3 Fan Drive end side 4.1 3.8 4.3 
4 Fan non drive end side 1.5 2.7  

 
After rectification reduced vibration level 
 

 
Fig: 5.2 After Rectification 
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Fan drive end side at horizontal velocity figure show overall value and single spectrum plot after rectification  
 
 Following equation is used to calculate energy and power consumption before rectification. (Here I= 90 
amperage) 
 

P = 1.732*V*I*Power factor      (1)                              
P = 1.732*400*90*0.9 

P = 56.1168kW 
E = P*t                  (2) 

E = 56.1168*7860hr/year 
E = 491583.168kWh/year 

The Price of energy consumes/ year is calculated at the rate of Rs20/ unit, (Rs20/- unit estimate figure taken 
from Al-Noor MDF) Rs9,832,000/-. 
 
Following equation is used to calculate energy and power consumption after rectification the value for I is 
used as 87.5 amperage 

P=1.732*V*I*P.F 
P=1.732*400*87.5*0.9 

P=54.558kW 
E=P*t 

E=54.558*7860hr/year 
E=477928.08kWh/year 

 
The Price of energy consumes/ year is calculated at the rate of  Rs 20 / unit= Rs.9558561.6  
 

Table 5.3:   Power and energy consumption 
Parameter Before Rectification After Rectification 
Power ( kW ) 56.1168  54.558  
Energy (kWh ) 491583168  477928.08  
Cost of electricity in Rs.  9800000 9600000  

 
Savings per year  Rs. 200000 
Simultaneously we analyzed other fans and to calculated before and after rectification 
 
5.3. Energy Cost Saving For One Year 
 
Mat Trim Saw Fan+ Main Vacuum Fan+ Impulse air fan+ Met Reject Fan 
200000+200000+200000+200000  
Total energy cost saving per year= Rs. 8000000 
 
5.4 Net Cost Of Energy Saving For One Year  
 
Net cost of energy saving= energy cost saving –outsource cost 
Outsourcing service cost for vibration analysis of work done during schedule shutdowns they were charged 
fifty thousand rupees 
Net cost of energy saving= 700000-50000 
Net cost of Energy Saving= Rs. 700000  
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Table 5.4:  vibration analysis result before rectification and after rectification 
S/No Equipment Name Fan condition before 

Rectification 
Fan condition after 
rectification 

Remarks 

1 Mat trim saw fan Danger Normal No action required 

2 Man Vacuum fan Danger Normal No action required 
3 Met Reject fan Danger Normal No action required 
4 Impulse air fan Alert Normal No action required 
 
5.5 Total Downtime For One Year 
 

Table 5.5:  selected critical fans to collected all fans down time 
Date Duration Nature of Problem 
16-May-2013 25mint Mat trim saw fan belt worn out 
17-May-2013 04:30mint Induced Draft  fan High vibration due to unbalance 
03-July 30mint Sclaper vacuum fan Belt worn out  
Nov-2013 40mint Sclaper exhaust fan Belt worn out due to misalignment 
10-Oct-2013 2:00mint Dry fan connection box heat up due to high vibration 
13-0ct-2013 9:30mint  Dry fan motor burn out due to high vibration 
Jan-2014 3:30mint Dry fan high vibration due to unbalance 
03-feb-2014 30mint Sclaper exhaust fan belt worn out 
26-feb-2014 3:00mint Fiber relay fan shaft worn out 
 24:35mint  

 
 
 
5.5.1. Average of annual production cost lost due to unscheduled down time 
 
        One press    = 06 minutes  
        One press    = 12 board 
        One hour    = 10 press 
        10 press* 12 board  =120 board 
        120 board* 24:35 min              = 2952 boards 
         Price of one board Rs.1700 
        In terms of  Rs  
        2952 boards * 1700  = 5000000  
 

 
Table 5.6: Downtime machine components failure cost Report from 01-04-2013 to 31-03-2014, (Below 

data is collected from maintenance department) 
S/No Machine Name Nature of  problem Machine component 

failure 
Cost of failure 
component in Rs. 

1 

 

Mat Trim Saw fan Mat trim Saw fan belt 
worn out 

Three belt failure 1800 

2 Scalper exhaust fan Scalper exhaust fan belt 
worn out 

Three belt failure 1960 

3 Dry fan Dry fan motor burn out 
due to high vibration  

Motor winding burn out 500000 

4 Fiber relay fan Fiber relay fan shaft worn 
out 

One shaft two bearing 25414 

 
    The given below table show downtime machine     components failure cost= Rs. 531274  
 
5.5.2. Downtime labor cost for one year 
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Table  5.7:  Man power and salaries categories 

S/No. Designation Number 0f person Per month salary each employ Per hour salary in Rs. 
1 Mechanical engineer 01 40000 166.66 

2 Electrical Engineer 01 40000 166.66 
3 Mechanics 02 25000 208.33 
4 Electricians 02 25000 208.33 
5 Fitter 01 16000 66.667 
6 Helper 03 12000 150 

 
Downtime labor cost= total salaries per hour* downtime hours 
Downtime labor cost= 966.64 per hour*24.85 
Downtime labor cost= Rs. 24021 Pak  
 
5.5.3. Total cost savings from avoiding down time 
 
Total cost savings per year= production lost cost + machine component cost + labor cost----- ( 3 ) 
Put the all value in equation number three 
Total cost savings per year (Rs.) = 5000000 + 500000 + 24021 
Total cost savings per year (Rs) = 5500000 0r 5524021 
They will equipment purchase from Hyder Ali and company equipment cost is Rs. 1220000, they will 
charge equipment training cost Rs. 25,000, so that training cost I will consider training cost per year equation 
is given below all values put in this equation 
The cost occurred to avoid downtime per year= Labor cost per year+ equipment cost/ warranty year+ training 
cost per year 
      = 24021+ 1220000+ 25000 
Cost occurred to avoid downtime / year =Rs.1200000  
Net cost savings per year =5500000-1200000                                                                                                                                         
Net Cost saving per year = Rs.4200000 
 
5.5.4 Total net cost savings per year 
 
Total net cost savings per year=Energy saving + other savings 
                               = 700000+ 4200000 
                               = Rs.4900000 
 
5.5.5. Payback period 
 
Vibration analyzer and belt pulley alignment tool  
Brand Name = FAG 
Instrument Name = FAG Detector III 
Cost of ownership = Rs.1100000  
Brand Name= FAG 
Instrument Name= FAG top laser smarty 2 
Cost of ownership= Rs. 120000  
Payback period = first year total cost of ownership/ annual saving *12 month per year------------ 4 
Payback period= 1220000/ 4900000*12 
Payback period= 3 month              
 
5.6 Conclusion 
 
With this research work my design was to inform people about the importance of vibration measurements for 
maintenance helps. Vibration measurements identify individual machines faults and the root cause, 
determining the correct course of action to rectify the problem. Vibration analysis provides advance warning 
of developing issue so damage to machines and shutdown can be avoided. It allows you to acquire data about 
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the condition of the actual machine and prevent replacement of good components. A good vibration 
monitoring program can be providing substantial savings in consumed energy minimize spare parts used and 
lost production.  Vibration measurement is the most integral test that will give the user and accurate idea of 
the machine s condition internally. 
 
To achieve my first objective I have contemplated the condition based technique. In condition based 
technique I selected vibration analysis for my research study. 
 
Further, I studied in detail basic vibration, vibration measuring criteria, importance of vibration, vibration 
analysis and how to read spectrum recognition. 
 
To accomplish my second objective I calculated downtime, which include production lost cost, component 
failure cost and labor cost. The total cost incurred due to downtime was Rs. 4 millions 
 
To achieve third objective potential energy cost savings were calculated. The net energy savings in terms of 
PKR were Rs. 0.8 million. This cost is added is cost due to downtime so total net saving per year becomes 
Rs. 5 million 
In the end payback period was calculated as the ratio of first year total cost of ownership (tool) to annual 
savings 
The payback period was calculated as 3 months  
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Abstract 

The study is conducted to assess the environmental impact (positive/negative) on adjacent agriculture lands due to   
seepage from surface field drain or disposal channel (D/C) in cutting and elevated position. The drainage effluent was 
generated from scavenger tubewells installed on right side of Jamrao canal, Nawabshah component of Left Bank 
Outfall Drain Stage-1 Project (LBOD-1). In this study, two disposal channels (D/Cs), each carrying individual 
tubewell's effluent and one disposal channel carrying three mutual scavenger tubewells' saline effluent were selected. 

The research results revealed that impact was negative on the root zone soil profile of nearby agricultural land due to 
reverse seepage from D/C built over the soil surface. There was no any adverse impact of drainage seepage  when 
disposal channel was  flowing about 1.5 ft below the ground surface and properly maintained. The results also 
indicated that, the flowing drainage effluent in the field surface drains or D/C do not put adverse impact on water 
quality status of nearby land,  near shallow aquifer watertable. Present study suggested that, the D/C always be 
constructed 1.5 ft below ground level, but in case the disposal channels are constructed on elevated level due to  
unavoidable circumstances,  the lining with suitable material should be adopted.  

Keywords:  disposal channels,  scavenger tubewells, drainage saline effluent, water logging and salinity, Left 
Bank Outfall Drain, LBOD-1, Lower Indus Basin. 
 

 
1. Introduction 

In Lower Indus Basin (LIB), the expansion of controlled irrigation i.e., after construction of Barrages, 
fetched remarkable boost in agricultural production, but on the other hand the continuous seepage from 
different components of irrigation canal network and infiltration from intensive agriculture of the irrigated 
fields without sufficient drainage facilities has resulted the problems of water logging and soil salinity. 
These serious problems had critically declined  agricultural production in this region.  

In order to combat the twin menace, the Government of Pakistan has launched the Left Bank Outfall 
Drainage Stage 1 (LBOD-1) Project in 1985 with an aim to reclaim irrigated area of Sindh. The project area 
comprised of Nawabshah, Sanghar and Mirpurkhas districts of Sindh Province of Pakistan that lies between 
latitudes 24º 10' and 26º 40' N and Longitudes 68º 09' and 69º 26' (Figure 1)  
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Fig. 1. Map of left bank outfall drainage stage-1 project  

(MMP, 1985)  [1] suggested a system of surface drainage (branch drains and outfall drain) and subsurface (Vertical 
and Tile drainage) network that carry surface and subsurface drainage effluent to manage groundwater levels and get 
better collection and removal drainage effluent from an area of 1.275 million acres of left bank of the Indus in Sindh. 
Scavenger wells was one of the main components of LBOD-1. 

The main objective of scavenger well was to recover fresh ground water over the saline groundwater aquifer 
efficiently for use of irrigation and domestic purpose when fresh groundwater cannot be recovered efficiently with 
conventional tubewell. The scavenger wells are those, which pump fresh and saline ground waters simultaneously, 
from upper fresh and lower saline ground water aquifers respectively.  

The total of 189 scavenger wells were installed  in year ,1994 within Nawabshah component, and proved successful in 
improving waterlogging and salinity in the area as per the evaluation of 2-years study during 1994 to 1996, that 
developed confidence in scavenger well technology [2]. To evaluate the  operational management strategies of 
hydraulic performance of  scavenger wells, study has been carried out by Kori et al. [3], they calibrated the numerical 
model MODFLOW-96 [4-5] with groundwater dynamic field data during pumping tests under scavenger wells of 
LBOD-1 project area. 
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Similarly the performance of scavenger wells technology with respect to operation and proper functioning for 
controlling water logging and salinity, Lashari and Kori (2010) [6] has conducted study to  investigate and  assess the 
impact of scavenger wells over the economy and farming community. From the assessment of questionnaire survey, it 
was concluded that the installation of wells within the project area resulted a significant progress of waterlogged and 
salt-affected lands and increased cropped areas and yields. The increase of land value represents the economic 
explanation of scavenger wells as a better choice that could attain drainage targets in combination with recuperating 
fresh groundwater for irrigation and other uses. Environmental impact of the loss of some agricultural land for 
drainage infrastructure, mobilization of deep salts, removal of drainage water and seepage of saline water from the 
channels of elimination, are major concerns that limit the sustainability of the scavenger tubewells scheme [7] 

Since scavenger wells dispose of saline effluent through disposal earthen surface channels constructed below and 
above the land surface, the impact of seepage of saline water from these channels to the adjacent agricultural land 
cannot be overlooked. The seepage may have positive or negative environmental impact on the root zone and thus the 
agricultural production. In view of  this  fact, the  study was conducted to investigate the impact of drainage effluent 
seepage of elevated and in-cutting disposal channels on adjacent shallow aquifer and root zone soil profile; and their 
remedial measures to overcome the danger of reverse seepage from field/ sub-drains if exists. 

2. Methodology and Experimental Work 

The observation sites at three different scavenger tubewell areas were chosen under the boundary of Nawabshah 
component of LBOD stage-1 Project to evaluate the environmental impact of reverse seepage of drainage saline 
effluent from D/Cs on adjacent root-zone soil profile and shallow aquifers near water table. These tubewells are 
installed on right side of Jamrao canal (Figure 2).  

Four observation points at each observation site were selected (02 D/Cs, each  carrying drainage effluent of single 
scavenger tubewell and one mutual D/C carrying three scavenger wells drainage saline effluent) for collecting  the soil 
samples up to 150 cm below the soil surface; and water samples of shallow aquifer (near water table) up to 4.57m 
depth.  These observation points were located at perpendicular distance away from each D/C  at the toe of D/C, 15m, 
30 m and 60 m away from the D/C. Both soil and water monitoring processes were carried out at the same periods i. 
e., post Kharif (October 2007) and post Rabi (May 2008) crop seasons. 

2.1. Root-zone soil and shallow groundwater sampling  

 There were total twelve observation points,  four at each D/C regions of JRS-45; JRS-55 to -57 and JRS-60 scavenger 
well were selected. The soil samples at depths of 0-15, 15-30, 30-60, 60-90, 90-120 and 120-150 cm were collected 
using 10 cm diameter of local made augur from the all twelve observation points and preserved in plastic bags; and in 
the meantime a 4.57 m deep bore of 10 cm diameter was made at same observation points to collect the water samples 
to check the shallow groundwater quality near water table. The constructed bore holes were left till the seeped water 
reached in equilibrium state. After that the water samples were collected from top, middle and bottom reaches of each 
bore hole, using 1.0 cm diameter flexible rubber pipe then mixed and preserved in plastic bottles. The water samples 
were also collected from each D/C or field drain. The sampling process was made in post Kharif (October 2007) and 
post Rabi (May 2008). The preserved all soil and water samples were brought safely into the soil and water  
Laboratory, Drainage Research Centre (DRC), Tandojam for the analyses.  
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Fig. 2. Plan of study site and observation locations. 
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3. Results and Discussion 

3.1  soil profile    

As stated in sec. 2.2, total 72 soil samples, 12 groundwater samples of shallow aquifers and three samples from D/Cs 
were analysed. The analysis of soil samples indicated that the  soil texture was classified as Clay to Clay Loam (Table 
1).  Figure 3 (a, b and c) presents the average values of soil ECe, PH and SAR which were further analysed to assess 
the results of soil salinity/sodicity status in post Kharif (October 2007) seasons results showed that, 75% of selected 
vicinity was non-saline and non-sodic (NSNS) and rest of the area was found saline and non-sodic (SNS). Whereas, in 
post Rabi (May 2008) season, 66% of the area  was assessed non-saline and non-sodic (NSNS) and rest of the area 
was found saline and non-sodic (SNS) (see Table 2). 

The results further revealed  that the soil salinity/sodicity status remained un-changed in all D/C of JRS-45 and JRS-55 
to -57 tubewells areas, which were in-cutting  in post Rabi (May 2008) as evaluated to post Kharif crop (October 
2007). However the results of D/C above the ground surface of JRS-60 were not the same as with cutting D/Cs.   At 
this location, the root-zone soil profiles of 75% vicinity was assessed non-saline and non-sodic (NSNS) and remaining 
was classified as saline and non-sodic (SNS) in October 2007, whereas in May 2008, the entire area  was found saline 
and non-sodic.  It indicates that during six months elapsed time the seepage of drainage saline effluent from elevated 
D/C has declined the root-zone soil profiles salinity  status. This may have  occurred because of sharp hydraulic 
gradient.  

Table 1: Average values of soil texture of collected soil samples from depths of 0-15, 5-30, 30-66, 60-
90, 90-120 and 120-150 cm 

Location Point away from D/C At the toe of D/C 15 m 30 m 60 m 

JRS-45 
Oct. 2007 Clay Loam Clay Loam Clay Loam Clay Loam 
My 2008 Clay Loam Clay Loam Clay Loam Clay Loam 

JRS-55 to -
57 

Oct. 2007 Clay Loam Clay Clay Clay 
My 2008 Clay Loam Clay Clay Clay 

JRS-60 
Oct. 2007 Clay Clay Loam Clay Clay 
My 2008 Clay Clay Loam Clay Clay 
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Fig.  3. Average values of (a) ECe, (b) pH and (c) SAR soil samples taken from each observation point at 
depths of 0-15, 5-30, 30-66, 60-90, 90- 120 and 120-150 cm for post-Kharif (Oct., 2007) and post-Rabi 

(May, 2008) crop seasons. 
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Table 2. Average values of Salinity/ Sodicity Status of soil samples taken from observation point, at 

depths 0-15, 5-30, 30-66, 60-90, 90-120 and 120-150 cm 

3.2. Impact on groundwater of shallow aquifer near watertable  

Table 3 presents  the results  of water quality of shallow aquifer  for both post crop seasons. The results, 
indicated that, EC values of shallow aquifer water at all experimental D/C sites in May 2008 was relatively 
better as compared to October 2007. This improvement of water quality during six months elapsed time, 
might be occurred due to continuous seepage/leakage from canal bed and banks towards aquifer; and 
continuous pumpage by tube wells from existing aquifer. The results further revealed that the SAR was 
almost neglected with  very little effect, during the elapsed period. 

Table 3. Shallow aquifer water quality results, in term of EC, pH and SAR observed at D/Cs of JRS-57, JRS-55,56 and 57 and JRS-60 for          
post-Kharif and post-Rabi results seasons 

Source D/C Toe of D/C 15 m from D/C 30 m from D/C 60 m from D/C 
Disposal channel site of JRS-60 tubewell 

EC (dS/m) 
Oct., 2003 6.9 4.87 2.38 4.29 1.86 
May, 2007 6.66 2.34 2.23 3.71 2.45 

pH 
Oct., 2003 7.2 7 7.2 7 7.1 
May, 2007 7.3 7 7 7.2 7 

SAR 
Oct., 2003 6.58 4.03 2.17 4.24 1.77 
May, 2007 8.68 2.02 3.37 8.55 2.44 

Composite disposal channel site of  JRS-55,56 and 57 tubewells 

EC (dS/m) Oct., 2003 7.53 7.86 5.69 2.88 3.84 
May, 2007 7.38 4.94 4.63 3.22 3.36 

pH Oct., 2003 7.3 7.2 7.4 7.7 7.6 
May, 2007 7.1 7.3 7.6 7.5 7.5 

SAR Oct., 2003 6.49 5.93 7.88 5.92 6.58 
May, 2007 8.22 8.51 8.61 8.5 11.65 

Disposal channel site of JRS-60 tubewell 

EC (dS/m) Oct., 2003 12.74 17.83 13.13 10.95 11.18 
May, 2007 12.08 14.54 7.3 7.35 9.6 

pH Oct., 2003 7.4 7.4 7.6 7.4 7.4 
May, 2007 7.1 7.6 7 7.5 7 

SAR Oct., 2003 6.5 6.73 8.72 7.03 4.69 
May, 2007 9.78 11.58 7.92 9.57 10.95 

4. Conclusions 

From the present study following conclusions were drawn: 

ü The water quality of shallow aquifer was not affected due to saline water flow in adjacent D/Cs. but 
even  relatively improved during six months elapsed period. This improvement of water quality in 
salinity status, might be occurred due to continuous pumping of existing aquifers' water; and 
continuous seepage of water from canals bed and banks in to aquifers. 

ü In case of the D/Cs elevated above the ground level, the reverse seepage to adjacent land may occur 
and get worse the root-zone soil-profile.  

Location Point Toe of 
D/C 

15 m 
from 
D/C 

30 m 
from 
D/C 

60 m 
from 
D/C 

JRS-45 
Oct., 2007 SNS NSNS NSNS NSNS 

 USBR Classification: 
 EC ≤ 4 dS/m, SAR ≤ 13 = Non-saline Non-sodic (NSNS)  
 EC > 4 dS/m, SAR ≤ 13 = Saline Non-sodic (SNS) 
 EC > 4 dS/m, SAR > 13 =Saline Sodic (SS) 
 EC ≤  4 dS/m, SAR > 13 = Non-saline Sodic (NSS) 

May, 2008 NSNS NSNS NSNS NSNS 
JRS-55 to 

-57 
Oct., 2007 NSNS NSNS NSNS SNS 
May, 2008 NSNS NSNS NSNS NSNS 

JRS-60 
Oct., 2007 NSNS SNS NSNS NSNS 
May, 2008 SNS SNS SNS SNS 
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ü The drainage effluent flowing in D/C, when it is in-cutting and maintained properly, did not affect 

the root-zone soil profile 

5. Suggestions  

The disposal surface drains above the land surface, the lining with suitable material should be adopted. Whereas 
disposal surface drains in cutting should be constructed to avoid  adverse impact of salinity on root-zone soil profile of 
nearby agricultural land due to reverse seepage. These drains should be maintained properly.  
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Abstract 

A massive proportion of the world populace lives in far off rural areas which might be geographically 
remote and in moderation populated. Such areas have very low power demand and are not connected to 
the grid. In a development country like Pakistan, the maximum of the populace lives in faraway rural 
areas with no utility grid and this appears to be the primary impediment to normal development. Power is 
one of the cleanest electricity switch choice and is therefore the basis for the improvement of a place no 
matter the supply of electricity. In recent years, from an environmental factor of view, the renewable 
strength assets are being looked at as unlimited, inexhaustible, environment pleasant and sustainable 
assets. Direct and indirect advantages of the electricity technology through renewable sources in rural 
areas include irrigation, food protection, crop processing, cooling and small-scale industries which assist 
in improving the dwelling preferred of the people. The provision of renewable electricity assets is 
exceptionally variable and placement particular. The different regions have unique forms of energy assets 
available for electrification. The trouble of variability of the output from these assets will be in part 
conquer by installing individual big renewable strength plant or adding electricity garage and 
reconversion facilities or growing integrated renewable power gadget (IRES). The latter options had been 
adopted everywhere in the world as the quality options for energizing far flung rural regions by way of 
electricity in decentralized mode. The study region beneath consideration is positioned in Nangarparkar 
reserve woodland and wasteland range of the Tharparkar district of maximum populated. The one un-
electrified village is chosen from this deserted location. The desolate tract terrain and dense wooded area 
and the large distance from the generating station are the limitations within the extension of grid and 
could handiest be energized in decentralized mode the use of renewable power sources. This paper 
affords feasible renewable electricity eventualities and shows the best scenario on basis of better 
reliability and minimal value of energy (COE) criteria and Net Present Cost (NPC) the usage of Hybrid 
Optimization and Multiple Energy Resources (HOMER) software. 

This work is an improvement of an indigenous technology hybrid Solar -Wind power device that 
harnesses the renewable energies in sun and Wind to generate energy. Here, electric powered DC 
energies produced from photovoltaic and wind turbine systems are transported to a DC join power 
controller. The controller is bidirectional related to a DC-AC go with the flow charging-inverter machine 
that provides charging cutting-edge to a heavy obligation storage bank of Battery and on the identical 
time produces inverted AC energy to AC hundreds. Load estimates of a regular rural network and for 
rural infrastructures had been estimated. Simulation of wind electricity ability in W/m2 in Tharparkar 
District, Sindh will do based totally at the acquired wind information from National  

Aeronautics and Space Administration (NASA). The outcomes confirmed that the average exploitable 
wind power density among 4W/m2 and 5.6kW/m2/day is realizable and that improvement of hybrid 
wind-sun machine for off- grid groups will move a protracted way to improve socio-economy lives of 
human beings. 

© 2016 “Nadeem Ahmed Tunio, Zulfiqar Ali Mangrio, Mouzam Ali Hajano, Assadullah Soomro, Touqeer Ahmed Jumani” 
Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran 
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1. Introduction 

Unfortunately, Pakistan is facing acute energy crisis of the last decade to increase in population and the 
heavy reliance on imported fossil fuels. The Power blackout 8-10 hours in urban areas and 14-18 hours in 
rural areas. This situation has drastically affected the country, residential, industrial and commercial 
sectors. Currently the government to keep the country's future energy supply, it is a big challenge. In 
these circumstances, researchers have been able to rise to the search for renewable energy sources in 
order to meet the country's deficit scenario. Fortunately, Pakistan is lying where often the potential exists 
for all renewable energy sources, such as geographic location. Solar, Wind, Bio-gas, biomass and 
feedstock's, mini and micro hydel to bio-energy. 

Pakistan is blessed with 5.5 Whm2/day solar insolation with average annual sunshine duration of 8-10 
hours/day throughout the country. Wind speeds of more than 20,000 economically feasible wind power 
capacity of 5-7 m/s MW persists in coastal areas of Sindh and Baluchistan provinces. However, the use 
of renewable energy around the world, Pakistan is still lacking in these blessed [1] of the adaptation 
technologies, is already on a fast track. 

This paper presents a combination of solar photovoltaic and wind energy systems. Only production 
system with solar or wind generation, but there are problems associated with both of them. Solar energy 
is not available for 24 hours and the time is not constant. If using a hybrid solar system and is designed to 
overcome these shortcomings. A system that uses both solar and wind power generation system is 
designed in this paper. To show that you can work with the latest research results from solar and wind 
hybrid power generation system enhancements and increased practicality in the field of renewable 
resources [2]. 

1.1. Objectives 

Although several studies are conducted for hybrid renewable energy system, no research is reported for 
this system for Sindh Pakistan. In this work, the techno-economic feasibility study of wind/ solar hybrid 
system is analyzed for Resham-Jo-Tar near Nangarpakar, Tharparkar (Latitude: 24.968 N, Longitude: 
70.815 E). Resham-Jo-Tar is located on the coastal area and has great wind potential and good level of 
solar irradiation [3]. Technical and economic analyses are performed for a wind/solar system with battery 
storages. HOMER is used as tool that facilitates optimum design of the wind/ solar hybrid systems. The 
analyses of the hybrid power system are performed by simulating system operation for the project 
lifetime. 

2. Literature Review 

2.1 Review of Solar Power Technologies 

This technology such as refrigeration, lighting, has been used in autonomous systems to meet the load 
requirements of the applications of electrical pumping or other low power. It PV modules, storage 
batteries, inverters and control components [4]. Photovoltaic durable [5] to achieve development is one of 
the most promising green technologies. Almost zero production of greenhouse gases, using the PV 
system; thus, they are an environmentally friendly option for each region. The modules are stationary and 
without any noise. Less than the maintenance cost, wind turbines, PV systems is an advantage. However, 
their relatively high initial cost is depressing morale. It is interesting to know that the power consumption 
peak season usually takes place in the summer time, ie, when the PV power generation peak. 

2.1.1 The Solar Energy Resources 

The sun is the main energy source which is responsible for supporting all life activity around the world, 
such as the Earth’s thermal comfort, photosynthesis in plants and the whole biogeochemical system. The 
sun emits its energy in form of electromagnetic radiation and after reaching the earth surface it is 
converted to other types of energy sources and used for many purposes [6]. 

The human beings are using the energy from the Sun in two main ways, i.e. for photo-electric generation 
and thermal conversion. These applications represent one big leap for the solution of the world energy 
shortage 
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2.1.2 General calculations 

In this section and also in section 2.2.2 we give main equations that are relevant for calculating power 
production from PV panels and wind turbines, respectively. The formulas, which are described in this 
section and section 2.2.2, give background information to reader and support theories regarding energy 
production evaluation of the modelling tools that we have worked with. The total solar radiation incident 
on a surface depends on the position of sun in the sky, which differs from month to month. The total 
solar radiation [7] incident on the array as the input of a solar cell is 

#$ = #%&% + #'&' + (#' + #%) &(,     (1) 

where Ib and Id are direct and diffuse solar radiations, respectively. Variables Rb, Rd and Rr are beam, 
diffuse and reflected tilt factors of solar radiation, respectively. The voltage current equation in an ideal 
solar cell, with a current source in parallel with a diode, is provided by [7]: 

Ipv = Iph – I (
).+,-

./0  – 1),       (2) 

where Iph is the photo current (A), I the diode reverse saturation current (A), q the charge of electron 1.6 
× 10-19 C, k the Boltzmann constant 1.38 × 10-23 J/K and T is the cell temperature (K). 

The output power of a cell [7] is given by: 

Ppv = VpvIpv       (3) 

where IPV is the output current of solar cell (A), VPV is the operating voltage (V) and PPV is the output 
power of solar cell (W). 

The efficiency of a PV system [7] is: 

η = ηm ηpc Pf       (4) 

and ηm the modular efficiency[7] is given by: 

ηm = ηr [1 – β(Tc – Tr)]       (5) 

where 123 is the power conditioning efficiency, 1( is the module reference efficiency, P4 is the packing 
factor (the fraction of absorber plate area covered by the solar cells), 5 is the array efficiency temperature 
coefficient, $( is the reference temperature for the cell efficiency, and $3 is the monthly average cell 
temperature. From [7], hourly power output of PV system with an area APV (m2) on an average day of jth 
month, with incident total solar radiation of IT (kWh/m2) on PV surface is given by: 

Psj = ITj η Apv.       (6) 

2.2 Review of Wind Power Technologies 

Wind turbines capture the kinetic energy of the wind by means of a multiple bladed rotor coupled with an 
electrical generator on a tall tower. The taller the tower, the higher the wind speed hitting rotor blades can 
become [4]. A stand-alone wind energy conversion system is a complete off-grid system composed of the 
wind turbine, the turbine tower, the battery bank and an inverter. 

Selection of a wind turbine is difficult and a wrong choice may have negative consequences. Moreover, 
picking the right alternative has advantage above the lowest price. It is worth economically to wait little 
longer to find a quality system than having one which imposes extra costs to the projects.  

2.2.1. The Wind Energy Resources 

The wind is an abundant, free, clean, sustainable and environmentally-friendly renewable energy source. 
It has served the human civilization for many centuries by propelling ships and driving windmills to 
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grind grain and pump water, and nowadays also for electrical power production [8]. 

2.2.2 General Calculation 

The following expression gives the power output of a wind turbine [9]: 

P = ½ Cp A ρ U3       (7) 

where Cp is the power coefficient of the rotor and A is the swept area perpendicular to the direction of 
wind in square meter. Also, ρ is the air density (around 1,225 kg/m3) and U is the wind speed (m/s). 

The wind speeds at any height [10] can be estimated from: 

U (z) = 
6
7 ln 89:9;

9< =      (8) 

where κ is von Karman’s constant, Z is hub height, Zo is the roughness length and Zd is the displacement 
height. The friction velocity (U*) depends on the shearing stress and shows the wind speed near the 
Earth’s surface. 

2.3 Review of Hybrid Power Technologies 

Many experts maintain that it is not possible for a single renewable energy source to replace all 
conventional energy sources (fossil fuels), whereas with a combination of different clean energy sources 
this becomes more viable. Such a system is called hybrid energy system [11]. Hybrid systems are usually 
a combination of renewable electricity generation units, such as wind, PV, hydro, biomass integrated 
with conventional ones, such as gas turbines, diesel generators and fuel cells. As conventional power 
plants need continuous supply of fuels, which is expensive to transport to isolated places, use of a hybrid 
renewable energy system can be a good solution for overcoming this economic limitation. The main 
benefit of a hybrid system is that the weakness of one source is rectified by the other source. Solar 
radiation and wind energy both are not available continuously and thus, by using both wind and solar 
technologies the periodical gap between demand and supply of each technology can be filled and the 
disadvantage of each one can be minimized. It is recommended that accurate meteorological data should 
be available in order to avoid designing of an inappropriate system and to minimize operation and 
maintenance costs, especially in large scale projects. For instance, they can support areas with small 
agricultural loads, with special needs like telecommunication facilities, hospitals or everywhere that the 
exploitation of hybrid systems is efficient. Hybrid renewable energy systems usually have storage units 
in order to operate in duration of low power production. [4] 

An optimal combination of a wind/PV system depends on the sizes of the PV array and wind turbine, 
which should provide high availability with low cost. Having 100 % availability means that it is always 
possible to cover load demand [12]. 

 
Fig. 1. Design of the selected Renewable Energy Technology (RET’s) for the hybrid system. 

3. Methodology 

This study uses the HOMER software package developed by National Renewable Energy Laboratory 
(NREL) for designing micro-power systems but complements it by undertaking pre HOMER analyses. In 
the HOMER analysis the hybrid Renewable Energy Technology system is designed, followed by a 
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techno-economic analysis. It compares a wide range of equipment with different constraints and 
sensitivities to optimize the system design. HOMER performs simulations to satisfy the given demand 
using alternative technology options and resource availability. We have considered a combination of the 
following technologies, namely wind turbines, solar Photovoltaic (SPV) systems and batteries (see Fig. 
01 for a schematic system configuration diagram). In the hybrid system the demand from the village is 
AC-coupled and the SPV, wind turbine and the batteries are connected to its DC side. 

3.1 Village Load Assessment 

In a remote rural village, the demand for electricity is not high compared to urban areas. Electricity is 
demanded for domestic use (for appliances like radio, compact fluorescent lamps, ceiling fans), 
agricultural activities (such as water pumping) and community activities (such as in community halls, 
schools). 

 

In this study, the demand has been estimated separately for two distinct seasons prevailing in this area, 
namely summer (April to October) and winter (November to March) considering the appliance holding 
and use patterns for households, potential commercial activities, and energy use in productive 
applications. 

Primary Load 1 – This includes the domestic load, medical centre and school demand. The load demand 
is approximately 149.09kWh/day and 18.6 kW peak. It has a load factor of 0.334. 

3.2 Resources Assessment 

We have considered solar and wind resources in this simulation. The resource assessment is presented 
below. The solar resource used for Resham-Jo-tar village at a location of 24.968 N latitude and 70.815 E 
longitudes was taken from NASA Surface Meteorology and Solar Energy website. The annual average 
solar radiation was scaled to be 5.2kWh/m2/Day and the average clearness index was found to be 0.567. 
The solar radiation is available throughout the year; therefore, a considerable amount of PV power output 
can be obtained. 

 
Fig. 3. Solar energy profile at the selected village 
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The monthly average wind resource data from an average of ten years was taken from the above NASA 
resource website based on the longitude and latitude of the village location. The annual average wind 
speed for the location is 4.8 m/sec with the anemometer height at 50 meters. The wind speed probability 
and average monthly speed throughout the year is also observed. It shows that there are 15 hours of peak 
wind speed. The wind speed variation over a day (diurnal pattern strength) is 0.25 and the randomness in 
wind speed (autocorrelation factor) is 0.85. 

Fig. 4. Wind energy resource at the selected village 

4. Results and Discussion  

System is analyzed and results are given on the basis of NPC (Net Present Cost) and COE (Cost of 
Energy) of different configurations. Results are divided into three main categories. 

a) When only Solar (Photovoltaic) used for Power generation 
b) When only Wind used for Power generation 
c) When Hybrid System (photovoltaic and wind) used for Power generation 

Fig. 5. Simulation for only solar system 

a) When Only Solar Is supplying the power to the load the optimization results in figure 05 Shows 
that Both NPC and COE increase as NPC 104,195$ and COE 0.150$ and initial cost is 88,000$. 
In only solar generation there is a large numbers of batteries are used that’s why initial cost is 
increased as well as cost of energy COE. 

Fig. 6. Simulation for only wind system 

b) When using only wind resources to power generation for the same load the COE and NPC is 
more than the Hybrid System (photovoltaic, wind) but less than the only solar generation for the 
same load shown in figure 06. The NPC is 85,552$ and COE is 0.123$ and initial cost is 
64,000$. 
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Fig.07. Simulation for Hybrid system 

c) When Hybrid system is supplying to load with maximum share Optimization results in Figure 
07 shows that when the renewable generation is also supplying load then both NPC and COE 
decreases with every increase in share of renewable energy and system has lowest NPC 65,203$ 
and COE 0.094 $/kWh with a maximum Solar generation share of 74 %.Although system has 
second highest values of initial capital 56,800$ but this is one time investment and lowest 
operating cost/yr will easily compensate this high initial capital. This makes the given system 
ideal to supply electric power at lowest per unit cost to the selected area.  

 
5. Conclusion 

In this paper HOMER is used to analyze the hybrid power generation system at Resham-Jo-Tar. The 
meteorological data of Resham-Jo-Tar shows that the area has good solar irradiance and wind speed 
throughout the year. The feasibility report shows that the site is most suitable for designing hybrid power 
generation system. Since Pakistan has not yet designed a hybrid power generation system, this paper 
contributes a lot to the power generation in the country. In this paper the importance of diesel generation 
is also discussed. Another advantage of using renewable energy is that generation from these sources is 
pollution free and ever available. Case study of a village located in Resham-Jo-Tar district Tharparkar 
shows that system will have minimum per unit cost (0.094 $/unit) when Solar energy has maximum 
(74%) and Wind has (26%) share in overall generation. 
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Abstract 

The field of power electronics so important today due to latest development of solid state devices. These devices are 
significantly saving the energy when used for conversion and control of power electronic based energy systems such 
as photo voltaic systems, fuel cells, wind farms, active harmonic filters and energy efficient motor drives. The 
penetration of inverters in these applications is tremendously increased during the last decade. This paper presents 
three phase inverter topology used to control the speed of induction motor. The Simulink modelled based 3-phase six 
switch inverter fed to IM drive using MATLAB/Simulink software. The harmonics of three Phase bridge inverter with 
induction motor is analysed at 1200, 1800 and 1500 mode of operations. It is concluded from simulation results of 
inverter controlled induction motor that 150o mode of operation has less Total Harmonic Distortion as compared to 
other mode of operations. 
 
© 2016 Ghulam Shabir Memon, Mukhtiar Ahmed Mahar, Abdul Sattar Larik, Anwar Ali Sahito, Aneel Kumar Maheshwari Selection and/or peer-
review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
 
Keywords: Power Quality, Voltage Source Inverter, Induction Motor, Conduction modes, Total Harmonic Distortion. 
 

1. Introduction  

The generation of an electricity from nonconventional natural resources like wind and sun etc. are commonly 
employed for modern requirement of power demand consumption [1-2]. The future power demand and enhance 
quality pollution free supply and environmental friendly obtained from solar and wind energy are connected to the  
grid or specific consumer applications [1-4]. The utilization of an electrical energy from natural resources is not easy 
and cannot directly use power into load [5]. Hence the power electronic converters are used for power conversion in a 
system and make useful for connection of renewable power resources with load [6-8]. These power converters are 
needed to be design optimally in order to provide system efficiency, safety and reliability of the overall renewable 
energy system [9-11]. Nowadays 50% of total load is motor load and one third of this is Induction Motor (IM) load 
[12]. AC motor is preferred choice on account of its simplicity construction, robustness and low cost for industrial 
application. Hence IM ac drive considered in this paper. This paper focus on the addition of three phase bridge type 
VSI with an induction motor [13].  
A power electronics inverter is a device which universally used as D.C to A.C converter at desired frequency and 
voltage [14]. These inverters are widely used in many applications like VFD, UPS, power generation system, grids, 
renewable resources such as photo voltaic systems, fuel cells, wind farms, active power filters and speed control of 
motor [14-16]. It is known that due to usage of inverter lead to harmonics added in the system which are more harmful 
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to the system [17]. So the improvement in the output voltage and reduction in harmonic distortion is very important 
factor to be considered [18-19]. This will be done by varying the gain of the inverter, which normally obtained by 
using improved control techniques and pulse modulation techniques are used to control and eliminate the harmonics of 
the inverter [20].  The variable output voltage and reduction in harmonics from the output of three phase VSI can be 
obtained by comparison of different conduction modes of operation such as 120,180,150 [21]. The proposed three 
phase bridge is compared with conventional modes like 120 and 180. Through literature review THD of these modes 
is 31% has been analyzed with resistive load [22]. In this paper the THD of proposed nonconventional conduction 
mode inverter based Induction motor analyzed found to be very less and cut down harmonics up to 50%. This will 
mainly focus on reduction harmonics at the out of inverter to drive an Induction motor. The simulation model is done 
on the proposed inverter topology using MATLAB/Simulink and the results are verified.      

2. Three Phase VSI  

The power circuit topology of three phase six switch bridge inverter is designed using six switch devices show in fig 
1. The leg of inverter composed by two back to back electronic switches such as MOSFET, IGBT and GTO depend 
upon application [17-18]. Here we discuss simple square wave inverter operation.  They are normally used for high 
power applications. A Conventional and Nonconventional conduction mode such as 180, 120 and 150 is considered. 
The output of inverter is a three phase balanced output. The three phase output may be obtained by connected three 
single phase inverters in parallel. The control signal as shown in fig 1 applying through gate terminals should be 
advanced in order to obtain three phase balanced voltage. Three phase voltage source inverter used DC power as an 
input and converts it into AC power by using control signal given to gate terminal. 

Fig.1. Three Phase VSI 
  

3. Simulation of Three Phase inverter based Induction Motor at different Conduction Modes 

The three six switch bridge inverter has three types of modes namely 1800,1200 and 1500  mode of operation. 

3.1 1800 Conduction Mode 

The simulation model of three phase 1800 conduction mode bridge type based Induction Motor is shown in fig 2. The 
model consist of six MOSFET switches, DC input supply, balanced Induction motor load, six pulse generator and 
measurement block. This mode is also known as conventional conduction mode of inverter and  most widely used in 
many industries as in square wave controlled three phase VSI. The simulation model of 1800 mode uses six MOSFET 
electronic pairs in each leg i.e. M1 and M4, M3 and M6, M5 and M2, in which each switch conducts for 1800 which 
implies that switches M1 and M4 conducts for 1800 and so on for balance of output voltage and the turn on interval 
between the switches is straggled by 60 degree. It means pulse width is 50%, as result, only three switches conduct  at 
any instant  in a complementary manner. It exist that two switch conduct from upper side, while one from lower side 
of switches and vice versa. In this way the upper side of switches is connected to positive dc bus. For reverse output 
phase sequence pattern of switching may be reversed. But here in this 180 mode there is no time delay between the 
turn ON and turn OFF of upper and lower switch of same leg. So this can be producing short circuit of DC supply 
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through upper and lower switches.  
 
 
 

 
 

Fig 2. Control Switching pattern for full cycle 
 

Table 1 Shows the control switching pattern for full cycle of 1800 mode inverter is provided and fig 2 show the 
simulation of gating pulse at time 0.02s to 0.1s for all six switches. In this mode, each combination of switch conduct 
for 600 in the sequence to produce ac output voltage in phase sequence A,B,C. 
 

Table 1: control Switching pattern for full cycle. 
Interval Duration Conducting switch 

i) 0 to 180/3 S5on, S6on S1on, 
ii) π/3 to 2*180/3 S6on, S1on, S2on 
iii) 2*180/3 to π S3on S1on, S2on, 
iv) Π to 4*180/3 S3on, S2on, S4on 
v) 4*180/3 to 5*180/3 S3on, S4on, S5on 
vi) 5*180 /3 to 2*180 S4on, S5on S6on 

   

 
The simulation model has been made for 180 conduction mode which is shown in fig 3. 
  

 
 

Fig.3. 3-phase VSI of 180 Mode with IM 
 
The integration of an output of three phase bridge inverter at 180 mode is connected to 3-Φ Induction motor is shown 
in Fig. 3. The use of an inductive load in blocking the greater order harmonic current. Load current contain harmonics. 
These harmonic produced unwanted noise, vibration, losses and pulsating toque. Thus Electromagnetic torque of an 
inverter fed IM drive produced amount of ripple. The output of an inverter is nonsinusodial and contain some amount 
of harmonics. For large and medium type applications three phase bridge type inverters is preferred. Due to the 
availability of high speed and low cost power electronic devices, the harmonics contents at output voltage can be 
minimized by control techniques. The output of inverter change according to control pattern. In this simulation model, 
input voltage dc is Vdc=450 applied to inverter.  
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3.2 120 Conduction Mode 

In this paper, a 3-Φ Induction motor is also fed using a three-phase bridge inverter operating at 120 conduction mode. 
The inverter circuit topology of 1200 mode of a thee phase bridge VSI shown in simulation fig 5. In this type of mode 
assumed same bridge inverter can be controlled with each switch leg operate for 1200 time period. At the instant of 
time two switches will operate for one cycle simultaneously, in which the upper switch remain on in the first half 
cycle and lower switch is On for next other half cycle. It is observed from that one conducting switches changes the 
state after an interval of 600. Further simulation is observed that no possibility of short circuit operation of switch, 
output RMS and utilization of switch is less as compared to 1800 mode of operation. 
 

 
 

Fig.4. Control Switching pattern for full cycle 
 
Table 2 shows available six conduction of control switching pattern for full cycle of 120 mode inverter is provided and 
simulation of fig 4 show the gating pulse at time 0.02s to 0.1s for all six switches at 120 mode of operation. This 
conduction made for 600 in the sequences for output ac voltage in phase sequence like A, B, C. 
 

Table 2. Control switching pattern for full cycle 
Interval Duration Conducting switch 

i) 0 to 180/3 S5on, S1on, 

ii) π/3 to 2*180/3 S1on, S2on 

iii) 2*180/3 to π S3on, S2on, 
iv) Π to 4*180/3 S3on, S4on 

v) 4*180/3 to 5*180/3 S4on, S5on 

vi) 5*180 /3 to 2*180 S5on S6on 

   

 
 

 
Fig.5. 3-phase VSI of 120 Mode with IM 

 
In this mode there is existence of a 600 dead time between conducting switches, it provide a safety margin against the 
continuous conduction of two series switches across dc supply. 
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3.3 1500 Conduction Mode 

The Simulation model of 150 mode VSI is shown in fig.7 In this model six MOSFET switches are used, input DC 
supply fed to inverter and connected with Induction motor drive load. This power circuit model is same as 120 and 
180 mode of inverter, but conduction modes operation for controlling are different. Here we used six pulse generator 
and measurement block is shown in simulation model. In this mode each switch conducts for 1500, the duty cycle  is 
41.66% and each switch turn on for 5/12 period. It is very easy to design and implement and hence does not require 
any advance controller. This mode has divided a cycle in to 12 step and each have 300 duration for complete one cycle 
of the output ac voltage. By use of suitable pulses to MOSFET the output an inverter is square wave. The MOSFET 
pair are shown such as M1 and M4, M3 and M6, M5 and M2. 
 

 
 

Fig.6. Control Switching pattern for full cycle. 
 
Table 3 illustrates the control Switching pattern for full cycle of 150 mode inverter is provided and fig.6 shows 
simulated gating pulse at time 0.02s to 0.1s for all six switches of 150 mode of operation. The control switching 
pattern is make in such a manner that three switch are turn on in one interval followed by two switch conduct in next 
interval. 

Table.3 Control Switching pattern for full cycle 
Interval Duration Conducting switch 

i) 
ii) 

0 to π/6 
π/6   to   π/3 

S5on, S6on S1on, 
S6on, S1on 

iii) π/3   to   π/2 S6on, S1on S2on 
iv) π/2   to  2π/3 S1on, S2on 
v) 2π/3 to 5π/6 S1on, S2on, S3on 
vi) 5π/6 to    π S2on S3on 
vii) Π   to    7π/6 S2on S3on S4on, 
viii) 
ix) 
x) 

7π/6 to   4π/3 
4π/3 to   9π/6 
9π/6 to  5π/3 

S3on, S4on 
S3on, S4on, S5on 

S4on, S5on 
xi) 
xii) 

5π/3 to 11π/6 
11π/6 to 2 π 

S4on, S5on, S6on 
S5on, S6on 

 

 
 

 
The Simulation model is done on the proposed inverter topology using MATLAB/Simulink to determine the 
behaviour of IM drive system of fig 7. 
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Fig7. 3-phase VSI of 150 Mode with IM 
 
The output of inverter is fed to ac induction motor load. The ac motor load is inductive in nature with inherent 
harmonic currents in motor. This harmonic current results unwanted torque pulsation, resonance in system and copper 
losses in the motor. The motor speed hardly changes in response to these pulsations. The availability of high speed 
power switching devices, the harmonics order at the output can be significantly minimized by control switching 
technique. With the use of 150 mode the harmonics contents at output voltage can be minimized 

4. Harmonics Analysis of Induction Motor at Different Conduction Modes 

In this work, the harmonics of induction motor at 180, 120 and 150 conduction modes of VSI are analyzed. The 
comparison of harmonic analysis for all conduction modes is showed. The FFT analysis of the phase current is done. 
The magnitude of harmonic order present in the output. The output waveform of these modes of inverter show there is 
no dc component and less magnitude of even harmonics. 
Thus paper compares the performance of three phase bridge VSI drive IM load using 180, 120 and 150 control 
conduction mode. Simulation results has been made using balanced three phase IM to evaluate performance drive 
system operating in three modes. 
 

(a)  (b)  
 

 Fig.8. (a) Phase current waveform (b) FFT 
 
Fig.8 Show the performance of induction motor at 1800 conduction mode of VSI. The input current waveform is 
shown in fig 9(a) and Harmonic spectrum of is illustrated in fig 9(b). 
The comparison of harmonic analysis of 180 mode inverter and the phase current show in fig 8(a). So the fundamental 
value at the output is 13.84 and THD is formed equal to 23.15% with maximum lower harmonics contents as 5th and 
7th. 
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(a)  (b)  
Fig.09. (a) phase current waveform (b) FFT 

  
For 1200 mode inverter, the Total Harmonic Distortion approximately remains same.  Fig.9 Show the harmonic 
spectrum for 1200 conduction mode of VSI. The waveform and Harmonic spectrum of 120 mode inverter is illustrated 
in fig.9 (a) and fig.9 (b) respectively. The fundamental value at the output is 16.29 and THD is formed equal to 
25.10% with maximum lower harmonics contents as 5th and 7th. 
 

(a)  (b)  
 

Fig.10. (a) Phase current waveform (b) FFT 
 
The behaviour of induction motor at 1500 mode is shown in fig.10. The phase voltage becomes seven level and twelve 
step waveform. So the THD for 150 modes reduces to 14.11% and the fundamental value is 13.31. Harmonics of 150 
mode are less as compare to 23.11% and 25.10 % in 180 and 120 mode respectively. From FFT analysis it can be 
shown that the harmonic distortion is reduced by using the 150 conduction mode. It reduces up to 50% of 180 and 120 
conduction modes. 
 
5. Conclusion 
 
Research works presents a simulation model and harmonic analysis of 3-Φ Induction motor fed by three phase voltage 
source inverter operated at 1800, 1200 and 1500 conduction mode. It is clear from results, reduction in THD of the 
output phase current at 150 mode of operation. Analysis of simulation results verified that the THD is minimized by 
50% when inverter operates at 1500 mode as compared to 1800 and 1200 modes respectively.  
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Abstract 

Horizontal axis wind turbines (HAWT) are considered to be more efficient than vertical axis wind turbines (VAWT); 
therefore, they have been the focus of current research studies. However, VAWTs have relatively lower cut-in speed 
in comparison to HAWTs and possess several advantages over HAWTs. If the efficiency of VAWTs can be improved, 
they may prove to be more suitable for urban areas where wind blows with low speed and have an irregular pattern. 
Darrieus and Savonius wind turbines are the most common VAWTs. The Savonius wind turbine is an 
aerodynamically drag based, self-starting turbine with low cut in speed but their inefficiency curtails them to fewer 
applications, whereas, Darrieus wind turbines are aerodynamically lift based turbines having higher cut in speed with 
higher coefficient of performance. This makes them unsuitable for sites with mediocre meteorological conditions. It 
has been experimented that by the combination of both Darrieus and Savonius rotor, higher coefficient of performance 
could be achieved at moderate wind speed. In present study, experimental investigations were carried out to explore 
the performance of hybrid Savonius and Darrieus wind turbines. A completely modular VAWT test setup consisting 
of a double staged Savonius and three bladed Darrieus turbine was fabricated to combine them into different 
arrangements; in order to conduct comparative studies. The experimental results showed that the combination of 
turbines in any arrangement resulted in an improved coefficient of performance and lower cut-in speed. The 
arrangement where Savonius rotor was placed at the middle of Darrieus rotor had a relatively higher coefficient of 
performance than other combinations studied in the previous work. 

© 2016 Alishan Siddiqui, Dr. Abdul Hameed Memon, S. Nadeem Mian, Rabia Khatoon, Madiha Kamran, Hamna Shaikh, Selection and/or peer-
review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
 
Keywords: Vertical axis wind turbine; Combined Savonius and Darrieus rotor; Coefficient of performance; Modular 
turbine system 

1. Introduction 

The rapid growth in world’s population has placed great stress on the consumption of ubiquitous fossil fuels; as a 
result; these resources are being depleted in an accelerating manner. In the recent past, interest of the world has shifted 
towards clean and sustainable energy to overcome environmental issues associated with the use of fossil fuels and to 
curtail reliance on them in future. Renewable energy has become a relevant solution to the impending energy dilemma 
all across the world [1]. Solar and wind energies have been the fastest growing renewable energy sources since the 20th 
century. Wind Energy has contributed about 3.1% to world’s electric demand from 2004 till 2014, which is the second 
highest contribution by any renewable energy resource [2]. Despite the endeavors borne by wind energy technologies 
to mature at western countries it has yet to gain recognition from the subcontinents, where lower wind velocity exists; 
especially in urban areas. The VAWTs have pivotal importance in such areas as they are low cut-in velocity wind 
machines; having moderate rotational speed with relatively lower noise levels [3]. There are two distinct types of 
vertical axis wind turbine: Savonius and Darrieus wind turbine. 

1.1. Savonius Wind Turbine 

The Savonius rotor was studied by many researchers since the 1920’s and it was first introduced by a Finnish 
Engineer; Sigurd Johannes Savonius in 1931 [4]. 
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(a)  (b)  

Fig.  1. Savonius wind turbine (a) typical Savonius rotor (b) working principle of Savonius rotor 

The Fig 1(a) shows a typical Savonius wind rotor, which consists of two semi-cylindrical blades placed together in 
such a way that they form an S-shape, resulting in having two concave and two convex sides adjacently. Fig 1(b) 
illustrates the working principle of a Savonius rotor, when exposed to wind; a concave and an opposite convex sides of 
the rotor will always be facing the wind; this in turn creates a difference in drag forces exerted by the impinging wind 
on the curved blades, causing the rotor to rotate around its axis [5-6]. Savonius rotor generally has two blades; 
however, several experimental investigations have been carried out to analyze the performance of rotor with different 
number of blades. M. Hadi Ali (2013) conducted experiments for a Savonius rotor with two and three blades in order 
to investigate the effects of different number of blades on its performance. It was concluded that with the increase in 
number of blades; reverse torque increases as result net torque acting on the blades of rotor decreases. Therefore, 
Savonius wind turbine with two blades had higher power coefficient than three bladed Savonius wind turbine under 
similar test condition [7]. N.H. Mahmoud and A.A. El-Haroun investigated several parameters affecting the 
performance of Savonius rotor including: different number of blades, staging, end plates, aspect ratio as well as 
overlap ratio. It was found that the rotors with end plates had better aerodynamic performance than rotors without 
endplates also the efficiency improved with the increasing aspect ratio. Double stage rotors had higher performances 
than single stage rotors [8]. Fig 2 showcases the concept of overlap ratio in Savonius rotors.  
 

 

Fig.  2. Overlap ratio of a Savonius wind turbine 

1.2. Darrieus Wind Turbine 

Georges Jean Marie Darrieus, a French Engineer in 1931; invented the VAWT named Darrieus wind turbine. It was a 
US patent under the name “Turbine having its rotating shaft transverse to the flow of current” [9-10] consisting of two 
different configurations: Straight bladed type and Curved bladed type as illustrated in Fig 3a- 3b. 

(a)  (b)  

Fig.  3. Patented Darrieus rotors (a) Egg beater type (b) H-type 
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The turbines in Fig.3 (a) and (b) are generally known as Eggbeater type and H-type Darrieus, respectively. Eggbeater 
Darrieus type wind turbine has a troposkien shape. It possesses some advantages over H-type Darrieus. The curve 
shape minimizes the bending stresses experienced during centripetal acceleration while rotating; allowing for a better 
distribution of fluctuating aerodynamic loads [11]. Eggbeater Darrieus is also associated with various disadvantages 
including; complex and expensive blade design as well as vulnerable to dynamic stalling. Dynamic stall effect on the 
aerodynamic performance of the VAWTs blade was studied by Scheurich F el at. [12]. It was concluded from the 
study that straight blades have uniform local angle of attack distribution throughout the blade’s span in contrast to 
curved blades and is easier to construct. A typical straight-bladed Darrieus wind turbine consists of 3-4 straight blades; 
connected to either a main link from center or supported by two main links at the top and bottom as showcased in Fig 
4a and 4b. 

(a) (b)  

Fig.  4.  Straight bladed Darrieus (a) main link at the middle of blades (b) main links at the ends of rotor 

The Darrieus rotors are aerodynamically lift based devices, thus can rotate faster than the wind. These devices are used 
for power generation due to their high RPM rating, however they are not self-starting and have lower starting torque as 
well as dynamic stalling makes them less reliable in areas with weak prevailing wind. 

1.3. Combined Savonius and Darrieus Wind Turbine 

In present work, after reviewing the existing literature review, a three straight bladed Darrieus rotor; 0.54m in diameter 
and 0.66m tall was fabricated along with a double stage Savonius rotor; with diameter of 0.3m, an overlap ratio of 
0.01m and height of 0.45m as illustrated in Fig 5a and 5b. They were combined together as depicted in Fig 5c, in order 
to overcome their demerits; the inability of Darrieus rotor to self-start and low starting torque will be corrected by 
attaching a Savonius rotor with it, which in-contrast has a high starting torque but lower efficiency [13-15]. 

(a) (b) (c)   

Fig.  5. Savonius and Darrieus rotor (a) Darrieus rotor (b) Savonius rotor (c) combined Savonius and Darrieus rotor 

0.66m 

0.27m 

0.3m 

0.45m 
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2. Experimental Test Setup 

In order to evaluate the performance of the rotors individually and in combinations, a modular test setup was 
developed with detachable components as illustrated in Fig 6a. The setup houses three different shafts: central shaft, 
frame shaft and base structure shaft. The shafts can be made to act as a single unit by coupling them together with the 
help of fixed flange type couplings. The turbine base frame had steps for better structural support as well as to 
encompass equipment required for power transmission and generation. A pulley based transmission unit and a DC-
motor acting as a generating unit is used in test setup. The central shaft hubs the rotor assembly; it can be detached 
from the system to change the configuration of the rotor assembly.  

 

Fig.  6. Combined Savonius and Darrieus wind turbine (a) labelled setup A; Savonius at the middle of Darrieus turbine 

Three different combinations of Savonius and Darrieus wind turbines are illustrated in Fig 6, 7a and 7b were referred 
as setup A, B, C. Setup A: Savonius placed in the middle of the Darrieus turbine as shown in Fig 6. The Fig 7a shows 
the arrangement used for setup B, in this arrangement Darrieus was placed above Savonius turbine. Configuration 
used for setup C is illustrated in Fig 7b, where Savonius was placed on the top of Darrieus turbine. 

(a) (b)  

Fig.  7 Combined Savonius and Darrieus wind turbine (a) Setup A; Darrieus at the top of Savonius turbine (b) Setup B; Savonius at the top 
of Darrieus turbine 
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3. Results and Discussion 

Initially experiments were conducted for Savonius and Darrieus separately and the two turbines were combined 
together as explained in the section 2. In all five arrangements, experiments were conducted at various wind speeds 
varying from 1.5m/s to 5 m/s. In each case, the net power of the system was measured in terms of voltage and current, 
the rotor’s RPM was recorded with tachometer. The experimental results obtained are discussed in this section. The 
values of parameter recorded at each speed were repeated four times and then were averaged to get the representative 
values. The coefficient of performance, extracted mechanical power and angular acceleration were calculated by using 
following set of equations provided as Eq. (1-3) 

Cp = Pm    ∕ Pe      (1) 
Pm = 1 4#  $ A (V1 + V2) (V1 – V2)2                       (2) 

% = &' / &(         (3) 

The plotted graphs of the average values for each wind rotors are illustrated in Fig 8-10. Experimental comparative 
study of the electrical power against different wind speed is presented in Fig 11. It can be observed that the setup A; 
Savonius at the middle of Darrieus rotor generated more power in contrast to Darrieus and Savonius rotors, 
individually. Furthermore, an average increment of 150% electrical power generated by the hybrid system over power 
generated by Savonius and an average of 22% over Darrieus turbine was noticed at all wind speeds in which the 
experiments were conducted. 

 
Fig.  8.  Wind speed vs. Electric power: Darrieus rotor 

 
 Fig.  9. Wind speed vs. Electric power: Savonius rotor 
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 Fig.  10. Wind speed vs. Electric power: Setup A; Savonius at the middle of the Darrieus 

 

Fig.  11. Wind speed vs. Electric power: comparison between Savonius, Darrieus and Setup A 

The combined setups A and B; could not be compared with the other rotors in terms of power generation as they had 
different swept areas than them, therefore, they were compared together on the basis of angular acceleration. The 
difference between them was that they had a different angular acceleration than each other. The Setup B; Darrieus on 
the top of Savonius rotor had a better angular acceleration than Setup C; Savonius at the top of Darrieus rotor. The 
comparison is depicted in Fig. 12. 

 
Fig.  12. Power vs. Time: comparison between Setup B and Setup C 

The coefficient of performance of all the rotors was compared and is presented in Fig. 13. It can be seen that setup A, 
in which, Savonius rotor is placed at the middle of Darrieus rotor had the highest coefficient of performance 

 
Fig.  13. TSR vs. Coefficient of performance 

4. Conclusion 

An experimental facility developed to conduct experimental study and analysis of wind turbine was fabricated and 
operated satisfactorily. The setup has provision to test vertical axis wind turbines. Hybrid VAWT was tested in three 
different configurations, namely; setup A, B, C. In setup A: Savonius was placed in the middle of the Darrieus rotor, 
in setup B: Darrieus rotor was placed above the Savonius rotor while in setup C: Savonius was placed at the top of 
Darrieus rotor. The Hybrid system showed better results than individual Savonius or Darrieus turbines in all cases 
studied in present work. It was also noted that Setup A produced better results than other combinations. 
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Nomenclature 

VAWT  Vertical Axis Wind Turbine 
HAWT  Horizontal Axis Wind Turbine 
Cp   Coefficient of Performance 
Pm  Mechanical Power 
Pe  Electrical Power 
ρ  Density of Air 
A  Swept Area of the Turbine 
V1  Wind Velocity before Crossing Wind Turbine 
V2  Wind Velocity after Crossing Wind Turbine 
α  Angular Acceleration 
dω  Change in Angular Velocity 
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Abstract   

With increasing energy concern world researchers attracted towards the renewable source of energy. Based on 
energy crises as well as waste water treatment concern microbial fuel cell were used as affordable technology for 
energy generation and for treatment facility. Study were carried out to investigate the effect of blending ratio of cow 
dung manure and distillery waste water over power generation. Different blends of cow dung manure with distillery 
waste water were used such are 25/75,50/50, 75/25.  The maximum power production was measured at 50/50 about 
2400 mv/l. and minimum 240mv/l for ratio 25:75. The addition of cow dung manure could benefit for power 
generation with distillery waste water. 

© 2016 Abdul Sattar Jatoi, Shaukat Mazari, Humair Ahmed Baloch, Sajid Riaz Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Key words: Blending Ratio, Cow Dung Manure, Distillery Waste Water, Power Generation, Microbial Fuel Cell 
_____________________________________________________________________________________________ 

1. Introduction  

Microbial fuel cell get attention regarding their operation for converting biomass into useful energy through bio 
electrochemical reaction. In Microbial Fuel Cell electro active bacteria were used as biocatalyst for electricity 
generation [1]. Different factor impact was investigated by the use of mathematical models, that have been proposed 
to explain these factors which effect on overall performance of microbial fuel cell [2]. This technology suitable for 
producing energy, which were proposed for different application. Waste water treatment and nutrient recovery are 
one of them. [3]. It was a clearly identify that MFC had ability to treat urine [4], and in some other examples, H2 
production has been reported [5]. Treating urine in MFCs was recently scaled up to pilot scale [6]. It was 
successfully demonstration of fuel cell that can utilize urine as substrate for power generation. [7]. Bio 
electrochemical also beneficial for chemical synthesis [8], can also extract out value added metals reduction at the 
surface of anode described by Wang et al. [9]. Irrespective of application and design, the important parts of MFC are 
the anode and the cathode. On the basis of these parts overall performance of the MFC can be determined. The 
changes that will alter the performance of MFC are biofilm thickness and adsorption of compound on surface of 
electrode [10]. The problem associated with cathode   regarding biofilm that approach could cause in oxygen 
reduction rate. When aerobic activated sludge or pure cultures of phototrophic employed as the biocatalyst [11]. 
Similarly, the utilization of the laccase enzyme, an enzyme synthesized by several fungal species, which reduces O2 
to H2O, leads to improved performance and extends the lifetime of the cathode [12]. Unwanted growth of biofilm 
on component of mfc could cause to destroy the overall performance [13]. Regarding this problem Behera et al.  
Report that long term running of mfc could cause the problem of bio fouling or fouling on membrane. [14] 
Pasternak et al reported that power drop observes after 35 days’ operation of MFC made from ceramic [15] as air 
cathode mfc were concerned made from four types of ceramic materials decrease of their performance after 32 days 
of operation [16]. However, from different study no one prove still regarding power drop due to bio fouling on 
cathode [17]. Chung et al. [16] reported that deterioration of cathode could cause through biofilm formation. Apart 
from this problem cleaning with 10% HCL for one hour could decrease the performance of cathode on the basis of 
that problem. Yuan et al. [18] also investigated problem. Nevertheless, biofilm growth until not getting any 
proposed solution for their treatment... at macroscopic level work, it is essential to investigate performance of 
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microbial fuel cell with regards to biofilm formation. In field with respect to convential fuel cell, problem associated 
with cathode deterioration and suitable strategies has been developed to representing this problem [19]. In MFC 
different studies report that detoration performance [20], environmental/experimental conditions and material 
degradation [15,21]. In particular, bio fouling is one of the important factor, that has been reported [15,16]. Present 
study related to investigated the blending of cow dung manure with distillery waste water. 
 
2. Materials and Methods 

2.1. Materials  

2.1.1 Microorganism  

Saccharomyces cerevisiae M-9 [22] were utilized as biocatalyst for microbial growth in MFC for electron and 
proton generation to promote electricity generation. This microorganism was purchase from local market with 
analytical grade. Inoculums prepared for Saccharomyces cerevisiae having following composition with 250 ml 
medium which contained in g.l-1: glucose, 10; (NH4)2 HPO4, 0.64, and yeast extract 2.5; at pH 5.5 and incubated 
for 18 h on an orbital shaker at 150 rpm at 30°C. 
 
2.1.2 Distillery effluent characteristic 

Distillery effluent were collected from al Abbas distillery plant and analyzed given in table 01,  
 
 

Table 1 
Characteristic pH Colour Bod 

(mg/l) 
COD 
(mg/L)  
 

Total 
Solids(mg/L)  
 

Dissolved Solids 
(mg/L) 

Chlorides 
(mg/L)  
 

Conductivity 
(mS/cm)  
 

Value  3.99 Dark 
brown 

3665 89820 74022 59721 6912 20.1 

 
 
2.1.3 Cow dung manure 

Mainly cow manure consist of different organic matter that presents on the basis organic compound presents in cow 
dung it were utilized in anode chamber of MFC with distillery effluent for electricity generation.  

 
Fig 1 Typical MFC Camera View 

2.2 Methodology  

2.2.1 Configuration of MFC 

In construction of microbial fuel cell two bottles made from polycarbonate material were used for anode and cathode 
chamber. Salt bridge provided to make complete circuit which is made through PVC pipe having dimension (4 cm × 
1 cm). Typically salt bridge composed of normal salt and agar salt which is about 10gram. Adhesive material was 
used to connect salt bridge with two bottles. The electrodes made from carbon cloth having dimensions (4 cm × 4 
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cm). for completion of electron flow circuit copper wire was added with electrodes. Fish pump were provided for 
aeration rate for making aerobic condition in cathode chamber.  

2.2.1.1. Preparation of anode and cathode chamber  

Microbial fuel cell is basically construct of two chambers coupled salt bridge. Two chambers are made from 
polycarbonate material which is about 3litr in volume. Working volume is 80% because space for gaseous pressure 
emit during digestion of waste into useful product electron and protons. Electrons flow has been successful with 
addition of electrodes that could increase power production and proton transfer from anode to cathode by salt bridge.   
Different ph ranges were tested to identify the pH value where maximum growth of microorganism occurs. In 
Cathode chamber aerobic condition were maintained which promoting proton coming from anode chamber for 
oxidation. 

2.2.1.2 Preparation of salt bridge  

Salt bridge was prepared from different salt such are Nacl Kcl and agar salt for making gel like membrane for 
transferring of proton from anode to cathode chamber.  

2.2.2 Running of MFC 

MFC were operated at different operation parameter such are aeration rate, pH and substrate concentration couple 
with different blending ratio of cow dung and Distillery effluent. After 24 hr growth of microorganism current 
generation were observed with different time intervals. Maximum power generation observed after 48hr about 
55mW. Different condition for running of MFC were maintained in anode chamber anaerobic and aerobic in cathode 
chamber. Salt bridge were utilized by altering different concentration of agar salt and common salt for conducting 
proton coming from anode to cathode. Fig 02 highlight the process of electricity generation from cow dung & 
distillery effluent. 
 

 
Fig 2 Basic operation of MFC 

 
3. Results and discussion  

3.1 Results  
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During running of MFC different process parameter effect on electrcity generation.  different parameter of 
mfc were tested and analysed. Voltage generation from MFC were measured by volt meter and current, 
current density, power, power density was calculated by following relation.  

                                                                                 P=VI      (1)  

Power density = power/ area of anode 

Current density = current generated/ area of anode 

3.2 Discussion 

3.2.1 Power generation from distillery effluent with cow dung manure 

Different cow dung and distillery waste water were used to test the maximum power generation During MFC 
running operation different substrate concentration were used to investigate optimize percent of substrate for 
electricity generation. at 25%w/v of cow dung manure were tested and analyzed the open circuit voltage 
generated about 504mv, for 50%w/v of cow dung manure voltage generated maximum due to a substrate that 
need this amount of substrate and dilution for growth of microbes space in anode chamber. The minimum 
voltage generated at 100%w/v of cow dung manure. In this regard different slurry concentration were 
measured in order to get optimized condition for maximum voltage generated. In fig 02 different slurry w/v 
of cow dung were used maximum electricity generation obtained at 50%w/v. 

 
Fig 3 (a) Voltage generated at different time intervals

 
Fig 3 (b) Voltage generated at different blending ratio 

3.2.1 Effect of aeration on power generation  
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Among other parameters aeration rate has also importance for completion power generation circuit. MFC 
mainly consists of two compartment, in which first one is substrate utilization compartment namely as anode 
and another is for oxidation of proton that is cathode. In mfc aeration rate were provided to cathode chamber 
through fish pump, flow rate was controlled by air flow rate. From 90-240ml/min with step size is 50ml/min 
were analyzed, for maximum power generation fig 04 highlight that 190ml/min could be helpful for 
maximum current generation about 0.97mA and minimum current generation would have observed at 
90ml/min about .83mA.  it would be clearly observable that power generation had significant impact by 
altering oxygen flowrate. it is due to the proton coming from anode chamber could oxidized at cathode 
chamber. Maximum aeration rate will increase the amount of proton from anode chamber. 

 
Fig 4 Effect of aeration rate on power generation from MFC at 50/50 of sludge and distillery waste water 

 

 
Fig 5 Effect of pH on power generation from MFC at 50/50 of sludge and distillery waste water 

 
3.2.2 Effect of pH on power generation 
 
PH has importance for sort out the Acidity and basicity of any chemical compound. As MFC concerned, in 
anode chamber of MFC contain substrate for power generation as well as waste water treatment. PH effect 
were investigated by changing their values with the help of buffer solution and tablets. From 4-6 pH ranges 
were used to identify the maximum power generation from organic waste or cow dung+distillery waste 
water.  In figure it is clearly observable that maximum power generation would occur at pH value 5.5 about 
0.87mA, because microbial growth gets candidate value for converting substrate into useful electron and 
proton. For as other pH ranges were concerned minimum current generation observed at pH 6 about 0.73mA. 
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it is clear from that graph pH had important effect on power generation. This is due to the neutralization of 
that proteins. By viewing these results it is clearly identified that pH has impact on microbial and on voltage 
Generation [15]. 
 
3.2.3 Effect of substrate concentration 
  
In this work different blending ratio of cow dung and distillery waste water were used such are 25/75, 50/50 
and 75/25 of cow dung and distillery waste water. Among these three different ratio maximum power 
generation were observed at 50/50 about 0.88mA and minimum amount of power generation is observed at 
25/75% about 0.77mA. This could be due to the decreasing or increasing organic compound present in cow 
dung or in distillery effluent. For this reason, microbial activity could inhibit by changing the concentration 
of substrate. Fig 06 highlight the observable concentration of substrate vs current generation. 
 

 
Fig 6 Effect of Substrate Concentration on power generation from MFC 

 
4. Parametric effect of Power and current density on Microbial Fuel cell 

 
In this section power and current density are under consideration. Microbial fuel cell had many advantages 
over conventional fuel cell regarding mode of their running and operational requirement.  In present study 
different blends of cow dung and distillery waste water were utilized to investigate the optimized condition 
for maximum power generation.  In fig 07 effect of aeration rate vs power density and current density, by 
changing the aeration arte slightly change in current and power density. The maximum power and current 
density observed at 190ml/min, it is due to highly value of aeration would not get interact with organism and 
that’s reason 240ml/min did not give high power and current density.  By highlighting value 90ml/min could 
be starting of microbial growth and promoting oxidation of proton coming from anode. In fig 08 it is clearly 
thoughtful that acidity and basicity representation possible with the changing in pH value, for as microbial 
growth were concerned tolerable limit for microorganism is from 4.5-5.5 at which microorganism could 
survive and get healthy environment. Fig 08 highlight the power and current density at different pH ranges, 
for maximum current and density were concerned 5.5 pH value give maximum value about 65.21mA/m2 and 
76.12 mW/m2. For as fig 09 were concerned it has been observed that by varying concentration of substrate 
will automatically change in value of current and power density. For such condition different substrate 
concentration were utilized, such are 25:75,50:50and 75:25. The maximum current density and power density 
were observed at 50:50 about 54.21mA/m2 and 71.12 mW/m2 respectively. 

 
 

0.7

0.72

0.74

0.76

0.78

0.8

0.82

0.84

0.86

0.88

0.9

25 50 75

C
u

rr
e

n
t 

(m
A

)

Substrate (w/v)

Current (mA)

Sample output to test PDF Combine only



 

4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

 
Fig 7 effect of aeration rate on power and current density at optimized blending ratio of cow dung and distillery waste water 

50/50 

 
Fig 8 effect of pH on power and current density at optimized blending ratio of cow dung and distillery waste water 50/50 

 

 
 

Fig 9 Effect of substrate on power and current density at optimized blending ratio of cow dung and distillery waste water 50/50 
 
5. Conclusion  
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Increasing energy demand and due to increase interest of researchers in this regard study were carried out to 
investigate the key factors that inhabit energy production by utilizing microbial fuel cell. Due to rapid 
revaluation of energy in present scenario, microbial fuel is one of terminus technique for utilizing biomass 
and converted into useful energy. In this context, energy produced from a potential organic bio waste is an 
attractive option. Keeping this view, the present work has been undertaken to produce electrical energy from 
cow dung as bio waste in microbial fuel cell. Different blends of distillery waste water and cow dung manure 
were tested to investigate   the optimize condition Maximum voltage generated at 50/50 about 230mv/l. 
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ABSTRACT  
 
This paper is all about the generation of electrical energy through non-conventional way when people walks 
on Floor there some forces exerts these forces usually wastes during the walking. So my idea is to convert 
mechanical energy of footsteps that is exerted by person during walking into electrical energy by using 
transducers that is known as “Foot step power Generation System”. 

The power generating floor is used to interpret the kinetic energy into electrical power now a days demand of 
electrical energy is increasing and Energy crises became the root issue in all over the world and conventional 
sources are not enough for total demand of electrical energy. 

The principle goal of this research work is to face these energy disasters, despite the fact that it won’t meet 
the requirements but at least to vary and reduce the dependency on conventional electricity generation. as 
matter of fact weather we are able to design a power generating floor that may produce 1000 watt on just 12 steps 
then for 120 steps it may produce 1000watt or 1 unit and weather we install such type of 100 floors such a 
system can produce 1Mega Watt of power. 

It can be implemented on substations and on several public places that can make difference in electrical power 
generation of country can make huge difference. 

 
© 2016 “Ali Muhammad” Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research Group (EEERG), 
Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 

Keywords: Electrical Energy, Energy crises, Kinetic energy, Foot step power generation system, Mechanical energy of 
frovot step 

 

1. INTRODUCTION 

In this paper the generation of electrical energy is described by using the weight energy. Person can amaze simply 
knowing that how much energy a person has by simply walking on the floor with normal speed. So the people usually 
have thousands steps in a day. While people walks they lose huge amount of energy that their weight energy of foot 
may be used and converted into electrical energy. The actual electro-kinetic floor is really an approach to make 
electrical energy by using kinetic energy of person who walks on the floor 

The energy that is usually produced by the floor which can make the environment sound without any pollution such 
kind of energy will cost effective indeed the power floor does not need any fuel or any type of energy source only by 
using the kinetic energy which based on the person weight who moves on the floor. Regarding this modern world now 
a days energy and power are the basic key factors as the energy demand is increasing day by day so ultimate solutions 
of renewable energy are implemented. In case of our project we have used a technique of Generating power through 
foot step which is the source of renewable energy that is obtained by walking on footpaths, stairs, platforms and such a 
system is installed mainly in populated areas. 

The basic principle of ‘Foot sep power generation’ is based on piezoelectric sensor in order to employ this system we 
will adjust wooden plates above and below the piezoelectric sensor and moving springs when person will walk on that 
mat the force will be applied in the result magnet will be fixed under the top wooden sheet and moves into the cavity. 
While this cavity is fixed at the bottom wooden sheet of mat. As completing the above procedure, we made ourselves 
to be able to design a compatible system by the help of which we could run the load, Home appliances by AC output 
voltage. And our task is to charge battery with the help of DC output and then using inverter to convert DC into AC 
for normal usage. 
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Finally, conclusion is such type of design and techniques of Generating power are very useful to compare the supply 
and demand of energy globally. 

2. BACKGROUND 

Many researchers have worked on the conversion of dynamic energy into electrical energy by human locomotion Jeff 
krupenkin and Ashley Taylor proposed a new technique which is called reverse electro wetting in which the motion of 
liquid on dielectric material coated. The conductive substrate will cause to create electrical energy [8], if there is any 
vibration on above platform due to human locomotion that will be cause to produce electrical energy. One of the 
scientists of Hull University worked on transferring the motion of man into electrical energy. so many experiments 
had performed by this person in Japan also to harnesses the energy from footsteps. 

They had installed flooring tiles on Tokyo in Japan at different bus stations. he observed that at the average weight of 
60 kg 0.1 watt of power was generating in single second. On other hand with different mechanism for generation of 
electricity from foot step power generation process is given by Tom Jose V [7]. He had used rick and pinion gear 
system attached dynamo with its gear mechanisms shown in figure 

 

Fig.1 generation by applying pressure © google 

In above figure gear is connected with fly wheel that will turn and rotate the dynamo. The power which is produced 
that can be stored in batteries in this manner we can be able to monitor and control the generated power above figure 
01 clearly explains. 

When pressure force is applied it pushes the tile on the surface of ground that rotate the shaft approximately up to 
twice by single tile push. The movement of shaft turn the gear box which build up it 15 times (1:15) then its 
movement will be smooth by the help of fly wheel which temporary store the movement that is convey with DC 
generator that generate 12volt ,40A at 100 rpm. 

The generated energy will be stored in the batteries then using the inverters it can be utilized.  

3. LITERATURE SURVEY 

3.1 PURPOSE 

There are some methods to generate electrical energy from the footsteps. Such as Gear wheel and fly wheel are 
methods to generate electrical power. This method works on the principle and in it mechanical parts are used because 
this is placed where there are so many people and the energy is produced by their movements on the floor. 

Generation of power is done by footsteps from the crowed on floor and piezo plate scheme is used below the floor, 
then there will be sheet which cover the piezoplate and also spring will be there for vibrating force on piezo sensor. 

The piezo plate will be struck in the floor such a plates will generate power in the form of electric current. The power 
which is produced by footsteps can be used as additional features like street light or light which is used at the place of 
pedestrian’s .so the pedestrians should give credit the energy which is produced by their movement. 

3.2 LITERATURE ANALYSIS 
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To generate electrical power by using footsteps. The footsteps are more than enough to produce electrical energy. 

Following are the few method of generating power like the steps of fly and gear wheel method and piezo plate is also 

used in these steps. 

• To arrange the electrical components and equipment properly to convert the mechanical energy into 

electrical energy 

• After arranging the electrical system in proper manner that will transfer mechanical energy into electrical 

energy 

• Then spring is attached to piezo with the help of Sheet in this manner spring arrangement is done, spring 

is used to vibrate the piezo by force then power will be generated 

• After that voltage which is produced through the steps can be rectified and after betry charger circuit the 

DC voltage will be stored in the 12-volt battery of lead acid 

• Further this battery will be attached with inverter. Designing of inverter is such a way which convert the 

betery voltage that is 12volt DC into 220 AC 

• Finally, the AC voltage can be used in many appliances like charging the laptop battery as well as to 

charge the handset; it may also use to lightening up energy saver. 

• If we need more power in this method then use more steps for more energy also the ability of battery and 

inverter should be increase, then output will be increased 

3.2.1 ASPECTS 

The main features of power generation through foot step by piezo electric are that the power generated by transform 

ring mechanical energy into electrical by movement of people on the floor where piezo plate is placed. Piezo electric 

power system is safe and secures to use it is totally risk free method this system will not produce any problem and 

discomfort for people. Foot step power generation through piezoelectric process have electrical and mechanical parts 

but it hasn’t so many losses. This system has low cost if the system is damaged so no issue the cost of equipment is 

very low This system has also ability to store the electrical power in the batteries Foot step power generation system is 

cheap reliable and efficient method. 

 

3.2.2 UPCOMMING EXTENT  

Now world is stirring to the renewable resources due to worldwide heating so our this project foot step power 

generation through piezo electric has vast extent. Other renewable sources are also used such like sterling plant, 

biogas, wind turbine etc 

But if we compare them with foot step power generation through piezo electric sensor so this will be inexpensive, 

useful, efficient and reliable as compare to other renewable resources. 

3.3 BLOCK DIAGRAM 

 

 
Fig.2. (a) Block diagram (b) Circuit diagram 

4. OPERATIONAL DECRIPTION 

In this system gear is attached with flywheel shown in Fig.2.(b) which will use to rotate the shaft that shaft is attached 
with DC generator in order  to generate DC current that will be stored in the batteries. 
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When an individual pass, it will push the tile on the ground surface that turn the shaft beneath the tile, the turn is 
limited by clutch bearing which is underpinned by holders. The primary shaft will rotate almost twice by single tile 
push. The movement of prevailing shaft turn the gearbox shaft which buildup it 15 times then its movement will be 
smoothed by the help of fly wheel that store the movement temperedly that will be transferred to DC generator which 
produce 12vvolt 40amp at 100rpms 

Generated energy is stored in the batteries and inverter circuit is also used to convert DC into AC so that we can run 
the home electrical load. Indeed, a microcontroller based home mechanization framework is used which control rooms 
with full protection 

Whole frame work is put on the iron bars which are called channels.  

5. Application 

• Public places 
• Foot paths 
• Universities 
• In airports 
• In car parking system 
• In railway stations 
• Shopping Mall 
• In street lights 
• In bus stations 
• In lift system 

etc 

6. Conclusion 

Since the power generation using foot step get its energy needs from no conventional source of energy there is no need 
of power from the mains and there is less pollution in this source of energy it is very essential to the places, all roads 
and as well as all kind of foot step which is used to generate non-conventional energy such as electricity. As a 
common fact 11% Non-conventional energy which contributes our primary energy. Weather this project is employed 
then we can not only overcome the energy shortfalls issues but this will also contribute to create sound global 
environmental change 
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Abstract 

The potential of using hydrotalcite based cobalt catalyst for Fischer Tropsch Synthesis application was 
studied in this paper. The hydrotalcite based cobalt (HT-Co) catalysts were prepared by using two 
different methods, co-precipitation and hydrothermal method. The main focus of the study is to see the 
effect of method of preparation on the activity and selectivity of catalyst. The catalysts were 
characterized by using various techniques like X- ray diffraction, scanning electron microscope, 
Brunauer-Emmett-Teller analysis, thermal gravimetric analysis, and Fourier-transform infrared 
spectroscopy.  The difference between the properties and behavior of  the two catalysts are shown in  this 
study.  
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1. Introduction 

Fischer Tropsch synthesis is a commercial technology that was first developed during second world war . 
The main purpose of this technology is to generate liquid fuels from various sources. As the world is 
moving towards the depletion of the oil resources and on the other hand the demand for the liquid fuel is 
increasing which have moved the researchers towards finding new sources that are either plenty and 
environmental friendly[1] . The Fischer Tropsch is one of such technology and is used for producing 
liquid fuels from various different sources like coal, methane gas, methane hydrates and biomass. These 
material are passed through gasification or steam reforming process to produce syngas which is the input 
material for FTS process. The FTS process used a catalyst to convert syngas into a series of hydrocarbons 
that can further be used as fuels[2].  Iron and Cobalt are two main active components of the catalyst used 
in FTS. The cobalt based catalyst usually produces lighter olefins and heavier paraffin whereas iron 
based catalyst produces oxygenates and branched hydrocarbons [3]. Iron is chosen while using syngas 
having low H2/CO ratio whereas if that ratio is relatively high cobalt catalyst is favored [4].  Cobalt is 
favored because of its high activity for FTS, more stability and high selectivity for C5+[5].  

The active component of the catalyst is usually incorporated on the surface of a supporting material and 
changing that support material can largely affect the properties of the catalyst. There are several 
compounds like activated carbon, Al2O3, TiO2, SiO2 and MgO which have been commonly used as 
supports for cobalt catalysts. Recently attempts were made to use hydrotalcite material as a support 
material for catalyst. Hydrotalcites are double or sometimes triple layered hydroxides and are generally 
used as a support material for catalysts used for carbon monoxide methanation[6], auto thermal 
reforming [7], , CO Hydrogenation[8] etc. The active component of hydrotalcite supported catalysts is 
implanted in the core structure of catalyst instead of surface adsorbing [9]. 

Attempts were made to use hydrotalcite based catalyst in FTS reactions. Those studies suggest that the 
high reducibility and high surface areas of hydrotalcite based cobalt catalyst renders them highly active 
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[8]. Apart from that, certain studies also varied the Al/Mg molar ratio in hydrotalcite structure and 
proposed that lower Mg/Al leads to better distribution of cobalt in the crystal [10]. Recent studies also 
suggest that hydrothermal method can considerably boosts the catalyst activity and selectivity [11].   

This study aims towards synthesis of hydrotalcite based cobalt catalyst for FT synthesis by using   
hydrothermal method and co-precipitation method. Potassium is used as precipitating agent because it 
increases C5+ selectivity, decreases methanation, increase CO conversion and promotes water gas shift 
reaction.  Apart from that it also helps in increasing the activity of cobalt in the FTS and prevents rapid 
catalyst deactivation [12].  The prepared catalysts were characterized and difference in their properties 
was studied. 

2. Experimental  

2.1. Catalyst Synthesis  

First we prepared hydrotalcite based cobalt catalyst by co-precipitation method (HTCo-Cppt). The metal 
nitrate solution was prepared by mixing  aluminium nitrate (7.03g) magnesium nitrate (8.01g) and cobalt 
nitrate (7.27 g)  in 100 ml deionizes water to get a purplish red hue. For preparing precipitating agent 
solution, potassium carbonate (1.94g) and potassium hydroxide (8.40g) were dissolved in 100ml 
deionized water to get clear solution. The metal nitrate solution was added to the later solution by drop-
wise addition and provided with constant stirring. After complete mixing the pH of the solution was 
brought down to 8-9 by adding concentrated nitric acid. Then the solution was heated at 80OC for 16 h 
while constantly stirring to mature precipitates.  After that the solution was filtered followed by 
precipitates washing with distilled water. After washing the precipitates were subjected to oven drying at 
80OC overnight to get purple colored solid. The sample was then calcined at 600OC for 7 h in an airtight 
furnace.  
 
Second we prepare hydrotalcite based cobalt catalyst by hydrothermal method (HTCo-Ht) using the same 
concentrations of solutions as mentioned in the above method. The only difference between two methods 
is the process used for maturation of precipitates. The solution was added to a hydrothermal autoclave 
and heated at 80OC for 16 h. in hydrothermal autoclave we are providing temperature along with pressure 
whereas coprecipitation process only uses temperature for maturation of precipitates. The precipitates 
were filtered and washed thoroughly with distilled water and then oven dried at 80OC overnight. After 
drying, purple colored solid was calcined at 600OC for 7 h in an airtight furnace.   

2.2. Catalyst characterization 

The prepared samples were characterized by using various characterization techniques like X-Ray 
diffraction spectroscopy (XRD), Scanning Electron Microscopy (SEM), Brunauer–Emmett–Teller 
(BET), Thermal Gravimetric Analysis (TGA) and Fourier Transform Infrared (FTIR). XRD is performed 
using STOE Powder Diffraction System and SEM and EDS were done with a JEOL, JED 2300 Analysis 
Station. FT-IR spectra of the prepared samples were recorded at room temperature using PerkinElmer 
Spectrum 100 Spectrometers.  Brunauer–Emmett–Teller (BET) was performed using Tristar II 3020 
apparatus whereas nitrogen was used as adsorbate. 

3. Results and Discussion 

3.1. Scanning Electron Microscope 

SEM images of HTCo-Cppt  are shown in Figure 1a.  It is quite evident from the figure that the particles 
are of irregular shape and sizes however when viewed at larger resolution they show relatively plain 
particle symmetry. It can also be observed that average particle size of samples prepared by 
coprecipitation method is large as compared to hydrothermal method. 

3.2. Energy Dispersive Spectroscopy 

Elemental analysis of the samples is given in Table  1. HTCo-Cppt have approximately 1.02% potassium 
and HTCo-Ht have around 1.90% potassium. This small percentage may boast a little the activity of 
catalyst HTCo-Ht. However the cobalt percentage of HTCo-Ht is less than other counterpart. The HTCo-
Cppt have less potassium but at the same time its cobalt loading percentage is way more than  HTCo-Ht. 
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In other words the EDS suggest that catalyst prepared by coprecipitation method may have more catalytic 
ability than hydrothermal method.  
 

(a)  

(b)  
Fig. 1. SEM images of  (a) HTCo-Cppt (b) HTCo-Ht. 

Table 1. EDS of HTCo prepared by coprecipitation and hytdrothermal method  
 

Catalyst O (%) K (%) Mg (%) Al (%) Co (%) 
HTCo-Cppt  36.07 1.02 11.50 9.75 41.66 
HTCo-Ht 38.97 1.90 12.13 10.48 36.52 

3.3. X-Ray Diffraction Spectroscopy 

XRD pattern of HTCo-Cppt and HTCo-Ht are shown in the Figure 2. There peaks around 31o, 37o, 44.8o, 
65o which are the characteristics peaks for different planes of cobalt oxide[13]. Cobalt develops into 
hexagonal close packed structures (hcp) however at high pressure where the magnetism is effectively 
repessed, we expect a shift from hcp to fcc (face centered cubic structure) [14]. 

 
Fig. 2. XRD Patterns of  (a) HTCo-Ht (b) HTCo-Cppt. 

3.4. Thermal Gravimetric Analysis 

TGA of the HTCo-Cppt sample is given in the Figure 3. The catalyst shows typical hydrotalcite 
behaviour and give two weight losses. The curve suggests that weight of sample starting to fall till 220 
°C. This is due to the hydration water removal from the interlayer space of crystal. Between 220 to 410 
°C another weight loss occurs which shows the removal of OH- group from inlayed water molecules [15] 
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Fig. 3. TGA Graph of HTCo-Cppt. 

3.5. Brunauer–Emmett–Teller  

BET of the HTCo-Cppt is shown in the Table  2. The table suggests that the average particle size of the 
sample is around 52.83 nm. The pore volume is very small so there is a very small chance of diffusion. 
However the pore size is large and there is a very little chance of blocking of pore mouth. The surface 
area value shows that the HTCo-Cppt have appropriately large surface area hence there is bigger 
playground for FTS reaction. The pore size of HTCo-Cppt is 6.33 nm so the majority of the pores fall 
under the category of mesopores (2nm < size < 50nm ) [16]. 

Table 2. BET Analysis of HTCo-Cppt  
 
Catalyst BET Surface Area (m2/g) Pore volume (cm3/g) Pore size (nm) Avg.particle size (nm) 

HTCo-Cppt 114.9709 0.1819 6.33 52.836 

 

3.6.  Fourier Transform Infrared 

The FTIR spectra of the HTCo-Cppt shows that there exists a depression around 3400 cm-1 which is due 
to the hydroxyl stretching  [17]. The bending vibrations due to H and OH bond is creating a depression 
around 1650 cm-1. There is another depression around 660cm-1 which is due to cobalt oxide (Co-O 
stretching) [9]. The calcination of the sample results in the formation of huge bands due to the cobalt 
oxide phase. The depression around 550 cm-1 is attributed to the Al2O3 stretching [15].  

 
Fig. 4. FTIR Spectra of HTCo-Cppt. 
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4. Conclusion 

The Hydrotalcite based cobalt catalysts were prepared using both hydrothermal and coprecipitation 
methods. The characterization suggests that HTCo-Cppt (Coprecipitation method) have the high cobalt 
loading and more stable crystal structure as compared to other counterpart. HTCo-Cppt has fairly large 
suface area which can increase reaction rate. These developed catalyst have potassium in their core 
structure which itself have the promoting ability for FTS. The overall crystal structure and the properties 
of catalyst suggests that using this catalyst (HTCo-Cppt) in FTS can increase the yeild and selectivity 
towards desired hydrocarbons.  
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Abstract 

The effects of using different promoters on hydrotalcite based cobalt (HT-Co) catalyst for Fischer-
Tropsch Synthesis was studied in this paper. The HT-Co catalysts were synthesized by using 
hydrothermal method whereas zinc and zirconium were added separately as promoters, by wetness 
impregnation method. The main aim of the study is to see the difference in properties of both zinc and 
zirconium promoted catalysts. The catalysts were characterized by using several characterization 
techniques like scanning electron microscope, X- ray diffraction, thermal gravimetric analysis, Brunauer-
Emmett-Teller analysis and Fourier-transform infrared spectroscopy. The results showed the differences 
in the properties of both catalysts 
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1. Introduction 

The inclination in demand of liquid fuels and concern of public towards green fuels has enormously 
affected the fuel industry. Fuel industry is moving towards finding new sources of liquid fuels that would 
have minimum environmental impacts. Fischer Tropsch is one of such efforts, as it not only helps in the 
generation of liquid fuels from various sources but also produces liquid fuels that are relatively more 
environmentally friendly as compared to their originator [1]. Fischer Tropsch is a commercially used 
polymerization process and its main purpose is to convert hydrogen and carbon monoxide into a series of 
hydrocarbons [2]. The mixture of carbon monoxide and hydrogen is termed as syngas and can be 
manufactured from various sources like methane reforming, coal stream reforming, and biomass 
gasification [3]. The hydrocarbons obtained from Fischer Tropsch synthesis have a broad range of chain 
length and utility[4].   

The main reaction of hydrocarbons generation in Fischer Tropsch synthesis employs a catalyst. There are 
several different metals that can serve as active component of catalyst but cobalt and iron are most 
commonly used commercially. The iron based catalyst usually produces oxygenates and branched 
hydrocarbons whereas cobalt based catalyst usually produces straight chain compounds including lighter 
olefins and heavier paraffin [5]. Iron is preferred while using syngas having lower H2/CO ratio and it has 
relatively more resistance for sulfur of syngas than cobalt [6].  In case of higher H2/CO ratio cobalt is 
preferred because of it has high activity, better stability and very low inclination towards water-gas shift 
(WGS) reaction [7]. Hydrotalcites are hydroxides having double or triple layered structure and can be 
used as support material for catalyst in FTS. They are widely used as a support material for catalysts used 
for CO Hydrogenation [2], CO Methanation [2] and Auto thermal reforming [8]. In hydrotalcite 
supported catalysts the active metal is embedded in the core structure of catalyst instead of adsorbing on 
the surface of support [3]. 

Recently a lot of different promoters were added to the cobalt based catalyst for increasing selectivity and 
activity of the catalyst. La and P were added to the cobalt manganese oxide and increased hydrocarbon 
selectivity whereas a decreased CH4 and CO2 selectivity was reported [9]. Similarly another study 
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reported that Pt promoted cobalt catalyst prepared by co-deposition method is more active than 
unpromoted catalyst as compared to Ru and Re promoted [4].  

Zirconium promotes the activity of the catalyst by enhancing the carbon monoxide hydrogenation and 
water gas shift activity. On the other hand, the addition of zirconium oxide also increases the reduction 
temperature of cobalt [10]. During the preparation of catalyst, addition of the small quantities of 
promoters increases the reducibility of the cobalt catalyst [5]. Zinc promoter has good CO conversion and 
high selectivity towards C5+ product. Moreover the addition of zinc promoter prevents the oxidation of 
metallic cobalt [4].  The main purpose of the study is to see the effect of adding promoters on the 
functionality of hydrotalcite based cobalt catalyst. The HT-Co catalyst is prepared by co-precipitation 
method and the promoters are added by wet impregnation method. Zinc and zirconium were two different 
promoters that were added. 

2. Experimentation 

2.1. Catalyst Preparation  

Catalysts are prepared by using hydrothermal method. First precipitating agent solution was prepared by 
adding 8.99g sodium hydroxide pellets (NaOH) and 1.49g sodium carbonate (Na2CO3) in 100ml 
deionized water to get clear solution. The metal nitrate solution was prepared by adding 7.03g aluminium 
nitrate (Al(NO3)3.9H2O), 7.27g cobalt nitrate (Co(NO3)2.6H2O) and 8.01g magnesium nitrate 
(Mg(NO3)2.6H2O) in 100 ml deionizes water to get a purplish red hue. The metal nitrate solution was 
added drop wise to the precipitating agent solution provided with constant stirring. After mixing, pH of 
the solution was adjusted around 9 by careful addition of nitric acid (HNO3). The solution was 
transferred to a hydrothermal autoclave and heated at 80OC for 16 h.  After 16 h the solution was filtered 
and precipitates were washed thoroughly with distilled water and oven dried at 80OC overnight. Both 
zinc and zirconium promoters were added by wet impregnation method separately. Add zinc nitrate or 
zirconium nitrate solution drop wise on the dried sample from oven. The sample was dried again at 80OC 
for 5 hours. In the end the sample was calcined at 600OC for 7 h in an airtight furnace. Zinc promoted 
catalysts is reported in this paper as HTCo-Zn whereas zirconium promoted as HTCo-Zr. 
 

 
Fig. 1.  XRD Pattern of (a) HTCo-Zr (b) HTCo-Zn.. 

2.2. Catalyst Characterization  

The prepares sample of catalyst was characterized by using several techniques like XRD (X-ray 
Diffraction) , SEM (Scanning Electron Microscopy), EDS (Energy Dispersive Spectrometry), BET 
(Brunauer–Emmett–Teller), and FTIR (Fourier Transform Infrared Spectroscopy). STOE Powder 
Diffraction System was used for XRD which was operating at 20 kV. FT-IR spectra of the prepared 
samples were recorded using PerkinElmer Spectrum 100 Spectrometers. SEM and EDS were done with a 
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JEOL, JED 2300 Analysis Station. BET analysis was done by using Tristar II 3020 apparatus whereas 
nitrogen was used as adsorbate. 

3. Results and Discussion 

3.1. X-Ray Diffraction  

The Figure 1 shows the XRD patterns of both HTCo-Zn and HTCo-Zr. There appears to be some peaks 
around 37o, 44o, 65o which are the characteristic behaviors of cobalt oxide (Co3O4) and represents 
different crystal planes of cobalt oxide. Cobalt have slightly larger radius of (Co2+ ion radius of 0.74 Å) 
than the Mg2+ and Al3+ which have an ion radius of 0.65Å and 0.60 Å hence the incorporation of larger 
cobalt ions in the HT structure makes the structure less crystalline[11] .  

3.2. Scanning Electron Microscope 

The Figure 2 (a,b) shows the SEM images of the samples prepared at different resolutions of 5000 and 
10000. The image shows that the prepared catalysts have rough particles of various shapes and sizes. The 
particle sizes on average varies from few micrometers up to 50 micrometers or even larger. The 
hexagonal, relatively shinny particles at the side of Figure 2b, shows the probable presence of zirconium 
on the surface of hydrotalcite based cobalt catalyst. The SEM images also show that zinc oxide and 
cobalt oxide are strongly in contact to form the interface in the composite. The addition of zirconium 
oxide on the catalyst surface prevents the formation of aluminates on cobalt surface hence improves the 
reducibility. 
 

 

 
 

Fig. 2. SEM Images of  (a) HTCo-Zn at X5000 and X 10000 (b) HTCo-Zr at X5000 and X 10000. 

3.3. Energy Dispersive Spectroscopy  

Table 1 shows the elemental analysis of prepared catalyst obtained by energy dispersive spectroscopy. 
The table shows that there is approximately 30 to 31% cobalt loading in our catalyst.  There is 3.24 % 
zinc that is retained on the surface of the crystal. In zirconium promoted 5.32 % zirconium is retained 
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which ensures more promoting effecting than zinc promoted. The carbon percentage points towards 
another important characteristic feature of hydrotalcite which is existence of carbonates in the layered 
structure of material.  

Table 1. Elemental Analysis of HTCo-Zn and HTCo-Zr  
Catalyst C (%) O (%) Na (%) Mg (%) Al (%) Co (%) Zn  (%) Zr (%) 
HTCo-Zn  4.22 38.85 2.90 11.92 7.54 31.32 3.24 ----- 
HTCo-Zr 5.04 38.60 4.02 9.63 6.76 30.62 ----- 5.32 

3.4. Brunauer–Emmett–Teller 

The samples of prepared catalysts were outgassed for 5 hours under vacuum at 300OC and nitrogen 
physisorption measurements were performed. Table 2 gives the details of BET surface area, pore volume, 
pore size and average particle size. The zinc promoted samples has large surface area around 74.912m2/g. 
The larger pore volume contributes in the reaction due to availability of the pore walls. If pore size is 
very small that will inhibit rapid transfer of molecules and ultimately limits the reaction rate. The 
addition of small quantities of promoters like zinc and zirconium does not affect the surface area of the 
hydrotalcite material.  

Table 2. BET Analysis of HTCo-Zn  
Catalyst BET Surface Area (m2/g) Pore volume (cm3/g) Pore size (nm) Avg. particle size (nm) 

HTCo-Zn 74.912 0.1472 7.86 80.09 

3.5. Fourier Transform Infrared Spectroscopy  

FTIR spectra of both zinc and zirconium promoted catalyst are shown in figure. The FTIR spectra of the 
catalyst suggest that there exists a depression around 3500 cm-1 in both HTCo-Zn and HTCo-Zr , which 
belongs to the hydroxyl-stretching sector between 2500 and 3900 cm-1 [12]. Depression around 668cm-1 
shows the characteristic absorption of Co3O4 spinal phase (Co-O stretching) [13]. Al2O3 stretching is 
shown by the depression around 550cm-1. [14]The larger depression around 1400cm-1 shows the 
possibility of carbonates that is the characteristics of hydrotalcite material[15]. 

 
Fig. 1. FTIR Spectra of (a) HTCo-Zr (b) HTCo-Zn. 

4.  Conclusion 

Zinc and zirconium are added to the hydrotalcite based cobalt catalyst as promoters. The characterization 
suggests that HTCo-Zr (Zircounium promoted) have the high promoter loading and more stable crystal 
structure as compared to zinc promoted catalyst. Surface area analysis suggests that zirconium promoted 
catalyst have sufficiently large surface area that can further increase its catalytic ability. Hence it points 
toward the fact that zirconium promoted catalyst can enhances the reaction rate and C5+ selectivity of the 
cobalt catalyst.  

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
Acknowledgements 

• Dr. Naseem Iqbal 
• Dr. Nisar Ahmad 
• Dr. Tayabba Noor 
• Muhammad Faizan Sharif 
• Saeed Iqbal 
• Amin Durrani  

References 

 
[1] T. Fu, Y. Jiang, J. Lv, and Z. Li, "Effect of carbon support on Fischer–Tropsch synthesis 

activity and product distribution over Co-based catalysts," Fuel processing technology, vol. 110, 
pp. 141-149, 2013. 

[2] Y.-T. Tsai, X. Mo, A. Campos, J. G. Goodwin, and J. J. Spivey, "Hydrotalcite supported Co 
catalysts for CO hydrogenation," Applied Catalysis A: General, vol. 396, pp. 91-100, 2011. 

[3] A. Di Fronzo, C. Pirola, A. Comazzi, F. Galli, C. Bianchi, A. Di Michele, et al., "Co-based 
hydrotalcites as new catalysts for the Fischer–Tropsch synthesis process," Fuel, vol. 119, pp. 62-
69, 2014. 

[4] K. M. Cook, H. D. Perez, C. H. Bartholomew, and W. C. Hecker, "Effect of promoter 
deposition order on platinum-, ruthenium-, or rhenium-promoted cobalt Fischer–Tropsch 
catalysts," Applied Catalysis A: General, vol. 482, pp. 275-286, 2014. 

[5] E. Iglesia, "Design, synthesis, and use of cobalt-based Fischer-Tropsch synthesis catalysts," 
Applied Catalysis A: General, vol. 161, pp. 59-78, 1997. 

[6] A. Y. Khodakov, W. Chu, and P. Fongarland, "Advances in the development of novel cobalt 
Fischer-Tropsch catalysts for synthesis of long-chain hydrocarbons and clean fuels," Chemical 
Reviews, vol. 107, pp. 1692-1744, 2007. 

[7] M. Trépanier, A. K. Dalai, and N. Abatzoglou, "Synthesis of CNT-supported cobalt nanoparticle 
catalysts using a microemulsion technique: role of nanoparticle size on reducibility, activity and 
selectivity in Fischer–Tropsch reactions," Applied Catalysis A: General, vol. 374, pp. 79-86, 
2010. 

[8] L. He, Q. Lin, Y. Liu, and Y. Huang, "Unique catalysis of Ni-Al hydrotalcite derived catalyst in 
CO 2 methanation: cooperative effect between Ni nanoparticles and a basic support," Journal of 
Energy Chemistry, vol. 23, pp. 587-592, 2014. 

[9] K. Takehira, T. Shishido, P. Wang, T. Kosaka, and K. Takaki, "Autothermal reforming of CH 4 
over supported Ni catalysts prepared from Mg–Al hydrotalcite-like anionic clay," Journal of 
Catalysis, vol. 221, pp. 43-54, 2004. 

[10] S. Iqbal, T. E. Davies, J. S. Hayward, D. J. Morgan, K. Karim, J. K. Bartley, et al., "Fischer 
Tropsch Synthesis using promoted cobalt-based catalysts," Catalysis Today, vol. 272, pp. 74-79, 
2016. 

[11] H. Jahangiri, J. Bennett, P. Mahjoubi, K. Wilson, and S. Gu, "A review of advanced catalyst 
development for Fischer–Tropsch synthesis of hydrocarbons from biomass derived syn-gas," 
Catalysis Science & Technology, vol. 4, pp. 2210-2229, 2014. 

[12] F. Rong, J. Zhao, P. Su, Y. Yao, M. Li, Q. Yang, et al., "Zinc–cobalt oxides as efficient water 
oxidation catalysts: the promotion effect of ZnO," Journal of Materials Chemistry A, vol. 3, pp. 
4010-4017, 2015. 

[13] V. M. Lebarbier, A. M. Karim, M. H. Engelhard, Y. Wu, B. Q. Xu, E. J. Petersen, et al., "The 
effect of zinc addition on the oxidation state of cobalt in Co/ZrO2 catalysts," ChemSusChem, 
vol. 4, pp. 1679-1684, 2011. 

[14] L. He, H. Berntsen, E. Ochoa-Fernández, J. C. Walmsley, E. A. Blekkan, and D. Chen, "Co–Ni 
catalysts derived from hydrotalcite-like materials for hydrogen production by ethanol steam 
reforming," Topics in Catalysis, vol. 52, pp. 206-217, 2009. 

[15] J. T. Kloprogge and R. L. Frost, "Fourier transform infrared and Raman spectroscopic study of 
the local structure of Mg-, Ni-, and Co-hydrotalcites," Journal of Solid State Chemistry, vol. 
146, pp. 506-515, 1999. 

 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

289. Solarization of Sensitive Load of Electrical Department 
MUET SZAB Campus  

Toqueer Ahmed, Shaman Ali, Sadam Panhwar, Mohsin Ali, G. Mustafa  
Electrical Engineering Department, MUET SZAB Campus, Khairpur Mir’s, Pakistan 

Abstract  

Pakistan is currently facing the worst crisis of its history, now days the major problem is shortage of 
electricity which is overcome by two major sources present in Pakistan in very large quantities 
(renewable) such as bio mass, wind, solar and (non-renewable) coal, gas, Diesel, nuclear energy etc. So, 
it is more economical for Pakistan to use renewable energy but when we look into our scenario for 
renewable energy that solar energy and wind energy is only present in day time.it is no doubt that 
renewable energy is variable but renewable energy is not variable on same time then we select such a 
power plant where the possibility of the usage of combined cycle through renewable. Generation through 
renewable energy in Pakistan is more economical if we care about dome factor such as Operation, 
maintenance, metering, management, fault recovery and daily basis report of each Gird Station In our 
thesis we want to solarize the sensitive load of Electrical department of MUET SZAB CAMPUS due to 
following factor. We are dependent on WAPDA or Diesel Generator so the main problem is discontinuity 
of electricity, High & Low voltages, tripping, costly units of sepco heavy, cost of diesel generator and 
heavy cost of sub stations which are being installed in the campus. The major problem which occur due 
to interruption of supply. 
 
Ones disturbance of class’s damage sensitive equipment so according to above problem the renewable 
energy sources are suitable in this campus particularly electrical department. In the Khairpur Mir’s 290 
days are sunny days and solar radiation is so strong reaches up to 6.2 and temperature goes to 53c. So, 
our main motive to solarize the sensitive load of Electrical Department of MUET Shaheed Z.A Bhutto 
campus khairpur Mir’s. The main objective of our project is to give a comparative analysis between the 
wapda and solar energy (renewable energy) Load analysis, load calculation, comparison of costs, saving 
per year, load graph calculated by using PV Software. In the solar system, we only provide initial cost. 
After the installation, there is no running cost, continuity supply of electricity and protect our equipment. 
In this estimation of installation cost of solar power plant, cost of generation, performance ratio and 
capacity utilization factor comparing it with SEPCO units or diesel generator units with solar system. In 
winter, we can export electricity to other department, it is also beneficial to reduce the overall cost. 
 
 
© 2016 Sadam Hussain Panhwar Selection and/or peer-review under responsibility of Energy and Environmental Engineering 
Research Group 
(EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Solarization, sensitive load, solar panel 
 
1. Introduction 

Growing consumption of energy has also resulted in the country becoming increasing dependent on fossil 
fuels such as oil, coal and natural gas. Rising prices of oil, gas and coal and potential of shortages in 
future leads to concern about security. Increased use of fossil fuel has also caused environmental 
problems both locally and globally. Energy is the basic necessity of life. Pakistan is currently facing the 
worse crisis of its history, now days the major problem is shortage of electricity which is overcome by 
two major sources present in Pakistan in very large quantities (renewable) such as bio mass, wind, solar 
and (non-renewable) coal, gas, Diesel, nuclear energy etc. It is more beneficial for Pakistan to use 
renewable form of energy. 
 The renewable sources are natural resources that can be replenished in a short period of time. There are 
many sources of energy that are renewable and considered to be environmentally friendly and harness 
natural process. These sources of energy provide an alternator cleaner source of energy. There initial cost 
is high. they have low maintenance. Conversely, solar energy is available almost everywhere in the world 
and is not being fully used. there are no of reason ns to use solar energy as the main source of power 
because of firstly is personal and national security and also reduce the pollution secondly due to 
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increasing cost of nuclear plants.so solar system leads to reduce energy cost and meet the increasing 
demand of consumer.  
There is abundance of information regarding the use of solar energy all around the world some countries 
and governments have fully adopted the use of solar energy and have set goals on making renewable 
energy resources their main source of power. solar energy producing technology has improved and use of 
solar power is becoming more affordable and heavily considered by countries around the world. Solar 
power technology can be traced back to the 1800s. In 1839, French physics Becquerel discovered the 
photovoltaic effect latter on in 1941 Russell ohl invented the solar cell and the technology continues to 
evolve and improve .as for conventional form of power requires the transport but solar panels can be 
installed and generate power at the location of panel thus eliminating the need to transport the power. As 
this technology improves it has gradually becoming more affordable and is being used around the world. 
There are many advantages using solar power over wind generated power. wind turbines generate a lot of 
noise, requires maintenance. comparing with hydral, the hydral requires dams which are extremely costly 
to construct .so soar system becomes more Beneficial’s than other power producing. 
In this research work is to solarize to the sensitive loads at electrical engineering MUET SZAB Campus 
Khairpur Mir’s. Here the solar radiations are available all the day. our motive is solar because of our 
equipment are sensitive so the low voltages causes the problems. our classed are disturbed. here we 
firstly calculate the load, after with the help of PV SYST software we conclude the results. 
 
Methodology: 
 
PVSYST Software 
 
Objectives 

� Understand the effect of solar irradiation on PV production 
� Understand the PV module (one diode model) for any technology 
� Characterize the component of a PV system and their modeling implementation in PV SYST 
� Use the program PV SYST for the designing and optimization of gird connected PV SYSTEM 
� Analyze system layout and shading issues 
� Designing utility scale ground mount PV system with fixed and tracking planes 
� Establish economic balances 

The PV SYST software uses extensive knowledge of PV technology, metrological irradiation resources 
and PV components. However, it cannot replace the user’s expertise. It is a tool that facilitates the 
aquitisim of a deeper understanding PV system and the optimization of their design. This training 
therefore includes an important section about theoretical concepts. This course does not provide it 
information about the PV industry, its standards and regulation nor does it cover such topics as 
administrative or bureaucrative constraints, the commercial, economic or legal aspect of project’s design. 
This is layout of photovoltaic system software here we select other department or cafeteria to export 
excess amount of energy. 

 

 
Fig. 1. SCHEMATIC DIAGRAM OF PV SYST 
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Fig. 2. Solar panel installation and set azimuth angle 

 
Fig. 3. Inverter PV ARRAY Condition 

Conclusion 
The total load of electrical department Muet szab campus is 1518.8 but we solarize sensitive load of 
electrical department which is 23.015 kW. 
In this we generate 30 kw energy through solar energy for electrical department which is the most 
economical against the cost of generator, its fuel and wapda billing. 
Following we give some detail that why we choose solar energy against other expenses such as generator 
and wapda 

• Improper timing of wapda 
• disturbances of the classes 
• Equipment will be damaged 

• Low voltages   

The overall expenditure of Electrical department is 
• From wapda/ year          = 354432 units 
• From generator/year   = 1123280 Pk rupees (including capital cost and maintenance 

cost of generator) 
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• Substation (630 KVA) = 12000000 PK rupees (Capital cost) 

By keeping above analysis in our observation, we came to conclusion that using solar energy we can 
make efficient system model for our department which is more economical and beneficial. 
 
The component used in solar energy are given below: 
 

1. Solar panel 
2. Inverter 
3. Support stand 
4. Cables 

The capital cost of solar power is   = ± 2600000 rupees initial cost and no any other cost  
The warranty of solar panels is 25 years. 
90% up to 10 years and 80% remaining 15 year. 
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Abstract 

Water is essential ingredient for sustaining life on the earth. Growing population and economies, 
changing lifestyles, and climate change are all increasing pressure on the Pakistan’s freshwater resources. 
People and nature alike are threatened by the lack of responsible water management system. The water 
users, from agriculture, energy and industrial sector to cities and citizens, recognize the acute need of 
more sustainable management of water resources. 
Agriculture is the backbone of Pakistan’s economy. It accounts for 21% of the GDP and together with 
agro based products fetches 80% of the country. More than 90% of freshwater resources are utilized in 
the agriculture sector. Southern areas of Pakistan and Punjab facing multiple water related challenges due 
to the severe water scarcity. Due to the scarce surface water supplies groundwater abstraction is the 
common practice to full fill the crop water demand. Ground water contributes more than 50% water 
supplies for irrigated agriculture. Out of total irrigated area (18.63Mha) 3.79 Mha solely depends upon 
the tube wells. The use of tube wells water supplies for canal irrigated area is also very frequent due to 
the increase of cropping intensity up to 150% and deficit canal water allowance. The prime objective of 
the present study was to estimate the water and energy savings under different surface and agronomic 
practices. 
Bahawalpur district is located in Punjab at 29’20’’ latitude and 71’47’’ longitude and elevation of 110m 
above sea level. The mean annual rainfall ranges from 147-226 mm. Cotton, wheat and sugarcane are the 
major crops of the area. Three different types of surface irrigation techniques and crop sowing methods 
were analysed during this study for cotton and wheat crop. Irrigation water supplies through tube wells 
and discharge measurement were made with cut throat flume. Basin and bed & furrow irrigation 
techniques were tested under different land preparation methods i.e. unlevelled, zero level and laser grade 
field. Experimental site located at agronomic research station (ARS) Bahawalpur.  Three sets of each trail 
were performed and average the values during the calculation. Soil at experimental site was clay loam in 
texture for 0-60cm depth; average pH and organic matter was 8.0 and 0.73 % respectively. Following 
results were calculated for one acre field of cotton and wheat. 
It was estimated that laser level field with traditional flat sowing of wheat and cotton saved 30% water 
and energy as compared to the unlevelled field, where as laser level field with bed and furrow sowing 
technique saved 42 % water and energy. It was estimated that laser graded (mild slope) field with 
traditional flat sowing technique saved 39%, 11% water and energy as compared to unlevelled and zero 
level field respectively. It was estimated that laser graded field with bed & furrow sowing technique 
saved 47%, 22% water and energy as compared to the unlevelled and zero level field respectively. It was 
concluded that laser grading is the most efficient and recommended for wheat, cotton, sugarcane and 
other fodder crops as well. It was also noted that during one crop calendar/acre (Wheat, Cotton) on 
average 2700 cubic meter water, 80 liter diesel fuel saved and reduced 212 Kg carbon emission. 
 
© 2016 M. Arfan, Arif H. Makhdum, G. Nabi Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction 

Pakistan’s irrigated agriculture depends primarily on the Indus basin irrigation system. The IBIS is 
comprised of dams, headwork’s/barrages and an extensive network of irrigation and link canals. These 
canals draw the majority of their surface water from rivers. Recently, the total surface water availability 
has been deviating from the annual mean flow, showing a trend of decreasing annual water availability 
due to climate change. Following the partition of the subcontinent, the Indus Water Treaty was passed in 
1960, allocating the eastern rivers water rights to India. The command area water requirement of the 
eastern rivers was compensated by constructing link canals. The gap between water availability and 
consumption is overcome by extracting groundwater in Punjab and other parts of the Pakistan. 
Groundwater withdrawals have increased worldwide to meet the consumption gap. Currently, over 1.4 
billion people are living in river basins, where the consumption of water exceeds the minimum recharge 
level. Water withdrawal is predicted to increase by 50 percent by 2025 in developing countries. Water is 
a critical resource in the agriculture. Without the water there is no concept of agriculture. Artificial 
application of water to the crops is called irrigation. Arid and semi-arid regions with less precipitation are 
mostly dependent on the irrigation. There are number of methods developed for this artificial application 
of water during centuries of irrigation. These methods are ranged from flood irrigation to drip, sprinkler 
and sub-surface drip irrigation methods. There are number of ways to enhance the overall irrigation 
efficiency. These methods are ranked on the basis of this efficiency term. In Pakistan high irrigation 
efficiency systems (HIES) are running but there scope remain limited still due to number of reasons. The 
large scale adoption of most efficient irrigation methods are still a dream to be achieved. Surface 
irrigation methods are still in practice over a large scale irrigated area. There are number of innovative 
ideas are practiced to enhance the irrigation efficiency of surface irrigation methods. Laser land leveling, 
bed and furrow irrigation and alternate furrow irrigation methods revolutionize the surface irrigation 
methods. “It is not the quantity of water applied to a crop, it is the quantity of intelligence applied which 
determines the result there is more due to intelligence than water in every case” (Alfred Deakin 1890) 

Indus basin irrigation system is a largest irrigation network which continuously under pressure due to 
multiple issues and challenges. Surface supplies of irrigation are not enough that it fulfill the crop water 
requirements with ever increasing cropping intensity. So to meet the ever increasing demand of 
agriculture groundwater is pumped especially where groundwater is in fresh water zone. Pakistan and 
Punjab experienced an upward trend of groundwater extraction during the last three decades. Almost one 
million tube wells are reportedly installed in Punjab alone, and use of energy in pumping and other farm 
operation may account for up to one fifth of the province’s energy consumption. So the water 
consumption in the agriculture is highly linked with the energy consumption too. More will be the water 
consumption more will be the energy consumption and more carbon emission consequently hampers the 
environment. Water savings at farm level not only reducing the pressure from groundwater but also 
reducing the carbon footprint of the agriculture farm. Management of each resource separately can lead 
to decisions that seemingly improve supply in one sector, but in reality, creates problems in others. 
If the linkages are incorporated in policy evaluation, then unintended consequences may be avoided 
while multiple problems may simultaneously get addressed (Afreen Siddiqi 2013). Understanding and 
accounting for these interconnections is important for resource use-efficiency, socio-economic growth, 
and long term sustainability of agriculture. 

The impact of irrigated agriculture on water resources is significant. In Pakistan, irrigated agriculture 
uses more than 90% of fresh water resources. The Punjab Agriculture Department () stated that on an 
average 56 MAF water diverted to the canal irrigation networks annually and 33 MAF extracted from 
groundwater, which is almost 58% of the Punjab water budget. Pakistan’s groundwater management is 
approaching or exceeding sustainable extraction limits in most of the fresh water groundwater zones. 
There is increasing competition between users, and growing recognition of the environment as a 
legitimate ‘user’ of water. Future progress in irrigation now rest on efficiency gains in existing practices, 
rather than further use of scarce water resources. Water use efficiency (WUE) concepts have evolved 
over a century of irrigation development. Brown (1920) introduced the term ‘duty of water’ defined as 
“the measure of the efficient irrigation work that water can perform, expressed in terms establishing the 
relation between the area of crop brought to maturity and the quantity of water used in its irrigation”. 
Fortier (1928) used the term ‘permissible waste’, and observed that there would always be a limit to 
improvements that would be governed by economics. Israelsen (1932) defined irrigation efficiency as 
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“the ratio of irrigation water transpired by the crops of an irrigation farm or project during their growth 
period to the water diverted from a river or other natural source into the farm or project canal or canals 
during the same period of time.” Christiansen (1942) introduced a uniformity coefficient, which is a ratio 
of depths that represents the lower proportion of applied depth to the average applied depth across the 
field.  

    
Fig. 1. Canal Withdrawal Trend in Punjab 

2. Materials and Methods 

Bahawalpur district is located in Punjab at 29’20’’ latitude and 71’47’’ longitude and elevation of 110m 
above sea level. The mean annual rainfall ranges from 147-226 mm. Cotton, wheat and sugarcane are the 
major crops of the area. Three different types of surface irrigation techniques and crop sowing methods 
were analyzed during this study for cotton and wheat crop. Irrigation water supplies through tube wells 
and discharge measurement were made with cut throat flume. Basin and bed & furrow irrigation 
techniques were tested under different land preparation methods i.e. unleveled, zero level and laser grade 
field. Experimental site was located at agronomic research station (ARS) Bahawalpur. Three sets of each 
trail were performed and average the values during the calculation. Soil at experimental site was clay 
loam in texture for 0-60cm depth; average pH and organic matter was 8.0 and 0.73 % respectively. Same 
variety of wheat and cotton were sow in each trial. Other inputs (fertilizer and pesticides) were also same. 
There were three plots with equal dimensions located in the experimental site. One plot is unlevelled; 
second one is zero leveled and third one laser grade. Grade of the field adjusted 0.0012 ft/ft. Grade of the 
plot were adjusted keeping in view the soil texture, infiltration rate and stream size. Software package 
WINSRFR can be used for the theoretical simulations to find out the optimal grade according to the 
concerned field conditions. The basin and bed &furrow irrigation techniques were tested for three above 
mentioned land preparation methods. The comparison of water, energy and monetary savings were 
calculated between the following pairs of sets is as under; 

• Zero level field & unlevelled field with basin irrigation 
• Zero level field & laser grade field with bed and furrow irrigation 
• Zero level field & laser grade field with drill sowing 

The calculations of water used, water savings, energy savings, monetary benefits and carbon emission for 
each sets of trials were calculated by measuring the discharges with cut throat flume once and then note 
down the minutes of irrigation applied to each sets. We may calculate the volume of water used, water 
savings, energy savings, monetary benefits and carbon emission with following equation and empirical 
formula as; 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

Volume of Water Used (m3)  ' Q ) Irrigation Time ) No. of Irrigations                                            (1) 

Whereas Q is a discharge of the tube well in m3/sec, Irrigation time is seconds 

Water Savings (%) '
./0123 /4 56738 9:3; < 73=>?@A13 B./0123 /4 56738 1:3; C 73=>?@A13

./0123 /4 56738 9:3; C 73=>?@A13
) 100                    (2)                                                          

Energy Saved (Litre) ' Fuel used per hour water extracted ) Irrigation Time saved                    (3) 

Monetary Benefits ' Amount of fuel saved ) Price of fuel                                                                      (4) 

Carbon Emission (CO2)  ' 2.63 ) Amount of Dissel fuel consumed                                                      (5) 

3. Results and Discussions 

It was found that during the cotton crop season treatment T1, T2, T3, T4, T5 and T6 used volume of 
water 2571.42, 3714.28, 2285.71, 2000.04, 2571.42 and 2284.71 cubic meter respectively. It was 
observed that during the comparison of T1 and T2 treatment T1 saved 30.8 % water, around 33 litre 
dissel fuels and hence reduces 88 kg of carbon emission for one acre. In the comparison of T3 and T4 
treatment T4 saved 12.5 % water, 12.5 litre of dissel and consequently reduce the 33 kg of carbon 
emission as compared to T3 treatment, whereas treatment T5 and T6 comparison T6 is more efficient 
than T5. More comparison pairs were also performed from the following table 1. The laser grading 
technique is most efficient from all the techniques. 

Table 1. Water, Energy, Carbon (CO2) Emission and Monetary Savings / Acre for Cotton Crop 
Surface Irrigation 
Methods 

Volume of Water 
Used (m3)/Acre 

Saving of 
Water (%) 

Energy Saving 
Dissel (Litre)/Acre 

Monetary Saving 
(PKR)/Acre 

Reducing CO2 
Emission 
(Kg/Acre) 

Zero Level Field (Drill 
Sowing) T1 

2571.42 30.8 33.33 2866.67 87.66 

Un levelled Field 
(Drill Sowing) T2 

3714.28 00.00 0.00 0.00 0.00 

Zero Level Field (Bed 
& Furrow Sowing) T3 

2285.71 11.1 12.50 1075.00 32.87 

Laser Grade Field 
(Bed & Furrow 
Sowing) T4 

2000.04 12.5 12.50 1075.00 32.87 

Zero Level Field  
(Drill Sowing) T5 

2571.42 0.00 0.00 0.00 0.00 

Laser Grade Field 
(Drill Sowing) T6 

2284.71 11.1 12.50 1075.00 32.87 

It was found that during the wheat crop season treatment T1, T2, T3, T4, T5 and T6 used volume of 
water 1028.57, 1485.71, 914.28, 800.45, 1028.57 and 914.28 cubic meter respectively. It was observed 
that during the comparison of T1 and T2 treatment T1 saved 30.8% water, around 13 litre dissel fuels and 
hence reduces 35.06 kg of carbon emission for one acre. In the comparison of T3 and T4 treatment T4 
saved 12.5 % water, 4.17 litre of dissel and consequently reduce the 10.95 kg of carbon emission as 
compared to T3 treatment, whereas treatment T5 and T6 comparison T6 is more efficient than T5.  

Table 2. Water, Energy, Carbon (CO2) Emission and Monetary Savings / Acre for Wheat Crop 
Surface Irrigation 
Methods 

Volume of Water 
Used (m3)/Acre 

Saving of 
Water (%) 

Energy Saving 
Dissel (Litre)/Acre 

Monetary Saving 
(PKR)/Acre 

Reducing CO2 
Emission 
(Kg/Acre) 

Zero Level Field (Drill 
Sowing) T1 

1028.57 30.8 13.33 1146.67 35.06 

Un levelled Field 
(Drill Sowing) T2 

1485.71 0.0 0.00 0.00 0.00 

Zero Level Field (Bed 
& Furrow Sowing) T3 

914.28 11.1 4.17 358.33 10.95 

Laser Grade Field 
(Bed & Furrow 
Sowing) T4 

800.45 12.5 4.17 358.33 10.95 

Zero Level Field  
(Drill Sowing) T5 

1028.57 0.0 0.00 0.00 0.00 

Laser Grade Field 
(Drill Sowing) T6 

914.28 11.1 4.17 358.33 10.95 
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It was estimated that laser level field with traditional flat sowing of wheat and cotton saved 30% water 
and energy as compared to the unleveled field, where as laser level field with bed and furrow sowing 
technique saved 42 % water and energy. It was estimated that laser graded (mild slope) field with 
traditional flat sowing technique saved 39%, 11% water and energy as compared to unleveled and zero 
level field respectively. It was estimated that laser graded field with bed & furrow sowing technique 
saved 47%, 22% water and energy as compared to the unleveled and zero level field respectively. It was 
concluded that laser grading is the most efficient and recommended for wheat, cotton, sugarcane and 
other fodder crops as well. It was also noted that during one crop calendar/acre (Wheat, Cotton) on 
average 2700 cubic meter water, 80 liter diesel fuel saved and reduced 212 Kg carbon emission. 
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Abstract 

Fossil fuels are rapidly depleting, shifting the energy paradigm to renewable energy. Among the 
renewable energy technologies, photovoltaic (PV) technology is an emerging area of interest. PV 
technology has shown that it can generate electricity for a wide range of applications, scales, climates and 
geographic locations. Mechanical integrity, among other factors, plays an important role in maintaining 
the efficiency of photovoltaic modules. Depending on the level of compromise on the mechanical 
integrity, the output power can be reduced substantially. Mechanical stresses are generated in PV 
modules right from the processing and fabrication such as during soldering, lamination and framing 
processes. In addition, transportation loadings and difference in service loads serve as mechanical loads 
to the modules. PV modules can be modelled for in-service mechanical loadings to predict the reliability 
of modules and consequently predict the output power levels. Extensive qualification tests are also 
developed to provide an estimate about the module’s lifetime and the extent of degradation under 
simulated real field conditions. 

This study presents detailed analysis and experimentation to test the effect of wind loads on the 
mechanical integrity of PV module in accordance with the international standards (IEC 61215 and ASTM 
E1830-15). A mechanical test rig was indigenously designed and fabricated for mechanical load testing 
of PV modules. Mechanical load tests were performed on the commercially available PV modules, 
preceded and followed by electroluminescence and electrical efficiency tests. Four samples of 60W PV 
modules were subjected to the above mentioned tests. It was observed that winds load has the potential to 
degrade the peak power output of PV modules by 2%. In addition, the average decrease in fill factor of 
0.20% is another indication of decrease in the output power. 

© 2016 Rizwan M. Gul, M. Saad Rehan, Humera Ahsan, Fahad Ullah Zafar, and M. Asif. Selection and/or peer-review under 
responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
 
Keywords: Renewable Energy; Solar Cells; Photovoltaic Modules; Mechanical Intergrity; Power Output  

1. Introduction   

Photovoltaic modules (PV) are widely used for converting the abundantly available solar energy into the 
electrical energy. Efficient PV modules can ensure maximum advantage of exploitation of solar energy. 
Efficiency of the PV modules, in addition to the type of the cell, depends upon the cell design and the 
mechanical integrity of the module. The mechanical integrity is a key factor in maintaining the power 
output and ultimately the efficiency of the modules and is dependent on different design parameters like 
geometry and dimensions of solar cells, orientation of bus bars, type of soldering material, type of 
adhesive used and the curing temperature of the module. Optimization in processing to improve 
mechanical integrity can be achieved by having alternative soldering techniques, changing the orientation 
and amount of bus bars [1-4].     
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The output power of the modules is reduced if the mechanical integrity is compromised. For example, if 
there are cracks in the cells it would provide resistance to the flow of the charges and if the parts of the 
cells are electrically isolated, the active cell area will be decreased, greatly reducing the output power. 
Moreover, this separation produces a difference in overall current which results in reverse bias operation 
and potential of hotspot risks. Therefore, mechanical stability influence both the power output as well as 
module’s reliability. According to the crack statistics of the PV modules that are subject to mechanical 
loadings, it is concluded that the cracks that are parallel to the bus bars are very critical when it comes to 
the cell separation [2, 5, 6].  

 
Stresses are generated in the PV modules from the very start; during doping and other manufacturing 
processes. The transportation loadings and in-service loads like; static and dynamic wind loads, snow 
loads, dust loads, hails, rain and other ambient loadings also introduces mechanical stresses in the 
module. These loads can be simulated on the module using different techniques to predict their 
reliability. The in-service loads cause the micro cracks generated in cell processing to get propagated. All 
these factors serve to degrade the PV modules and decrease its output power [7-9].  

 
In this research, the effect of the wind load on the modules was studied by simulating the forces that are 
applied on the module by the wind. To simulate the wind load on the modules, a test setup was designed 
and fabricated and testing was performed on the PV modules using the international standards (ASTM 
E1830-15 and IEC-61215). The mechanical testing was preceded and followed by electroluminescence 
(EL) and flash tests.  

2. Materials and Methods  

2.1. Photovoltaic Modules Specifications 

Four commercially available PV modules, each of 60W rated power, were selected for research. These 
modules were obtained from the same local supplier and were of the same manufacturer (German Cells, 
PRC). The rated specifications of the modules are listed in Table 1.   

Table 1. Rated Specifications of the PV modules 
S. No. Parameter Value 
1 Maximum power at STC 60 W 
2 Output tolerance ±3% 
3 Current at Pmax, Ipmax 3.37 A 
4 Voltage at Pmax, Vpmax 17.8 V 
5 Short circuit current, ISC 4.04 A 
6 Open circuit voltage, VOC 21.6 V 

7 Nominal operating cell temperature 450C 
8 Dimension 750 x 535 x 20 (mm) 
9 Maximum series fuse rating 12 A 

2.2. Fabrication of the Test Setup  

A mechanical test setup was indigenously designed and fabricated for the mechanical testing of the PV 
modules according to the international standards (ASTM E1830-15 and IEC-61215) [10] and [11]. Fig. 1 
shows the test setup which consists of main frame, mountings and load application mechanism. The main 
frame provides structural support to the other parts of the test setup. It is designed to take up the load of 
5400 Pa, with a factor of safety of 3. The test setup can be used to test a module having the dimension 
upto 3x3 ft. Mountings are required to firmly fix the module in the main frame. The dimensions of the 
mounting are taken according to those used commonly for mounting of the PV modules in practice. The 
material of mounting is mild steel and the cross section is C. Sand bag was used to apply the load on the 
modules, fine aggregate sand was used for this purpose. It was a rectangular bag having the dimensions 
equal to the size of the module. The depth of the bag was calculated using the density of the sand. Hooks 
and ropes were used to connect this bag with the main frame and to lift up the load.  
 

2.3. Characterization   
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The characterization tests, that is, electroluminescence imaging and solar flash testing (electrical 
efficiency test) were carried out on the modules before and after the mechanical testing. These tests were 
performed in Pakistan Council of Renewable Energy Technologies (PCRET) laboratories, Islamabad, 
Pakistan. The steps followed are shown in the Fig. 2.  

 
Fig. 1. Test setup used for mechanical testing 

 

Fig. 2. Steps to characterize the mechanical integrity of photovoltaic modules  

2.3.1.  Electroluminescence Testing  

Electroluminescence tests were performed on Electroluminescence Tester (Wuhan Gobo Photovoltaics, 
PRC).  In this technique, the PV module was forward biased which favored the radiative recombination 
in the Silicon cells. The light emitted was in Infra-Red region and the image was detected using an Infra-
Red CCD Camera. The cracks and other defects were visible in the electroluminescence image because 
the input current was unable to reach the defected regions to cause luminescence. These areas appeared 
dark in the image.  

2.3.2.  Solar Flash Testing  

Solar flash testing (electrical efficiency test) on the modules was performed to measure the parameters 
like series resistance, fill factor, peak output power, short circuit current, open circuit voltage and 
efficiency. The equipment used was Sun Simulator Tester, manufactured by Wuhan Gobo Photovoltaics, 
PRC. In this test the module was exposed for a very small period of time to a bright flash of light of 1000 
W/m2 using a xenon filled arc lamp. The test was performed at standard test conditions (STC), which 
consist of; Irradiance 1000 ± 50 W/m2, Cell temperature 25°C, Spectral distribution of irradiance AM1.5 
[12].  

2.3.3.  Mechanical Testing  
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The mechanical testing was performed according to the standard ASTM E1830-15 using the fabricated 
test bench [10]. The mechanical testing consisted of three cycles of 2400 pa pressure simulating wind 
load. Each cycle was of two hours, in which force was applied on the front side of the module for one 
hour and then on the back side of the module for one hour. Application of mechanical load on the module 
was gradual. Sand was uniformly distributed in the bag, so it applied a uniform load on the module.   

3. Results  

Figs 3 and 4 show the results obtained by the electroluminescence imaging of two selected modules 
(module # 1 and 2). The pre-mechanical testing results are those which are taken before the application of 
mechanical load while the post-mechanical testing results are those which are taken after the mechanical 
testing was performed. Module # 1 had a greater number of defects prior to the mechanical testing and 
the highest increase in defect concentration after the application of the mechanical load. The module # 2 
had fewer defects prior to the mechanical testing and the defect concentration did not increase much after 
the mechanical testing.  

 

Fig. 3. Electroluminescence image of module # 1 (a) Pre-Testing and (b) Post-Testing. 

   Fig. 4. EL image of Module no. 2 (a) Pre-Testing and (b) Post-Testing. 

Four different types of defects were visible in the module # 1 (Fig. 1a); these defects are due to the 
manufacturing flaws and transportation loadings. A small crack is visible in region ‘1’. Tire like patterns 
are visible in region ‘2’, which are due to the mechanical degradation of the cells. Region ‘3’ is 
completely dark region which shows the areas of the cell which are electrically isolated. Regions ’4’ & 
‘5’ are the shaded region which are present due to improper doping of the cells. Comparing this to the 
post testing electroluminescence image of module # 1 (Fig. 1b), a number of cracks are visible (a – e). 
These cracks are generally diagonal to the bus bars. The defected regions are encircled and named as 
lower case letters. A slight difference in the colour is observed in the regions where cracks are present. 
One of the cracks, observed in the region ‘e’ propagates and overlaps the bus bar and a darker region is 
present near it.   

Fig. 2 shows the electroluminescence image of the module # 2. There are no defects in this module prior 
to the mechanical testing, shown in Fig. 2a. Comparing this to the electroluminescence image after the 
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mechanical testing (Fig. 2b), it can be seen that there are a very few cracks in the module # 2. These 
cracks run diagonally to the bus bars but none of them overlaps the bus bar.  

The representative results of the solar flash testing of module # 1 is given Table 2. These results are 
similar to those reported earlier.  

Table 2. Representative results of solar flash testing (module # 1) 
S. No. Parameter Pre-Testing Post-Testing 
1 Isc (A) 3.23 3.16 
2 Voc (V) 21.06 21.05 
3 Pm (W) 49.58 48.47 
4 Ipm (A) 2.88 2.82 
5 Vpm (V) 17.24 17.18 
6 Efficiency 12.24% 11.97% 
7 Fill Factor (%) 72.87% 72.77% 
8 Rs (mOhms) 788.42 826.93 
9 Irradiance (W/m2) 986.36 995.77 
10 Temperature (°C) 27 28.4 

The changes in the four important electrical parameters; series resistance, fill factor, peak output power 
and electrical efficiency were analyzed. Table 3 shows the changes in these four parameters for the four 
different modules. The results show that the change is significantly different for different modules. The 
maximum rise in the series resistance was observed in module # 1 (4.88%) and minimum rise was 
observed in module # 4 (2.73%). Maximum drop in the fill factor was observed in module # 2 (0.41%) 
while the fill factor of the module # 4 remained the same before and after mechanical testing. Module # 1 
had the highest drop in the peak output power and efficiency, while module # 2 and 4 did not show any 
change in the peak output power and efficiency.  

Table 3. Results of the parameters to be analyzed 

S. No. 
% increase in series 
resistance  

% drop in fill 
factor 

% drop in peak output 
power 

% drop in 
efficiency 

Module # 1 4.88 0.1 2.23 0.27 
Module # 2 2.83 0.41 - -  
Module # 3 2.92 0.17 0.66  0.09 
Module # 4 2.73 -  - -  

4. Discussion  

The electroluminescence test results show that several defects are present in the modules even before the 
application of mechanical load. The completely dark regions show the areas of the cell which are 
electrically isolated. This isolation is due to the fact that cracks in these regions run diagonally to the bus 
bars, overlapping them and causing the de-metallization of the cells. The results also show that these 
defects are enhanced after the load is applied on the module (Figs 1 and 2). The slight difference in the 
colour (in the regions named by lowercase letters) is due to the presence of the crack in that region, 
which provides resistance to the flow of the current and thus a difference in the glow during the 
electroluminescence test. These cracks give the account of the effect on the module due to the simulated 
wind load in the mechanical testing. The cracks cause hindrance to the flow of electrical charges and thus 
result in a decrease in the output power of the module. The crack observed in the region ‘e’ propagates 
and overlaps the bus bar and thus is more severe as compared to others which do not cross the bus bars 
(Fig. 1b). It can be concluded that this crack caused the electrical isolation of this part of the cell as it 
caused damage to the bus bar.   

The average series resistance of four modules before mechanical testing was 734 mΩ which rose to 759 
mΩ after mechanical loading of 2400Pa. Table 3 gives the percent increase in the series resistance of the 
modules. This increase in the series resistance is because of the mechanical degradation of the cells. Fill 
factor is an indirect measure of the percent effective area of PV modules. The impact of increased series 
resistance is to reduce the fill factor. As observed from the Table 3 the fill factors of the modules were 
decreased in three of the four modules tested while no drop was observed in module # 4. This decrease in 
the fill factor is because of the increase in the series resistance which in turn is due to the emergence of 
cracks.  
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Table 3 shows that there was a drop in the peak output power of the module # 1 and module # 3. The 
percent drop in power in module # 1 was the highest (2.23%). This is attributed to the greater number of 
cracks produced in the module because of the application of the load and also because of the electrical 
isolation of the cell in this module. A drop in power is also observed in module # 3 which is lesser then 
that of module # 1, which is due to the lesser number of cracks produced in it. The reason that the power 
of the module # 2 and module # 4 remain the same is that these modules were not affected significantly 
by the mechanical loadings applied on them. Although some cracks were observed in them due to which 
a slight increase in the series resistance was observed but these cracks were not significant to drop the 
output power of these modules. 

The light to electricity conversion efficiencies of the PV modules before mechanical testing were in the 
range of 11.5- 14.3%. Similar to the case of peak output power, a drop in the efficiencies of the module # 
1 and 3 was observed which is attributed to the cracks generated in them. While the efficiency of the 
module # 2 and module # 4 was not affected by the application of the load.  

5. Conclusions  

In this study the mechanical degradation caused by wind load was characterized. It shows that beside 
propagating existing cracks, the loads also induce new cracks in the PV modules. Major number of these 
cracks are diagonal to the cell geometry. After the mechanical testing, degradation was observed in the 
modules, which led to the loss in the output power and drop in the efficiency of the modules. Maximum 
drop in the peak output power was 2.23% and while the average power drop was 0.72%. The maximum 
drop in the fill factor was 0.41% while the average drop was 0.17%. The maximum drop in the efficiency 
was 0.27%. This shows that mechanical integrity plays an important role in the performance of PV 
modules.  
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