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Abstract: Combat vehicles are mainly dependent on
diesel combustion engine and battery bank for power
demand in remote areas for monitoring and controlling
electrical equipments, sensors, control systems and
communication devices etc. In the proposed system
existing diesel combustion engine is integrated with GCP
(Green Colored Polycrystalline) solar panel and Zinc-Air
battery. Among various kinds of solar panels the GCP
panels are difficult to track or see from satellite and easy
to hide from enemies. A perturbs and observes MPPT
algorithm is implemented in MATLAB/SIMULINK
environment. The Zinc-Air batteries are embedded in the
combat vehicles to provide a continuous power for long
time in remote areas without any intermittence. In night
time Zinc-Air battery “inhales” oxygen from the free air
which acts as the cathode reactant. The virtually limitless
supply of air enables the zinc air cells to offer continuous
power and it has many performance advantages
compared with lithium ion battery. The cost and loss
investigations were carried out using PVsyst 6.5.2 and
HOMER software.

Key words: GCP, Perturb and Observe algorithm, Zinc-
air battery, HOMER.

1. INTRODUCTION

The worldwide fuel consumption [1] by every
transport vehicle and combat vehicle has increased
rapidly and estimated that the increase in fuel
consumption is 41 percent during last century. Now
the fossil fuels (liquid and natural gas) are been the
primary energy source for the present scenario.
Sustained urbanization, industrialization, and
increased use of vehicle for every purpose lead to
price increment. Demand in fuel led to
unprecedented dependency on fuels. Presently, the
most important concerns regarding fuels are the
harmful gas emissions and the irreversible depletion
of natural resources.

Based on the energy statistics the global carbon
dioxide emissions will increase by 39 percent to
reach 40.4 billion metric. Emission and pollution are
the key concern with traditional vehicle. Liquid fuels
used in vehicle produce carbon dioxide, sulfur di-
oxide and nitrogen oxides in day today life. Present
vehicle use a diesel or petrol engine where it

converts the chemical energy into mechanical
energy but the availability of fuel will be less in
upcoming years. The carbon di-oxide emission from
vehicle is more harmful to environment and
particularly to the human health, animals [2] [3].
The depletion of fossil fuel reserves has placed a lot
of importance on the role of alternative and greener
sources of fuels to drive vehicle.

Among various kind of renewable energy [4],
solar energy for green power generation and Zinc
Air battery for charge storage leads to design the
hybrid vehicle. The GCP based solar and Zinc Air
battery powered hybrid vehicle will become a
promising economical vehicle. It offers many
advantages such as incurring no fuel costs, not being
polluting, required little maintenance, and emitting
no noise. But the output power varies randomly due
to fluctuation of solar insulation and climatic
conditions in order to overcome the fluctuation
Diesel engine driven generator for electrical energy
is used to provide an uninterrupted energy sources
during emergency.

Diesel engine driven generator is coupled with
PV for power compensation. Then the system
convert all the resources in to one form typically DC
electrical power and according to the required load
condition it can be modified using inverters. The
aggregated output is used to supply a variety of
loads used in a system to drive all electronic and
electrical devices connected in combat vehicle like
sensors and monitoring devices.

PV completely disappears during the night hours
and Zinc Air battery produce continuous energy with
help of by in-haling oxygen. It works as a
compensator to the fluctuating power output of the
photovoltaic array. The design process of hybrid
energy systems requires the power management
controller for selection of the most suitable
combination of power sources. Generating the power
with help of solar panel and Zinc Air battery reduces
carbon di-oxide emission.
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In this proposed paper Modeling software is
discussed in section II, solar PV one diode model is
made in section III, The green colored solar cell
characteristics and structure is explained in section
IV to VI, Zinc-Air battery construction in section
VII and followed by MATLAB SIMULINK Model
mathematical modeling and Simulation result of
proposed system is shown in section VIIL

2. MODELLING SOFTWARE

The HOMER Micro power Optimization Model
[5] and PVsyst is a computer based model to assist
in the design of Micro power systems, PV cell and to
facilitate the comparison of power generation
technologies across a wide range of applications.
PVsyst and HOMER simplify the task for using
renewable energy resources. HOMER [6] models a
power systems physical behavior and its life cycle
cost which allows the power systems designer to
compare many design options based on their
technical and economical merits.

Inputs to HOMER and PVsyst [7] contain
preloaded data, renewable energy sources data such
as solar radiation and system component
specifications and costs, and other information
regarding optimization.

3. SOLAR PV MODELLING

It is significant to build an effective PV model
before going on to the part of the system. The
modeling makes the design and testing much easier.
It also helps in the better understanding of the
behavior of a PV module under varying atmospheric
conditions. The proposed single diode is most
common model which helps to understand the PV
module performance and characteristics.

The model consists of a current source Ipv, a
diode D, series resistance Rs and a shunt resistance
Rp and it is shown in Fig.1.The values of Ipv and Io
can be computed analytically with the help of the
following equations:
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Where I, = short circuit current at STC,
K; =current temperature coefficient

T,, =temperature at STC i.e. 25C,
G,=irradiation at STC i.e. 1000 W/m2,

T = surface temperature of the module,

G = irradiation in W/m2,

V,-»=0open circuit voltage at STC,

K,, = voltage temperature coefficient,

a = diode ideality constant,

V,=thermal voltage

Which is given by V,=(

(Rs, Rp and a) is very essential to model the PV
characteristics accurately. As they are not specified
in the datasheet, calculation of these values has to be
performed; either via analytical method or
optimization technique [8].

In this proposed work, Bacterial Foraging
Algorithm is used and obtained the parameters
values as Rs = 0.270 Q, Ry, = 500Q and a = 1.2.

Ns*k*t)

The accuracy of extracted parameters value
experimental values are also entrenched in the
graph.
Rs Ipv
Ipv,n
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O

Fig.1. Equivalent circuit of single diode model

4. ANALYSIS OF PV CHARACTERISTICS
A nearer examination of the simulated V-I and
P—V characteristics corresponding to dissimilar
irradiations are shown below in Fig 3 to 10 expose
that power output of the PV module. The PV current
increases with increase in voltage after reaching the
maximum power point then it start decreasing. The
curve joining maximum power points of all possible
irradiations is the actual MPP locus is represented. It
can be inferred from the figure that there is a
significant change in the maximum output power.
When change in irradiation occurs there will be with
small amount change in PV voltage takes place.



5. GREEN COLORED PV CELL

A Green colored photovoltaic Cell [9] is
composed of two electrodes the anode and the
cathode. These electrodes are made of a special glass
that has a (TCO) Transparent Conductive Oxide
coating on one side. The Transparent Conductive
Oxide material is a thin layer of FTO fluorine-doped
tin oxide. The transparency of the substrate allows
sunlight to get into the cell while their conductive
surfaces collect charges.

The anode is the negative terminal of the green
colored photovoltaic cell. It essentially bears an
uninterrupted arrangement of sintered titanium
dioxide Nano-particles. This porous arrangement
gives an inner surface that is a thousand times better
than the flat surface area and acts like a light sponge
in which sunlight can get trapped.

Titanium dioxide is a white semiconductor that is
not responsive to visible light so, the Titania
particles have to be sensitized with a layer of
Synthetic Ruthenizer Green dye molecules is used
so, the cell stay in green color with all electrolytes
(Iodine or Cobalt) it will appear similar to army
green color which absorb light in the visible
spectrum. Synthetic green colored dye is used to
make solar cell green as well as to absorb visible
light. The main advantage of this cell is very robust
and stable

The positive terminal of the green colored solar
cell, also called the cathode, is coated with a
catalytic matter for electron transfer, here catalyst is
carbon in order to reduce the cost and to increase the
material availability carbon is used as catalyst, since
a less quantity of catalyst is needed, the electrode
remains transparent.

The gap left among the two electrodes is crammed
full with an electrolyte that ensures charge moving
through a Redox couple. lodide/Tri-lodide in a
Nitrile solvent is used for this purpose. Eventually,
the two electrodes are sealed jointly to prevent the
electrolyte solvent from evaporating. However, the
assembly can stay open when simplicity is preferred
over durability. Nature likes to keep opposite
charges jointly so that matter appears neutral.

The photovoltaic effect violates this rule. It
creates a separation of charges in the solar cell under
illumination. In a green colored Solar Cell, this
charge separation happens at the interface of the
titanium dioxide and the Synthetic Ruthenizer Green
colored dye. The interface is present all over the
internal surface of the porous layer. This allows the
green colored photovoltaic Cell to produce a number
of separated charges which produce an electric
current, for a given solar cell area. The structure of
the green colored Solar Cell is one of the secrets of
its efficacy.
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Fig.2. Solar Cell Structure

The green colored Synthetic dye molecules have
the ability to absorb visible light. As they are excited
by this phenomenon, the molecules will provide an
electron and inject it into the titanium dioxide. The
charge separation happens when the electron is
injected into the Titania and the “hole” is left behind
on the Synthetic dye molecule. Not amazingly,
nature hates to have these charges separated. The
electron must return to the oxidized Synthetic dye
molecule as soon as possible. That's where kinetics
comes into play the fastest route back to the dye for
the electron is to travel through the outer circuit. It
might be a longer path to take the highway, but it's
faster than a footpath.

An electron injected will travel through the
titanium dioxide particles and get to the TCO glass
of the anode, the negative terminal of the solar cell.
When a load is connected, electrons immediately
move to the positive terminal of the solar cell, the
cathode, via the external circuit so this movement of
electrons is what we call an electric current and
produce a (voltage range 0.6 Volt) for single cell
according to illumination of the sunlight and
environment condition it varies.

The redox couple presents in the electrolyte,
electrons can ultimately be transported from the
cathode to the oxidized synthetic dye molecules
[10]. Now that the charges are together again, again
new cycle is formed as long as the sun shines. This
is how a green colored Solar Cell produces
electricity by photovoltaic separation of charges.

The waveform from figure 3- 9 shows the I-V
charateristisc and P-V charateristice of the green
colored solar cell.
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6. Global horizontal radiation

The global horizontal radiation shown in below
figure 10 is the imported data from HOMER
software and it varies according to various region
and environment condition. It is the daily radiation
vs clearness index from January to December
month.
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7. ZINC-AIR BATTERY

Zinc-air Battery storage system plays a vital role
in a world in small power application. It is device
made up of electrochemical cells that are used to
convert chemical energy to electrical energy and
Vice-versa. The zinc-air battery system is different
from most other batteries in that it uses oxygen from
the air act as the cathode reactant. Basically, the vast
supply of air allows the zinc air cell to offer many

performance advantages compared to other
conventional batteries [11]. Zinc air battery works
like other conventional batteries because they
generate electrical power from chemical reactions.
Zinc air battery gets one of their main reactants from
oxygen from the outside air as shown in figure 11.
Oxygen molecules enter the cell through tiny holes
in the top and then comes to contact with positively
charged (cathode) made of porous carbon. Water
and other molecules present in pores of the electrode
react with the oxygen to produce hydroxyl ions.
These hydroxyl ions migrate through an air separator
to a negatively charged electrode (anode) that
consists of a zinc gel [12]. These hydroxyl ions bond
to zinc molecules to form zincate and then suddenly
split into a water molecules and zinc oxide and then
releasing electrons to travel through a circuit to
Supply charge.
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Fig.11. Zinc air Battery



Zinc-air batteries are more striking because of
the low cost of zinc metal, non-flammable in nature
and also safer to operate. Primary (non-
rechargeable)  zinc-air  batteries have been
commercialized for medical and telecommunication
applications with limited power density.

However it remained great challenge for
improving the performance but it leads to develop
secondary rechargeable batteries to improve the
efficiency, robust air substances and also to improve
the lifecycle of the zinc electrodes to achieve
maximum efficiency.

Zinc-air rechargeable battery innovation comes
under the original design of the bi-directional air
cathode that could recharged for 10,000 cycles (or
around three decades) and also its initial battery
could cost 160 $/kWh, expected lifetime could near
30 years and made up of everyday usable materials.
The overall reactions for a Zinc air battery are as
follows,

Cathode: 50, + H,0 +2e —>20H— (1)
Anode : Zn+ 20H - ZnO + H,0 + 2e —(2)
Overall:  Zn + 30, - Zn0 3)

Unlike any other power sources, Zinc air
technology acts to absorb carbon di-oxide, therefore
reducing ambient co, level and purify the air.

Zinc electrode can be produced without polluting
environment, thus Zinc-air battery with no emissions
of co, can be produced. Compared to the various
conventional batteries like Lead-acid, Nickel Metal
Hydride, Lithium ion and Zinc air, zinc air battery
have high energy density, Competitive with
Lithium-ion, Inexpensive materials, Flat discharge
voltage and Safety can be obtained in a various
range of sizes and with maximum environmental
benefits. Figure 12 shows energy density
benchmarking of various battery chemistry.

Compare to conventional Lithium ion battery,
Zinc air battery has the following advantages, Zinc
air battery could store the electrical power as twice
as that of Lithium-ion Because of its high efficiency,
it could replace Lithium-ion. Zinc air battery could
be low cost (160 $/kWh) alternative to Lithium ion
(180 $/kWh) and comparison are shown in table |
data for comparing initial cost and operating cost.

TABLE 1
S.No Battery li-ion Zinc air
1. Initial Capital Cost 1,20,000 90,000
2. Operating Cost 5000 2000
3. Total Net Present Cost 1,25,000 92,000
4. Life cycles 8000 7000

Table I: Comparison of Li-Ion and Zinc Air Battery
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Fig.12 Energy Density Benchmarking

The schematic block diagram shown in fig 13
Shows that diesel engine generator is coupled with
renewable energy according to demand of the load.
It helps to optimize the system and to control the
rate of flow of power with help of this control
method. It is studied and implemented in the
proposed combat vehicle model.

AC DC
Electric Load #1 Pv

| L]
500 kWhy'd
033 kW peak
Converter

Hgii—hﬂ )

[® [B]E]

Fig.13 Schematic Block Diagram




The Zinc Air battery state of charge is mainly
depend on the oxygen content in the air the below
figure 14 shows the battery state of charge of daily
profile from January to end of the year December.
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The data imported from HOMER the shows graph
that whenever there is presence of oxygen in the
environment it continuously produces the power
without any intermittence even during night time.
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The block diagram of the proposed system is
shown in above figure 15 states that green colored
solar cell produce DC power in day time. Generate
DC power with help of MPPT and produced power
is passed through DC/DC converter. To obtain the
constant power, Zinc air battery act as a power bank
during night time. It produces the charge ions by
absorbing the oxygen from the environment and
delivers the power according to the load demand.
The zinc air battery power is coupled to DC/DC
converter to obtain continuous power the without
any intermittence.

The diesel engine is coupled with synchronous
generator it act as secondary AC power source. It
can be converted into dc power during emergency
condition and connected with dc load through

rectifier.

The table II shows the comparison of various
colored solar cell with green color solar. It shows the
maximum power, voltage, current, open circuit
voltage, short circuit current, module efficiency,
maximum power voltage, power tolerance, power
management accuracy, No. of cells connected in
series, diode value, and overall efficiency of green
colored solar cells (60 cells) connected in series
achieves the maximum power of 240wp. It can be
implemented in combat vehicle for power generation
in remote areas in day time without any
intermittence.

The small module of the individual cell produces
about (0.6 volt/cell) according to the requirement of
the load the cell size and number can be increased.



TABLE Il (COMPARISION OF VAROUS MODULE)

Electrical Data Black Brown Red Lavender Emerland White Gold Blue Green
Green
Maximum Power P, ,(w) 235 233 236 235 236 232 229 235 240
Voltage V (V) 29.4 29.5 299 29.4 29.5 29.7 28.9 294 30
Current I,(A) 8.0 7.9 7.9 8.0 8.0 8.0 7.9 8.0 8.0
Open Circuit Voltage V. 37.6 37.5 37.7 37.8 37.6 37.6 37.7 37.9 37.6
Short Circuit Current I, 8.4 8.3 8.2 8.4 8.3 8.4 8.5 8.6 8.6
Module Efficiency (%) 15.8 15.5 15.6 15.4 15.7 15.8 15.5 16.0 16.0
Maximum System 600 600 600 600 600 600 600 600 600
Voltage
Power Tolerance +3 +3 +3 +3 +3 +3 +3 +3 +3
Power Management +3 +3 +3 +3 +3 +3 +3 +3 +3
Accuracy
Cells 60 60 60 60 60 60 60 60 60
Diodes (15 Amps) 15%3 15%3 15*3 15%3 15%*3 15*%3  15*3  15%*3 15*3
Temp-Coefficients -0.35 -0.35  -0.35 -0.35 -0.35 -035 -035 -035 -0.35
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Fig.16. MATLAB SIMULINK Model Diagram

8. MATHEMATICAL MODELLING

Three phase AC Diesel generator

The total model is designed power = 1.4KW. Three phase AC voltage =100 volts
Three phase AC current = 4amps

GCP solar PV panel Total DC voltage = 890volts

Total load requirement =1,350 W Total DC current =].5amps

Total No of GCP based PV panel = 2Module Total generated power =1335W

PV open circuit voltage =35.3Volts 9. SIMULATION RESULTS

PV total Power obtained =260W The model shown in the above figure 16 contains
the diesel engine connected with synchronous AC

Zinc-Air battery generator. where it produce the pure alternating

Battery bank Combination = 1 bank power whenever the engine is started if the load

Battery voltage =260Volts requires ac power it can be directly used without any

Battery current = 2amps conversion process. The combat vehicle most

frequently requires only dc power source.




The most of the sensors like temperature sensor,
humidity sensor and speed sensor and various
monitoring device requires only dc source so the
rectifier is employed to convert ac to dc power
source.

The green colored photovoltaic cell connected
with maximum power tracking device. It extracts the
maximum dc power where it is directly connected
with common dc bus. Zinc air battery is directly
coupled with common dc bus so the power
requirement of the combat vehicle in remote areas
can be easily achieved. Noise and emission of
carbon dioxide are controlled. The fig 17 shows
voltage of the green colored photovoltaic cell

voltage without using maximum power point
tracker. The Fig 18 shows power and fig 19 shows
the voltage and current waveform of battery without
load. If the dc load is connected to the system
current varies according to the load. The fig20
shows the waveform of the synchronous generator
where the three phase voltage and current waveform
without connecting any load if load connected to the
system waveform automatically varies with respect
to time. The fig 21 shows the total voltage waveform
from this the dc load can be connected easily
without any intermittence. According to the
requirement battery and PV cell can be increased to
attain the maximum load.
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9. CONCLUSION

Renewable power with latest technology increasingly
used in electric vehicle during the past years. Using the
diesel engine for long time power production in remote
areas produce noise, it consumes large amount fuels and
enormous amount of heat. It does not help to hide from
enemy. The combination of green colored solar cell and
Zinc air battery has become an energy solution for
combat vehicle. The zinc-air battery system is different
from most other batteries used in electric vehicle it
“inhales” oxygen from the free-air for use as the cathode
reactant so, the external charging is not required The
virtually limitless supply of air enables the zinc air cell
to produce power continuously and also offer many
performance advantages compared to other batteries.
With help of the proposed system the combat Vehicle
able to hide from enemy and it is difficult to identify or
track the combat vehicle through satellite. The green
colored solar cell and zinc air battery deliver power for
the entire component connected to the vehicle.
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