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ABSTRACT

The aim of this Paper is to study the
characteristics of a selected PV module and the
factors that affect them that is a MATLAB-based
model of a PV module to simulate its characteristics
for studying the effect of temperature, solar
radiation on the available power. I-V and P-V
characteristics of large photovoltaic (PV) arrays
under partially shaded conditions are characterized
by multiple steps and peaks. This makes the tracking
of the actual maximum power point (MPP) [Global
Peak (GP)] a difficult task. In addition, most of the
existing schemes are unable to extract maximum
power from the PV array under these conditions.
This project proposes standard algorithm to track
the global power peak under partially shaded
conditions. The proposed algorithm works in
conjunction with a dc—dc converter to track the GP.
In order to accelerate the tracking speed, a feed
forward control scheme for operating the dc—dc
converter is also proposed, which uses the reference
voltage information from the tracking algorithm to
shift the operation toward the MPP. All the
observations and conclusions, including simulation
and experimental results, will be presented.

With the increasing attention and use of
non-conventional energy sources, photovoltaic
systems are gaining popularity and large solar
farms are getting installed at suitable sites in India.
A major challenge in employing the use is that
photovoltaic (PV) array has nonlinear output
characteristic which vary with the size (number of
modules) & configuration (number of modules in
series in parallel).The output characteristic is
complicated if the array does not receive uniform
isolation (partially shaded condition) due to passing
clouds, neighboring building & towers, trees, utility
and telephone poles as multiple peaks are observed
in output characteristic. It is very important to
understand and predict the PV characteristics in
order to use a PV installation effectively.

Keywords —GP - Global peak, MPPT - maximum
power point tracking, PS -partial shading,

PV - Photovoltaic. IPV - Solar module output
current (A), VPV - Solar module output voltage (V)

INTRODUCTION
SYSTEM MODELLING OF SOLAR PANEL

The entire system has been modeled on
MATLAB™ 2009aand Simulink. The block
diagram of the solar PV panel is shown in Figure 1
and Figure 2. The inputs to the solar PV panel are
temperature, solar irradiation, number of solar cells
in series and number of rows of solar cells in
parallel.
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Figure 1 : Masked block diagram of the modeled
solar PV panel

The simulation is carried out for a cell surface
temperature of 28° C, 60 solar cells in series and 4
rows of solar cells in parallel. The irradiation
(shown in Figure 2) is taken to be varying, to reflect
real life conditions and effectively show the use of
an MPPT algorithm in field runs. It varies from 60
Watt per sg. cm. to 85 Watt per sq. cm, which is
close to the day values of solar radiation received on
the earth’s surface. The simulation is run for a total
of 0.12 seconds, with the irradiation taking up a new
value every 0.03 seconds and staying constant for
the consequent 0.03 seconds.
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1. MPPT INTERFACING

The controlled voltage source and the current source
inverter have been used to interface the modeled
panel with the rest of the system and the boost
converter which are built using the Sim Power
Systems module of MATLAB. The block diagram
for the model shown in Figure is a simulation for the
case where we obtain a varying voltage output. This
model is used to highlight the difference between
the power obtained on using an MPPT algorithm
and the power obtained without using an MPPT
algorithm. To compare the power output in both the
cases stated above, the model is equipped with a
manual switch as shown. When the switch is thrown
to the left the circuit bypasses the MPPT algorithm
and we obtain the desired power, voltage and current
outputs through the respective scopes. Contrarily
when the switch is thrown to the right, the
embedded MPPT function block is included in the
circuit and we obtain the desired outputs through the
respective scopes.

Figure 2: SIMULINK Model of MPPT system using
P&O algorithm

2. BOOST CONVERTER
A boost converter has been used in our simulation.
It finds applications in various real life scenarios
like charging of battery bank, running of DC motors,
solar water pumping etc. The simulation has been
done for a resistive load of 300Q. For efficient
running of a motor, we should undergo load
resistance matching techniques. In the boost

converter circuit, the inductor has been chosen to be
0.763 mH and the capacitance is taken to be 0.611
UF for a ripple free current.

3. PICONTROLLER

The system also employs a Pl controller. The task of
the MPPT algorithm is just to calculate the reference
voltage Vreftowards which the PV operating voltage
should move next for obtaining maximum power
output. This process is repeated periodically with a
slower rate of around 1-10 samples per second. The
external control loop is the PI controller, which
controls the input voltage of the converter. The pulse
width modulation is carried in the PWM block at a
considerably faster switching frequency of 100 K
Hz. In our simulation, K is taken to be 0.006 and K
is taken to be 7. A relatively high K, value ensures
that the system stabilizes at a faster rate. The PI
controller works towards minimizing the error
between Vref and the measured voltage by varying
the duty cycle through the switch. The switch is
physically realized by using a MOSFET with the
gate voltage controlled by the duty cycle.

PERFORMANCE WITH COMPARISON
A. Perturb and Observe

This method is the most common. In this method
very less number of sensors are utilized and the
operating voltage is sampled and the algorithm
changes the operating voltage in the required
direction and samplesdP/dV. If dP/dV is positive,
then the algorithm increases the voltage value
towards the MPP until dP/dVis negative. This
iteration is continued until the algorithm finally
reaches the MPP. This algorithm is not suitable
when variation in the solar irradiation is high. The
voltage never the actually reaches an exact value but
perturbs around the maximum power point (MPP)

B. Incremental Conductance

The incremental conductance (IncCond), method is
based on the fact that the slope of the PV array
power curve (Fig.) is zero at the MPP, positive on
the left of the MPP, and negative on the right, as
given bydP/d =0, at MPP

dr/dv> 0, left of MPP
dP/dV< 0, right of MPP
A/AV =-1/V, at MPP
AU/AV > —1/V, left of MPP
AI/AV <—=1/V, right of MPP

The MPP can thus be tracked by comparing the
instantaneous conductance (I/V ) to the incremental
conductance (AI/AV ). Vref is the reference voltage
at which the PV array is forced to operate. At the
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MPP, Vref equals to VMPP. Once the MPP is
reached, the operation of the PV array is maintained
at this point unless a change in Al is noted,
indicating a change in atmospheric conditions and
the MPP. The algorithm decrements or increments
Vrefto track the new MPP.

C. Fuzzy Logic Control

Microcontrollers have made using fuzzy logic
control popular for MPPT over the last decade.
Fuzzy logic controllers have the advantages of
working with imprecise inputs, not needing an
accurate mathematical model, and handling non
linearity. Fuzzy logic control generally consists of
three stages: fuzzification, rule base table lookup,
and defuzzification. During fuzzification, numerical
input variables are converted into linguistic
variables based on a membership function. In this
case, five fuzzy levels are used: NB (negative big),
NS (negative small), ZE (zero), PS (positive small),
and PB (positive big). Seven fuzzy levels are used,
probably for more accuracy. The membership
function is sometimes made less symmetric to give
more importance to specific fuzzy levels. The inputs
to a MPPT fuzzy logic controller are usually an error
E and a change in error AE. The user has the
flexibility of choosing how to compute E and AE.

D. PI-PPO

The main idea behind this technique is that at
the start of any hill climbing technique, large
perturb steps are needed to quickly reach the
maximum power point and as the maximum
power point is approached, the perturb value
needs to be decreased to avoid large oscillations
around this maximum output power operating
point. The P&O techniques are not capable of
achieving this target if the perturb  value is
fixed. Therefore adaptive techniques are better
solutions. The adaptive technique utilizes the error
between two successive array power signals
calculated from the measured array voltage and
current signals to create an adaptive perturb.

E. Adaptive Perturb with Sampling Method

The main idea behind the proposed technique is
same as that of PI-PPO technique. The proposed
adaptive technique utilizes the error between array
power signal and next sampled signal calculated
from the measured array voltage and current signals
to create an adaptive perturb. Therefore, this error
can be treated like an error signal in a closed loop
system that needs to be minimized at steady state,
prevented from overshoot at startup, and free from
steady state oscillations.

TABLE NO. 1: COMPARISON RESULTS OF VARIOUS
MPPT ALGORITHMS

Method Voltage Maximum | Tracking
Ripples Power Time
around Output Pm
MPP in | inW
\

P&O 0.2 1046.9 More

IncCond | 0.2 1046.9 More

P1-PPO 0.02 1046.2 Less

Adaptive | 0.004 1048.3 Very

Perturb Less

&

Sampling

FLC 0.3 1049.2 Less

1500 H Voltage

1000 Ripples

TR
- B Maximum
Q%\O\b&o“bq\g‘i@?&\& & :c:);\‘:tv\;:c Pm

GraphNo.1 : Results showing comparison of various
MPPT Algorithms

MATHEMATICAL MODEL OF THE SYSTEM

1. Modeling the Solar Cell:

Thus the simplest equivalent circuit of a solar
cell is a current source in parallel with a diode. The
output of the current source is directly proportional
to the light falling on the cell. The diode determines
the I-V characteristics of the cell. Increasing
sophistication, accuracy and complexity can be
introduced to the model by adding in turn,

e Temperature dependence of the diode saturation
current .

e Temperature dependence of the photo current
||_.

e Series resistance Rs, which gives a more
accurate shape between the maximum power
point and the open circuit voltage.

e Shunt resistance Rp in parallel with the diode.

e Either allowing the diode quality factor n to
become a variable parameter (instead of being
fixed at either 1 or 2) or introducing two parallel
diodes (one with A = 1, one with A = 2) with
independently set saturation currents.
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Figure 3: Circuit diagram of the PV model.

For this work, a model of moderate
complexity is used. The model included temperature
dependence of the photo-current 1. and the
saturation current of the diode. A series resistance
Rs is included, but not a shunt resistance. A single
shunt diode is used with the diode quality factor set
to achieve the best curve match. This model is a
simplified version of the two diode model. The
circuit diagram for the solar cell is shown in Figure.

The equations which describe the I-V characteristics
of the cell are,

I :IL . IO (eq(V +I Rs) / nkT _1)

Where, Rs: Series resistance on ohms.
g: magnitude of charge on an electron.
k: Boltzman’s constant.

I.: Photo current.

lo: Saturation current of diode.

I: Output current of solar cell.

V: Output voltage of solar cell.

G: Solar irradiance in Sun (1 Sun = 1000 W per m?)
T: Working temperature in °K.

T1: Initial standard temperature in °K.
T2: Final considered temperature in °K.
ls.: Short circuit current.

V... Open circuit voltage.

Ko: Temperature coefficient of Isc.

All of the constants in the above equations
can be determined by examining the manufacturer’s
rating of the PV array, and then the published or
measured I-V curves of the array. As a typical

example, the BP Solar 250/1 module will be used to
illustrate and verify the model.

The photo-current 1. (A) is directly
proportional to irradiance G (W/m?). When the cell
is short circuited, negligible current flows through
the diode. Hence the proportionality constant in
equation (3) is set so the rated short circuit current
Isc at is delivered under rated irradiation (usually 1
Sun = 1000W/m?).

For the BP Solar 250/1, lIsc = 3.22 A at 1
Sun at T1 = 25 °C (298°K), so (1) = 3.228 A/Sun.
The relationship between the photo-current and
temperature is linear (egn. 2) and is deduced by
noting the change of photo-current with the change
of temperature (eqn. 4). For the BP 250/1,
Temperature  coefficient ~ of Isc  is 0.68
mA/module/°C.When the cell is not illuminated, the
relationship between the cell’s terminal voltage and
current is given by the Shockley equation. When the
cell is open circuited and illuminated, the photo-
current flows entirely in the diode. The I-V curve is
offset from the origin by the photo generated current
IL (eq 1). The value of the saturation current I, at 25
OC is calculated using the open circuit voltage and
short circuit current at this temperature (eq 6). An
estimate must be made of the unknown “ideality
factor”. It takes a value between 1 and 2, being near
one at high currents, rising towards two at low
currents. A value of 1.771 is used in the model.

The relationship of lo to temperature is
complex, but fortunately contains no variables
requiring evaluation (egn 5). The series resistance of
the panel has a large impact on the slope of the I-V
curve at V = Voc. Equations 7 and 8 are found by
differentiating equation 1, evaluating at V = Vo,
and rearranging in terms of Rs. For the BP Solar
250/1, a value of total panel series resistance is Rg
can be calculated from equation 7.

I)Mathematical Calculation and Results

The BP Solar 250/1, a typical 50W PV
module, was chosen for modelling. The module has
36 series connected polycrystalline cells. The key
specifications are shown in table. The model was
evaluated using MATLAB m file programming. The
model parameters at a temperature of 25 °C are,

TABLE NO. 2: TECHNICAL SPECIFICATIONS FOR BP
SOLAR 250/1 MODULE.

Parameter Value
Typical Peak Power (Ppax) 50 W
Voltage @ maximum power (V) 17.00 V
Current @ maximum power (I,) 294 A
Short-circuit current (lg) 3.22A
Open-circuit Voltage (\VVoc) 21.2V

Parameters are evaluated during execution
using the equations listed above using the above
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data points contained in the script. The current | is
then evaluated using these parameters, and the
variables Voltage, Irradiation, and Temperature. If
one of the input variables is a vector, the output
variable (current) is also a vector. The inclusion of a
series resistance in the model makes the solution for
current a recurrent equation (refer to eq 1). A simple
iterative technique initially tried only converged for
positive currents.

The shading pattern for a large array is very
complex to model. A special categorization and
terminology is used to describe the various
components of a PV array. These are explained with
the help of figure2.

G3 G4

SO i

V—PV cell

I oo
J
SZ ﬁ

Figured: PV array terminologies. (a) PV module.
(b) Series-assembly with two series-connected
subassemblies S1 and S2. (c) Group. (d) PV array
with groups G1 to G4.

Shading
(

d)

A “subassembly” is formed with several
series-connected PV modules receiving the same
level of insolation. Several such series-connected
subassemblies, each with a different level of
insolation, form a series assembly. Series
assemblies, having similar shading patterns, form a
“group”. Various groups (with i" group represented
by “Gi”), having different shading patterns and
connected in parallel, form a PV, as shown in
figure 2.

Inputs used in the mathematical modelling,

N : Number of assemblies in a group = 10.
Sub_assemblies : Number of sub-assemblies in a
group = 1.

n : Number of modules in a sub-assembly = 50.
Temp : temperature for sub-assembly in °C = 25.
Sun : Shading of each assembly.

Data and constants used in mathematical modelling,
k :Boltzman’s constant = 1.380658*107*,

g : magnitude of charge on an electron =
1.60217733*10™ C.

A : Diode Quality Factor = 1.771. ( = 2 for
crystalline structure, < 2 for amorphous)

V, : Band gap voltage = 1.12. ( 1.12 for Silicon,
1.75 for Germanium)

N;s : Number of series connected cells (diodes) = 36.

T, : Standard initial temperature in °K = 273 + 25°C
= 298 °K.

T, : Final initial temperature in °K = 273 + 75°C =
348 °K.

V.. :Open circuit voltage (21.2 V at temperature T1
and 17.15 V at temperature T2).

Isc : Short circuit current ( 3.22 A at temperature T1
and 3.31 A at temperature T2).

Vo._T; :Open circuit voltage at temperature T, per
cell =V, / Ny =21.2/36 = 0.5889 V.

Vo._T, : Open circuit voltage at temperature T, per
cell =V, / Ny =17.15/36 =0.4764 V.

lsc_Ty: Short circuit current at temperature T, per
cell =3.22 A.

Is._T, : Short circuit current at temperature T, per
cell =3.31 A.

Tu : Standard reference temperature in °K = 273 +
25°C = 298 °K.

Comparison between analytical and graphical
method:

1) Analytical method.

Calculations for mathematical modelling,

Ta = Array working temperature °K = 273 + Temp
=298 °K

loh_T1=1lsc_T1 * Sun =3.22 *0.6 = 1.9320.

Now, constant ais to be calculated from I, versus
temperature variation. We know I at T; and T».

Isc_po—Isc_pq _ 3.31-3.22 = 5.5901 X 10_4_

a= Ise_pX(Ta=T1)  3.22 x50
and constant b can be calculated as
-19
— Vgxq: 1.12 x1.6021 x 10 — - 7 3388 x 103
Axk 1.771 x 1.380658 x 10

L= Lyp_py X (14 ax (Ty —Ty)) = 19320 X
(1455901 x 10~* x (298 — 298)) = 1.9320
kx T _ 1380658 x10~23 %298

Vi = —— =0.0257
q 1.6021x10
I,_., = Aray current at temperature T, =
Isc_ 3.22 B
Voo oy = ——05m =7.6621 % 107°

ol ] (T771%0.0257)
(e(AXVt—Tl) -1 e ( X Y 1

I,_,,= Aray current at temperature T, =
Ise_ 331 _
(Vuc_Tz)z = 04764 =9.3462 X 107>

(7
@i gy © @771x00257)) _q

1 1
_b -
I = Iy X ()34 x e T T = 76621
1
10-6 x (%)3/1.771 % @~73388X10%X( 555 —355) —
7.6621 x 107°
Voc_71)
X2V = o e@Ve_rq) =
AxVe .,
_ (0.5889)
Memjnxo.ozsn = 70.8022
1.771 x 0.0257 !
L N S I
avdly, = —(52)+2 = - L2+ 2=-00160

s

This is calculated at Voc per cell from
manufacturer’s graph.

ISSN: 2231-5381

http://www.ijettjournal.org

Page 254




International Journal of Engineering Trends and Technology (IJETT) — Volume-43 Number-5 -January 2017

1

Ry = —avdly, — — = 0.0160 —
L —0.0019This gives series resistance per cell.
70.8022
Axkx Ty _ 1.771x1.380658 x10~23x298
Vf—T - -= 1.6021x10~19 = 0.0455

q
Then increment | by 0.001A in each step starting
from O to Iph to calculate V for each step.
Step 1:1=0.
V = (V,_, X complex (log((Iph — I)/Ir + 1))) —
I X Ry) =( 0.0455 X

193200 1))) - 0 x 0.0019) =

complex (log——————
p ( 87 6621x10-6

0.5659

PV array voltage in volts, Volt =36 XV xn. =
36 x 0.5659 x 50 = 1018.7

PV array current in ampere, Curr = | X N= 0
x10=10

PV array power in watts, Power = Volt X Curr =0
Step 2: 1 =0.001.

Calculation of Pm, Vm and Im analytically by the
use of Perturb and Observe (P & O) algorithm.

1) Define some change in voltage as C = 1 V and
APcriticalz 0.
2) Take a voltage sample V(k) at k™ instant and its
respective current I(k) from [I-V curve. Also
calculate P(k) = V(K) * I (K).
3) Find AP = P(k) — P(k-1).
4) If AP = APcritical, then STOP, else follow the
steps,

i) If P(k) > P(k-1) and V(k) > V(k-1),
Vref(k) = Vref(k-1) + C.

i) If P(k) > P(k-1) and V(k) < V(k-1),
Vref(k) = Vref(k-1) - C.

i) If P(k) < P(k-1) and V(k) > V(k-1),
Vref(k) = Vref(k-1) - C.

iii) If P(k) < P(k-1) and V(k) < V(k-1),
Vref(k) = Vref(k-1) + C.
5) Take V(k) = Vref(k) and go to step 2.
6) At AP = APiica, VM=Vref(k), corresponding
value of current will be Im and Pm = Vm*Im.

1) GRAPHICAL METHOD.

Simulated | characteristic of BP 25071 PV module with 10 strings of 50 modules: 25 kW Pes
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Figure 5: Simulated 1-V characteristic

Simulated P-V characteristic of BP 250/1 PV module with 10 strings of 50 modules: 26 KW Pea
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Figure 6: Simulated P-V characteristic

Simulated P-V characteristic of BP 250/1 PV module with 10 strings of 50 modules: 25 kKW Pea
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Figure 7: Simulated P-V characteristic showing
maximum power 14330 W at 816.7 V.

Simulated |- characteristic of BP 2580/1 P module with 10 strings of 50 modules: 25 kW Pe:
20 T T T T T
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Figure 8: Simulated I-V characteristic showing
current of 17.55 A at 816.7 V corresponding to
maximum power point.

CONCLUSIONS

TABLE 3: COMPARISON BETWEEN RESULTS
OBTAINED BY ANALYTICAL AND GRAPHICAL

METHOD.

Parameter Analytical Graphical

Result Result
Voltage at first iteration 1018.7V 1018 V
Current at first iteration 0A 0.01A
Power at first iteration ow 10.18W
Maximum power by P&O | 14337W 14330 W
method
Voltage at maximum power | 816V 816.7
point by P&O method
Current at maximum power | 17.57A 17.55
point by P&O method

ISSN: 2231-5381 http://www.ijettjournal.org Page 255




International Journal of Engineering Trends and Technology (IJETT) — Volume-43 Number-5 -January 2017

REFERENCES

1.

10.

11.

H. Patel and V. Agarwal, “MATLAB-Based Modeling to
Study the Effects of Partial Shading on PV Array
Characteristics, ” IEEE Transactions on Energy Conversion,
Vol. 23, No. 1, March 2008.
Sunil Magan More,
“MATLABBasedModellingandMaximumPower Point
TrackingusingPerturbandObserveAlgorithm
ofPhotovoltaicArray,CharacteristicsStudyunder
\&ryingTemperature,SolarlrradianceandShadingPatterns”IlJET
R,ISSN:2321-0869(0)2454-4698(P),Volume-6, Issue-
4,December 2016
Hiren Patel and Vivek Agarwal, “Maximum Power Point
Tracking Scheme for PV Systems Operating Under Partially
Shaded Conditions,” IEEE Transactions on Industrial
Electronics, Vol. 55, No. 4, April 2008.
G. Walker, “Evaluating MPPT converter topologies using a
MATLAB PV model,” J. Electrical and Electronics
Engineering Australia, vol. 21, no. 1, pp. 49-56, 2001.
T.Pavlovic, et al, “Application of solar cells made of different
materials in 1 MW PV solar plants in Banja Luka”
proceeding of contemporary materials (Renewable energy
sources), 11-2 (2011).
A new Analog MPPT Technique: TEODI - N. Femia, G.
Petrone, G. Spagnuolo, M. Vitelli
H. Patel and V. Agarwal, “PV based distributed generation
with compensation feature under unbalanced and non-linear
load conditions for a 3-¢, 4 wire system,” in Proc. IEEE Int.
Conf. Ind. Technol., Mumbai, India, Dec. 2006, pp. 322-327.
Ike, C. U., “The Effect of Temperature on the Performance of
A Photovoltaic Solar System In Eastern Nigeria”,
International Journal Of Engineering And Science, vol.3,
issue 12 , December 2013, pp 10-14
Karel Zaplatilek and Jan Leuchter, “Photovoltaic Panel
Modeling in MATLAB® Environment”, Radio-engineering,
vol. 20, no. 2, June 2011, pp. 445-449.
HairulNissahZainudin and SaadMekhilef, “Comparison
Study of Maximum Power Point Tracker Techniques for PV
Systems”, Proceedings of the 14th International Middle East
Power Systems Conference (MEPCON'10), Cairo University,
Egypt, December 19-21, 2010, pp. 750-755.
KinalKachhiya and MakarandLokhande,
“MATLAB/Simulink Model of Solar PV Module and
MPPT Algorithm”, National Conference on Recent Trends

12.

13.

14.

15.

16.

17.

in Engineering & Technology, B.V.M. Engineering College,
V. V. Nagar, Gujarat,,India, 13-14 May 2011.

S. P. Sukhatme, Solar Energy: Principles of Thermal
Collection and Storage, 2nd ed. New Delhi, India: Tata
McGraw-Hill, 1996.

SOLAR MODULES Solar Cell
www.solarcellsales.com/techinfo/docs/BP2.pdf
TrishanEsram, Student Member, IEEE, and Patrick L.
Chapman, Senior Member, IEEE, “Comparison of
Photovoltaic Array Maximum Power PointTracking
Techniques”, |EEE Transactions on Energy Conversion,
vol. 22, no. 2, June 2007, pp. 439-449.

Tat Luat Nguyen and Kay-Soon Low, Senior Member,
IEEE, “A Global Maximum Power Point Tracking Scheme
Employing Direct Search Algorithm for Photovoltaic
Systems”, IEEE Transactions on Industrial Electronics, vol.
57, no. 10, October 2010, pp. 3456-3467.

Marcelo GradellaVillalva, Jonas Rafael Gazoli, and Ernesto
RuppertFilho, “Comprehensive Approach to Modeling and
Simulation of Photovoltaic Arrays”, IEEE Transactions on
Power Electronics, vol. 24, no. 5, May 2009, pp. 1198-1208.
MATLAB R2010a Documentation and Help, MathWorks
Corporation, USA.

Sales

ISSN: 2231-5381

http://www.ijettjournal.org

Page 256



http://www.google.co.in/url?sa=t&rct=j&q=BP+solar+250%2F1+250%2F2+technical+specifications&source=web&cd=1&cad=rja&ved=0CDcQFjAA&url=http%3A%2F%2Fwww.solarcellsales.com%2Ftechinfo%2Fdocs%2FBP2.pdf&ei=limCUfvsEcvjrAfP84GYAw&usg=AFQjCNHb3ikVEU6jEk5VoARvl-ZDmHCvUQ&bvm=bv.45960087,d.bmk

