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SECTION A 

S. 
No.

Marks COs

Q 1 Find the day of the year on which the sun is directly overhead at 12:00h (AST) at Pune
(18.530 N)

4 CO1

Q.2 Discuss the advantages and disadvantages of thin film solar cells  when compared with
single crystalline solar cells.

4 CO2

Q.3 Write the brief note on Staekler-Wronski effect. 4 CO2
Q.4 On a sketch of an IV and power curve, indicate open circuit voltage, short circuit current

and maximum power point for a typical c-Si solar cell including typical magnitude for
open circuit voltage and short circuit current.

4 CO3

Q.5 What is a grid-connected PV system? What are single-stage and multistage grid connected
systems?

4 CO4

SECTION B 

Q.6 Name the instruments for measuring the solar radiations. With the help of neat diagram,
detailed the construction and measuring principle of pyranometers.

    8 CO1

Q.7 (i) List and explain the different type of optical losses within a solar cell. Your answer
should include how these losses can be minimized.
(ii) Discuss the roll of TCO layer in the thin film solar cells. List different type of materials
used as a TCO.

4

4
CO2

Q.8 Describe the process steps involved in the manufacturing of monocrystalline (CZ process)
silicon wafers.

8 CO2

Q.9 Starting with the solar cell equation, derives the expression for open circuit voltage (VOC).
What factors determine the order of magnitude of VOC.?

OR
When the cell  temperature is 300K, a certain silicon cell of area 100 cm2 has an open
circuit voltage of 600 mV and a short circuit current of 3.3A under 1kW/m2 illumination.
Assuming that the cell  behaves ideally,  what is its  energy conversion efficiency at  the

8 CO2



maximum power point.

What would be its corresponding efficiency if the cell had a series resistance of 0.1 Ώ and
a shunt resistance of 3 Ώ?

Q.10 (i) Explain how localized ‘hot spots’ can occur in a partially shaded cell connected into a
large photovoltaic array.
(ii) Explain the steps that can be taken to prevent damage arising from such ‘hot spots’.

8 CO3

SECTION-C

Q.11 (i) Define the following terms related to the lead acid batteries       
(a) State of charge  (b) Depth of discharge  (c) Self-discharge (d) Stratification. 8

CO3

(ii) A PV system is required to produce 96 W at 12 V. Design the PV panel, working at the
maximum  power  point,  if  each  cell  is  80  cm2 in  area  and  having  the  following
specification. Sketch the neat diagram of the designed array.   

                               

Type  of
Cell

Cell
Temperature

In 0K

ISC (A/m2
) Dark  Saturation

Current  Density  Io

(A/m2)

Thermal Voltage VT

C-Si 300 250 1.7e-08 .026Volt

12

Q.12

(i) Give the basic flow chart for implementing the perturb and observe (P & O) approach.
Discuss the basic schemes of MPPT controller for implementing the P & O algorithm.

OR
Using the simple design method, design a PV system using 60 W, 12 V panels and 145 Ah,
6 V batteries. The PV system is required to offer 3 days of autonomy, the battery efficiency
is 75%, and the depth of discharge is 70%. The location where the system is located has 6
h of daylight during wintertime and the application is 24 V with a load of 1500 Wh.

10

CO4

(ii) Define total harmonic distortion in relation with inverter. What should be the value of
THD of an ideal sine wave inverter?
Draw the  block  diagram of  shunt  and  series  type  controllers.  How can  a  DC to  DC
converter be used in a charge controller?

OR
Design a PV water pumping system (DC), which is required to draw 25,000 lit of water
every day from the depth of 10m. The Data required for calculations is as follows:
Total vertical lift = 12 m (5 m-elevation, 5m-standing water level, 2 m- drawdown)
Water density = 1000 kg/m3, Solar PV module used = 75 WP (with operating factor 0.75)
Sun peak hours  =6 /day,  Pump efficiency= 30%, Mismatch  factor  = 0.85.  The MPPT
circuit is not used.

10



Appendix-I

 Table:  Recommended Average Days for Months and Values of n by Months

Useful Models and Equations

1. Estimation models for diffuse component of hourly and monthly radiations.



2. Monthly average Extraterrestrial Solar Radiation

H0 =
24×3600 Gsc

π
 (1+0.033 cos

360n
365 )×[cos  ∅ cosδ sin ωs+

π ωs

180
 sin  ∅ sinδ]

I0=
12×3600 Gsc

π
 (1+0.033  cos

360n
365 )×[cos∅  cosδ   ( sinω2 -sinω1 ) +

π(ω2-ω1 )

180
 sin∅  sinδ]

3. Declination δ=23.45sin [360
365

(284+n ) ]

4. Sun rise hour angle for tilted surfaces cos−1 [−tan (∅−β ) tan δ ] in Northern Sphere

5. Solar Constant Gsc = 1367 W/m2

6. Isotropic Model to estimate the total Insolation on tilted surface

7. Sun set/sun rise hour angle
ωs=cos−1

(−tan∅ tanδ )



8.   Angle of incidence on inclined surface
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