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I. Learning outcomes: After successful completion ofthe course, the student will be able to:
nderstand Sun structure, forms ofenergy coming from the Sun and its measurement.
cquire a critical knowledge on the working of thelnal and photovoltaic collectors.
emonstrate skills related to callus culture through hantls on experience
nderstand testing procedures and fault analysis of therrnal collectors and pV modules.
omprehend applications of thermal collectors anri PV rnodules.

II. Syllabus: (Total Hours: 90 including Teaching, tab. Ficld Training, Unit tests ctc.)

Unit - I: BASIC CONCEPTS OF SOLAR ENERGY (lOhLs)
Spectral distribution ofsolar radiation, solar constant , zenith angle and Air-Mass, standard
time, local apparent time, equation of time, direcr, diffuse and total radiations.
Pyrheliometer - working principle, direct radiation n)easurement, pyrometer-working
Principle, diffuse radiation measurement, Distinction bct\\,een the trvo meters.

Unit - II: SOLAR TIIERMAL COLLECTORS ( t0hrs)
Solar Thermal collectors-lntroduction, Types of rhern.ral collectors, Flat plate collector -
liquid heating t1pe, Energy balance equation and efficiency, Evacuated tube collcctor.
collector overall heat loss coefficient, Definitions of collector efficiency factor, collector
heat-removal factor and collector flow factor, Tesriug ol flat-plate collector, solar water
heating system, natural and forced circulation types.
Concentrating collectors, Solar cookers, Solar dryers, Solar desalinators.

Unit - III: FUNDAMENTALS OF SOLAR CELLS (10hrs)
Semiconductor interface, Types, homo junction, hcrcro junction and Schottky barrier,
advantages and drawbacks, Photovoltaic cell, equivalent circuit, output parameters,
conversion efficiency, quantum efficiency, Measurement ol' l-V characteristics, series and
shunt resistance, their effect on efficiency, Eftcct ol light intensity, inclination and
temperature on effrciency

Unit -IV: TYPES OF SOLARCELLS AND MODULIaS ( t0 hrs)
Types of solar cells, Crystalline silicon solar cells, I-V characteristics, poly-Si cells,
Amorphous silicon cells, Thin film solar cells-Cd'l'c, CdS and CulnGaSc2/CdS cell
configurations, structures, advantages and limitations. Multi junction cells - Double and
triple junction cells. Module fabrication steps, Modules in series and parallel, Bypass and
blocking diodes

Unit - V: SOLAR PHOTOVOLTAIC SYSTEMS ( lOhrs)
Energy storage in PV systems. Energy storage modes, clcctrochcmical storage, Batteries.
Primary and secondary, Solid-state battery, Molten solvent battery, lead acid battery and
dry batteries, Mechanical storage - Flywheel, Electrical storagc -Super capacitor
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III. References:
l. Solar Energy Utilization by G. D. Rai, Khanna Publishers
2. Solar Energy- Fundamentals, design, modelling and applications by G.N. Tiwari, Narosa
Publications, 2005.
3. Solar Energy-Principles ofthermal energy collection & storage by S.P. Sukhatme, Tata
Mc-Graw Hill Publishers, 1999.
4. Science and Technology of Photovoltaics, P. Jayarama Reddy, CRC Press
(Taylor & Francis Group), Leiden &BS Publications, Hyderabad, 2009.
5. Solar Photovoltaics- Fundamentals, technologies antl applications, Chetan Singh
Solanki, PHI Leaming Pvt. Ltd.,
6. Web sources suggested by the teacher concerned and the college librarian including
reading material.

(a) https ://courses. edx.orglc4xi Delft)UE TL asset solar energv v l.l.pdl'
(b) https://www.sku.ac.irlDatafiles/Bookl,ibrary/45lJohno/oZlA.Yo2DDuffte,%Z}William%2

0A.%20Beckman(auth. )-
SolaP/o20Engineerngoh20oP/o20ThermaloZ20Processes,To20FourthTo20Bdiriono/o20(20
l3).odf'19

Cours lar Energy and Applications - Practical (lab) work (30 hrs, Max Marls:50)

IV. Learning Outcomes ;On successful completion of this practicat course, student
shall be able to:

l. List out and identify various components of solar thermal collectors and systems, solar
photovoltaic modules and systems.

2. Leam the procedures for measurement of direcr, global and diffuse solar radiation, I -.
V characteristics and efficiency analysis of solar cells and modules.

3. Demonstrate skills acquired in evaluating the performance of solar cell / module in
connecting them appropriately to get required power output.

4. Acquire skills in identificatibn and elimination ofthe rlamaged panels u,ithout affecting
the outpul power in a module / array.

5. Perform procedures and techniques related to general maintenance of solar thermal and
photovoltaic modules.

V. Practical (Laboratory) Syllabus: (30 hrs) (Max.50 Marl<s)
I . Measurement of direct radiation using pyrhelionreter'.
2. Measurement of global and diffuse radiation using pyranometer.
3. Evaluation ofperformance ofa flat plate collector' 4. Evaluation of solar cell / module efficiency by shrdying the I - V measurements.
5. Determination ofseries and shunt resistance olr solar ccll / modulc.
6. Determination of efficiency of two solar cells / modLrlcs connected in series.
7. Determination of efficiency of two solar cells / modules connected in parallel.
8. Study the effect ofinput intensity on the performance ofsolar cell / module.
9. Study the influence ofcell / module temperature on rhc r-fficiency.
10. Study the effect ofcell / module inclination on rh.: clllcicncy.
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VI. Lab References:

l.Solar Photo voltaic- Alab training manual, C.S. Solanki ct al.. Foundation Books publishers.

20t2.
2. laboratory Manual on Solar thermal experiments, I IP Garg. TC Kandpal, Narosa
Publishing House 2000.

3. Web sources suggested by the teacher concemed.
https ://renewablelab.niu.edu/experiments/solarPanel
Development of simple solar hot water collector:
httns://www.youtube. com/watch?v=WP8H5 IOTwYU
https://www. instructables.com./Solar-Water-Heater-Front - S c r;r tc h/



VII. Co-curricular ActiYities:
(a) Mandatory: (Training ofstudents by teacher in field related skills: (lab: l0 + field: 05)

I . For Teacher: Training of students by the teacher in the in the laboratory/field for not less
than l5 hours on the field techniques/skills related to measurement ofdirect, diffused and
global solar radiationl dcmonstration of procedurcs uscti in thc pcrlbrmance cvalualion ot
solar flat plate collectors, solar photovoltaic cells and nrodules measurement of different
parameters in the calculation of efficiency.

2. For Student: Students shall visit to solar thcrmal irnd phorovoltaic laboratories in
universities/research organizations/ nearby industries ro observe and understand the
techniques and procedures used for evaluation of solar collector. solar cell and module
effrciencies. They shall write therr observations and submit to lhe teacher hand-written
Fieldwork/Project work not exceeding l0 pages in the given format.
3. Max marks for Fieldwork/Project work: 05.
4. Suggested Format for Fieldwork/Project work: l-itle page, sttrdent detarls, index page,
details ofplace visited, observations. findings and I cknorvtctlgcments.
5. Unit tests (lE).

(b) Suggested Co-Curricular Activities
l. Training of students by related industrial/ technical experts using guest lectures/ invited

talks.
2. Assignments (including technical assignments like identilying components of a solar hot

water and solar photovoltaic systems and their handling, operational techniques and
maintenance procedures with safety and security)
3. Seminars, Group discussions, Quiz, Debates etc. on relnted topics.
4. Preparation ofvideos on thermal and photovoltaic systcrns and technical procedures.

5. collection of brochures/figures/photos related to products and applications of solar energy
and organizing them in a systematic way in a file.

6. Making a (i) solar panel (ii) solar light (iii) solar cooker (iv) solar oven (v) solar inverter at
Home-

7. visits to nearby solar thermal system as well as solar photovoltaic power stations. firms.
research organizations etc.
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