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FOREWARD

The need for a sustainable energy future has positioned solar photovoltaic (PV) technology as a cornerstone of glttaalstiangy his
Higher National Diploma in Solar Photovoltaic Engineering Technology curriculum has been meticulously developaulct highly skilled
Solar PV engineers capable of significantly contributing to Nigeria's Renewable Energy sector.

This curriculum is designed to meet the demands of the growing Solar PV industry and @dhere to international besk jisastticetsired to
equip students with the skills required to deliver kagiality and efficient Solar PV energy solutions.

| would like to express my sincere gratitude to the African Studies Center, Leiden (ASEL), Netherlands, under their INGbWwIeHEge
Platform, for the sponsorship and invaluable contribution to the development.of this)crucial curriculum. Their commftretaring expertise
in renewable energy technologies has been instrumental in shaping this programme.

| am confident that effective implementation of this curriculum will produce competent Solar Photovoltaic professionalshehat the
forefront of deploying and managing Solar PV systems across Nigeria,thereby playing a vital role in achievingdapenagence,
environmental sustainability, and economic development.

Prof. Idris M. Bugaje
EXECUTIVE SECRETARY
NBTE, KADUNA

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

T

TABLE OF CONTENTS
Contents
FOREWIARD......cciiiittit ittt e ettt et e e e e smme e e o4 4o e e kbbbt ettt e e e e e s ammme e 4444 a s Rk b be ettt e e e e e e s smmme e e aa s s sabsseeeeeee 2o henmmne s R kbbbt e et et e e e e e e e nmmne s s e bbbee e e e e e e e e e enann 2
GENERAL INFORMATION: . ... tttttttteeeeisieiiittsiesessseeeesaeeeessssssssssssammssssssseseesassssssssssssssmmmssssssseesssssnssssssss Barasetleeseessssssssssssssssssrmmasesssessssnssssssssseesessmnnes 5
PRINCIPLES OF ELECTRONICS . ....ccii ittt it s st ee e e s sesmtes e e e s s sssnsnssseeessssmmmressss s s Bhe e e B eeeesammmeeeeessssssbbteeeeeeeeessmmme e e s s s nnbbnneeeeaeeas 16
PRINCIPLES OF RENEWABLE ENERGY.......cciiiiititiiiiiitiseeete e e e s sssisiiseesaeeeessmmmeesesssssssssssssssssessstmmngdessssssssnssesseseesssanmmnsesssssssssssssseesesssssmmnnessnnnes 27
FUNDAMENTALS FOR SOLAR PHOTOVOLTAIC (PV) SYSTEM....coiiiiiiiiiiiiieeeesicme e @i s Bt e e e e e e e ssmmnessssassssssseeeesaesassssmnnssssnssssssssesessessssnninns 34
SOlAr RESOUINCE ASSESSIMIEIML. ... . uuiiieessees st screeeeeeeeeeeeeeesaeeseessemressasasasaaaaaaaaaeeaeeeessnnnssshensssssaesssssnnsssnssmmmseseeeseeeteeeeeeeeeeeeesmmmmnnnansaaassanssessssmnsees 40
Workshop Practice and Safety PrOCEALIFE.... ... i ssimmmreeee e N B et eeee e tteeesssssesseeaeeeaaaaaaeeeeeamaatesseesesaeeeneesnnsannssmnneeaeeeaaaeees 49
Smart Grids & 10T iN PV SYSTEIMLL....ooiiiiiiiiiiie e e s smme e B BBt e e+ 4 emmme e 4444kttt ettt e e 244 s ammee e e e e s bbb e ettt e e e e e e e s s ammne s e sbnbbnneeeeeeeeeas 55
Energy Storage Technologies iN SOIAr PV SYSIEIMIS.........uuiiiiiiiiiiieeeeeii e et smme ettt e e e e e e s rmmee e s st e et e e e e e s e s smmne s s et e e e e e e e e e e e e e aannnns 65
Modelling and Simulation of SOlar PV SYSIEMIS.........oooiiiiiiiiiiieeeiccieee st e s e eerr e e e e e e e e e e eeeeeeeeeeeeeaeaa et e e et e e b e s are e nnaenna s mnneee s 71
0T [T o 0 o PSP 76
TechneEconomic analysis fOr SOIAr PV SYSIEIMN..........oiiiiiiiieesunetedsimmn e et e eeeeeeeeeeeeeeaaessssssessesesseeeaeee e ———eeeeesaeesasseeeeeeeeeeestaamtsnssnnnnsnnsaanssssssssnmnees 86
Solar PV SyStEM CONTIGUIATIOM . ......uuuiiiiiieieiiiiiemmrssiiinee s e B e me sttt e e e e e e e s e s ae s nneas s e be e e ettt e e e e 444 s s s bbb mmns s s bt e e e e e e e e oo 44 a s st e s mmns s b ee e et e e e e e e e e s nnnneeeen 91
Research MethOodoIOgY iN SOIAI PV... ... it eisee e ettt ettt eees s s e e e s e e e e e e s e eeeeeeeeeesmaeeessesssesssaesesesssee s s bmnmeeeeeeeeeaaeeaaasaaaeseessnnnssssssnsssnnsnnnnnnnns 96
SMart Grids & 10T iN PV SYSTEIMLIL.....uuiiiiiiiiii 80 R ettt e ee ettt e e e e e 4o e b b emeas b e e e ettt e e oo e o4 s b e et s fmmms s s e e e et e e e e e e e e ns bbb e e s emat e s e e e e e e e e e s annnne 113
Advanced Solar PV TECHNOIOGIES........ooo i e oot r—er e e e e e eeeeeeaeeeeeeeeeee e taaas e s e s aa s e a s s s mmmeeeeeeeeeeeeeeeeeeeens 125
Installation and CommISSIONING Of SOIAI PV SYSEEM. ........ueiiiiiiii ettt eee ettt e e e e e e s s e ees s e s bbb ae e et e e e e e e e s e s mnns s sebbbbereeeeeeesaanns 131
ADVANCE PV SYSTEM PERFORMANCE/AND TROUBLESHOOTING......ctitiiiiiiiiiiiiiieeeeieeieeaeeeeesssiiteeeeanessssseeeeeeeeassasnnssssesennnsseeeeeeeesssanns 136
o) E= T\ T o T o = Voo N U T = I = =Tt 1] = o) o PP 143
MINI 7 PROJECT ON SOLAR PV, SYSTEM INSTALLATION......cc ittt eme e sttt e e e e e e s ammme e e s e sttt teeeeeeeessammneasaanssnsteeeeaeeeeessssnnnnnsannns 151
Solar PV Policy, Climate Adaptation & ENErgy TraNSIION...........uue i iiiiiieee ettt e e e e e e s mees bt et et e e e e s s s s eees s sbbb e e e et e eaeeessasnbbnnnssnsbsereeeeeens 152
Solar PV Policy, Regulation, @N0 STANUAIAS. ...........uuiiiiiiii ettt e e ettt et e e e e e amme e oo 4o s sk bbb e ettt e e e e e e s ammne e e e e aaab b bbe e et eeeeeeessamnnssaannnen 158
MaINtENANCE Of SOIAL PV SYSTEIMIS. ...ttt ee ettt et e e o444 e mee e e R R e e ettt e e e e oo oo s m e e s s R e e e e et e e e e e e e e s s mmnas s s e nnereeeeeennaanns 166

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




,?%% Government of the Netherlands
SHLY

FEDERAL GOVERNMENT OF

NIGERIA
HIGH T VOLTAGE SOLAR PV AND INDUSTRIAL APPLICATION .. .ccttiiiiiiiiiitiiiitesieeeeeeeeeeeeessssssseseseessnsssessseess it siaeesobesssmansessssssssssnssssseseeees 173
PaY o] ol Tor=Nio ] aINe ) ¥AN I (ol g =l aT=T o )2 I =V 1o TSP A N 178

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

GENERAL INFORMATION:
1.0 TITLE OF THE PROGRAMME : Higher National Diplom@HND) Solar fhotovoltaic (/) Engineering
2.0 GOAL AND OBJECTIVES :
2.1 GOAL: The Programmes designed to equip students with the knowledge and skills requiBalarPhotovoltaic (PV) Engineering
2.2 OBJECTIVES OF THE PROGRAMME : A Diplomate of HND Solar P\Engineeringshould be able to:

Use and operate electronic devices

Classify and analyse renewable energy sources

Support in the design of solar PV systems

Carryout selection of Solar PV components appropriately

Install, test, commission, Operate and Maintain Solar PV System
Manage Solar PV system life cycle

Evaluate Economic values of Solar PV system

Support in the design and management of Grid and Hybrid Solar PV system
Operate and maintain higloltage solar PV in an industry

10 Carryout mini project on solar PV system

11.Install, Operate and Maintain Smart Grids §)}¢tem

12.Carryout advanced PV system troubleshoeting and maintenance
13.Install, Operate and Maintain solar PV Mi@rid-Power

14.Comply with Solar PV, climate adaptation and transition policies for sustainable energy
15. Write technical reports

16. Apply Al to achieve energy security and trading

17.Manage projects in Solar PV ‘systems

18. Comply with engineering ethics and professional practices

19. Apply solar PV policies,regulations, and standards.

20.Model and simulate Solar PV System

21.Register, own, and manage Solar PV business

22.Comply with engineering ethics and professional practices
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30 ENTRY REQUIREMENTS: The general entry requirements for the HRBlar PVEngineering®rogramme are:

i.  In addition to the basic entry requirements for National DiplonRenewabldnergyEngineering ChemicalEngineering Mechanical
Engineering Electrical Electronic Engineering, Computer EngineeriagdMechatronics Engineering
ii.  l-yearcompulsoryindustrial Training.

Diplomate with a_ower Credit pass in the ND examination with @memore years of cognate‘experience ingbecificfield aslisted in(i).
40 CURRICULLUM

4.1 The curriculum of the HND programneensists othreemain components. These are:
General studies/education

Foundation courses

Professional courses

4.2 The General Education cgonent shall include courses in:
i.  English Language
ii.  Communication
iii.  Mathematics
iv.  Citizendip (theNigerian Constitution)
v. Entrepreneurship

4.3The General Education component shall. account for no more than 15% of the programme's total contact hours

4.4 Foundation Coursesinclude coursg inMathematics, Engineeripgtc. The number of hosiwill vary with the programmesnd may
account for about 1015% of the total,contaet hours.

4.5 Professional Coursesire coursethatgive the student the theory and practical skillsieneedto practice higherfield of calling at the
technical/technologists level.

50 STRUCTURE OF PROGRAMME
This is a tweyear programgonsisting of four semesters of classroom, laboratory, field, and workshop activities at the institution. Each semester
lasts 17 weeks, structured as follows: 15 weeks of instructional contact (including recitation, practical exercisesrgutestsand 2 weeks
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for examinations and registration.

6.0 EVALUATION SCHEME
The HND Solar PV examination must undergo external moderation. For grading, theory accounts for 40%, while practicattwadnsroj
constitute 60% (totaling 100%).

7.0 ACCREDITATION

Each Programme offered at the HND level shall be accredited by the NBTE before the Diplomates can be awarded the High@ipkatia
Certificates. Details about the process of accrediting a Programme for the award of the HND are available fram tfi¢haffExecutive
Secretary, National Board for Technical Education, Plot B, Bida Road, P.M.B. 2239,.Kaduna, Nigeria.

8.0 CONDITIONS FOR THE AWARD OF HND SOLAR PV ENGINEERING:

Institutions offering this program will award the HND certificate to candidates\who complete all prescribed coursewanlatiexamand the
final project; obtain certification from an NBT&pprovedSolar PVindustry organization; and fulfill a minimum requirement of 97 to 120
semester credit units

8.1 GRADING OF COURSES: Courses shall be graded.as follows:

MARKED RANGE LETTER'GRADE WEIGHTING
75% and above A 4.00
70%71 74% AB 3.50
65%71 69% B 3.25
60%1 64% BC 3.00
55%71 59% C 2.75
50%71 54% CD 2.50
45%71 49% D 2.25
40%71 44% E 2.00
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8.2CLASSIFICATION OF DIPLOMAS : Higher National Diploma Certificates shall be awarded based on the following

classifications:
Distinction - CGPA 3.504.00
Upper Credit - CGPA 3.003.49
Lower Credit - CGPA 2.502.99
Pass - CGPA 2.002.49

9.0 QUALIFICATION OF THE TEACHERS

9.1 Holders of BSc / HND and Higher Degrees in
i. Renewable Energy Engineering,
ii.  Chemical Engineering,
iii.  Mechanical Engineering,
iv.  Electrical/ Electronic Engineering,
v. Computer Engineering,
vi.  Mechatronics Engineering

9.2 In addition, teachers of this programme should have been trained and certified by:
(a) Council for the Regulation of Engineering in Nigeria (COREN)
(b) Industrial certifications iEngineering

9.3 Headship of the Department
Hol der s of HND oiranyBtticelEeglineeriniiekls listeel m0.& e
Higher Degree: Renewable Energy Engineering and Energy Engineering, who must not be below treeSanioot_ecture

10.0 GUIDANCE NOTES FOR TEACHERS OF THE PROGRAMME

10.1 The new curriculum is structured in unit courses, keeping witpribnsions of the National Policy on Education. This policy
emphasizes the introduction of 'semester credit units, which enable students to transfer completed units from inssituiianstahding,
should they wish to transfer.
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10.2 Thecurriculum design adopts a proddzised modular system, ensuring each completed professional module provides students with
practical technician skills for employment. Since the credit unit system's success relies on alignment.between instituithesyg the

curriculum uses behavioral objectives to clearly define expected competencies for both students who.complete coursegemndf ghad

program.

This performancdased curriculum uniquely specifies: (1) the required performance conditions and+«(2) acceptable performance criteria. This
approach intentionally involves departmental faculty in developing institgpesific curricula that'outline bothe implementation conditions

and performance standards. The institution's Academic Board may review final departmeéntal curriculum submissions.

10.3We remain committed to maintaining a robust internal evaluation system in every.institution to ensure minimum standaality afid g
education across all programs in the Technical and Vocational Education (TVE)'system

10.4The teaching of theory and practical work should be integrated as mueh as'possible. Practical -eparcdarly in professional courses
and laboratory work should not be taught in isolation from theory. For most.ceurses, there should be ddfpranfice ratio of either 40:60 or
60:40.

10.5Internship: Internship should be carried out in Year One (1) Semester Two (Il) at a relevant Industry for the peBodeak€ St udent s 0
placement should be done by the Department with assignelddakg whose grade score of 3CU has been provided in the curriculum table.

Note that this Internship ot funded by ITF because only.ND are to take part in the SIWES.

11.0Mandatory Skills Qualification (MSQ) for Higher~National Diploma (HND) Programmes.
See Guidelines for the Implementation of MSQ in~Palytechnics in Nigeria
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CURRICULUM TABLE

YEAR | SEMESTER |

S/IN COURSE CODE COURSE TITLE L P CuU CH
1 GNS 301 Use of English IlI 2 - 2 2
2 MEC 311 Engineer and Society 2 0 2 2
3 MSQ 311 Quality Assurance Assessor(QAA) 0 o] 0 2
4 MTH 311 Advanced Algebra 1 1 2 2
5 STE 311 Fundamentals of Electrical Power System and 2 1 3 3
Machines
6 SPE 311 Principles of Electronies 2 1 3 3
7 SPE 312 Principles of Renewable Energy 1 1 2 2
8 SPE 313 Fundamentalsfor Solar PV Systems 1 2 3 3
9 SPE 314 Solar Resource Assessment 1 2 3 3
10 SPE 315 Worksheop'Practice and Safety Procedures 1 1 2 2
11 SPE316 SmartGrids & 10T in Solar PV System | 1 1 2 2
12 SPE 317 Energy Storage Technologies in Solar PV 1 2 3 3
13 SPE 318 Madelling and Simulation of Solar PV Systems 1 1 2 2
TOTAL 16 13 29 31
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YEAR | SEMESTER I

S/IN  COURSE CODE COURSE TITLE L P CuU CH
1 GNS 302 Communication in English Ili 2 - 2 2
2 MTH 312 Advanced Calculus 2 0 2 2
3 ENT 326 Practice of Entrepreneurship | 2 2 2 4
4 MSQ 321 Quiality Assurance Assessor (QAA) 0 0 0 2
5 CTE 323 Python Programming 1 2 3 3
6 SPE 321 Power Electronics 1 2 3 3
7 SPE 322 TechneEconomic analysis for Solar PV System 1 1 2 2
8 SPE 323 Solar PV System Configuration 1 2 3 3
9 SPE 324 Research Methodology in Solar PV 1 1 2 2
10 SPE 325 Solar Project Management & Tendering Proces "1 1 2 2
11 SPE 326 Smart Grids & 0T in Solar PV System(l| 1 2 3 3
12 SPE 327 Internship (68 Weeks) 0 0 3 3
TOTAL 13 13 27 31
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YEAR Il SEMESTER |

S/IN COURSE CODE COURSE TITLE L P ~.CU CH
1 GNS 401 Communication in English IV 2 - 2 2
2 MTH 412 Numerical Methods 2 0~ 2 2
3 ENT 416 Practice of Entrepreneurship I 2 2 4 4
4 EEC 324 Control Engineering 1 2 3 3
5 STE 414 Retrofitting & Energy Efficiency Techniques 1 2 3 3
6 SPE 411 Advanced Solar PV Technologies 1 1 2 2
7 SPE 412 Installation and Commissioning of Solar PV System 1 2 3 3
8 SPE 413 Advanced PV System Performance and Troubleshootir 1 1 2 2
9 SPE 414 Solar MiniGrid and Rural Electrification (Field, Trip) 1 2 2 3
10 SPE 415 Mini-Project on Solar PV System Installation 0 0O 3 3
11 SPE 416 Solar PV Policy, Climate Adaptation Bnergy Transition 2 0O 2 2
12 SPE 417 Seminar 0 0O 2 2
TOTAL 11 12 30 31
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YEAR Il SEMESTER I

S/IN  COURSE CODE COURSE TITLE L P CuU CH

1 MTH 422 Statistical Methods in Engineering 1 1 2 2

2 STE 423 EnergyEfficiency and Deman&ide Managemen: 2 0 2 2

3 STE 424 Engineering Ethics and Professional Practice 2 0 2 2

4 SPE 421 Solar PV Policy, Regulation, and Standards 1 1 2 2

5 SPE 422 Maintenance of Solar PV System 1 2 3 3

6 SPE 423 High-Voltage Solar PV & Industrial Applications 1 2 3 3

7 SPE 424 Application ofAl for Energy Trading 1 2 3 3

8 SPE 425 Project 0 0 6 6
TOTAL 10 7 23 23
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PRINCIPLES OF ELECTRONICS

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) S OLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

CoursePRINCIPLES OF ELECTRONICS Course Code:SPE 311 Contact Hours: 3
Credit Unit: 3 Theoretical: 1
Year: | Semester: | Pre-requisite: NIL Practical: 2

Goal: The Course is designed to acquaint students with the Knowledge and skills in usage-of Electronic devices

General Objective: On completion of this course, the student should be able to:
1.0Know the concept and applications of PN Junction Diode

3.0Know the basic principles of operation and applications of operational amplifiers
4.0Know thegeneral principlesf Oscillators and Multivibrators

5.0Know the general principles of electronic logic gates

6.0Know the basic circuits used in power supplies

2.0Know the operational principles of Bipolar Junction Transistor (BJT)Fald Effect Transistor (FET) and th@ipplications
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PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) S OLAR PHOTOVOLTAIC (PV) ENGINEERING.TECHNOLOGY

Course: PRINCIPLES OFELECTRONICS

Course Code:SPE 311

Contact Hours: 3

Credit Unit:

3

Theoretical: 1

Year: |

Semester: |

Pre-requisite: NIL

Practical: 2

Goal: The course is designed to acquaint students with the Knowledge and skills in usage of Electronic devices

Course Specification:Theoretical Content

| Practical Content

General Objective1.0: Know the concept and applications of PN Junction Diode

applications of
Semiconductor diode
Voltage Stabilisation and
Reference.

Voltage Shifting.

1.5 Describe testing of
diodes using multimeter

Explainthe following
applications of
Semiconductordiodes
Voltage Stabilisation
and Reference.
Valtage Shifting.

Explain testing of

diodes using multimete

Carryouttesting of
diodes using multimeter

Demonstrate how to
test diodes using
multimeter

Week | Specific Learning T e a c h etivites A Resources | Specific Learning Teach e r @twitie® | Resources
Outcomes Outcomes
Define Semiconductor Diod| Explaintheconcept of | Whiteboard Guide students to 1. Practical
1-3 Semiconductodiode Marker manual
List type of diodes 2. Breadboard
Explainthetypes of Textbooks ~{Ndentify different types | Identify different types| Diodes
diodes of*diodes of diodes Multi-meters
Describe PN Junctione Internet Power supply
forwardand reverse bias Demonstrate forward Demonstrate forward | Semiconductor
operations Explain PN Junctionsy | Computer | and reverse bias reverse bias Trainer/ module
forwardand reverse bia characteristics of PN characteristics of PN | Resistors
Describethe following operations Rrojector Junction diodes. Junction diodes. Capacitors

General Objective2.0 :Know,the,operational principles of Bipolar Junction Transistor (BSig)d Effect Transistors and thepplications

| 2.1 Define the transistor

| Explain theconcept of | Whiteboard |

| Guide students to:

| 1. Practical

r
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4-6

2.2 Explain the following;
Collector Characteristic
Curves,

Cut Off

Saturation

DC Load line.

2.3 Explain the basic
operation of Bipolar Junctio
Transistor as;

Amplifier

Switch

2.4 Describe testing of the
following Bipolar Junction
Transistor using multimeter
NPN

PNP

2.5 Describehe basic
operation ofField Effect
Transistor.

2.6 Describe testing of the
following Field Effect
Transistor using multimeter
N-channel type

P-channel type

2.7Explain the pringiple of
operation and design.tie

transistos.

Explain the following;
Collector Characteristic
Curves,

Cut Off

Saturation

DC Load line.

Explainthe basic
operation of Bipolar
Junction Transistor as;
Amplifier

Switch

Explain testing of the
following Bipolar
Junction Transistor
using multimeter.
NPN

PNP

Explainthe hasic
operation-of-ield Effect
Transistor,
Explainhow to test for
thefollowing Field
Effect'Transistor using
multimeter.

N-channel type
P-channel type

Marker
Textbooks
Internet
Computer
Projector

Test the following
Bipolar Junction
Transistors.

NPN

PNP

Test the following. Field
Effect Transistors,using
multi-meter.
N-channel'itype
P-channel type

Design and Construct
Transistor Amplifier and
switching circuits

Measure the voltage an
power gains of the
following;

Fixed bias.
Collectorbase bias
without and with a
decoupling capacitor.
Potential divider bias.
Junction FET simple
bias

1. Test the following
Bipolar-Junction
Transistors.

NPN

PNP

2. Test the following
Field Effect Transistors
using multimeter.
N-channel type
P-channel type

Design and Construct
Transistor Amplifier
andswitching circuits

Measure the voltage
and power gains of the
following;

Fixed bias.
Collectorbase bias
without and with a
decoupling capacitor.
Potential divider bias.
Junction FET simple
bias

lllustrate activities 2.2

to 2.8 using diagrams

manual

Breadboards
2.BJT
Transistors
3.FET
Transistors
4., Resistors

5. Capacitors
6. Multi-meters

7.Variable
power supply,
8.Semiconductor
Trainer/ module
9. Oscilloscope
10. Signal
generator
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following types of biasing
arrangement of transistor
amplifier:

Fixed bias.

Collectorbase bias without
and with a decoupling
capacitor.

Potential divider bias.
Junction FET simple bias.

2.8 Explain the principles
andcouplingmethods of
common emitter and
common source transistor
amplifiers having;
Resistive load,
Transformer and

Tuned circuit loads.

2.9 Explain how to calculate
the voltage and power gains
of the amplifiers in 2.8

2.10 List the application of
the different coupling
methods in 2.8.

Explain the principle of
operation and design of
the followingtypes of
biasing arrangement of
transistor amplifier:
Fixed bias.
Collectorbase bias
without and with a
decoupling capacitor.
Potential divider bias.
Junction FET simple
bias.

Explain the principles
andcouplingmethods of
common emitter and
common source
transistor amplifiers
having;

Resistive load,
Transformer and
Tuned circuit loads.

Explain how, te calculatg
the voltage and power
gains of the amplifiers
in2.8

Explain the application
of the different coupling

methods in 2.8.

lllustrateactivities 2.2 to
2.8using diagrams

Calculate the voltage,an
power gains ofthe
amplifiers in 28.

Draw:the circuit diagram
ofia single stage
common emitter and
common source
transistor amplifiers
having;

Resistive load,
Transformer

Tuned circuit loads.

Calculate the voltage
and power gains of the
amplifiers in 2.8 above

Draw the circuit
diagram of a single
stage common emitter
and common source
transistor amplifiers
having;

Resistive load,
Transformer

Tuned circuit loads.

General Objective3.0: Know the basic principles of operation and applications of operational amplifiers.

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

3.1 Explain the principles o
operation of operational
amplifiers (ORPAMP).

7-8

3.2 State thdollowing
characteristics of an ideal
operational amplifier:

71 Infinite input

resistance;

1 Zero output
resistance;
Infinite voltage gain;
Infinite bandwidth;
No output when
input voltages are
equal
9 Characteristic, stableg
with temperature
No input current
Virtual earth at
input; inverting and
norrinverting input
terminals.

= —a =

= =

3.3 Explainvirtual earth in
operational amplifier.

3.4 Distinguish between-the
operation of an OP/AMP
with inverting and nen

inverting inputs.

Explain the principles of
operation of operational
amplifiers (ORPAMP).
Explain thefollowing
characteristics of an
ideal operational
amplifier:

1 Infinite input
resistance;

1 Zero output
resistance;

1 Infinite voltage
gain;

1 Infinite
bandwidth;

1 No output when
input voltages
are equal

1 Characteristic,

stable with
temperature

No input current
Virtual earth at
input;tinverting
andnon
inverting input
terminals.

= —A

Explain virtual earth in
operational amplifier.

Whiteboard
Marker
Textbooks
Internet
Computer
Projector

Design and Construct
various Operational
Amplifier circuits

Demonstrate the effect
of feedback in
operational amplifiet.

Measure the amplitude
and frequency of known
operationabmplifier-
basedoscillators.

Solve problems
involving ORAMP,
using circuits in 3.

Guide‘students to
Design and construct
Operational Amplifier
circuits

Demonstrate the effect
of feedback in
operational amplifier
Measure the amplitude
and frequency of
known oscillators.

Solve problems
involving ORAMP,
using circuits in 3.5.

1. Practical
manual

2. Breadboard
3. Operational
amplifiers

4. Resistors

5. Multi-meters
6. Variable
Power supply
7. Operational
Amp Trainer/
module
8.0scilloscope
9. Signal
generator
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1
1

= —a = E |

= =

3.5 Explain the applications
of an operational amplifier
as used in the following
circuits:

Schmitt trigger
circuit;

Constant current
generator;
Voltage level
indicator;

Peak voltage
follower
Constant voltage
source;

Voltage comparison
Voltage rectifier
circuit;
Integrator,
Differentiator;
Log and Antilog
circuit;

Equalizer circuit;
Voltage amplifier
circuit;
Oscillators.

3.6 State the practical
applications of operational
amplifiers

Distinguish between the
operation of an OP/AMF
with inverting and non
inverting inputs.

Explain the applications
of an operational
amplifier as used in the
following circuits:
1 Schmitt trigger
circuit;
1 Constant current
generator;
1 Voltage level
indicator;
1 Peak voltage
follower
1 Constant voltage
source;
1 Voltage
comparison
1 Voltage rectifier
circuit;
Integrator;
Differentiator;
Log and Antilog
circuit;
Equalizer circuit;
Voltage amplifier
circuit;

= =4 =1

= =1

M Oscillators.
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Statethe practical
applications of
operational amplifiers

General Objective4.0: Know the general principles @scillators and Multivibrators

9-11

4.1 Define positive and
negative feedback in
amplifiers.

4.2 Explain the general
expression for stage gain o
a basic feedback amplifier.

4.3 State the effect of
applying negative feedback
to an amplifier in relation to
Gain.

Gain stability.
Bandwidth.
Distortion.

Noise.

Input and output
resistance.

= =8 =48 -—_a_a_-9

4.4 Explain how oscillations
can be produced by an
amplifier with positive
feedback.

Explain positive and
negative feedback in
amplifiers.

Explain the general
expression for stage ga
of a basic feedback
amplifier.

Explain the effect of
applying negative
feedback to an amplifier
in relation to:

Gain.

Gain stability.
Bandwidth.
Distortion.
Noise.

Input and.output
resistance.

E

Explain how oscillations
can be‘produced by an
amplifier with positive
feedback.

Whiteboard
Marker
Textbooks
Internet
Computer
Projector

Design and construct
multivibrators using
Switches
Transistors.and
monolithic integrated
circuity(I€s)

Draw the block diagram
of a basic feedback
amplifier.

Draw asimple electronic
switch

Draw multivibrator
circuits.

Guide students to
Design and construct
multivibrators using
Switches

Transistors and
monolithic integrated
circuit (ICs)

Draw the block
diagram of a basic
feedback amplifier.

Draw a simple

electronic switch

Draw multivibrator
circuits.

1. Practical
manual
2.Breadboard
3. Transistors
4. Resistors

5. Capacitors
6. Multi-meter,
7.Variable
power supply
Monolithic
integrated circuit
(ICs)

9. Trainer/

module
10 Oscilloscope

11.Signal
generator

12. Switches
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4.5Explain the operation of
R-C Oscillator.

L-C oscillator (Hartley &
colpitts)

Describe methods of
employing frequency
stability of oscilatorsusing
Piezo-electric crystal
control

4.7 Explain the principle of
operation of the following
multivibrators using
switches:

i Bistable.

I Monostable

1 Astable.

4.8 Explain the operation of|
multi-vibrators in 4.8 using
the following
1 Transistors and
1 Monolithic
integrated circuit
(ICs)

4.9 State the expression.for
determining the frequencies
and timing of multivibrators

Explain the operation of
R-C Oscillator.

L-C oscillator (Hartley
& colpitts)

Explainmethods of
employing frequency
stability of oscillators
using Piezeelectric
crystal contral

Explain the principle of
operation of the
following multivibrators
using switchessuch as

9 Bistable.

1 Monostable

1 Astable.

Explain the operation of
multi-vibratorsdn4.8
using such as
1 Transistors and
1 «Manalithic
Integrated circuit
(ICs)

Explainhow to
determire the
frequencies and timing
of multivibrators
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4.10Explain new trends in
the switching circuits,
oscillators and
multivibrators

Explain newtrends in
the switching circuits,
oscillators and
multivibrators

General Objective5.0: Know the general principles of electronic logic gates
5.1 Explan thebasic Explain thebasic Whiteboard Guide students to 1. Practical
12-13 | Boolean functions Boolean functions Marker Perform logic gate Perform logic gate manual
Textbooks | operations.usinghe operationf the 2. Breadboard
5.2 Explain the basic Explain the basic Internet following types of gates| following usingthe 3. Power
operation of the following | operation of the Computer [T he “O6/NOTOSG ¢ following types of supplies,
electronic logic gates using| following electronic Projector inventers; gates
appropriate symbols and | logic gates using . The O6AND 1 The 6 NOJ|A4 Multimeters,
truth tables: appropriate symbols an 1T The O6ORO or inventers;
T The O6NOT O | truthtables: M The ONAN T The 6 AN]|b5. Connecting
inventers; T The O6NOT gate gate; cables.
T The OANDSO® or inventers; 9  The ONOR ¢ The o OR|Logictutor,
T The O0ORD 1 The O6ANEC T The ONA o
T The G6NAND 9 The 6 OR®D gate 6. Digital system
T The ONORSOG T The ONAN 1 The 6 NO|Lraner,
gate _
T The <6NOR Use software packages 7.Logic pulser,

5.3Describe classifications
of logic gates as families.

5.4 Describe the following
logics;
1 RTL(resistor
transistor logic)
1 DCTL(direct

coupled transistor

Explain classifications
of logic gates as
families.

Describe the following
logics;
1 RTL(resistor
transistor logic)

1 DCTL(direct

to show the logic gates
functions and different
ways they can be
configured

Use software package
to show the logic gateg
functions and different
ways they can be
configured

8. Logic probe.

9. Simulation
Software
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logic)

1 liL(integrated
injection logic)

1 DTL(diode transistor

logic) 1 DTL(diode
1 HTL(high threshold transistor logic)
logic) 1 HTL(high

1 TTL(transistor
transistor logic)

5.5Explainhowthey can be
configured to form other
logic gates.

5.6 State the characteristicy
and applicationsf logic
gates

coupled

transistor logic)
1 llL(integrated

injection logic)

threshold logic)
1 TTL(transistor
transistor logic)

Explain how they can bg
configured to form other
logic gates.

Explain the
characteristicand
applicationsof logic
gates

General Objective6.0: Know the basic circuits used in{power supplies

14-15 | 6.1 Explainhalf-waveand Explainhalf-waveand | Whiteboard Guide students to: 1. Practical
full-wave rectification full-wave rectification | Marker Verify the output Verify theoutput manual

Textbooks | waveforms othe waveforms of rectifiers
6.2 Explain how to calculat¢ Explainfowto calculate Internet rectifiers 2. Breadboard
ripple factors fohalf-wave | ripple factors fohalf- Computer Verify the effect of
and fulkwave rectification | waveand fullwave Projector filter capacitor orthe | 3. Power
rectification Verify the effect of filter | output of therectifier. | supplies,

6.3 Explain the operation ol
a bridge rectifier.

capacitor orthe output
of the rectifier

Draw a simple power

supply circuit diagramsg

4. Oscilloscope,
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6.4 Explain the use of the
following as smoothing
circuits:

1 The capacitor input

Explain the operation of
a bridge rectifier.
Explain the use of the
following as smoothing

Draw a simple power
supply circuit diagrams

Calculate ripple factors
for'half wave and full

5. Capacitors,

6. Diodes,

filter. circuits: Calculate ripple facters| wave rectification 7.Voltmeter,
1 The inductance inpu {1 The capacitor for half wave and{ull
filter. input filter. wave rectification Ammeter,
1 The inductance
6.5 Explain the need fo input filter. Connecting
cables.

power supply regulation.

6.6 Explain the action of a
stabilized power supply
using:

I Zener diode.

9 Series regulator

Explain the need for
power supply regulation

Explain the action of a
stabilized power supply
using:

9 Zener diode.

1 Series regulator.

ASSESSMENT: Continuous Assessmer@0%
Examination 40%
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PRINCIPLES OF RENEWABLE ENERGY

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV)

ENGINEERING TECHNOLOGY

COURSE TITLE : PRINCIPLES OF RENEWABLE ENERGY

COURSE CODE SPE312

CONTACT HOURS: 2

CREDIT UNIT : 2

THEORETICAL : 1

YEAR: | SEMESTER: |

PRE-REQUISITE: NIL

PRACTICAL: 1

GOAL: This course is designed to enable the studergtsquire knowledgand skillsontheprinciples of Renewable Energy

1.0Know the concept of renewable energy

2.0Understand the components of renewable energy
3.0Understand the climatic indicators of renewable energy
4.0Understand the Renewable Energy sustainability
5.0Understand the mitigation of climate change

GENERAL OBJECTIVES: On completion of this course, the students should be able to:
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PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : PRINCIPLES OF RENEWABLE ENERGY

COURSE CODE 312

CONTACT HOURS: 2

CREDIT UNIT : 3

THEORETICAL

: 1

YEAR:

1 SEMESTER: 1

PRE-REQUISITE: NIL

PRACTICAL:

1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to enable the students to acquire knowledge and skills on the.principles of Renewable Energy

GENERAL OBJECTIVE 1.0: Know the concept of renewable energy

THEORETICAL CONTENT

PRACTICAL CONTENT

1.3Explain the source
of Energy

1.4 List the
consequences of
using the following

fossil fuels:

Explain the sources of
Energy

Explain the

consequences of using
]the following fossil fuels

WEEK |SPECIFICLEARNING TEACHEROGS RESOURCES [SPECIFIC LEARNING [T E ACHE R ARESOURCES
OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1.1 Define Energy Explain the concept of [Textbooks, Guide the studeninternet
Energy Journals, Participate in group on group
1.2 Explain the forms Publications, _ discussions and class |discussions and [Computer,
of Energy: Explain the various Whiteboard; . presentations on differentclass
1 Solar forms of Energy: Markers, forms of energy presentations on|Projector,
1-9 1 Electrical 1 Solar Internet transformation different forms of
1 Mechanical 1 Electrical Computer, energy Concave
(Kinetic and q Mechanical Projector, transformation |mirror
Potential) (Kinetic and Charts
T Thermal (Heat) Potential) Using visual aids Using visual aidsb. Light source
9 Chemical, etc. 1 Thermal (Heat) demonstrate how energy [demonstrate how
1 Chemicalétc. been transformed energy is been

transformed
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1 Pollution 1 Pollution
1 Global warming 1 Global warming
1 Acid rain 1 Acid rain

Explain concept of
1.5Define RenewableRenewable Energy
Energy
Explain the benefits of
1.6 Explain the benefitthe following Renewabls
of the following  [Energy sources:
Renewable Energy 9 Solar

sources: 1 Wind
1 Hydro

f Solar { Biomass
" Wind  Geothermal
' Hydro q Tidal, etc.
i Biomass
1 Geothermal Explain the benefits ang
1 Tidal, etc. opportunities of adoptin

renewable energy
1.7 Explain the benefittechnologies:
and opportunities [Environmental Benefits

of adopting 1 Social Benefits
renewable energy 1 Economic
technologies: Benefits, etc.

1 Environmental
Benefits Explain global shift awa

Social Benefits ¢“ffrom fossil fuels to
Economic BenéfitsRenewable Energy
etc.

INCLUDE
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1.8 Explain global shif
away from fossil
fuels to Renewable
Energy

GENERAL OBJECTIVE 2.0: Understand theomponents o

f renewable energy systems

2.1 Explain the following
components of Solar PV
system:

1 PV Modules

1 Inverter

1 Charge Controller

1 Batteries

1 Balance of system

etc.

2.2 Explain the
components of biomass

2.3 Explain the
components of wind
energy system

2.4 Explain the
components of Solar
thermal system

2.5 Explain the
components of geotherm;
energy system

2.6 Explain by comparise

Explain the componentg
of biomass

Explain the componentg
of wind energy system

Explain the components
of Solar thermal'system
Explain the componentg
of geothermal energy
system

Explain by comparison
the performance and

Explain the following  [Textbooks,
components of Solar P\Journals,
system: Publications,
1 PV Modules Whiteboard,
1 Inverter Markers,
§ Charge ControlleInternet
1 Batteries Computer,
1 Balance of Projector,
system, etc. Charts

the performance and

properties of solar PV

CLUDE
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solar thermal systems

properties of solar PV an¢and solar thermal

systems

GENERAL OBJECTIVE 3.0: Understand the climatic indicators of renewable energy

3.1. Explain the factors
generation

3.2 Explain the use of
renewable energy in the
reduction of the following
1 Greenhouse gas
concentrations
Sea level rise
Ocean heat
Ocean acidificatior
etc.

T
T
T

3.3 Explain the impacts o
renewable energy on the
environment

3.4 Explain the methods ¢
mitigating the effect of the
following climate change:
1 Regenerative
Agricultural
practices
Protecting and
restoring forests
and critical

Explain the factors

affecting renewable energaffecting renewable

energy generation

Explain the use of

Textbooks,
Journals,
Publications,
Whiteboard,
Markers,

renewable energy in thelnternet

reduction of the
following:

1 Greenhouse gas
concentrations
Sea level rise
Ocean heat
Ocean
acidification etc.

il
il
il

Explain the impacts of
renewable energy on.th
environment

Explain the Methods of
mitigatinghe effect of
the following.climate
change:

1 ‘“Regenerative
Agricultural
practices

1 Protecting and

ecosystems

restoring forests

Computer,
Projector,
Animation,
Charts
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i Prevention of and critical
Greenhouse gas ecosystems
emissions, etc. M1 Prevention of

Greenhouse gas
emissions, etc.

GENERAL OBJECTIVE 4.0: Understand the Renewable Energy sustainability

11-12 4.1 Explain Renewable |[Explain Renewable Textbooks,
Energy sustainability Energy sustainability Journals,

Publications,
4.2 Explain solar PV Whiteboard,
Energy sustainability Explain solar PV EnergMarkers,
4.3 Explain solar thermal [sustainability Internet
Energy sustainability Computer,

Explain solar thermal [Projector
4.4 Explain wind Energy [Energy sustainability
sustainability
Explain wind Energy
4.5 Explain biemass sustainability

Energy sustainability

4.6 Explain hydro Energy[Explain bicmass Energy
sustainability sustainability

4.7 Explain by compariso
Energy sustainability of [Explain hydro'Energy
solar PV and solar thermésustainability
systems
Explain by comparison
4.8 Explain the impact of Energy sustainability of
human activities on‘Energsolar PV and solar
sustainability of selar PVfthermal systems
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and solar thermal system|Explain the impact of
human activities on

Energy sustainability ol
solar PV and solar

thermal systems

ASSESSMENT: Continuous Assessment (CA): 60%
Examination: 40%
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FUNDAMENTALS FOR SOLAR PHOTOVOLTAIC (PV) SYSTEM

TECHNOLOGY

PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING

COURSE TITLE : FUNDAMENTALS FOR SOLAR PHOTOVOLTAIC
(PV) SYSTEM

Course Code: SPE 313

Contact Hours:3

Credit Unit:3

Theoretical: 1

Year: 1 Semester: 1

Prerequisite: NIL

Practical: 2

GOAL: The course is designed to enable the students acquire knowledge and skills of'Solar PV System

1.0Know the concept of Electromagnetic Waves in Solar PV System
2.0Know the component of the Solar PV System
3.0Know the application of Solar PV System

GENERAL OBJECTIVES : On completion of this course, the students should be able to:
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PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : FUNDAMENTALS FOR
SOLAR PV SYSTEM

COURSE CODE SPE 313

Contact Hours: 2 Hours

Credit Unit:3

Theoretical: 1

Year:

1 Semester |

Prerequisite: NIL

Practical: 2

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL : The course is designed to enable the students acquire knowledge and skills of Selar PV System

GENERAL OBJECTIVE 1.0: Know the concept of Electromagnetic Waves in Selar PV'System

1.3Explain the effect of
Photovoltaic (PV) on
semiconductor materials

1.4 Explain the concept of
the following
Electromagnetic wavesn
Solar PV System

 Electric Current

Explainthe effect of
Photovoltaic (PV) or|
semiconductor
materials

Explain the concept
of the following

Electromagnetic

Sketch the in

built electric field
created by the
positively and
negatively chargeq
junctions on semi
conductor layers

electric field created b
the positively and
negatively charged
junctions on semi
conductor layers

THEORETICAL CONTENT PRACTICAL.CONTENT
Week | Specific Learning Teacher 6s|Resources | SpecificLearning | Teac her 6 s | Resources
Outcome Qutcome
1-4 | 1.1 Define Solar PV Systel Explainthe concept | Textbooks, Guide students to: 1. Diagrams
of Solar PV System | Publicationg Illustrate the lllustrate the
Journals, | Electromagnetic | Electromagnetic 2.Charts
1.2 Explain theorocesof | Explain the process| Whiteboard| spectrum, waves, | spectrum, waveselds
convertingphotons to of converting Marker; fields on various | on various semii 3. Videos
Electrical Energy photons to Electrical-internet semii conductors | conductors
Energy Computer,
Projector Sketch the ifi built
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1
1

layers

Electric Charge
Electric Field etc

1.5 Explain the effects of
electric field on positively
and negatively charged

junctions on semiconductg

waves in Solar PV
System
1 Electric
Current
1 Electric
Charge
1 Electric Field
etc

Explain the effects g
electric fieldon
positively and
negatively charged
junctions on semi
conductor layers

General Objective2.0: Know the ¢

omponent of the Solar PV System

1
5-8 q

1
1
1

2.1Explain thefollowing
components of Solar PV
Systens.

Solar Panels

Solar Charge
Controllers
Batteries
Protective Devices
Batteries Equalizer
etc.

Explain the
following
components of Sola
PV Systers:
1 Solar Panels
1 Solar-Charge
Controllers
Batteries
Protective
Devices
I Batteries
Equalizers,
etc.

il
il

Textbooks,
Journals,
Whiteboard
Marker,
Internet,
Computer,
Projector

Identify the
different types of
Solar PV System

Guide students to
identify the
components of Solar
PV System

1. Solar Panel

2.Solar
Charge

3. Controllers
Batteries
Batteries
Equalizers

(BMS)

DC/AC Bulbs
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2.2 Explainthedifferent
types of components in
Solar PV System

1 Solar Panels (Mong
- crystalline,
Polycrystalline and
thinT film)

i Batteries (Lead
acid, Lithium ion,
Tubular batteries
etc.)

i Solar charge
controllers:
Maximum Power
Point Tracking
(MPPT), Pulse
width Modulation
(PWM)

2.3 Explain the differences
between the different type
of components in 2.2

Explainthe different
types of
components in Solal
PV Systems:

1 Solar Panels
(Mono -
crystalline,
Polycrystallin
e and thiri
film)

1 Batteries
(Leadi acid,
Lithium ion,
Tubular
batteries etc.)

1 Solar charge
controllers:
Maximum
Power Point
Tracking
(MPPT),
Pulse width
Modulatien
(PWN)

Explain the
differencesdetween
the different types o}
components in 2.2

Mounting
structures

Inverters

Cable/
Connectors

SPDs
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General Objective 3.0: Know the application of Solar PV System

3.1 Explain the importancg Explain the Textbooks, Guide students to Pictorials
of Solar PV Systesiin importance of Solar| Journals, | Identify types of | identify types of'Solar
various areas of applicatig PV Systersin Whiteboard| Solar PV PV installation Videos
9-14 various areas of Marker, installation Systems
application Internet Systems
3.2 Explainthe following Computer,
types ofSolar PV Explainthe Projector
installation Systems: following types of
1 Off grid Solar PVinstallation
91 Grid tied Systems:
1 Hybrid T Off grid
1 Grid tied
1 Hybrid
3.3 Listthe followingareas
of Solar PV System Explainthe
applicatiors: following areas of
1 Residential Solar PV System
T Industrial applicatiors:
1 Enterprise 1 Residential
f Agriculture etc. T Industrial
1 Enterprise
1 Agriculture
etc.

3.4Explain the limitations
of Solar PV application Explain.the
Systens mentionedh 3.3 {limitations of Solar
PV application
Systems mention in
3.3
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ASSESSMENT:
Continuous Assessment (CAP%
Examination:40%
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Solar Resource Assessment
PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING

TECHNOLOGY

COURSE TITLE : Solar Resource Assessment Course Code: SPE 314 Contact Hours: 3
Credit Unit: 3 Theoretical: 1

Year: 1 Semester:1 . .
Prerequisite: NIL Practical: 2

GOAL: This course is designed to equip students with knowledge and skills in solarresource assessment
GENERAL OBJECTIVES: On completion of this course, the students should be-able-to:

1.0Know the basics of solarradianceas solaenergyresources

2.0Know how to interpret and analyze sotarergydata

3.0Conduct site evaluation using appropriate tools and software

4.0 Evaluate feasibility of solagnergyprojects

5.0Understand industrial standards in sotarergyresource assessment
6.0 Know the application of solanergyresources for effectiveystendesign
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PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING.,TECHNOLOGY

COURSE TITLE : Solar ResourcAssessment

COURSE CODE 314

CONTACT HOURS: 3

CREDIT UNIT : 3 THEORETICAL : 1
YEAR: | SEMESTER: | PRE-REQUISITE: NIL PRACTICAL. 2
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL: This course is designed to egsipdents with knowledge and skills in solar resource assessment
GENERAL OBJECTIVE 1.0: Know the basics of solarradianceas solaenergyresources
THEORETICAL CONTENT PRACTICAL CONTENT
WEEK | SPECIFIC LEARNING |TEACHE R 6| RESOURCES | SPECIFICLEARNING |TEACHE RO | RESOURCES
OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1-3 1.1 Definesolar Explainthe Journals Guide students to:| 1. Sample Case
irradiance concept okolar | Text books ldentify the types of sola] Identify the types | studies
irradiance Whiteboard irradiance(DNI, GHI, of solarirradiance
1.2 Explain thefollowing Marker DHI). (DNI, GHI, DHI). | 2.Charts
types of solairradiance | Explain the Internet
91 Direct Normal following types of| Computer Demonstrate how sunligl| Demonstrate how | 3. Diagrams
IrradiancéDNI) | solarirradiance | Projector is converted into sunlight is

1 Global Horizontalf

Irradianc€GHI)

Direct Normal
Irradiance(DNI)

9 Diffuse Horizontalf Global

Irradianc€DHI) Horizontal Demonstrate how solar | Demonstrate how
Irradiance(GHI) energy igmeasured with | solar energy is 6. Videos
1 Diffuse simple tools measured with
1.3 Explain the relevanc{ <Horizontal simple tools 7.GPS
of eachtype of solar lrradiance(DHI)
irradiantin 1.2 to energy. Measure temperature, til Measure 8. Magnetic
systems. Explain the angle and irradiance as | temperature, tilt | Compass
relevance otach factors affecting solar angle and
type of solar energy availability. irradiance as 9. PV trainer

electricityand heat

converted into
electricityand heat

4. Pyranometer

5. Pyrheliometer

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

T

FEDERAL GOVERNMENT OF

NIGERIA

1.4 Describe the solar
spectrum and its role in
SolarEnergyconversion

1.5 Explainthefactors
affecting solairradiance
such as:
1 Atmospheric
conditions,
1 Geographical
location, and
1 Seasonal
variations.

1.6 Explain solar resourg
availability across
different geographical
locations

irradiancein 1.2 to
energy systems.

Explainthe solar
spectrum and its
role inSolar
Energyconversior

Explainthefactors

affecting solar

irradiance such

as:

1 Atmospheric
conditions,

1 Geographical
location, and

1 Seasonal
variations.

Explain solar
resource
availability’aeross
different
geographical
locations

Compare solar radiation
levels in different
directions

Compare solar resource
availability acress
different directions

factors affecting
solar energy
availability.
Compare solar
radiation levels in
different directions

Compare solar
resource
availability across
different directions

10.PV modules

GENERAL OBJECTIVE 2.0:Know-how to interpret

and analyze sotmergydata

4

2.1Explain the sources ¢
solarenergyirradiance
datain relation o

Explain the
sources ofolar

Journals
Textbooks
Whiteboard

Select relevant solar

energy irradiance

energydatasets

Guide to students
to:
1. Select relevant

1. Solar radiation
datasets.
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1 Satellite,
1 Meteorological
station

2.2 Explain the selection
process oéxtracting sola
energydatasets

2.3Explain solar
radiation trends for
prediction ofsolarenergy
output

2.4 Explain the
application of statistical
and computational tools
to analyze solar energy
patterns.

datain relation to
1 Satellite,
1 Meteorological
station

Explain the
selectionprocess
of extracting solaf
energydatasets

Explain solar
radiation trends
for prediction of
solarenergy
output

Explain the
application of
statistical and
computational
tools to analyze
solar energy
patterns.

Marker
Internet
Computer
Projector

Use computational tools
to analyze solar energy
patterns.

Interpret solar radiation
trends to predict energy
output forsolar energy
systems.

Demonstrate,basic data
processing using
spreadsheets.

solarenergy
datasets

2.Use
computational tool
toranalyze solar
ehergy patterns.
Interpret solar
radiation trends to
predict energy
output forsolar
energysystems.

3. Demonstrate
basic data
processing using
spreadsheets.

2. Computer
Software

3. RETScreen
4. Sample solar
data sources
(NIMET, NASA
PVGIS).

5. Graphs

6. Charts

GENERAL OBJECTIVE 3.0:Conduct Site Eyaluatio

n Using Appropriate Tools and Software

o-7

3.1Explainkey factors in
site selectiorof the
following:

1 Shading

I Terrain

I Climate etc:

Explain.key
factors in‘site
selectiorof the
falloewing:
1 Shading
I Terrain
1 Climate

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

Demonstrate the use of
solarenergyresource
measurement tooknd
softwarefor Solarenergy
resources assessment

Guide students to:

1. Demonstrate the
use of solaenergy
resource

measurement tools

and softwardor

7. Pyranometers
8. Pyrheliometers
9. Maps

10.RETScreen

CLUDE
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3.2EXxplain solarenergy
resource measurement
tools such as:

1 Pyranometers

1 Pyrheliometers.

etc.

Explain solar
energyresource
measurement too
such as:

Generate site assessme
reports for solaenergy
resources

Solarenergy
resources
assessment

2. Generate site
assessment report

PVsyst
Anemometer

Magnetic
Compass

1 Magnetic 1 Pyranometers for solarenergy
Compass  Pyrheliometer: resources Inclinometer
1 Inclinometer 1 Magnetic _
f Measuring Tapes| Compass Measuring Tapes
1 GPS etc. 1 Inclinometer
1 Measuring GPS
Tapes
1 GPS etc. 17. Sample
3.3Explain solarenergy feasibility
resource measurement | Explain solar reports.
software energyresource
measurement
software
3.4 Explainthe generatior
of site assessment repoll Explainthe
for solarenergyresourceg generation of site
using: assessment repol
1 Tools for solarenergy
1 Software resourees.using:
I Tools
. Software
GENERAL OBJECTIVE 4.0:Evaluatethe Feasibilityof Solar EnergyProjects
8-11 4.1 Explainthe following+ ‘Explainthe Journals Guide to studenb: | 1. Sample of
economic factors following Textbooks Conduct economic solar project data
affecting solaenergy economic factors | Whiteboard analysis on solagnergy | Conduct economig
projectsimplementation: | affecting solar Marker projectssuch as: analysis on solar | 2. Calculators
INCLUDE
S 4
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1 Initial capital energyprojects | Internet 1 Initial capital energy projects
1 MaintenanceCost | implementation: | Computer 1 Maintenance such as: 3. Sampleof
§ Payback period, T Initial capital | Projector 1 Payback period, . “Initial Environmental
1 Return on 1 Maintenance f Returnon capital Impact
investment (ROI), Cost investment (ROI), %, 1 ~Maintenanc| Assessment
and 1 Payback perioc  Costbenefit e (EIA)reports.
1 Costbenefit 1 Returnon analysis etc 1 Payback
analysis etc investment period, 4. Sampleof
(ROI), and q Return on | Social impact
1 Costbenefit investment | 'eports.
analysis etc Evaluate.environmental (ROI), and
factors‘affecting solar  Costbenefif ©- Charts
4.2 Explainthe following | Explainthe energy projectssuch as analysis
environmentafactors following | Carbon footprint etc 6.Map
affectingsolarEnergy environmental reduction and
projectsimplementation: | factors affecting Y Land e Evaluate 7.RETScreen
I Carbon footprint | solarenergy environmental HOMER
reduction and | projects factors affecting | System Advisor
{ Land use implementation: solarenergy Model(SAM)
1 Carbon projects such as
footprint 1 Carbon
reduction footprint
and reduction
4.3 Explainthe following i Land use and
social factors affecting Compare the feasibility ¢ 1 Land use
solarenergyprojects Explainthe solarenergysystems with reclamation

implementation:
1 Security
1 Civilization

following social
factors affecting
solarenergy

alternative energy sourc

1 Infrastructuré projectssystem
implementation: Compare the
1 Security feasibility of solar

INCLUDE
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1 Civilization energysystems
1 Infrastructure with alternative
energy 'sources

GENERAL OBJECTIVE 5.0:Understand industrial standards in sotarergyresource assessment
12 5.1 Explainindustrial Explainindustrial | Journals
standards in solamnergy | standards in solal Textbooks
resource assessment | energyresource | Whiteboard

assessment Marker
Internet
5.2 Explain the types of | Explain the types| Computer
industrial standards in | of industrial Projector
solarenergyresource standards in solaf
assessmer relation to | energyresource
1 Technical assessmerfim
f  Environment relation to
1 Social etc. I Technical
i Environme
nt
5.3 Explain international 1 Social, etc.
standards for solar
energyresource Explain
assessment international
standards for'selg
energyresource

5.4 Explainpractices in | assessment
system monitoring and
reporting. Explainpractices
in system
monitoring and
reporting.
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GENERAL OBJECTIVE 6.0:Know theApplicationof Solar Energy Resourcésr Effective Design

positioning for maximum
energy for effective
design

design 2. Demonstrate theg 5. Clamp meter
Demonstrate the effect g effect of solaPV | Inclinometer
6.3 Explain optimal Explain optimal solar.collector orientatiol orientation and tilt
conditionsfor effective | conditionsfor and'tilt angle angle 6. Spirit level

design instorage device
installatiors

6.4 Explain conditions fo
installation of other
devices for effective
design such as:

1 Invertergheat
exchangers
CablegPipes

|
9 Controllers etc.

positioningfor
maximum energy
for effective

effective design ir
storage device
installatiors

Explain condition

for installation of

other devices:for

effective design

such as:

1 Inverters/heat
exchangers

1 \Cables/Pipes

=»Controllers,

etc.

solarPV orientation-and
tilt angle

13-15 | 6.1Explain factors to Explain factors to| Journals Design solaenergy Guidethestudens | 1. SolarPV panel
consider in sizing solar | consider in sizing| Textbooks systems based on: to:
energysystem for solarenergy Whiteboard Performancefficiency | 1.Design solar 2. Solar Thermal
effective design system for Marker Sizing energysystems Collector

effective design | Internet Climatic condition etc. < | based on:
Computer Performance 3.RETScreen

6.2 Explain optimal Explain optimal | Projector efficiency HOMER
panelcollector panelcollector Demonstrate the effect g Sizing SAM

Climatic condition
etc.

3. Demonstrate the
effect of solar
collector
orientation and tilt
angle

4. Multimeter

7. Pyranometer

8. pyrheliometer
9. Power analyze
10. Thermometer
10.Sample solar

energy system
designs.
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ASSESSMENT: Continuous Assessment (CA0% Examination40%
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Workshop Practice anflafety Procedure

PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING

TECHNOLOGY

COURSE TITLE : Workshop Practice and Safety Procedur Course Code: SPE 315 Contact'Hours: 2
Credit Unit: 2 Theoretical: 1

Year: | Semester: | . :
Prerequisite: Practical: 1

GOAL: This course is designed to equip students with the knowledge, skills of workshop oparadisasetyprocedures in
SolarEnergySystem
GENERAL OBJECTIVES: On completion of this course, the studemtsild be able,to:

1.0Know Workshop Safety and Protocols

2.0Know Risk Assessment and Accident Prevention
3.0 Know Workshop Tools and Equipment

4.0 Know Fabrication and Assembly Techniques
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PROGRAMME: HIGHER NATIONAL DIPLOMA (HND) SOLAR PHOTOVOLTAIC (PV) ENGINEERING'-TECHNOLOGY
COURSE TITLE : Workshop Practice and Safety Proced| COURSE CODE SPE 315 Contaet Hours2
Credit Unit:2 Theoretical:l
Year. | Semester: | Prerequisite: Practical: 1
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL: This course is designed to equip students with the knowledge, skills of workshop operations and safety proceduresargold
System
GENERAL OBJECTIVE 1.0: Know Workshop Safety and Protocols
THEORETICAL CONTENT PRACTICAL CONTENT
Week| Specific Learning Outcome| Teac her 6 s A (Resources |'Specific Learning |Teac her 6s|Resources
Outcome
1-3 | 1.1Define Hazards Explainthe concept of Textbook Guide Students to: | 1. PPE Kits
Hazards Projector » | Demonstrate the ust
1.2 Explainthe common Journal of PPE 1. Demonstrate the | 2. First Aid
causes ohazards Explainthe common Computer use of PPE Kit
causes of hazards Marker Demonstrate first aic
1.3Explain common Marker procedures 2. Demonstrate first | 3. Fire
workshop hazards Explain common Board aid procedures. extinguisher:
workshop hazards Safety Demonstrate
1.4 Explainthe methods of Regulationg emergencyesponse| 3. Demonstrate 4. Safety
preventing workshop Explainthemethods of procedures emergencyesponse| signs
hazard preventingwvarkshop procedures
hazard Demonstrate the ust 5. Fire
1.5Explain the importance ¢ of fire extinguisher | 4. Demonstrate the | Alarm
emergencyesponse Explain the importance of use of fire
procedures emergencyesponse extinguisher 6. Sand
procedures bucket
1.6 Explain occupational
health and safety.(OHS) 7. Fire
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regulations Explainoccupational Blanket
health and safety (OHS)

1.7 Explain Health safety regulations 8. Smoke
environment rules and Detectors
regulations (HSE) Explain Health safety

environment rules and 9.Gas

1.8 Explain thefollowing regulations (HSE) Detectors
usesof protective and
safety equipment: Explain the usesf
1 PPE following protective and
 Fire Extinguisher safety equipment:

1 PPE

1.9 Explain first aidin 1 Fire Extinguisher

relation to:
1 Typesof first aid Explain first aidin relation
1 Usesof first aid to:
box/kit 1 Types of first aid
1 Contents of the first 1 Uses of first aid
aid box/kit box/kit
1 Contents of the

1.10 Explain the first aid box/kit

importance of firsaid
Explain theimportance of

1.11 Explain proper first aid
material storage and
waste disposal methods| Explainsproper material

storage and waste dispog
methods.

General Objective 4.&Know Risk.Assessment and Accident Prevention

4-6 | 4.1Define risk assessment | Explainthe concept ofisk | Textbook 1. Risk
assessment Projector | Carryout A Risk Assessment

4.2 Explain the importance ( Journal Assessment Guide students to: | checklist anc
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risk assessment in worksho| Explain the importance of Computer tools
safety. risk assessment in Marker Develop A Safety | 1.Carryout'a risk
workshop safety. Marker Checklist ForSolar | assessment
4.3 Explain risk assessment Board PV, Solar Thermal, 2.PPE
for thefollowing tasks: Explain risk assessment | Safety And Otherrenewablg 2:Develop a safety
1 Fabrication of parts | for the following tasks: Regulations energySystem checklist for Solar | 3. Pictorials
1 Installation of solar 1 Fabrication of part: Installations PV, Solar Thermal,
PV system f Installation of solaj and otherenewable | 4. Videos
1 Solar Thermal systen PV system Identify Types Of | energysystem clips
installation 1 Solar Thermal Accidents installations.
1 Other RE systems system installation \ _
installations 1 Other RE systems dentify, The 3. Identify types of
installations Procedures For accidents
4.4 Define accident Accident Prevention
Explain accident 4.1dentify the
Use Case Study procedures for
4.5 Explainthe following Explainthe following Involving Risk of | accident preventions
types of accidents: types of accidents: installation of RE
1 Active 1 Active systems 5. Sho_w Ca_se Study
1 Passive 1 Passive Involving Risk
installation of RE
4.6 Explain the procedures | Explain the procedures fc systems
for accident preventions accidenfpreventions
4.7 Explain strategies for | Explain strategies for
fostering safety culture. fostering.safety culture.
General Objective 3.&now Fabrication and Assembly Techniques
7-10 | 3.1 Explain fabrication and\| Explain fabrication anthe| Textbook Guide students to: | 4.Fabricatior
the followingfabrication following fabrication Projector | Perform material Materials
techniques: techniques: Journal cutting, welding, 1. Perform material
1 Cutting Computer | soldering and cutting, welding and| 5. Pipes
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1 Cutting 1 Welding Marker drilling, etc, for solan drilling, etc,\for'solar
f  Welding f Soldering Marker energy system energy system 6. Clamping
f Soldering Bending, etc Board Tools
1 Bending, etc. Safety Assemble and
Explain the properties of | Regulations disassemblsolar 2»Assemble and 7. Measuring
3.2 Explain the properties of materials used in Solar P PV: disassemble: instruments
materials used in Solar PV | and Solar thermal Connections (wiring)/Connections (wiring
and Solar thermal fabricatio| fabrication and piping) and piping) 8. Cutting
1 Copper 1 Copper Mounting.structures| Mounting structures| Tools
1 Aluminum T Aluminum Precast solar Precast solar N
1 Insulation, etc. 1 Insulation, etc. mounting base mounting base _SIB_ D:’I”Ing
ools
3.3 Explain quality control irl Explain quality control in Inspect fabricated | 3. Inspect fabricated _
fabrication. fabrication. components for components for 10.Bending
defects and defects and Tools
3.4 Explain assembling and| Explain assembling and compliance with compliance with .
disassembling techniques fq disassembling technique specifications specifications 11.Pictorials|
the following: for the following: .
f Connections (wiring | 1 Connections g.wdeos
and piping) (wiring and piping) IpS
! Mounting structures ' Mounting Charts
Civil structure casting structures
1 Civil structure
casting
General Objective 2.0: Know Workshop Toolsand Equipment
11-15| 2.1 Define tools Explainthie concept of of | Textbook Guide students to: | 1. hand held
tools and equipment Projector | Identify the 1. Identify the tools
2.2 Define equipment Journal following handheld | following handheld
Computer | tools tools: 2.Equipment
2.3 Explain the differences’ | Explain the differences | Marker M Screwdrivers I Screwdrivers
between tools and'equipme| between tools and Marker 1 Hacksaws 1 Hacksaws 3.
equipment Board Maintenance
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2.4 Explain the classificatio
of tools in renewable energy
workshop

2.5 Explain the classificatior
of equipment in renewable
energy workshop

2.6 Explain the uses of toolg
and equipment in renewablg
energy workshop

2.7 Describe handling and
maintenance of tools and
equipment.

Explain the classification
of tools in renewable
energy workshop

Explain the classification
of equipment in renewabl
energy workshop

Explain the uses of tools
and equipment in
renewable energy
workshop

Explain handling and
maintenance of tools and
equipment.

Safety
Regulations

1 Spanners,
9 Dirills, etc.

Draw and labethe
following tools
9 Screwdrivers
i Hacksaws
1 Spanners,
9 Drills, etC.

Handletools and
equipment
appropriately

Maintain tools and
equipment
appropriately

1 Spanner
9 < Dirillsyetc.

Draw and labethe
following:
9 Screwdrivers,
i Hacksaws
1 Spanners,
9 Dirills, etc.

Handle tools and
equipment
appropriately

Maintain tools and
equipment
appropriately

Kits
4. Pictorials

5.Videos
clips

6. Charts

7. Manuals

EVALUATION: CA 60%
EXAMINATION: 40%
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Smart Grids & 10T in PV System |

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Smart Grids & 10T in PV System | Course Code: SPE 316 Contact Hours:2
Credit Unit:2 Theoretical: 1

Year: | Semesterl - .
Prerequisite: NIL Practical:1

GOAL: The course is designed to enable students acquire knowledge and skilaroiGridssand 10T in Solar PV System
GENERAL OBJECTIVES : On completion othis course, the students should be_.able to:

1.0Know the concept of Smart Grids

2.0Know how tomonitor, control, and automaSmart Grids
3.0Understand the fundamentals of 0T

4.0Know the fundamentals of Sensors and Actuators in loT
5.0Know how to integrate l0T in PV Systems
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY
COURSE TITLE : Smart Grids & | COURSE CODE SPE 316 Contact Hours2
loT In PV System | Credit Unit:1 Theoretical: 1
Year: 1 Semester 1 Prerequisite: NIL Practical: 1
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL : The course is designed to enable students acquire knowledge and skiflarofGrids.and 10T in Solar PV System
GENERAL OBJECTIVE 1.0: Know the concept of Smart Grid
THEORETICAL CONTENT PRACTICAL'\CONTENT
Week | Specific Learning Teacher 0s|Resources | Specific'Learning Teacher 0s |Resources
Outcome Outcoame
1-2 | 1.1Define Smart Gricand | Explain Smart Grid | Textbooks, 1. Practical
Traditional Grid and Traditional Grid| Publications| ldentify small Guide students to Manual
Journals, traditional grid and identify small
1.2 Explain the evolution o] Explain the evolution Whiteboard,| small smart grid traditional grid and | 2.Traditional
Smart Grids of Smart Grids Marker; small smart grid Grid Models
Internet or Trainers
1.3 Explain how smart grid| Explain how smart~Computer,
differs fromtraditional | grid differs from Projector 3. Smart
grid traditional grid Grid Models
or Trainers
1.4Explainsmart grid Explainsmart grid
classifications based o| classifications basec 4.Videos
the following: on the follewing:
1 Functional 9. “Functional Pictorials
Components Components
1 Application Areas 1 Application
1 Technological Areas
Integration 1 Technologica
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1
1

1
)l

1

Operational Levels
Grid Architecture
etc.

1.5Explain major areas of
Smart Grid system
applications such as;

Energy Generation
Energy Storage
Systems
Distribution
Network

Smart Meters &
EndUser Devices
Communication
Infrastructure
Demand Response
Systems, etc.

1.6 Explain the importance
of Smart Grids for
modern energy
distribution

| Integration

1 Operational
Levels

1 Operational
Levels

1 Grid
Architecture
etc.

Explain major areas

of Smart Grid syster

applications such as

1 Energy
Generation

1 Energy Storage
Systems

1 Distribution
Network

1 SmartMeters &
EndUser
Devices

1 Communication
Infrastructure

1 Demand
Response
Systems, etc.

Explain the
importance of Smarti
Grids for modern
energy distribution
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General Objective 2.6now how tomonitor, control, and automaBmart Grids

3-6

2.1Explain Smart Grid
Communication

2.2 Explain the following
smart grid
communication
protocols;

1 Zigbee,
T MQTT,
1 Modbus

2.3 Explain followingsmart
grid systems:
1 Monitoring,
1 Control, and
1 Automation
systems.

2.4 Explain the application
of Smart Grid
technologies for the
following :

1 Demand response
management

i Fault detection and
selthealing in grids

1 Energy storage
integration

1 Smart Meters &
EndUser Devices

Explain Smart Grid
Communication

Explain the
following smart grid
communication
protocols;

1 Zigbee,

T MQTT,

1 Modbus

Explain following
smart grid systems:
Monitoring,

Control, and
Automation systems

Explain the
application ofSmart
Grid technologies fo
the following :

1 Demand
response
management

1. \Fault
detection and
self-healing
in grids

1 Energy

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet,
Computer,
Projector

Monitor power
consumption by AC
loads using smart metg

Control AC loads,using
smart circuit breaker

Automate-the operatiol
of A€4oads using sma
circuit breaker

Guide the students tc
1. Monitor-power
consumption by AC
loads using smart
meter

2. Control AC loads
using smart circuit
breaker

3. Automate the
operation of AC load:
using smart circuit
breaker

1. Practical
Manual

3. Smart
Meters
3.Bulbs

4. Tool box
5. Cables

6. Smart
Beakers

7. Routers
8. Internet

9. Android
phone
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storage
integration
1 Smart Meters
& End-User
Devices
General Objective3.0: Understand the fundamentals of 0T
7-9 3.1Define internet of thing| Explain internet of | Textbooks,
(1oT) things ( 1oT) Journals,
Publications
3.2Explain the role of the | Explain the role of | Whiteboard,
following components | the following Marker,
inloT components in loT | Internet
1 Sensors/Devices 1 Sensors/Devices Computer,
f Connectivity/Communi| § Connectivity/Co | Projector
cation Network mmunication
1 EdgeDevices/Gateway Network
1 Data 1 Edge
Processing/Analytics Devices/Gatewa)
1 Cloud S
Computing/Storage 1 Data
1 User Interface (Ul) / Processing/Analy
Applications tics
f Actuators  Cloud
f  Security Computing/Stora
1 Protocols q %e ntert
sef Interface
1 Power Supply Ll /
Applications
1 Actuators
1 Security
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

= =4 =4 -8 9

1
1

3.3Explain the loT

architecture based on
the followinglayers:

Sensing Layer
Network Layer
Middleware
Application Layer
Business Layer

3.4Explain each of the
following loT
communication models:

Deviceto-Device
Communication (D2D)
Deviceto-Cloud
Communication (D2C)
Deviceto-Gateway
Communication (D2G)
Cloudto-Cloud
Communication (C2C)
Machineto-Machine
(M2M) Communication
Hybrid Communication
Model.

1 Protocols
1 Power Supply

Explain the IoT
architecture based ¢
thefollowing layers:
1 Sensing Layer
1 Network Layer
1 Middleware

1 Application

Layer
1 Business Layer

Explain each of the
following loT
communication
models:

1 Deviceto-Device
Communication
(D2D)

i Deviceto-Cloud
Commuhication
(D2C)

T <-Deviceto-
Gateway
Communication
(D2G)

M1 Cloudto-Cloud

INCLUDE
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Communication

(C20)

3.5Explain the use of IoT | § Machineto-
in the context othe Machine (M2M)
following: Communication
1 Smart Grid 1 Hybrid

Management Communication
1 Smart Metering and Model.

Energy Consumption

Monitoring

1 Predictive Maintenancq Explain the use of
and Asset Managemer| 10T in the contexof:

1 Renewable Energy | thefollowing:
Integration and 1 Smart Grid
Optimization Management

1 Energy Efficiency and | 1 Smart Metering
Demand Side and Energy
Management (DSM) Consumption
Monitoring

1 Predictive
Maintenance an(
Asset
Management

1 Renewable
Energy.
Integration and
Optimization

1. \Energy
Efficiency and
Demand Side
Management
(DSM)]
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

General Objective 4.0: Know the Fundamentals of Sensor8&ndtors in 10T

1012

4.1 Explain the principle of
each of these sensors use
in loT for smart grids:

T
T
T
T

Temperature sensor,
Irradiance sensor,
Voltage sensor,
Current monitoring
sensor

3.2Explain the principle of
each of thdollowing types
of actuators used in loT fo
smart grids:

1
1

1
1

Electromechanical
Devices
Hydraulic/Pneumatic
Devices

Solid-state devices
Smart Relays

3.3Explain the roles of 10T,
actuators in smart grid.

il
T

1
1

1

Control Power Flow
Optimize Energy
Distribution

Enhance Gridtability
Automate Fault
Management
Renewable Integration

Explain the principle

of each of these

sensors used in 0T

for smart grids:

1 Temperature
sensor,

1 Irradiance senso

1 Voltage sensor,

1 Current
monitoring
sensor

Explain the principle

of each of the

following types of

actuators used in 10]

for smart grids:

9 Electromechanic
| Devices

1 Hydraulic/Pneun
atic Devices

1 Solid-state
devices

1 Smart Relays

Explain‘the roles of

loT actuators in

smart grid.

1 Control Power
Flow

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet
Computer,
Projector

Identify each of these

sensors used in loT fol

smart grids:

1 Temperature sensdg

1 Irradiance sensor;y

1 Voltage sensor,

1 Current monitoring
sensor

Identify each of these
types of actuators useq
in loT for smart grids:
i Electromechanical
Devices
1 Hydraulic/Pneumat
c Devices
Solid-state devices
Smart Relays

= =4

Guide the students tq

Identify each of the

following sensors

used’in loT for smart

grids:

1 Temperature
sensor,

1 Irradiance sensor

1 Voltage sensor,

1 Current
monitoring senso

Identify each of these

types of actuators

used in loT for smart

grids:

9 Electromechanics
Devices

1 Hydraulic/Pneum

tic Devices

Solid-state device

Smart Relays

E

1. Practical
Manual

2. Smart
Meters

3. Bulbs
4. Tool box
5.Cables

6. Smart
Beakers

7. Routers
8. Internet

9. Android
phone

10.Temperat
ure sensot,

11lrradiance
sensor,
12.Voltage
sensor, and
13.Current
monitoring
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1 Optimize Energy| sensor.
Distribution 14.
3.4Explain Wireless 1 Enhance Grid Electromech
sensor networks for smart Stability anical
grids 1 Automate Fault Devices
Management 15 Hydraulic
1 Renewable /Pneumatic
Integration Devices
16.Solid-
Explain Wireless state devices
sensor networks for 17.Smart
smart grids Relays
General Objective5.0: Know how to integrate 10T in PV Systems
13-15 | 5.1 Explain the following irl Explain the Textbooks, Guide students to 1. Practical
relation to PV Systems: | following in relation | Journals, Carryout experiment | Carryout experiment| Manual
1 loT-based Monitoring | to PV Systems: Publicationsjusing loT to using loT to
and Control of PV 1 IloT-based Whiteboard, 2. Smart
Systems Monitoring and | Marker, Carryout monitoring | Carryout monitoring| Meters
1 Realtime monitoring of Control of PV lnternet and control of inverterg and control of
energy generation and Systems Computer, inverters 3.Bulbs
consumption 1 Reakltime Rrojector Carryout reatime Carryout reatime
1 Remotecontrol and monitoring of monitoring of energy | monitoring of energy| Tool box
fault detection using energy_generatio generation and generation and
loT andconsumption consumption in PV consumption in PV | 4. Cables
1 Data logging and 1 Remote,control system system
analysis using loT and fault Demonstrate remote | Demonstrate remote| 5. Smart
devices deétection using short circuit and open| short circuit and ope| Beakers
loT circuit fault detection | circuit fault detection
ﬂ Data |Ogg|ng ano USing loT USing loT 6 Routers
3.2Explain the operation.d/  analysis using Demonstrate data Demonstrate data
loT-enabled Smart Inverte 10T devices logging and analysis | logging and analysis| 7. Internet
using loT devices using loT devices
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3.3Explain the ole of loT
in the followinginverter
controlled grid support
functions:

1 Frequencyegulation,
1 Voltage control.

3.4Explain inverter
communication with grid
operators using loT devic

Explain the operatio
of loT-enabled Smai
Inverters

Explain the ole of

loT in the following

inverter controlled

grid support

functions:

1 Frequency
regulation,

1 Voltage control.

Explain inverter
communication with
grid operators using

loT devices.

8. Data
logger

9. Android
phone

10. Software
and PC

ASSESSMENT:
Continuous Assessment (CA0%
Examination40%
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Energy Storage Technologies in Solar PV systems

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Energy Storage Technologies in
Solar PV systems

Course Code: SPE 317

Contact Hours: 3

Credit Unit: 3

Theoretical: 1

Year: 1 Semester:1

Prerequisite: NIL

Practical: 2

systems

GOAL: This course is designed to enable the students adzpsie knowledge and skills EBnergy Storage Technologies in Solar F

1.0 Know Energy Storagendamentals in Solar PV system

2.0 Know design and maintenance of Storage Solutions for PV system
3.0 Know sustainable strategies for extending battery life span:
4.0Understandaecycling methods, policies, and environmental,impact of PV storage systems

GENERAL OBJECTIVES : On completion of this course, the students should:be able to:
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING-TECHNOLOGY

COURSE TITLE : ENERGY STORAGE TECHNOLOGIE] COURSE CODE 317 CONTACT HOURS: 3

IN SOLAR PV CREDIT UNIT : 3 THEORETICAL : 1

YEAR: | SEMESTER: | PRE-REQUISITE: NIL PRACTICAL.: 2
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to enable the students adzpsre knowledge and skills Energy Storage Technologies in Solar PV
systems

GENERAL OBJECTIVE 1.0: Know Energy Storage fundamentals in Solar PV system

THEORETICAL CONTENT PRACTICAL CONTENT

WEEK | SPECIFIC TEACHEROG S| RESOURCES }'SPECIFIC LEARNING [T EACHER 6| RESOURCES
LEARNING ACTIVITIES OUTCOME ACTIVITIES
OUTCOME

1-3 1.1 ExplainEnergy Explainthe concept | Journals Guide students tg 1. Charts
storage of Energystorage | Textbooks Identify types ofenergy | identify types of

Whiteboard storage (batteries, energy storage | 2. Batteries

1.2 Explain the Explain the Marker thermal, mechanical). | (batteries, therma
following different following different< | Internet mechanical). 3. Videos
forms of storage forms of storage Computer
technologies technologies Projector

1 Battery Storage
1 Thermal Storage
1 Mechanical Storage

1.3 Explain the form.of]
Solar storage listed\in
1.2

1 Battery Storage

1 ThermalStoerage

1 Mechanical
Storage

Explain the form of
Solar storage listed
1.2
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1.4 Explainthe
technologies of the
various storage systen
in 1.3

1.5 Explainthe
application of the
various storage systen
in 1.4 for solar PV
systems.

1.6 Explainthe types of
battery technologies in
solar PV.

1.7 State the various
applications othe
battereslisted in 1.4in
relation to

9 Electric vehicle

i Phones

1 Laptopsetc.

Explainthe
technologies of the
various storage
systems in 1.3

Explainthe
application of the
various storage
systems in 1.4 for
solar PV systems.

Explainthe types of
battery technologies
in solar PV.

Explainthe various
applications of
batteaieslisted in
relation tol.4:

9 Electric vehicle
1 Phones
Laptops etc

GENERAL OBJECTIVE 2.0:Know design and mainte

nance of Stor

tions for PV system

4-7 2.1 Explainthetypes of| Explainthetypes of | Journals
batteries base on batteries.base on | Textbooks
technology technology Whiteboard

Marker
2.2 Explain the Explain the operatio| Internet
operation othe of'the following Computer
following types of types of batteries | Projector
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batteries

1 Lead acid batteries

9 Lithium ion
batteries

1 Nickel based
batteries

9 Floodedbatteries
etc.

2.3 Explain the
performance of each 0|
listedin 2.2

2.4 Explain the techno
economic of each
mentioned irR.2

2.5 Explain new trend
in solar PV battery
storage system

i Lead acid
batteries

9 Lithium ion
batteries

1 Nickel based
batteries

9 Flooded batterieg
etc.

Explain the
performance of eacl
of thelistedin 2.2

Explain the techno
economic of each
2.2

Explain new trend in
solar PV battery
storage system

GENERAL OBJECTIVE 3.0:Know sustainable strategiesfor extending battery life span.

8-11

3.1 Explainthe
following factors
affecting battery life
span:

1 Temperature

1 Rate of charge and
discharge,

Climatic conditions,

1
1 Materials,etc.

Explainthe
following factors
affecting battery life
span:
1 Temperature
1 Rate ofcharge
and discharge,
T Climatic
conditions,

T Materials, etc.

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

Implement sustainable
practices to minimize
solar PV waste and
extend battery life.

Guide student to
iimplement
sustainable
practices to
minimize solar P\
waste and extend
battery life.

1.
Sustainability
reports on
battery life
cycle

2. Government
policies on
solar waste
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3.2 Explain sustainable
practice to reduce
battery waste

3.3 Explain circular
economy concept in
battery

3.4 Explain how 3.3 ca
improve solar PV
installation efficiency
in:

1 Residential

9 Industrial

1 Hospitals, etc.

3.5 Explain the
importance of circular
economy over the
traditional methods of
battery management

3.6 Explain battery
management system

3.7 Explain the use of
battery management
system to enhance
battery performance

Explain sustainable
practice to reduce
battery waste

Explain circular
economy concept in
battery

Explain how 3.3 can
improve solar PV
installation efficiency
in:

1 Residential

9 Industrial

1 Hospitals, etc.

Explain the
importance of
circular economy
over the traditional
methods of battery
management

Explain battery
management Systen

Explain‘theuse of
battery.managemen
system'to enhance
battery performance

3. Case studies
on battery
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GENERAL OBJECTIVE 4.0: Understandecycling methods, policies, and environmental impact of PV storage'systems.
12-15 | 4.1 Explain battery Explainthe concept | Journals
recycling of battery recycling | Textbooks
Whiteboard
4.2 Explainthemethodg Explainthe methods | Marker
of recycling battery in | of recycling battery | Internet
solar PV system in solar PV system | Computer
Projector
4.3 Explainthe Explaintherecycling
recycling policies for | policies for Solar PV
Solar PV battery systel battery system
4.4 Explain Explain
environmental, social, | environmental,
and economic impacts| social, and economij
of batterystorage impactsof battery
system storage
ASSESSMENT:
Continuous Assessment (CAD%
Examination40%
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Modelling and Simulation of Solar PV Systems

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Modelling and Simulation of Solar| COURSE CODE: SPE 318

CONTACT HOURS: 2

PV Systems CREDIT UNIT : 2

THEORETICAL : 1

YEAR: | SEMESTER: | PRE-REQUISITE:

PRACTICAL: 1

GOAL: To enable students acquire basic knowledge and skills in Modelling and Simulation‘ef Solar PV Systems

1.0Know the design principles and components of solar PV systems
2.0Know the application of mathematical models to simulate solar PV systems
3.0Know the software tools an@chniques used for simulati of solar PV systems

GENERAL OBJECTIVES: On completion of this course, the students should be able to:
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Modelling and Simulation of Solar PV
Systems

COURSE CODE SPE 318

CONTACTHOURS: 2

CREDIT UNIT : 2

THEO

RETICAL :1

YEAR:

I SEMESTER: |

PRE-REQUISITE:

PRAC

TICAL: 1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed &nable students acquire basic knowledge and skills in Modelling'and Simulation of Solar PV Systems

GENERAL OBJECTIVE 1.0: Know the principles of designing Solar PV System

1.2 Explain the following
factors influencing PV
system design :

1 Geographical location
1 Climate,

1 Load requirements
1 System orientation

1.3 Describe sizing

Explain factors the

1 Geographical
location,
Climate,

il
{l
1

requirements

following influencing PV
system design such as:

Load requirements
System orientation

Calculate to determine the
appropriate sizing of

storage tanks, and heat

demands and design
parameters.

components like collectorsappropriate sizing of

exchangers based on systcollectors, storage

THEORETICAL CONTENT PRACTICALL:CONTENT
WEEK |SPECIFICLEARNING TEACHEROGS RESOURCES [SPECIFIC LEARNING T EACHE R & S|RESOURCES
OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1-3 1.1 Explain the principles|Explain the principles ofTextbooks Guide students to; (1. Computer
of solar PV system desigisolar PV system designJournals Design the layout of a bas|1. Design the layout[2. Calculator
in relation to: in relation to: Internet solar PV system of a basic solar PV 3. Sample layou
1 Sizing 1 Sizing Computer, system. design
M Placement 1 Placement Projector 4. Design
M Integration of  Integration of White‘Board  |Assess the factors 2. Assess the factorssoftware
components for bettef  components for bettMarker influencing solar PV systelinfluencing solar PV |(AutoCAD)
efficiency efficiency A?]imations design system design.
Charts

3. Calculate and
determine the

components like

tanks, and heat
exchangers based o
system demands an
design parameters.
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Explain sizing
requirements

GENERAL OBJECTIVE 2.0: Knowtheapplication of mathematical models

to simulate solar PV systems

5-9

2.1 Explain the basic
mathematical models useg
in solar PV system
simulation

2.2 Explain solar PV
performance equations
used to model solar
collectors

2.3 Explain theprocess of
validating simulated data
using reaiworld data

Explain the basic

mathematical models
used in solar PV systen
simulation

Explain solar PV
performance equations
used to model solar
collectors

Explain the process of
validating simulated dat

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker
Animations
Charts

Apply thermal performanc
equations to model solar
collectors in relation\to:
Heat transfer

Energy equations

Usesmathematical models
calculate the behavior of

heat storage systems suclk
as:

using realworld data Heat losses storage systems sug
Charging/ as:
discharging cycle
Heat losses
Charging/dischargin
cycle

Guide students to:

Apply thermal
performance
equations to model
solar collectors in
relation to:

Heat transfer
Energy equations

Use mathematical
models to calculate
the behavior of heat

1. Computer
2. Calculator

3. Thermometer

GENERAL OBJECTIVE 3.0: Know the software tools and

techniques used for simulating solar PV systems

10-15

3.1 Explain commonly
used software for solar P}
system simulation

3.2 Describe the
functionalities and
capabilities of simulation

Explain commonly used
software for'solar PV
system simulation

Explain the

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker

software.

functionalities and

Animations

Identify commonly used
software for solar PV
system simulation

Navigate user interface an

Guide students to:

1. Identify commonly
used software for
solar PV system
simulation

set up basic simulation

2. Navigate user
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capabilities of simulatiolCharts models in any available |interface and set up
3.3 Explain input system |software. software basic simulation
parameters and models in any
environmental data into |[Explain input system Input system parameters favailablesoftware
simulation software parameters and and environmental data in
environmental data into simulation software 3. Input system
3.4 Explain the simulatiorsimulation software parameters and
and generation of output environmental data
from the software Explain the simulation into simulation
and generation of outpy Interpret softwargenerate(software
from the software outputs‘and simulation
graphs 4. Interpret software
generated outputs a
simulation graphs
ASSESSMENT:
Continuous Assessment (CAP%
Examination40%
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YEAR ONE SEMESTER TWO
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PowerElectronics

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

CourseTitle: Power Electronics Course Code:SPE 321 Contact Hours: 3
Contact Unit: 3 Theoretical: 1
Year: 1 Semester: Il Prerequisite: SPE 311 Practical: 2

Goal: The Course is designed to acquaint the students with Knowled&&iladf Power electronics

General Objective: On completion of this module, the student should be able to:
1.0 Understand the concept of power electronics and it applications

2.0 Know the concept of power diodes and switched RLC Circuits

3.0 Know diode rectifier and its applications

4.0 Know the basic concept of Power Transistor and its applications

5.0 Knowthe concept of DEDC converters

6.0 Knowthe concept of DEAC converters
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY
Course Title: Power Electronics | Course Code: SPE 321 Contact Hours: 3
Contact Unit: 3 Theoretical: 1 hour/week
Year: 1 Semester: Il | Prerequisite: SPE 311 Practical: 2 hours /week
Goal: The Course is designed to acquaint the students with Knowledge and Skills of Power electronics
Course Specification:Theoretical Content | Practical Content
General Objective1.0: Understand the concept of power electronics and it applications
Week | Specific Learning Teacher 6s g Resources | Specific Learning Teacher 6s |Resources
Outcomes Outcomes
1.1 Describe power Explainthe concept Whiteboard
1-2 Electronics. power Electronics. Textbooks
Internet
1.2 List applications of | Explainthe applications| Computer
power electronics | of power electronie Projector
Marker
1.3 List major types of | Explainmajor types of
power electroits power electronis
Equipment Equipment
1.4 List the major parts | Explain the major parts
of power electronie | of power electronis
Equipment Equipment
1.5List the Explain the
characteristicef characteristies-of power
power electronic electronis'switching
switching devices | devices
1.6List the Explain the
characteristics and | characteristics and
specifications‘of specifications of
practical power practical power
INCLUDE
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switching devices

1.7 Explain power
electronic
semiconductor
devices

1.8 Explainconcept of
the followingpower
electronic modules:

I Power modules

1 Intelligent modules

switching devices

Explain power
electronis
semiconductor devices

Explainthe concept of
the followingpower
electronic modules:
I Power modules
1 Intelligent modules

power diodes.

2.3List thetypes of
power diodes.

2.4 Explain the series
and parallel operations
of power diodes

2.5Explainand
calculation ofthe
following in relation to;
1 Reverse recevery

diodes.

Explain the types of
power diodes.

Explain the.series and
parallel operations of
power.diodes

Explain andthe
following in relation to
power diodes

and amount of stored
energy.

Steady state capacitor
voltage of an RL circuit an
amount of stored energy.
Steady state capacitor
voltage of an LC circuit an
amount of stored energy.
Steady state capacitor
voltage of an RLC circuit
and amount of stored
energy.

The initial di/dt and dv/dt

current of diodes
Steady state capacitd
voltage of an RC
circuit and amount of
stored energy.
Steady state capacitd
voltage of an RL
circuit and amount of
stored energy.
Steady state capacitq
voltage of an LC
circuit and amount of

stored energy.

General Objective 2:Know the concept of power diodes and switched RLC, CirCuits
2.1 DescribePower Explainthe concept of | Whiteboard. || Caleulate the followingn | Guide students to: | Calculator
3-4 diode Power diode Textbooks' 4 relation to power diodes
Internet Reverse recovery current ¢ 1. Calculate the
2.2 Explain the Explain the operational | Computer | diodes following in relation
operational principles | principles and Projector Steady state capacitor to power diodes
andcharacteristicof characteristicef power J'Marker voltage of an RC circuit Reverse recovery
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current of diodes 1 Reverse recovery of RLC circuits Steady state capacitd
 Steady state current of diodes voltage of an RLC

capacitor voltage of |  Steady state cireuit and amount of

an RC circuit and capacitor voltage of stored energy.

amount ofstored an RC circuit and The initial di/dt and

energy. amount of stored dv/dt of RLC circuits
i Steady state energy.

capacitor voltage of |  Steady state

an RL circuit and capacitor voltage of

amount of stored an RL circuit and

energy. amount of stored
i Steady state energy.

capacitor voltage of | § Steadystate

an LC circuit and capacitor voltage of

amount of stored an LC circuit and

energy. amount of stored
1 Steady state energy.

capacitor voltage of | § Steady state

an RLC circuit and capacitor voltage of

amount of stored an RLC circuit and

energy. amount of stored
1 The initial di/dt and energy.

dv/dt of RLC i The initial difdt and

circuits dv/dt of RLC

circuits
General Objective 3:Know Power Diede Rectifier and its application
3.1 List the types of Explain the types of Whiteboard | Simulate the performance | Guide students to: | 1. Practical
5-7 dioderectifiers, their diode rectifier their Textbooks | of diode rectifies Simulate the manual
advantages and advantages and Internet performance of
disadvantages disadvantages Computer | Evaluate the performance | diode rectifier 2. Computers,
Projector of diode rectifies
Explain the operation | Marker Evaluate the 3. smulation
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3.2. Explain the
operation and
characteristics of diode
rectifiers.

3.3Explain how to
calculate the
performance parameter
of diode rectifiers

3.4 Explain the design
of diode rectifier
circuits.

3.5. Explain the design
output side filter for
diode rectifiers.

3.6 Explain the effects
of load inductance on
load current.

3.7. Explain the effects
of source inductance on
the rectifier output
voltage.

and characteristics of
diode rectifiers.

Explainhow tocalcuate
theperformance
parametersf diode
rectifiers

Explain the design of
diode rectifier circuits.

Explain the design
output side filter for
diode rectifiers.

Explain the effects of
load inductance on Ioad
current

Explain the effects of
sourceindugtance on thq
rectifier output voltage.

Determine the Fourier
components of rectifisr
outputs.

Calculate the performance
parameters of diode
rectifiers

Design diode_ rectifier
circuits.

Determine.the effects of
load«dnductance on load
current.

Design output side filter fo
diode rectifiers.

Determine the effects of
source inductance on the
rectifier output voltage.

performance of
diode rectifier

Determine the
Fourier
components of
rectifier outputs.

Calculate the
performancd. 1.
1. parameteref
diode rectifiers

2. Design diode
rectifier circuits.

3. Determine the
effects of load
inductance on load
current.

4. Design output
side filter for diode
rectifiers.

5. Determine the
effects of source
inductance on the
rectifier output
voltage.

software
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General Objective 4:Know the basic concept of Power Transistor and application
4.1. List the Explain the Whiteboard | Measure the gate drive Guide students to: | 1. Practical
8-10 characteristics of an characteristics of an Textbooks | characteristics fothe 1. Measure thgate | manual
ideal transistor switch | ideal transistor switch | Internet following types of drive
Computer | transistors: characteristics for | 2. Power elé.
4.2 Describe the Explain the switching | Projector 1 BJT the following types| ctronics
switching characteristic{ characteristics ahe Marker T MOSFETs of transistors: trainer,
the followingpower following types of 1 IGBTs 1 BJT
transistors: power transistors: 1 MOSFETs 3.
1 BJT T BJT { IGBTs Oscilloscope,
f MOSFETs f MOSFETs Calculate the'gate drive _
f COOLMOS f COOLMOS charaeteristics and Calculate the gate | 4- Multi-
1 IGBTs 1 IGBTs requirements othe drive meter,
1 SITs 1 SITs following types of characteristics and
transistor requirements othe | 5- Clamp
4.3 Describe the 1 BJT following types of | meter,
limitation of each of the 1 MOSFETs transistor: _
transistor in 4.2 above g Explain the limitation of 1 IGBTs T BJT 6. Signal
a switch each of the transistor in 1 MOSFETs generator,
4.2 above as a switch 1 IGBTs
4.4 Describghe gate 7. Power
control requirement and Design di/dt supply
models of power Explain the gate-control Design di/dt protection protection circuits BJT
transistors requirement and model circuits for transistors. for transistors.
of power transistors 8.MOSFETs
4.5 Explain the design
of di/dt protection 9.1GBTs
circuits for transistors. | Explain the desigof
di/dt protection circuits 10.
4.6 Describe the for transistors. Breadboard
arrangements for
operating transistors.in
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series and parallel Explain the
arrangements for
4.7 Explain the operating transistors in

calculation of the gate | series and parallel
drive characteristics an

requirements of Explain the calculation
1 BJT of the gate drive
1 MOSFETs characteristics and
1 IGBTs requirements of
1 BJT
4.8 Describe the 1 MOSFETs

isolation techniques 1 IGBTs
between the highevel
power circuit and the
low-level gate drive Explain the isolation
circuit. techniques between the
high-level power circuit
and the lowlevel gate
drive circuit.

General Objective 5:Know the concept of DDC converter
5.1. Describe the DC | Explain the concept ofy| Whiteboard | Simulate the performance | Guide students to: | 1. Practical

(7]

11-13 | DC conversion DC-DC conversion Textbooks | parameters of DDC manual
Internet Converters 1. Simulate the
5.2 Describe the Explain theswitching Computer performance 2. Computers,
switching technique for | techniqué for. DEDC Projector parameters of DC
DC-DC conversion: conversion; Marker Measure the performance | DC Converters 3. Simulation
parameters of DDOC software
Converters 2. Measure the
5.3 List the types of DC performance 4. Power
DC converters Explain types of DE parameters of DC | electronics
DC converters DC Converters trainer,
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5.4 Describe the Explain the principles of Design DCDC converter 5.
principles of operation | operation of DEDC systems 3. Design'DCDC | Oscilloscope,
of DC-DC converters | converters listed in 5.3 converter systems
listed in 5.3 6. Multi-
meter,
5.5 List the performanc¢ Explain the performanct
parameters of DDOC parameters of DADC 7.Clamp
converters listed in 5.3 | converters listed in 5.3. meter,
5.6 Explain the design | Explain the design of 8. Signal
of DC-DC converter DC-DC converter generator,
systems systems
9. Power
supply
General Objective 6:Know the concept of D&AC converters
14-15 | 6.1. Describe DEAC Explain DGAC Whiteboard {\Simulate the performance | Guide students to: | 1. Practical
conversion conversion Textbooks *| parameters of inverters. | 1. Simulate the manual
Internet performance
6.2 Describe the Explain the switching j*Computer parameters of 2. Computers,
switching technige for | technique for DEAC Projector Measure the performance | inverters
DC-AC conversion (Inverter) | Marker parameters of inverters 3. Spices
conversion(lnverter) 2. Measure the simulation
performance software
parameters of
6.3 Describe the types ¢ Explain the types of inverters 4. Power
inverters in the inverters in the electronics
following categories following categories trainer,
based on: based-on:
1 Output waveform 1~-Output waveform 5.
(square, modified'or (square, modified or Oscilloscope,
pure sine wave) pure sine wave)
{1 Operation method " | 1 Operation method 6. Multi-
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or three phase)
1 Switching

Resonant)

level, gridtie and
standalone)

6.4. Explain the
operating principle of
each of the inverters
listedin 6.3

6. 5 Explain the

6.6 List thedifferent
typesof modulation
techniques used to
wave forms

6.7 List thedifferent

for elimination of
harmonies

(Voltage or current)
1 Phase type (Single

technology (PWM o

1 Specialtypes (multi

performance parameter
of inverterdistedin 6.3

produce near sinusoida

typesof techniquesised

(Voltage or current)

1 Phase type (Single
or three phase)

1 Switching
technology (PWM ol
Resonant)

1 Special types (muki
level, gridtie and
standalone)

Explain theoperating
principle of each of the
inverterslistedin 6.3

Explain the performanct
parameters of inverters
listedin 6.3

Explain thedifferent
typesof medulation
techniques used to
produee near sinusoida
wave forms

meter,

7.Clamp
meter,

8. Signal
generator,

9. Power
supply
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Explain the different
types of techniquessed
for elimination of
harmonies

ASSESSMENT: Continuous Assessmel@0%
Examination40%
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TechneEconomic analysis for Solar PV System

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : TechneEconomic analysis for Course Code: SPE 322 Contact Hours: 2
Solar PV System Credit Unit: 2 Theoretical: 1
Year: 1 Semester: Il Prerequisite: Practical: Hour/week: 1

GOAL: This course is design to provide students with knowledge and skills of tecbnomic/analyses for solar PV systems

GENERAL OBJECTIVES: On completion of this course, the students should be able ‘to:
1.0Know the technical and economic aspectsaéar PV system deployment.

2.0 Know presentation of financial modeling

3.0 Know the evaluation of different business models for solar PV projects

4.0Know business plan development for a solar PV project.

5.0Know risks assessment, incentives, and policy impacts on solar.RV investments.
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : TechneEconomic analysis for Solar PV
System

COURSE CODE 322

Contact Hours: 2

Credit Unit: 2

Theoretical: 1

Year: | Semester: |

Prerequisite:

Practical: 1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is desigo provide students with knowledge and skills ofiteeBaenomic analyses for solar PV systems

GENERAL OBJECTIVE 1.0:Know the technical and economic aspects of solar, PV system deployment.

Solar PV Market:
1 Utilities,

1 Developers

1 Regulators

key st&eholders-in
Solar PV Market:
1 Utilities,
1 Developers

THEORETICAL CONTENT PRACTICAL CONTENT
Week | Specific Learning Teacher 6 s | ResourcesSpecificLearning |Teac her 6| Resources
Outcome Outcome Activities
1-3 1.1Explain solar PV Explain solar PV Whiteboard | Perform Guide the student Software:
technology and marke| technology and marke-Lecture CAPEX/OPEX sta HOMER,
trends. trends. notes spreadsheet 1. Carryout ODYSIS
Computer | modelling for 10 kw| CAPEX/OPEX
1.2 DescribeCapital ExplainDescribe Marker system spreadsheet
Expenditure CAPEX) / | Capital Expenditure | Projector modelling for 10
Operational (CAPEX)I"Operationg Journals KW system
Expenditure QPEX) Expenditur OPEX) Internet Mapst akeho
for PV systems for P\L.systems Textbooks | rolesin a sample 2.Map
Software: project stakehol
Explainthe following | HOMER, in a sample proje
1.3Explainthe following., |.key stakeholdersin | ODYSIS etc,
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Regulators
Communities
Financial institutions
etc.

= =4 =

T Communities
Financial institutions

General

Objective 2.0: Know presentatiorfinancial modeling

2.1DefineLevelized cost
of energy LCOE) and its
calculation.

2.2 Explain the NPV/IRR
for feasibility.

2.3 Descrile the following
Assess risk factors:
Policy

Technical

2.4 Explain financing
options in financindsolar
Projects

2.5 Explain the use of
financial models in
evaluating business
decisions

2.6 Explain financial
statement analysis

Explainthe concept of
Levelized cost of
energy (LCOEpNd its
calculation.

Explain the NPV/IRR
for feasibility.

Explainthe following
Assess risk factors:
Policy,

Technical

Explain financing
options in financing
SolardataProjects

Explain the use of
financial.models in
evaluating business
decisions

Explain financial
statement analysis

Whiteboard
Lecture
notes
Computer
Marker
Projector
Journals
Internet
Textbooks

Perform LCOE
calculations

Perform NPV/IRR
calculation

Build financial
models with
appropriate software
tools

Guide students to

1. Perform LCOE
calculations

2. Perform
NPV/IRR
calculation

3. Build financial
models with
appropriate
software tools

1.
Spreadsheef

2. Software

3.
Calculators
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General Objective 3.0: Know the evaluation of different business models for solar PV projects
3.1 ExplainPower ExplainPower Whiteboard Guide students to| 1. Sample
8-10 Purchase Agreement Purchase Agreement | Lecture Contrast PPAs vs. project
(PPAs) model for Solar P| (PPAs) model for Solg notes leasing models. 1.Contrast PPAs
projects PV projects Computer vsy leasing model§ 2. Models
Marker Develop power
3.2 Explain Leasg model| Explain Leasing mode Projector purchase agreemeny 2. Develop power
for Solar PV projects for Solar PV projects | Journals (PPAs) model fors | purchase
Internet Solar PV projects | agreement (PPAs
3.3 Explain net Explain net Textbooks model for Solar
metering/feedn tariffs. metering/feedn PV projects
tariffs. Design procedure fqg
community Solar P\| 3. Design
3.4 Explain the design Explain the design Model procedure for
procedure for a communi| procedure for a community Solar
PV solar model. community PV solar PV Model
model.
General Objective 4.6now business plan development for-a solar PV project.
4.1 Explain the structure | Explain the structure.d,Whiteboard Guide students to| 3. Computer
11-13 | Solar PV business plan. | Solar PV business plg Lecture Prepare a grand 1. Prepare a grang
notes application for solar| application for 4. Microsoft
4.2 Explain the Explain the Computer | mini grid solar mini grid tools
computation of financial | computation.of Marker
projections for a Solar P\ financial prejections | Projector Prepare a 5kw solar 2. Prepare a 5kw
project. fora Solar PV project| Journals system proposal solar system
Internet which include: proposal which
4.3 Explain pitching of a¢{. Explain pitching of a | Textbooks | Technical include:
solar PV project. solar PV project. specifications Technical
Financial model specifications
Risk mitigation plan| Financial model
Policies compliance| Risk mitigation
checklist plan
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Load profile etc.

Policies
compliance
checklist

Load profile etc.

General

Objective 5.(Know risks as

sessment, incentives, and policy impacts on solar PV investments

14-15

5.1 Explain the key risk
assessments associated
with Solar investments.
1 Operational risk

9 Technical risk

1 Financial risk, etc.

Explain the key risk
assessments associat
with Solar investments
1 Operational risk

1 Technical risk

1 Financial risk, etc.

Perform the SWOT
analysisen an

existing Nigeria solg
project

Guide the student
to:

1. Perform the
SWOT analysis o
an existing Nigeri
sola project

5. Computer
6. Marker

7. Projector

8. Journals
Explainthe Analyse a failed Analyse a failed
5.2 Explainthe effectiveness of solar projects and | solar projects and| 9. Internet
effectiveness of financial | financial and present key lessons| present key
and regulatory incentives| regulatory incentives lessons 10.
Textbooks

for Solar projects

5.3 Explainthe impact of
Government policies on
Solar energy adoption

for Solar projects

Explainthe impact_.of
Government policies
on Solar energy

adoption

Examination40%

ASSESSMENT: Continuous Assessmel@%

INCLUDE
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Solar PV System Configuration
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING-TEECHNOLOGY

COURSE TITLE : Solar PV System Configuration Course Code: SPE 323 Contact Hours: 3
Credit Unit: 3 Theoretical: 1

Year: 1  Semester: Il . 4
Prerequisite: NIL Practical: 2

GOAL: This course is designed to enable the studiaislop knowledge and skills-8Bolar.PV System Configuration
GENERAL OBJECTIVES: On completion of this course, the students shouldbe.able to:

1.0 Know various grid system configurations
2.0 KnowMini-grid system configurations
3.0 Know Oftgrid system configurations

4.0 Know Hybrid system configurations

5.0 Know Grid tied system configurations
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING

TECHNOLOGY

COURSE TITLE : Solar PV System Configuration

COURSE CODE 323

CONTACT HOURS: 3

CREDIT UNIT : 3

THEORETICAL : 1

YEAR:

I SEMESTER: |l

PRE-REQUISITE: NIL

PRACTICAL: 2

COURSE SPECIFICATION: THEORETICAL ANDPRACTICAL

GOAL: This course is designed to enable the studiauslop knowledge and skills Bolar PV, System Configuration

GENERAL OBJECTIVE 1.0: Know various solar PV grid system configurations

THEORETICAL CONTENT

PRACTICAL CONTENT

1.3Explain the
differences between PV
configuration listed in 1.1

1.4 Explain standard anc
safe practices for each ¢
the configuration in 1.1

Explain the differences
between PV
configuration listed in
1.1

Explain.standard and
safe ‘practices for each
of.the configuration in
1.1

WEEK | SPECIFIC LEARNING | TEACHER® S | RESOURCES | SPECIFIC LEARNING |TEACHE R | RESOURCES
OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1.1 Define: Explain: Journals Guidestudents to | Charts
T Mini-Grid, 1 Mini-Grid, Textbooks Identify Identify
1-3 1 hybrid and offgrid | 1 hybrid and offgrid | Whitebeard ~ | § Mini-Grid, f  Mini-Grid,
systems systems Marker 1 Off-Grid, and 1 Off-Grid, and
1.2 State the features of| Explain the features of| Internet 1 Hybrid systems 1 Hybrid systems
1.1 systems 1.1 systems Cemputer
Projector
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GENERAL OBJECTIVE 2.0:Know Solar PV Minigrid system configurations

2.1 ExplainSolar PV ExplainSolar PVMini- | Journals Guide students to:| Charts
4-6 Mini-grid system grid system Textbooks Identify the components ¢ Identify‘the
Whiteboard Solar PV MintGrid components of
Marker Seolar PV Mini
2.2 Explain the Explain the componeni Internet Grid
component oSolar PV | of Solar PVof Solar PV| Computer
mini-grid system mini-grid system Projector Identify the various\types| ldentify the various
of Solar PVaminigrid types of Solar PV
2.3 Explain the effective| Explain the effective system mini-grid system
steps inSolar PVmini- steps inSolar PVmini-
grid design project grid design project
2.4 List maintenance Explain maintenance
operations irSolar PV operations irSolar PV
mini-grid operations mini-grid operations
2.5 Explain the various | Explain the various
types ofSolar PV mini | types ofSolar PV mini
grid system grid system
9 Interconnected mini | J Interconnected
grid mini-grid
1 Community minigrid | 1 Community‘min
etc. grid etc.
GENERAL OBJECTIVE 3.0:Know Solar PV Offgrid systemconfigurations
7-10 3.1 Explain the Explain the'eomponeni Journals Guidestudentdo: | Charts
component oBolar PV | of Selar,PV Offgrid Textbooks Identify the components ¢ Identify the
Off-grid system system Whiteboard Solar PV Offgrid system | components of
Marker Solar PV Offgrid
3.2 Explain the effective| Explain the effective | Internet system
steps inSolar PV Offgrid)} steps inSolar PV Off | Computer
design project grid design project Projector
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3.3 Listmaintenance
operations irSolar PV
Off-grid operations

3.4 Explain the various
types ofSolar PV Off
grid system

Explain maintenance
operations irSolar PV
Off-grid operations

Explain the various
types ofSolar PV Off
grid system

Identify the various types
of Solar PV Offgrid
system

Identify. the various
types,of Solar PV
Off-grid system

GENERAL OBJECTIVE 4.0:Know Hybrid system configurations

11-13

4.1 Explain the
component oSolar PV

1 Hybrid system

1 PV/Wind

1 PV/Biomass

1 PV/Hydro power etc.

4.2 Explain the various
types ofHybrid system

1 PV/Wind

1 PV/Biomass

1 PV/Hydro power etc.

4.3 Explain the effective
stepsof Hybrid system
design project

44 List maintenance
operations irHybrid
systemoperations

Explain the componen

of Solar PV

1 Hybrid system

1 PV/Wind

i PV/Biomass

PV/Hydro power etc

Explain the various

types ofHybrid system

1 PV/Wind

1 PV/Biomass

1 PV/Hydro power
etc.

Explain theeffective
stepsof Hybrid-system
design project

Explain maintenance
operations irHybrid
systemoperatiors

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

Identifysthe_ components ¢
Solar.PV Hybridsystem

I[dentify thevarious types
of Solar PV Hybridsystem

Guide students to:
Identify the
components of
Solar PV Hybrid
system

Identify the various
types of Solar PV
Hybrid system

Charts
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GENERAL OBJECTIVE 5.0:Know Grid tied system configurations
5.1 Explain the Explain the componen{ Journals Guidestudentdo: | Charts
14-15 | component oBolar PV | of Solar PV Grid tied | Textbooks Identify the components ¢ Identify‘the
Grid tied system system Whiteboard Grid tied system components of
Marker Grid tied system
5.2Explain the various | Explain the various Internet
types ofGrid tied system| types ofGrid tied Computer Identify the various.types| Identify the various
system Projector of Grid tied system types of Grid tied
system
5.3Explain the effective | Explain the effective
stepsof Grid tied system | stepsof Grid tied
design project systemdesign project
5.4 List maintenance Explain maintenance
operations irGrid tied operations irGrid tied
systemoperations systemoperations
ASSESSMENT:
Continuous Assessment (CA0%
Examination40%
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Research Methodology in Solar PV

PROGRAMME: HIGHER NATIONAL DIPLOMA  SOLAR PHOTOVOLTAIC (PV) ENGINEERINGTECHNOLOGY

COURSE TITLE : Research Methodology in Solar P\ COURSE CODE SPE 324

CONTACT HOURS: 2

CREDIT UNIT : 2

THEORETICAL : 1

YEAR: | SEMESTER: Il PRE-REQUISITE:

PRACTICAL: 1

GOAL: To enable students acquire basic knowledge and skills in Research methodology’inwelation to Solar PV Systems

1.0 Understand the fundamental concepts of research in solar PV energy.

4.0Know data collection techniques and analysis tools relevant to solar PV research.

6.0Understand technical reporting in RE ajineering fields

GENERAL OBJECTIVES: On completion of this course, the students should be able to:

2.0 Know the process of formulating research problems, hypotheses, and.objectives specific to solar PV applications.
3.0 Know the design and conduct of experiments/field studies in solar PV, systems using appropriate methodologies.
5.0Know the compilation, presentation, and interpretation of research.findings in a standard technical report format.

7.0Understand Supplementary elements, reviewing, editing, and presenting technical reports
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR PV ENGINEERING TECHNOLOGY

COURSE TITLE : Research Methodology in Solar PV COURSE CODE SPE 324 CONTACTHOURS: 2
CREDIT UNIT : 2 THEORETICAL : 1
YEAR: | SEMESTER: Il PRE-REQUISITE: PRACTICAL: 1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL: To enable studentcquire basic knowledge and skills in Research methodology in relation.to Solar PV Systems
GENERAL OBJECTIVE 1.0: Understand the fundamental concepts of research in solar PV energy

THEORETICAL CONTENT PRACTICAL CONTENT
WEEK |SPECIFIC LEARNING TEACHEROGS |RESOURCES [SPECIFIC LEARNING [TEACHE R® SRESOURCES

OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1-2 1.1 DefineResearch ExplainResearch Textbooks

Journals
1.2 Explain the importancExplain the importancelnternet
of Research of Research Computer
Projector

1.3 Describe types of Explain types of White Board

Research, such as: Research, such as:  Marker

1 Experimental, 1 Experimental, Animations

1 Descriptive, and 1 Descriptive, and ~{Charts

1 Applied researcletc. | Applied research

etc.

1.4 Explore existing

research and analyze pri¢Explore existing

findings on solar PV research and analyze

technologies prior findings on solar

P\, technologies

1.5 Explain ethical issues

such as plagiarism, data |Discuss ethical issues

falsification, and consentisuch as plagiarism, dal
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1.6 Explain the properties
of a good research

Explain the properties
of a good research

GENERAL OBJECTIVE 2.0:Know the process of formulating research p

roblems, hypotheses, and

objectives specific t

o solar PV apy

3-4

2.1 Explain the essential
parts of a research such ¢
title, backgroundstudy;
problem statement,
objectives, etc.

2.2 Explain problem
statement, objectives and
Research questions

2.3 Explain Literature
Reviewand citation

Explain the methodology
of the research

State Data interpretation,
conclusion and
recommendation of the
research work

Explain the properties of i
goodabstract

Explain the essential
parts of a research sug
as title, background
study, problem
statement, objectives,
etc.

Explain problem
statement, objectives
and Research questior]

Discuss Literature
Reviewcitation

Explain the
methodology of the
research

Explain Data
interpretation,
conclusion and
recemmendation of the
research work

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker
Animations
Charts

\Write a concise and. clear.
title along with backgreung
information relevant.to
solar PV energy

Formulate a research
problem relating to solar P
and derive appropriate
objectives for it

Create precise and
researchable problem
statements and research
qguestions

Draft aliterature review
section of a Research
proposal

Write an abstract

Guide students to:
\Write a concise ang
clear title along with
background
information relevan
to solar PV energy

Formulate a resear
problem relating to
solar PV and derive
appropriate
objectives for it

Create precise and
researchable
problem statements
and research
guestions

Draft a literature
review section of a
Research proposal

Write an abstract

Summarize relevant studie

Journals
Internet
Research

papers on solg
PV

Summarize relevan
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Explain the properties and highlight research gapstudies and.highligh
of a good abstract in solar PV energy research gaps in
solar RV energy
GENERAL OBJECTIVE 3.0: Know the design and conduct of experiments/field studies in solar PV systems using appropriate metho
5-6 3.1 Define research Explain research Textbooks Guide studentsto: J our nal
objectives for experimentjobjectives for Journals Select appropriate researdSelect appropriate | nt er n €
or field study experimental or field |Internet design and methodology [fesearch designanRe s e ar ¢
study Computer methodology. papers
3.2 Explain appropriate Projector PV
research design and White Board |Develop.experimental or Develop Ther mal
methodology selection |Explain appropriate  [Marker field procedure for the experimental orfielSo f t wa r
research design and |Animations  [research'on any area of y¢procedure si mul at
3.3 Outline the steps andmethodology selection|Charts choice.on Solar PV appl i caé
instruments needed to
carry out the study on  [Explain the steps and Conduct the study using |Conduct the study
Solar PV instruments needed to tools and techniques in regusing tools and
carry out the study on or simulated environmentstechniques in real g
Solar PV simulated
environments
GENERAL OBJECTIVE 4.0:Know data collection teehniqgues and analysis tools relevant to solar PV research.
4.1 Explain diferent data [Explain diffelent'data [Textbooks Guide students to: Data sets
7-8 collection methods.g.:  |collection‘metheds (e.¢Journals Analyse data sets using |Analysedata sets |collected
Surveys, Surveys, Internet appropriate software toolsjusing appropriate
Experiments, Experiments, Computer software tools Analysis
Sensor data collection |Sensor data collection |Projector software tool
White Board (Excel,
4.2 Explain data analysisExplain data analysis [Marker MATLAB,
methods methods Animations Python)
Charts
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4.3 Describe datanalysis
software tool®.g.:

1 Excel,

1T MATLAB,

1 Python

1 SAS etc.

4.4 Explain the
Interpretation of results

Explain data analysis
software tools @.:

1 Excel,

1T MATLAB,

1 Python

1 SAS etc.

Explain the
Interpretation of resultg

from data analysis in the
context of solar PV energ
systems

from data analysis in th
context of solar PV
energy systems

GENERAL OBJECTIVE 5.0: Know the compilation, presentation, and interpretation of research findings in a standard technical repoi

10-11

a technical report

5.2 Explain the
compilation and analysis
research data into cohereg
sections

5.3 Explain the
implications of Research
results/findings

5.4 Explain referencing
and citation in Research
report

5.5 Explain power point
preparation and

5.1 Explain the structure {Explain the structure of

a technical report

Discuss how t&Compile
research data and
analysis into coherent
sections

Discuss the implication
of Research results

Explain referencing an
citation‘in Research
report

Discuss power point
preparation and

presentation

presentation

Textbooks
Journals
Internet
Computer,
Projecter
White Board
Marker
Animations
Charts

Compileresearch data ang
analysis into coherent
sections

Interpret the implications g
research results

Apply correct citation and
referencing styles in a
technical report

Guide students to;
Compileresearch
data and analysis
into coherent
sections

Interpret the
implications of
research results

Apply correct
citation and
referencing styles if
a technical report

Computer

Printer
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GENERAL OBJECTIVE 6.0: Understand technical reporting in RE and engineering fields

12-13

6.1 Explain the importanc
of technical reporting in
engineering and RE
projects

6.2 Explain the role of
communication,
documentation and
decision making derived
from technical reports in
RE/engineering reports
Feasibilityreports
Progress/Interim reports
Research/project reports
Incident or troubleshootin
reports

Closeout reports

6.3 Explain the parts of

technical report writing in

engineering and RE proje

1 Title page

1 Abstract/Executive
summary
Introduction

Explain the importance
of technical reporting in
engineering and RE
projects

Explain the role of
communication,
documentation and

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker
Animations

decision making derivecCharts

from technical reports ir
RE /engineering reportg
Feasibility reports
Progress/Interim reportg
Research/project report
Incident or
troubleshooting reports
Closeout reports

Explain the parts of

technical report writing

in engineering and

thermal project

1 Title page

1 Abstract/Executive
summary

1. Introduction

T "Methodology

1. Results/Findings/Bu

1
1 Methodology
1 Results/Findings/Budg

get
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et

1 Discussions and
conclusions

1 References

1 Appendices

6.4 Explain the structure
and components of a
standard report

6.5 Explain the difference
between technical and ng
technical readers

6.6 Explain ethical and
professional practice in
technical reporting.

6.7 Describe the steps
involved in planning and
writing a technical report

6.8 Describe how report
structure supports clarity
and readability

6.9 Explain content
tailoring to suit different
report types and purpose

9 Discussions and
conclusions

1 References

1 Appendices

Explain the structure an
components of a standg
report

Explain the difference
between technical and
nontechnical readers

Explain ethical and
professional practice in
technical reporting.

Explain the steps
involved in planning ang
writing a technical repor

Discuss how report
structure supports.Clarit
and readability

Explain content tailoring
to suit different report
types and purposes

Explain the importance
of\coherence, flow, and
teCchnical language in
report writing
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6.10 Explain the
importance of coherence,
flow, and technical

6.11 Explain the common
errors in report writing an
how to avoid them

language in report writingand how to avoid them

Explain the common
errors in report writing

GENERAL OBJECTIVE 7.0: Understand Supplementary elements, reviewing, editing, and\presenting technical reports

14-15

7.1 Explain the types of
supplementary elements
commonly used in

of source citation and
referencing

7.4 Explain the different
referencing styles

Explain the types of
supplementary element
commonly used in

technical reports technical reports

7.2 Explain when and hoyExplain when and how {
to use visuals use visuals

charts, charts,

tables, tables,

diagram diagram

7.3 Explain the importancExplain the importance

of source citation and
referencing

Explain the different
referencing styles

1 APA 1. ARA
1 Chicago T ~Chicago
1 IEEE, etc. 9 /' IEEE, etc.

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker
Animations
Charts

Write a/an:

1 ‘Progress/Iinterim repor

i “Feasibility report

1 Incident or
troubleshooting report

Demonstrate the use of
citation and referencing
tools

1 Zotero

1 Mendeley

\l

\l
\l

\
\l

Guide students to
\write a/an:

Progress/Interim
report

Feasibility report
Incident or
troubleshooting
report

Demonstrate the usé¢
of citation and
referencing tools

Zotero
Mendeley

Sample
reports

Zotero
Mendeley
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7.5 Explain the different

tools used for citation ang

referencing

i Zotero

1 Mendeley

1 MS Word Reference
manager

M EndNote

7.6 Explain the importang
of integrating
supplementarglements.

7.7 Explain the importang

and professional layout
throughout the report

7.8 Explain the importang
of reviewing and editing i
producing higkhquality
reports

7.9 Explain common erro
in technical report writing
and how to correct them

7.10 List the key element
of a professional
presentation of reports

Explain the different

tools used focitation

and referencing

M Zotero

1 Mendeley

1 MS Word Reference
manager

1 EndNote

Discuss the importance
of integrating
supplementary element

Explain the importance

of maintaining a consisterof maintaining a

consistent and
professional layout
throughout the report

Explain the importance
of reviewing and editing
in producing highguality
reports

Explain common errors
in technical report
writing-and how to
correct them
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




% 8 Government of the Netherlands

FEDERAL GOVERNMENT OF

NIGERIA

7.11 Explain best practiceExplain key elements of
for submitting or a professional
delivering technical reporjpresentation of reports
in academic or workplace
settings Explain best practices f(
submitting ordelivering
technical reports in
academic or workplace
settings

ASSESSMENT:
Continuous Assessment (CA): 60%
Examination: 40%
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : SOLAR PV PROJECT MANAGEMENT COURSE CODE: SPE 325 CONTACT HOURS: 2
AND TENDERING PROCESS CREDIT UNIT : 2 THEORETICAL : 1
YEAR: 1 SEMESTER: I PRE-REQUISITE: NIL PRACTICAL: 1

GOAL: This course is designed to provide students with knowledge and skills of Project Management and Tendering Process

GENERAL OBJECTIVES: On completion of this course, the students should be able to:

1.0Know the basic concepts of Solar PV Project ManagearahiTendering Process
2.0Understand the Solar PV Project Lifecycle

3.0Know Solar PV Project Requirements, Designing and Documentation
4.0Understand Work Breakdown Structure and Project Estimation of Solar PV System
5.0Understand Project Quality Management of Solar PV System

6.0Understand Project Risk Management of a given Solar PV System
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : SOLAR PV PROJECT
MANAGEMENT AND TENDERING PROCESS

COURSE CODE SPE 325

CONTACT HOURS: 2 Hours

CREDIT UNIT : 2

THEQRETICAL : 1

YEAR:

1 SEMESTER: 2

PRE-REQUISITE: NIL

PRACTICAL:

1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL.: This course is designed to provide students with knowledge and skills of Project Management and Tendering Process

GENERAL OBJECTIVE 1.0: Know the basic concepts of Solar PV Project Management

THEORETICAL CONTENT

PRACTICAL CONTENT

WEEK

SPECIFIC LEARNING
OUTCOME

TEACHEROGS
ACTIVITIES

RESOURCES

SPECIFIC LEARNING
OUTCOME

TEACHERDS®
ACTIVITIES

RESOURCES

1.1 Define Tendering
process

1.2 Explain the various type
of Tendering process

1.3Define Solar PV Project
Management and its
importance

1.4 Explain the various type
of projects and its
characteristics

1.5Distinguish between
Solar PV project,.Solar
PV seminar.and'Solar R
technical team work

Explain Tendering
process

Explain the various type
of Tendering process

Explain Project
management and its
importance in relation tq
Solar PV

Explain the various type
of projects-and its
characteristics

Explain the differences
between Solar PV
project, Solar PV
seminar and Solar PV

Textbooks,
Journals,
Publicatiohs;
Whiteboard,
Markers,
Internet
Computer,
Projector

technical team work

Create New Solar PV
Project using project
management software

Generate Solar PV projeq

scope and milestones

Guide students to
Create a New
Solar PV Project
using project
management
software

Generate project
scope
and milestones

Application
packages

e
=¥
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1.6List Solar PV Project
scope and limitation

1.7 Explain Solar PV Projeq
Management Applicatio
software package,
examples and their use!
e.g. MS word, Excel,
spreadsheet etc.

Explain Solar PV Projeq
scope and limitation

Explain Solar PV Projeqd
Management Applicatio
software package,
examples and their use
e.g. MS word, Excel,
spreadsheet etc.

GENERAL OBJECTIVE 2.0: Understand the Solar PV Project Lifecycle

2.1 Define Solar PV Projec

Explain Solar PV Projed

Textbooks,

Lifecycle Lifecycle Journals,
Publications,

2.2 Explain the stages of |[Explain the stages of \Whiteboard;

5-8 Solar PV Project Solar PV Project Markers,

Internet

2.3 Explain Solar PV ProjecExplain Solar PV ProjeqComputer,

Lifecycle: Lifecycle: Projector

9 Initiation, M Initiation,

1 Planning, 1 Planning,

1 Execution, 1 Execution,

1 Monitoring/control 1 Monitoring/eontrol

1 Closure 71 Closure

2.4 Explain project proposa

2.5Explain Solar PV projec
checklist

2.6 Explain Solar PV

ExplainProjecProposal

EXxplain Solar PV Projec
Proposal checklist

Explain Solar PV

project teamwerk and role ¢project teamwork and
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each members in project
cycle

role of each members in
project cycle

GENERAL OBJECTIVE 3.0: Know Solar PV Project Requirements, Designi

ng and Documentation

9-10

3.1 Explain Solar PV proje
requirements

3.2 Explain projects
requirements gathering
techniques

3.3 Explain Solar PV Projeq
Requirement Analytical too

3.4 Explain the components
requirements of solar PV
system project document:
1 Technical

1 Planning

M Testing

9 Evaluation etc.

3.5 Explain each of the
following terms, used in
designing Solar PV system
7 Stakeholder
Information
Interpretation

Report

Procedures

Timing

Format

E

Explain Solar PV projec
requirements

Explain project
requirements gathering
techniques

Explain Solar PV Projeq
Requirement Analytical
tools

Outline the components
of a requirements solar
PV system document:

1 Technical

1 Planning

1 Testing

1 Evaluation.etc

Describes eachrof the
following terms, used in
Solar PV system:

7. Stakeholder
Information
Interpretation
Report

Procedures

Timing

= =2 =2 =

Textbooks,
Journals,
Publications,
Whiteboard,
Markers,
Internet
Computer,
Projector

Use a Computer.
Application packages to
design and deCument a
project

Guide students to
Use a Computer
Application
packages to desig
and document a
project

Computers,

Software

e
=¥
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1 Format
3.6 Explain computer
application packages
relevant to solar PV project
management. Explain computer
application packages
3.7 Explain procedures of [relevant to solar PV
documenting findings in  project management.
solar PV projects
Explain procedures of
documenting findings in
solar PV projects

GENERAL OBJECTIVE 4.0: Understand Work Breakdown Structure and Rroject Estimation of Solar PV System
4.1 Define work breakdowrnExplain work breakdowiTextbooks,
structure structure Journals,
Publications,
4.2 Explain the importance|Explain the importance-\Whiteboard,
of work breakdown in Solatof work breakdown in ‘, Markers,

11 PV system project Solar PV system projecjinternet
management management Computer,
Projector

4.3 Explain the conventioniExplain'the conventiong

and norconventional and nonrconventional
designs of solar PV Systenidesigns.of solar PV
Management. System Management.

Explain the steps

4.4 Explain the steps involved in designing
involved in desighing Solar{Solar PV System e.g.:
PV System eq.:
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9 Preinstallation,
9 Installation
M Posti installation

4.5 Explain software usage
in Solar PV System

M Pre installation,
1 Installation
M Posti installation

Explain software
usage in Solar PV
System

GENERAL OBJECTIVE 5.0: Understand Project Quality Management of Solar PV System

12

5.1 Explain project quality
management of Solar PV

5.3 Explain project
progress report in Solar
PV system management.

Explain project quality
management of Solar P|

Explain project
progress report in Solar
PV system managemer

Textbooks,
Journals,

System System Publications,
Whiteboard,
5.2 Explain Quality Explain Quality Markers,
Assurance and Quality Assurance and Quality (Internet
Control in Solar PV Control in Solar PV Compuiter,
System Management System Management |Projector

GENERAL OBJECTIVE 6.0: Understand Project Risk Management of a given Solar PV System

13-14 6.1 Explain Project Risk  [Explain Projeet Risk an(Textbooks,
and Risk Management in |Risk Management in a Journals,
a given Solar PV System |given-Solar PV System [Publications,
project project Whiteboard,
Markers,
6.2 List the various Explain the various Internet

categories of Solar PV
project risks:
1 Business SolarPV

Systenrisks,

categories of Solar PV
project risks:
1 Business Solar PV

Computer,
Projector

System risks,
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7 Technical Solar PV 1 Technical Solar PV
System risk; System risk;
M Generic and product | Generic and product
Solar PV System risks Solar PV System
etc. risks etc.
6.3 List the stages in Explain the stages in
Risk management process|Risk management
Identification, process:
Financial analysis, Identification,
Ranking etc. Financial analysis,
Ranking etc.
6.4 Explain Risk ExplainRisk mitigation
mitigation in a given in a given Solar
Solar PV System PV System
ASSESSMENT:
Continuous Assessment (CA0%
Examination40%
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Smart Grids & 10T in PV System |l

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING

TECHNOLOGY

COURSE TITLE : Smart Grids & 10T in PV System Il Course Code: SP®6 CentactHours: 3
Credit Unit: 3 Theoretical: 1

Year: 1 Semester: Il . .
Prerequisite: SPE 316 Practical: 2

GOAL: The course is designed to enable students to acquire knowledge and skilardfsrids and 10T in PV System
GENERAL OBJECTIVES : On completion of this course, the students should\be able to:

1.0 Know advances in Smart Grids & 10T for PV systems

2.0Know Smart Grid Communication and Cybersecurity

3.0 Understand the Data Analytic in Smart Grids

4.0 Understand Machine Learning in Smart Grids and PV systems
5.0 Know practical applications & T in PV systems and Smart Grids
6.0 Know how teenhance Solar PV Systems with Smart Devices
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY
COURSE TITLE Smart Grids & IoT in PV | COURSE CODESPE 326 Contact Hours:*3
System | Credit Unit: 3 Theoretical:1l
Year: 1 Semester: I Prerequisite: SPE 316 Practiecal:, 2
COURSE SPECIFICATIONTHEORETICAL AND PRACTICAL
GOAL: The course is designed to enable students to acquire knowledge and skillarotGrids andAoT in PV System
GENERAL OBJECTIVEL.O: Know advances in Smart Grids & 10T for PV systems
THEORETICAL CONTENT PRACTICAL CONTENT
Week | Specific Learning Teacher 6|Resources | Specific Learning|. T e a ¢ h e r 6| Resources
Outcome Activities Outcome Activities
1-3 | 1.1 Explain the following| Explain the Textbooks Guide students td 1. PracticalManual
key Components of a | following key Publications| IdentifynSmart identify Smart
Smart Grid PV System: | Components of a| Journals, grid devices such| devices such as | 2. Smart Meters
! Energy Storage Smart Grid PV | Whiteboard, asSmart Meters & Smart Meters &
Systems System: Marker, End-User Devices End-User Device§ Smart Beakers
! Energy Management| 1 Energy Internet and how use then
SystemgEMS) Storage Computer Routers
1 Communication Systems Projector
Networks 1 Energy Android phone
' Demand Response Management
and Control Systems|  Systems
1 Grid Control Systemg  (EMS)
1 Cybersecurityand | T Communicatio
Protection n Networks
T Power Quality fl«. Bemand
Monitoring Response anc
Control
Systems
1 Grid Control

INC
-
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1.2 Explain Demand
Response and Distribute
Energy Resources (DER

1.3 Explain the
Integration of PV
systems, storage, and
demand energy respons
programs

1.4 Explain dvance
control strategies for
energy distribution

1.5List components of a
Microgrid

1.6 Explain the role of P
and loT in microgrid
management

1.7 Explainthe
importance of energy
storage in Smart Grids

1.8 Explain Battery
technologies and their
management through 107
systems

Systems
1 Cybersecurity
and Protectior
1 Power Quality
Monitoring

Explain the
Integration of PV
systems, storage,
and demand
energy response
programs

Explain alvance
control strategies
for energy
distribution

Explain
components of a
Microgrid

Explain the role q
PV and loT in
microgrid
management

Explainthe
importance of
energy storage in
Smart Grids

NIGERIA
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1.9 Explain Grid
Decentralization and
Smart Grid Evolution

1.10 Explain role of
blockchain in
decentralized energy
transactions

Explain Battery
technologies and
their managemen
through IoT
systems

Explain Grid
Decentralization
and Smart Grid
Evolution

Explain role of
blockchain in
decentralized
energy
transactions

General Objective2.0: Know Sm

art Grid Communication and Cyb

ersecurity

2.1Explain the following

Communication Network

for Smart Grids:

1 Wired

4-7 | Wireless

1 Supervisory control
and Data acquisitiong
(SCADA) systems

2.2 Explain therole of
each of the
communication Network

for Smart Gridsn2.1

Explain the
following
Communication
Networks for
Smart Grids:
1 Wired
1 Wireless
1 Supervisory
control and
Data
acquisitions
(SCADA)
systems

Textbeoks,
Journals,
RPublications
Whiteboard,
Marker,
Internet,
Computer,
Projector

Monitor power
consumption by
AC loads using
smart meter

Control AC loads
using smart circui
breaker

Automate the
operation of AC
loads using smart
circuit breaker

Guide students tq
1. Monitor power
consumption by
AC loads using
smart meter

2. Control AC
loads using smar
circuit breaker

3. Automate the
operation of AC
loads using smar
circuit breaker

1. Practical Manual

2. Smart Meters

3. Bulbs

4. Tool box

5.Cables

Smart Beakers

Routers
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Internet
2.3Explain cybersecurity
challenges in smart gridg Android phone

Explain therole of
each of the
2.4Explain g/bersecurity| communication
protocols and encryption Networks for

of Smart Grids and 10T | Smart Gridsn 2.1

PV systems
Explain
cybersecurity
2.5Explaindata privacy | challenges in
and integrity in PV smart grids
systems and smart grids
Explain
cybersecurity

protocols and
encryption of
Smart Grids and
0T in PV systems

Explaindata
privacy and
integrity inlPV
systems and smal
grids

General Objective 3.0: Understandithe Data Analytics in Smart Grids

3.1Define Data Explain Data Textbooks,
Collection and Precessir Collection and Journals,
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Processing Publications
8-9 | 3.2Explain the following Whiteboard,
types of data collected | Explain the Marker,
from PV systems and following types of| Internet
smart grids; data collected Computer,
! Energy Generation | from PV systems | Projector
Data and smart grids;
! Weather Data 1 Energy
1 SystemPerformance Generation
Data Data
1 Operational Data 1 Weather Data
f Health and f System
Diagnostics Data Performance
f Energy Storage Data) ~ Data
f Power Quality Data | T Operational
§ Grid Health and Data
Stability Data 1 Health and
f Metering and Billing Diagnostics
Data Data
1 Market and Trading | T Energy
Data Storage Data
1 Cybersecurity Data | 1 Power Quality
Data
1 Grid Health
and Stability
Data
1 WMetering and
Billing Data.
i\ Market and
Trading Data
1 Cybersecurity
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Explain the following in Data
relation toPV systems

and smart grids Explain the
{ Big Data managemer following in

and storage solutiong
1 Time-series analysis
for energy forecasting

relation toPV

systems and sma

grids

i1 Big Data
management
and storage
solutions

I Time-series
analysis for
energy
forecasting

General Objective4.0: Understand Machine Learning in Smart Grids.andPV systems

10-11 | 4.1 Explain Machine Explain Machine | Textboaks,
Learning(ML) in Energy | Learning(ML) in | Journals,
Systems Energy Systems | Publications

Whiteboard,

4.2 Explain the use of Explain the use o} Marker,
Machine Learning for; | Machine Learning-internet
1 Predictive for; Computer,

maintenance in PV | { Predictive Projector

systems maintenance i
1 Energy demand P\, systems

forecasting 1 Energy

demand

4.3 Explain Optimization forecasting
algorithms for
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Smart grid

PV system
Hybrid PV Grid
system

E ]

Explain the use of
Artificial Intelligence (Al)
and machine learning
(ML) to predict faults in
PV systems and smart
grids

Explain
Optimization
algorithms for
1 Smart grid
1 PV system
1 Hybrid PV
Grid system

Explain the use o]
Artificial
Intelligence (Al)
and machine
learning (ML) to
predict faults in
PV systems and

smart grids

General Objective5.0: Know practical applications &§T in PV.systems and Smart Grids

12-13

5.1Explain practical
applications ofoT in PV
systems and Smart Grid

5.2 Explain the
implementation of loTn
existing PV systems

Explain practical
applications of
0T in PV systems
and Smart Grids
Explain the
implementation of
loT in.existing PV
systems

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet
Computer,
Projector

Implement a
smallscale Smart
Grid using IoF
enabled PV
systems

Connect a smart
energy meter to a
PV inverter

Use a smart plug

Guide students tg
1. Implement a
smallscale Smari
2.Grid using IoF
enabled PV
systems

3.Connect a
smart energy
meter to a PV
inverter

1. Practical Manual
2. Software

3. Computer
4.Smart device

5. Domestic
appliance
6. PV systems
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5.3 Explain row Smart
Devices Interact with
these Solar PV Systems
1 Grid-tied

1 Off-grid

1 Hybrid

5.4 Explain features of
advanced Smart Grid an
loT PV systems

5.5Explain how to

monitor a smatkcale
Smart Grid using loT
enabled PV systems

5.6 Explain how to
control a smalkcale
Smart Grid using loT
enabled PV systems

5.7 Explain the different
types of optimization
techniques of a small
scale loFenabled PV
systems for improved
performance.

Explain row
Smart Devices
Interact with thesg
Solar PV Systems
1 Grid-tied

1 Off-grid

1 Hybrid

Explain features
advanced Smart
Grid and loT PV
systems

Explain how to
monitor a smadl
scale Smart Grid
using loTenabled
PV systems

Explain how to
control a sma#l
scale Smart Grid
using loTenabled
PV systems

Explain the
different types of
optimization
techniques of a
smaltscale I0F

enabled PV

to automate a
domestic
appliance based ¢
PV output

Set up reatime
monitoring
dashboards

Use simulation
software for Sman
Grid and PV
system modeling

contrela small
scale Smart Grid
usingloT-enabled
PV systems

4.Use a smart
plug to automate
washing machine
based on PV.
output

5. Setdup reatime
monitoring
dashboards

6.Use of
simulation
software for
Smart Grid and
PV system
modeling

7.Control a
smallscale Smarti
Grid using IoF
enabled PV
systems

NIGERIA
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systems for
improved

General Objective6.0: Know how to rhance Solar PV Systems with Smart Devices

14-15 | 6.1 Explainthe following

categorie®f smart

devices:

1 Smart meters

1 Smart plugs/sockets

 Smart thermostats

1 Energy management
systems (EMS)

1 Smartinverters and
batteries

Explain the integration o
smart devices for
enhanced performances
through;

1 Solar tracking

1 Load scheduling etc.

6.3 Explain the following
integration planning
procedures to enhance
performance

1 Compatibility

1 Network setup

1 Safety and electrical

Explainthe
following
categorie®f smari
devices:
 Smart meters
T Smart
plugs/sockets
T Smart
thermostats
1 Energy
management
systems
(EMS)
 Smart
inverters and
batteries

Explain the
integration of
smart devices for
enhanced
performances
through;
1+ Solar tracking
9. ~koad
scheduling et
Explain the

following

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet
Computer,
Projector

Demonstratédnow
to controlSmart

plug scheduling

for applances

Demonstrate
Smart solar.
tracking for solar
panels

Demonstraténow
to use of wireand
wireless
networking for
enhance
performance

Guide students tg
1. Demaonstrate
how te control
Smart plug
scheduling for
appliancs.

3. Demonstrate
Smart solar
tracking forsolar
panels

3. Demonstrate
how touse of
wire verse
wireless
networking for
enhance
performance

1. Practical Manual

2. Software
3. Computer
4. Smart device

5. Domestic
appliance

6. PV systems
7.Smart
thermostats

8. Smart
plugs/sockets
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code compliance integration
1 Tools and apps planning
required (e.g., Home| procedures to
Assistant, enhance
SmartThings, Sense) performance
1 Compatibility

1 Network setup

1 Safety and
electrical code
compliance

1 Tools and app
required (e.g.,
Home
Assistant,
SmartThings,
Sense)

ASSESSMENT:
Continuous Assessment (CA0%
Examination40%
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YEAR TWO.SEMESTER ONE

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

Advanced Solar PV Technologies
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSETITLE : Advanced Solar PV Technologies | Course Code: SPE 411 ContactHours> 2
Credit Unit: 2 Theoretical:'1

Year: Il Semester: | - \
Prerequisite: Practical: 1

GOAL: This course is designed to equip students with knowledge and skills in advanced solar photovoltaic (PV) technologie
GENERAL OBJECTIVES: On completion of this course, the students should be able to:

1.0Know the working principles of an advanced solar PV system

2.0Know the components of an advanced PV system.

3.0Understand the functions of Smart inverter Systems

4.0Know the working principles of High Voltage and High Current{Charge Controllers
5.0Understand the Working Principles of Battery ManagementSystems (BMS)
6.0Understand current trends, innovations, and future prospects intsolar PV technologies.
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Advanced Solar PV Technologies

COURSE CODE: SPE411

Contact Hours: 2

Credit Unit: 2

Theoreticall

Year:

Il Semester: |

Prerequisite:

Practical:

1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL.: This course is designed to equip students with knowledge and skills in advanced solar photovoltaic (PV) technolo

GENERAL OBJECTIVE 1.0: Know the working principles of an advanced solar.PV, system

THEORETICAL CONTENT

PRACTICAL CONTENT

Specific Learning

Specific'Learning

Teacher 06

Week Teacher 0s |Resources o Resources
Outcome Outcome Activities
1.1 Explainthe concep| Explainthe concept off Whiteboard Guide Students to] 1. Solar
advanced Solar PV | advanced Solar PV | Lecture Demonstrate the | 1. Demonstrate the¢ simulator
System System notes working principles | working principles
1-2 Computer.  [vof a traditional and of a traditional and 2. I-V curve
1.2 Explain the Explain thedifferences Marker advanced Solar P\ advanced Solar P\ tracer
differences between | between traditional an Prejector | modules modules
traditional and advanced Solar PV /| Journals 3. PV modules
advanced Solar PV Modules. Internet Measure iV 2. Measure iV Multimeters
Modules. Textbooks | characteristics characteristics
under the following under the following 4. Data logger
1.3 Explain efficiency | Explain efficiency conditions: conditions:
factors in advanced | factors in advanced 5. Irradiance
Solar PV systems. SolarPV.systems. Load Load Meter
Temperature Temperature
1.4 Explain Building | Explain Building Irradiance Irradiance 6. Digital
Integrated Integrated Thermometers
Photovoltaics (BIPV)" [ ‘Photovoltaics (BIPV)
panels panels Measure the 3. Measure the 7 Resistive
characteristics of | characteristics of | Load

Solar PV using

Solar PV using
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1.5 Explain Floating
Solar Photovoltaick
panels

Explain Floating Solar
(Photovoltaicy panels

solar simulator

solar simulator:

General

Objective2.0: Know the components of an advanced PV system.

34

2.1List components in
an advanced solar PV
system.

2.2 Explain the

functions of:

1 Advanced PV
Modules

9 smart inverters,

1 MPPTs,

9 Modern batteries.

2.3Explain the
characteristics of 2.2
above

2.4 Explain the use of
Datasheets and
manufactured mmanual
to identify components
parameters in advancg
Solar PV System

2.5Explain advanced
configuration(Series
and Parallelpptions in
advanced Solar PV

System

Explain components i
advanced solar PV
system.

Explain the functions

of :

1 Advanced PV
Modules

1 smart inverters,

1T MPPTs,

1 Modern batteries.

Explain the
characteristics of 2.2
above

Explain the use of
Datasheets and
manufactured-sianual
to identify cemponent;
parameters.in advanc
Solar P\./System

Explain advanced
configuration (Series
and Parallel) options i

advanced Solar PV

Whiteboard
Lecture
notes
Computer
Marker
Projector
Journals
Internet
Textbooks

Use labeled
diagrams and
datasheets to
identify
components in
advanced'Solar P
System

Guide students to
on how'to

use.of datasheets |
identify
components
parameters in
advanced Solar P\
System

1. PV module

2. Smart
Inverter

3. Smart
Batteries

4. Tool box

5. Component
datasheets

6. Circuit
diagrams

7.
Manufacturer
manuals

5. Controller
MPPT
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System
2.6 Explain
components matching| Explain component
in advanced Solar PV | matching in advanced
systems. Solar PV System.
General Objective 3.0: Understand the functions of Smart inverter Systems
3.1Explain the basic | Explain the basic Whiteboard
operating principles of| operating principles of Lecture
5-7 power inverters and | power inverters and | notes
their evolution to smar| their evolution to smal Computer
inverters inverters Marker
Projector
3.2Describe the Explain the advanced| Journals
advanced functions of| functions of smart Internet
smart inverter systemg inverter systems Textbooks
3.3Explain the role of
smart inverters in grid | Explain the role of
stability, reliability, and smart inverters in grid
resilience stability, reliability,
and resilience
3.4 Describe smart
inverter settings for Explain smartinverter|
specific grid support | settings for specific
applications and batte| grid support
types applications and
battery types
General Objective4.0: Understand«the working principles of High Voltage and High Current Charge Controllers
4.1 Explain the Explain the evolution | Whiteboard Guide studentand | 1. MPPT
evolution from simple | from simple to Lecture Demonstrate the | demonstrate the | Charge
8-9 to advanced.charge | advanced charge notes different between | different between | Controller
controllers controllers Computer | PWM and MPPT | PWM and MPPT | 2. PWM
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4.2 Explainthe concepf
of advancedPWM
charge controllers

4.3 Explain Battery
Charging Algorithms,
control features,
limitation and
optimization in PWM
Controllers

4.4 Explain advanced
MPPT charge
controllers

Explainthe concept of]
advancedWM charge
controllers

Explain Battery
Charging Algorithms,
control features,
limitation and
optimization in PWM
Controllers

Explain adranced
MPPT charge
controllers

Marker
Projector
Journals
Internet
Textbooks

charge controllers

chargecontrollers

Charge
controller

General

Objective5.0: Understand the Working Princip

les of Battery.Management Syst

ems (BMS)

10-13

5.1Explain Battery

Management systems

operation based on:

9 State of charge
(SoC)

7 State of health
(SoH) monitoring
techniques.

1 Depth of discharge

1 Number of cycles.

5.2 Explain battery
Storage Systems
Battery technolegies
and chemistries

{ Battery

Explain Battery
Management systems
operation based on:

{1 State of charge
(SoC)

7 State of health
(SoH) monitering
techniques.

1 Depthof/discharge

7. Number of cycles.

Explain battery Storag
Systems

Battery technologies
and chemistries

{1 Battery

Whiteboard
L.ecture
notes
Computer
Marker
Projector
Journals
Internet
Textbooks
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characteristics and
ratings

1 Battery charging
cycles and states

5.3 Explain critical
parameters affecting
battery life and
performance

characteristics anc
ratings

1 Battery charging
cycles and states

Explain critical
parameters affecting
battery life and
performance

General Objective 6.0: Understand current trends, innovations, and future prospeets-in

solar PV technolog

ies.

13-15

6.1 Explainglobal

trends in PV

technologies.

i Bifacial Solar
Technology

1 Dye-Synthesize
Solar cells DSSC
etc.

6.2 Explain innovation|
like smart and loT
based monitoring.

6.3 Explain future
prospects in solar PV

technologies

Explain global trends

in PV technologies.

9 Bifacial Solar
Technology

1 Dye-Synthesize
Solar cells DSSC
etc.

Explain innovations
like smart and lod
based monitoring.

Explain future
prospéects.in‘solar PV

technolegies

NIGERIA

EVALUATION: CA 60%
EXAMINATION: 40%
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Installation andCommissioning of Solar PV System

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Installation and Commissioning of| Course Code: SPE 412

ContactHours» 3

Solar PV System Credit Unit: 3

Theoretical;'1

Year: Il Semester: | o
Prerequisite: NIL

Practical: 2

systems.

GOAL: This course is designed to enable the studdtelop knowledge and skills for.installing and commissioning of Solar PV

GENERAL OBJECTIVES: Orompletion of this course, the students should befableto:

1.0Know Practical Installation and System Design

2.0 KnowTesting of Solar PV Systems

3.0Know Installation and Commissioning of Solar PV Systems
4.0 Maintain and Troubleshoot Solar PV Systems
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Installation and Commissioning of
Solar PV System

COURSE CODE SPE412

CONTACT,HOURS: 3

CREDIT UNIT : 3

THEOREJICAL : 1

YEAR:

Il SEMESTER: |

PRE-REQUISITE: NIL

PRACTICAL: 2

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to enable the studimislop knowledge and skills for installing’and commissioning of Solar PV syster

GENERAL OBJECTIVE 1.0:Know Practical Installation and System Design

system performance

1.5 Explainsystem
layouts and wiring
diagrams.

selectionfor optimized
system performance

Explainsystem layouts

and wiring diagrams.

THEORATICAL PRACTICAL
Week | Specific Learning Teacher 6s Resources Specific Learning Teacher 6 ¢Resources
Outcome Outcome Activities
1-3 1.1 Explain theequired | Explain the required | Journals Guide students to:| 1. Load
steps in performing site | steps in performing sit¢ Textbooks Performing load
load analysis load analysis Whiteboard calculations. 1. Performing load| 2. Calculators
Marker calculations.
1.2 Explain site Explain site assessmel Internet Provide handsn 3. Design
assessment and load and load analysis. Caomputer training in system 2. Provide hands
analysis. Projector design software. on training in 4. Software.
system design
1.3 Explain calculations | Explain the calculation Review case studies| software. 5. Wire
on system sizing for on system sizing for of existing solar PV
different applications different applications installations. 3. Review case 6. Diagrams
studies of existing
1.4 Explain component solar PV 7. Technical
selection for optimized | Explain component installations. datasheets.
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GENERAL OBJECTIVE 2.0 Know major testing in Solar PV system

4-6 2.1 Explain the Explain the importance| Journals Guide_ students to:| 1. Grounding

importance of carrying | of carrying out testing | Textbooks Performing pre 1. Perferming pre | rods,

out testing on solar PV | on solar PV system Whiteboard commissioning tests.| ceammissioning

system Marker tests. 2. Earth testers.
Explain Electrical Internet

2.2 Explain Electrical Performance Tests Computer Troubleshoot commq 2. Troubleshoot | 3. Surge

Performance Tests Projector PV faults. common PV faults| protection
Explain Safety and devices.

2.3Explain Safety and | Protection Tests Diagnose real or 3. Diagnose real o

Protection Tests simulated‘system simulated system | 4. Cameras,

2.4 Explain Mechanical
and Structural Tests

Explain Mechanical an
Structural Tests

iISSUES:

Apply safety
procedures for
electrical testing.

Demonstrate
grounding and
earthing tests.

Show how to use

imaging cameras.

issues.

4. Apply safety
procedures for
electrical testing.

5. Demonstrate
grounding and
earthing tests.

6. Show how to us
imaging cameras.

5. Solar panels,
6. Multimeters,

7.1-V curve
tracers.
Wire

8. Diagrams

9. Testing
manuals

10.PPE

11.Faulty PV
panels and
system
Simulators.
12.Clamp
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meters,

13.Diode testers

1 Charge controllers,

T Inverters,

1 Batterystorage
systems etc.

3.3 Explain Grounding
and protection in PV
system.

for:

1 Charge controllers,

1 Inverters,

i Batterystorage
systems etc.

Explain Grounding ang
protection in PV
system.

troubleshooting
common issues.

Test system
performance after
installation

Checklist
GENERAL OBJECTIVE 3.0: Knowlnstallationand Commissioning of Solar PV Systems.
3.1 Explain how to Explain how to Journals Guide students to:| 1. Solar PV
assemble andhount solan assemble and mount | Textbooks Demonstrate«Solar installation kits.
panels securely. solar panels securely. | Whiteboard Panel installation 1. Demonstrate
Marker procedures Solar Panel 2.PPE
3.2 Explain wiring and | Explain wiring and Internet installation
connections for AC/DC | connections for AC/DQ Computer Verify-system procedures
circuits in PV system for| circuits in PV system | Projector performance and 3. Multimeters

2. Verify system
performance and
troubleshooting
common issues.

3. Test system
performance after
installation

4. Insulation
testers

GENERAL OBJECTIVE 4.0: Maintain and Trouhleshoot Solar FBystems

11-15

4.1 Explaincommon sola
PV faults and preventive
maintenance strategies.

4.2 Explainprocedures
for cleaning and
monitoringsolar panefor

long-term efficieney:

Explaincommon solar
PV faultsiand

preventive maintenanc
strategies

Explain procedures for|
cleaning and monitorin

solar panel for long

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

Perform solar panel
routine system
maintenance.

Identify and resolve
common faults in
solar PV setups.

Guide studento:

1. Perform solar
panel routine
system
maintenance.

2. Identify and

1. Test board

2. Electrostatic
discharge kits
3. Work bench

4. Trainer
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4.3 Explain how to adhe
to local and international
electrical and safety
regulations.

4.4 Explainbasic system
operation and
maintenance.

4.5 Describe installation
procedures and standar

4.6 Explain
commissioning steps an
quality checks.

4.7 Explainemerging
trends and innovations i
solar PV technology.

term efficiency.

Explain how to adhere
to local and

international electrical
and safety regulations.

Explain basic system
operation and
maintenance.

Describe installation
procedures and
standards.

Explain commissioning
steps and quality
checks.

Explain emerging trend
and innovations in"solg
PV technology:

Installation
guides

Standards and
codes
Instructional
videos

Identify andrepair
faults in solar PV
setups.

Mount modules and

connect components

Perform
commissioning
checklist activities.

resolve common
faults in“solanPV
setups.

3. ldentify and
repair faults in
solar PV setups.

4. Mount modules
and connect
components.

5. Perform
commissioning
checklist activities)

5. Faulty system
components

6. Maintenance
checklists

7.
Troubleshooting
guides.

8. Simulation
tools

9. Mounting
structures

10.PPE

ASSESSMENT:
Continuous Assessment (CA0%
Examination40%
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

ADVANCE PV SYSTEM PERFORMANCE ANO'ROUBLESHOOTING
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : ADVANCE PV SYSTEM PERFORMANCE AND | Course Code: SPE 413 Contact Hours: 2
TROUBLESHOOTING Credit Unit; 2 Theoretical: 1

Year: Il Semester |

Prerequisite: NIL Practical: 1

GOAL: The course is designed to enable students acquire knowledge and gidNsnte PV System Performance Troubleshootir
and Maintenance

GENERAL OBJECTIVES : On completion of this course, teudents should be able'to:
1.0Know the troubleshooting techniques for PV system performance

2.0Know the factors affecting the performarie¥ system components performance
3.0Know the advance method fdiagnosing and troubleshootipgrformance of\PV systems
4.0Know the advance method foronitoring and optimizatioof PV systems performance
5.0Know the process of solving reaforld problems in PV systems.
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NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY
COURSE TITLE : Advance PV System COURSE CODE SPE 413 Contact Hours: 2*Hours
Performance and Troubleshooting Credit Unit 2

Year: |l Semester | Prerequisite: NIL
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL : This course is designed to enable students acquire knowledge and gkilairce PV System Performance Troubleshooting a
Maintenance

GENERAL OBJECTIVE 1.0: Know the troubleshooting techniques for PV system performance

PRACTICAL.CONTENT

Theoreticalx2
Practical. \1

THEORETICAL CONTENT

methodologies and safety
protocols for PV systems

protocols for PV systems

Explainstructured

Journals,
Whiteboard,
Marker,

faults in PV systems
and troubleshooting
using tools:

faults in PV system
and troubleshooting
using tools:

Week | Specific Learning Teacher 6 s A|Resources | Specificlkearning Teacher 0 s|Resources
Outcome Outcome Activities

1-4 | 1.1 Explain Explain troubleshooting | Textbooks; Guide students to: | Practical
troubleshooting methodologies and safel Publications| Identify common Identify common | Manual

Multimeter

1.2 Explainstructured troubleshooting approac| Internet 1 Modulelevel, 1 Modulelevel, | Clamp meter
troubleshooting approach in relation to PV systemg Computer, | q Inverterlevel, 1 Inverterlevel,
in relation to PV systems Projector 1 Wiring 1 Wiring Solar PV
Explain traditional imaging,
1.3 Explain traditional troubleshooting tools Identify traditional Identify traditional | Data loggers,
troubleshooting tools 1 Multimeter, troubleshooting tools| troubleshooting Cloud-based
1 Multimeter, 1 Clampumneter, 1 Multimeter, tools monitoring
T Clamp meter,  Solar PVimaging, 1 Clampmeter, 1 Multimeter, platforms
1 Solar PVimaging, .. Poweranalyzer. 1 Solar PVimaging,| 1 Clampmeter,
Computer
T Poweranalyzer. 1 Power analyzer |1 Solar PV
imaging,
Software

1 Power analyzer

cLUDE
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General Objective2.0: Know the factorsaffecting the performandeV system components performance

2.1 Explain the following

advance factors affecting

Solar PV component

performances;

1 Degradation of Solar
PV Modules

1 Faults in inverters
(e.g., overvoltage,
under voltage),

1 Faults in MPPT
controllers.

1 Environmental Factor:
(e.g., dust, shading,
temperature)

Explain the use of the

following advance PV

system performance

monitoring tools

1 Data loggers,

{1 Battery management
system

1 Cloudbased
monitoring platforms,

1 loT.etc

Explain the following

advance factors affecting

Solar PV component

performances;

1 Degradation of Solar
PV Modules

1 Faults in inverters
(e.g., overvoltage,
under voltage),

1 Faults in MPPT
controllers.

1 Environmental
Factorg(e.g., dust,
shading, temperature

Explain the use of the

following advance RV

system performance

monitoring tools

91 Data loggers,

i1 Battery management
system

1 <€loud-based
monitoring platforms,

I~ loT. etc.

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet,
Computer,
Projector

Identify the following
advance performanct
monitoring tools

i1 Data loggers,

i Battery
management
system

1 Cloudbased
monitoring
platforms,

Measure the
performance of the
Solar PV component
affected by;

91 Degradation of
Solar PV
Modules

9 Faults ininverters
(e.g., overvoltage
under voltage),

1 Faults in MPPT
controllers.

1 Environmental
Factorg(e.g., dust,
shading,
temperature)

Guide students to
Identify the
following
perfermance
monitoring tools
91 Data loggers,
1 Battery
management
system
1 Cloudbased
monitoring
platforms,

Measure the
performance of the

Solar PV componel

affected by;

1 Degradation of
Solar PV
Modules

1 Faultsin
inverters (e.g.,
overvoltage,
under voltage),

1 Faults in MPPT
controllers.

1 Environmental
Factorg(e.g.,
dust, shading,
temperature)

Practical
Manual
Battery
management
system
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2.3 Explain diagnosing an
troubleshooting of the
following electrical faults;
1 Module Faults

1 Inverter Faults

{1 Cabling and 1 Cabling and
Connections Connections
1 Grounding 1 Grounding

Explain diagnosing and
troubleshooting of the
following electrical faults
1 Module Faults

1 Inverter Faults

General Objective3.0: Know the a

dvance method fiagnosing and troubl

eshootipgrformance of PV systems

3.1 Explain the role of
Manufacturer Manuals
fault diagnosing and
troubleshooting
componenperformance

3.2 Explain advanced
inverter diagnostics using
Inverter Fault Codes
Inverter Parameters
Voltage,

Current,

Frequency, and powel|
checks.

=4 =4 -4 -4 -4

3.4 Explain advanced
charge controller
diagnostics using:

1 Fault Codes

1 Parameters

Explain the role of
Manufacturer Manuals
fault diagnosing and
troubleshooting
componenperformance

Explain advanced inverts
diagnostics using;

9 Inverter Fault Codes
Inverter Parameters
Voltage,

Current,
Frequeney;.and pows
checks:

1
1
1
1

Explain advanced chargj
cantroller diagnostics
using:

1\ “Fault Codes
 Parametey

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet,
Computer;
Projector

Diagnose.the
follewing'component
faults ‘based on code
Inverter

.controller and
battery

Guide students to

Diagnose the
following

component faults
based on codes;

Inverter

.controller and

battery

Inverter
Controller
Battery

Manufacturer
Manuals
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3.5 Explain solar module

diagnostics using:

1 Performance Testing

1 Thermal Imaging

1 Electroluminescence
(EL) Testing

3.6 Explain energy storag

systems diagnostics using

1 Battery Faults codes,

1 Battery Management
Systems (BMS)

1 Optimizing Battery
Performance

Explain solar module

diagnostics using:

1 Performance Testing

1 Thermal Imaging

1 Electroluminescence
(EL) Testing

Explain energy storage

systems diagnostics

using:

i Battery Faults codes,

1 Battery Management
Systems (BMS)

1 Optimizing Battery
Performance

General Objective 4.0: Know the

advance methodrfonitorin

g and optimiz

ationf PV systemperformance

4.1 Explain monitoring
tools used to analyzed P\
system

4.2 Explain PV system
performance monitoring

4.3Explain solar PV
system optimization
process using software

4.4Explain data collectior
and analysi$or PV syster
performance improvemer|

Explain monitoring tools
used to analyzed PV
system

Explain PVsystem
performance monitaring

Explain solar PV system
optimization/process
using _software

Explain data collection
and analysisor PV
systemperformance

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet,
Computer,
Projector

improvement

Calculate the
Performance Ratio
(PR) in PV system

Compare PV system
performance by
replacing
underperforming
components.

Guide students to:
Calculate the

Performance Ratio
(PR) in PV system

Compare PV systel
performance by
replacing
underperforming
components.

PV system
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4.5Explain the calculatior,
of performance Ratio (PR
in PV system

4.6 Explainhowto
improve PV system
performance by replacing
underperforming
components.

Explain the calculation o
performance Ratio (PR)
in PV system
Explainhowto improve
PV system performance
by replacing
underperforming
components.

General Objective5.0: Know the process of solving reaborld

problems in PV systems:

5.1Explain the process
required to solvéow
energy yield due to modu
degradation

5.2 Explain the process
required to solvenverter
malfunction leading to
system downtime.

5.3 Explain the process
required to solve
environmental issues
affecting system
performance.

5.4 Explain the process
required to solv@attery
failures in hybrid systemg

Explain the process
required to solvéow
energy yield due to
module degradation

Explain the process
required to solvénverter
malfunction leading to
system downtime.

Explain the process
required to solve
environmentakissues
affecting.system
performance.

Explain.the process
required to solv@attery
failures in hybrid system

Textbooks,
Journals,
Publications
Whiteboard,
Marker,
Internet;
Computer,
Projector

Measure solar power
generated due to
panels dust and solvq
the‘problem

Repair a faulty
inverter with error
code 4, and solve the
problem

Guide student to:
Measure solar
power generated di
to panels dust and
solve the problem

Repair a faulty
inverter witherror
code 4, and solve
the problem

Inverter
Tool box

Solar power
meter

Solar panel
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5.5Explain Explain troubleshooting
troubleshootindechniqueg techniques to diagnose
to diagnose complex PV | complex PV system
system problems. problems.
ASSESSMENT: Continuous Assessment (CA): 60%
Examination: 40%
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Solar MiniGrid and Rural Electrification

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Solar MiniGrid and Rural Electrification

Course Code: SPE414

Contact Hours: 3

Credit Unit:2

Theoretical: 1

Year: |l Semester 1

Prerequisite: NIL

Practical: 2 Hour/week

GOAL: The course is designed to enable students acquire knowledge and SollariRV MintGrid and Rural Electrification

1.0 Know the basics of solar PV Mini grids for rural electrification.

4.0 Know the implementation of solar PV Mini grids faural electrification.

GENERAL OBJECTIVES : On completion of this course, the students should be able to:
2.0 Know factors to consider for Mini grid site selection and deployment in rural area
3.0Know the system design and sizing of solar PV Mini grids for«ural electrification

5.0 Know the Operational, Maintenance, and Monitoring of Solar PV Mini grids
6.0 Understand Scaling Up and Lofi@rm Sustainability in (Mini grids for rural areas
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR

PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Solar MiniGrid and

COURSE CODE SPE 414

Contact Hours: 3 Hours

Rural Electrification

1 Hybrid systems.

1.4 Explain the applications of
solar Mini grids in:

1 Rural electrification, 9 Rural electrification
M Small industries, M Small industries,

1 Schools, 1 Schools,

1 Healthcare, i Healthcare, and

1 Households 1 Households

1 Hybrid-systems.

EXplain the application
of solar Mini grids in:

Credit Unit:2 Theoretical: 1
Year: |l Semester | Prerequisite: NIL Practical: 2
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL : The course is designed to enable students acquire knowledge and SlalsriMinkGrid and Rural Electrification
GENERAL OBJECTIVE 1.0: Knowthe basics of solar PV mini grids for rural.electrification.
THEORETICAL CONTENT PRACTICAL CONTENT
Week | Specific Learning Outcome Teacher 6s Resources | Specific Learning |Te ac h er 0 {Resources
Outcome Activities
1-4 1.1 Define Minigrid Explain Mini grid Textbooks, Guide students to:| Charts
Publications| Identify types of minj Identify types of
1.2 Explain the benefits of solg Explain the benefits‘of| Journals, grids in your mini grids in your
mini grids solar mini grids Whiteboard,| community; community;
Marker,
1.3 Explain the two types of | Explain the-two types ¢ Internet
Mini Grids: Mini Grids: Computer,
1 Isolated (offgrid) 1 Isolated-(offgrid) | Projector

INCLUDE
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1.5 Explain the composition of
Solar PV Mini grid system

1.6 Explain challenges
associated with Mingrid

implementation in rurareas.

Explain the compositio
of Solar PV Mini grid
system

Explain challenges
associated with Mini
grid implementation in
rural areas.

General

Objective2.0: Know factors to consider for mini grid site selection and deployment in rural

area

2.1 Explainc o n s u me r § Explainc o n s u me| Textbooks, Guide students to:| Practical
assessment and energy dema| load assessment and | Journals, Carryout solar Carryout solar Manual
assessment energy demand Publications|\resource assessmer| resource

assessment Whiteboard,| of a rural community assessment of a | Dataset

5-8 Marker; rural community

2.2 Explain the importance of | Explain the importance dnternet, Irradiance
solar resource availabiliy of solar resource Computer, | Develop Develop meter
relation to: availability in relation“|-Projector daily/seasonal energ daily/seasonal

to: profile of a energy profile of a| Clamp meters
1 Solar Radiation Data, 1 Solar Radiation community community
1 Shading Analysis, And Data,
1 Geographical Factors 1 Shading Analysis,
f Space And

1 ¢ Geographical

Factors

2.3 Explain the importance of | . .Space
daily/seasonal energyrofile.

Explain the importance
2.4 Explain socieeconomic of daily/seasonal energ
impacts of electrigity supply. | profile.

INCLUDE
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2.5Explain economic benefits
of mini grid to rural
communities

2.6 Explain the social impacts |
mini grids in rural areas.

2.7 Explain the importance of
community engagement.

Explain socieeconomic
impacts of electricity

supply.

Explain economic
benefits of mini grid to
rural communities

Explain the social
impacts of mini grids i
rural areas.

Explain the importance
of community
engagement.

General

Objective3.0: Know the system design and sizing of solar, PV.mini g

rids for rural electrification

simulation software for solar

simulation‘software for

Marker,

mini-grid design solar mintgriddesign | Internet,
Computer,
3.3 Explain solar PV system | Explainsolar PV Projector

design

3.4Explain solar PV system
sizing

1 Solar Arrays,

1 Battery Storage,

9 Inverters,

system design
Explain solar PV
system sizing

1 Solar Arrays,

1 Battery Storage,
1 Inverters,

9 Balance of System

3.1 Explain Mini grid design | Explain Mini grid Textbooks, Guide students to;| Software tools|
process. design process. Journals, Design a small solar| Design a small
Publications| PV Mini grid solar PV Mini grid | Smulation
9-10 | 3.2 Explain the use of Explain the use ‘of Whiteboard, tools
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1 Balance of SysterBoS).

3.5 Explain the importance of

power and energy calculationg

based on:

1 Peak Demand,

1 Energy Yield,

1 Battery Sizing for the
Desired Autonomy.

3.6 Explaintechnical standards
and guidelines for mini grid
systems.

1 Nesis Code

(BoS).

Explain the importance

of power and energy

calculations based on:

1 Peak Demand,

1 Energy Yield,

1 Battery Sizing for
the Desired
Autonomy.

Explain technical
standards and
guidelines for mini grid
systems.

1 Nesis Code

General

Objective4.0: Know the implementation of solar PV mini grids for rural electrification.

4.1 Explain installation plannin{ Explain installation Textbooks, Guide students to | PV module
11-13 | and site assessment planning and site Journals, Carryout nstallation | Carryout
assessment Publications| setting of a small installation setting| Cables
Whiteboard,| scale solar PV mini | of a smaHscale
4.2 Explain site selection and | Explan site selection | Marker, grid solar PV mini grid | Inverter
surveying and surveying Internet,
Computer, Battery
4.3 Explain civil works and Explain civil works and Projector
infrastructure setup e.g. infrastructure setup e.g ToolsBox
1 Mounting Systems f Mounting Systems
1 Battery Storage Area; 1 Battery Storage
1 Inverter Placement, Area,
1 Inverter Placement
INCLUDE
S 4

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




Government of the Netherlands

NIGERIA

4.4 Explainthe importance of

permits and regulations.

1 Council ForTheRegulation
of Engineering in
Nigeria(COREN)

1 Nigeria Electricity
Management Agency
Service (NEMSA)

1 Nigeria Energy Regulation
Commission (NERC)

4.5 Explain installation of sala

modules and balance of systel

1 Panel Installation

1 Wiring and Electrial
Connections

4.6 Explaininverter setup,
installation, programming, and
testing processes.

4.7 Explainbattery installation
sizing and integration.into-the
grid.

Explainthe importance
of permits and
regulations.

1 Council For The
Regulation of
Engineering in
Nigeria(COREN)

1 Nigeria Electricity
Management
Agency Service
(NEMSA)

1 Nigeria Energy
Regulation
Commission
(NERC)

Explain installation of

solar modules angd

balance of system

1 Panel Installation

1 Wiringand
Electrical
Connections

Explaininverter setup,
installation,
programming, and
testing processes.

Explainbattery
installation sizing and

integration into the grig
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4.8 Explain troubleshooting an Explain troubleshootin
commissioning of the mini grid andcommissioning of
the mini grid
General Objective5.0: Know the Operational, Maintenance and Monitoring of Solar PV Mini Grids
5.1 Explain operations, Explain operations, Textbooks, Guide students to:| PV system
14 maintenance, and monitoring ( maintenance, and Journals, Carryout Field Trip™| Carryout Field Trip
solar PV Mini grids monitoring of solar PV| Publications
Mini grids Whiteboard,| Carryout system Carryout system
Marker, maintenance and maintenance and
5.2 Explain some monitoring | Explain some Internet, troubleshooting troubleshooting
and control tools use for remo{ monitoring and control| Computer,
monitoring of mini grid system| tools use for remote | Projector Simulation of Simulation of
performance. monitoring of mini grid common failures, common failures,
system performance. troubleshooting and | troubleshooting
repairing the system and repairing the
5.3 Explain Key Performance | Explain Key system
Indicators (KPIs) to consider | Performance Indicators
while assessing the efficiency | (KPIs) to considerwhil
and health of the system e.g.: | assessing the efiency
1 Performance Ratio, and health of the syste
1 Battery Efficiency, €.g..
f Power Output I Perfarmance Ratio
1 Battery.Efficiency,
9 ¢ Power Output
5.4 Explain the use of advance
monitoring devises such as Explain the use of
Data Loggers and Sensors: | advance monitoring
devises such as
5.5 Explain the importance*of | Data Loggers and
preventative and.corrective Sensors:
maintenance through;
1 Routine Maintenance
INCLUDE
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1 Repairing Faults

Explain the importance

of preventative and

corrective maintenance

through;

1 Routine
Maintenance

1 Repairing Faults

6.2 Explain the challenges in
scaling mini grids to larger rurg
areas

6.3 Explain the challenges of
integrating mini grids with the
national grid.

6.4 Explain Sustainability
Challenges such as;

1 FinancialSustainability,
1 SystemDurability,

1 Community ownership.

General Objective6.0: Understand Scaling Up and Lofil@rm Sustainability in Mini grids for rural areas
6.1 Explain the importance of | Explain the importance Whiteboard,
15 scaling up and longerm of scaling up and lorg | Marker,
sustainability in solar PV term sustainability in | Internet,
systems. solar PV systems. Computer,
Projector

Explain the challenges
in scaling mini grids to
larger rural areas

Explain the challenges
of integrating minigrids
with the national grid.

Explain<Sustainability

Challenges such as;

1 (Financial
Sustainability

1. SystemDurability,

1 Community

Ownership.

ASSESSMENT: Continuous/Assessment (CA): 60%
Examination: 40%
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MINI T PROJECT ONSOLAR PV SYSTEM INSTALLATION
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : MINI T PROJECT ON SOLAR PV COURSE CODE SPE 415 CONTACT HOURS: 3
SYSTEM INSTALLATION CREDIT UNIT : 3 THEORETICAL : 0
YEAR: 2 SEMESTER: 1 PRE-REQUISITEL NIL PRACTICAL: 0

GOAL: This course is aino acquaint students with knowledge and skills.of Nliproject on Solar PV System Installation
GENERAL OBJECTIVES: On completion of this course, the students.should be able to:

1.0Propose a mini project on solar PV System
2.0 Carryout literature survey on solar PV System
3.0Design mini solar PV System

4.0 Construct the design

5.0Test the design

6.0 Present a report
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

Solar PV Policy, Climate Adaptation & Energyansition

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING.TECHNOLOGY

COURSE TITLE : Solar PV Policy, Climate Adaptation & Energy | Course Code: SPE 416 Contact Hours: 2

Transition Credit Unit: 2 Theoretical 2

Year: |l Semester:1l - .
Prerequisite: NIL Practical:0

GOAL: This course is designed eéguip students with knowledged skillsof solar PVepolicies, climate adaptation, and energy
transition

GENERAL OBJECTIVES: On completion of this course, the studemisild be ableto:

1.0Know Solar PV Policies and Regulations

2.0 Understand Climate Adaptation Strategies for solar PV systems

3.0 Understand Energy Transition in various Sectors using solar PV. systems

4.0 Understand implement and promotion of solar PV systems
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOKOGY

COURSE TITLE: Solar PV Policy, Climate Adaptation &| COURSE CODE SPE 416 CONTACTHOURS: 2
Energy Transition CREDIT UNIT : 2 THEORETICAL : 2
YEAR: Il SEMESTER: | PRE-REQUISITE: NIL PRACTICAL: 0

COURSE SPECIFICATION: THEORETICAL& PRACTICAL
GOAL: This course is designed ¢gjuip students with knowledgeéd skillsof solar PV policies, climate adaptation, and energy transition
GENERAL OBJECTIVE 1.0: Know Solar PV Policies and Regulations

THEORETICAL CONTENT PRACTICAL'CONTENT
WEEK | SPECIFIC LEARNING | TEACHEROG S RESOURCES | SPECIFIC LEARNING |T EACHE R| RESOURCES
OUTCOME ACTIVITIES OUT.COME ACTIVITIES
1.1 Explain renewable | Explain renewable Journals Guide students | Journals
energy policies and energy policies and Textbooks on how to: Textbooks
1-4 regulations regulations Whiteboard Participate in group Organize group| Whiteboard
Marker discussions and class | discussions and Marker
1.2 Explain policies Explain policies Internet presentations class Internet
governing solar PV at | governing solar PV at | Computer presentations | Computer
national and global level| national and global Projector Projector
levels. Policy Organise Policy
documents Participate irSeminars | Seminars documents

1.3 Explain government| Explain government
incentives, subsidies, an incentives, subsidies,
tariff structures towards | and tariff structures
solar PV systems towards solar PV.
systems

1.4 Explain compliance | Explain.compliance
requirements for solar P) requirements for solar
projects. PV-projects.
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1.5 Explain policy
influence on investment
and market growth in
solar PV system

1.6 Explain the role of
policy in achieving solar
PV system targets.

Explain policy influencg
on investment and
market growth in solar
PV system

Explain the role of
policy in achieving
solar PV system target]

GENERAL OBJECTIVE 2.0:Understand Climate Adaptation Strategies for solar PV systems

S5-7

2.1Explain the impact of
climate change on energ
demand and supply.

2.2 Explain how solar P\
can support climate
adaptation and resilience

2.3 Explain case studies
of renewable energy
integration in climate
action plans.

2.4 Explain innovations i
solar PV to address
environmental challenge

Explain the impact of
climate change on
energy demand and

supply.

Assess how solar PV
can support climate
adaptation and
resilience.

Explain case studies 0]
renewable energy
integration in climate
action plans.

Discuss innovations in
solar PV to, address
environmental
challenges

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

CLUDE
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GENERAL OBJECTIVE 3.0:Understand Energyransition in various Sectors using solar PV systems

8-10

3,1 Explain energy
transition

3.2 Explain the
significance of energy
transition and
sustainability of solar PV,
systems

3.3 Explain the economig
and social impacts of
transitioning to solaPV.

3.4 Explain technologica
advancements driving
energy transition.

3.5 Explain global trendg
and commitments to cleg
energy adoption.

Explain energy
transition

Explain the significanci
of energy transition an
sustainability of solar
PV systems

Explain the economic
and social impacts of
transitioning to solar
PV.

Explain technological
advancements driving
energy transition.

Explain global trends
and commitments to
clean energy adoptiony

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

GENERAL OBJECTIVE 4.0:Understand the implementation and promotion of solar PV systems

11-14

4.1 Explain challenges
and opportunities in largy
scale solar PV
deployment.

4.2 Explain business
models for solar PV.

financing and investmen

Explain challenges anc
opportunities’'in large
scale solar PV
deployment.

Explain business
models for solar PV

financing and

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector
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4.3 Explain regulatory
frameworks supporting
solar energy growth.

4.4 Explain the impact o
innovation on solar PV
adoption.

4.5 Explain strategies fo
increasing solar PV
accessibility and
affordability.

investment.

Explain regulatory
frameworks supporting
solar energy growth.

Explain the impact of
innovation on solar PV
adoption.

Explain strategies for
increasing solar PV
accessibility and
affordability.

ASSESSMENT: Continuous Assessment (CA): 40%
Examination: 60%
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YEAR TWO SEMESTER TWO
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Solar PV Policy, Regulation, and Standards

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING,TECHNOLOGY

COURSE TITLE : Solar PV Policy, Regulation, and | Course Code: SPE 421 Contact Hours: 2

Standards Credit Unit: 2 Theoretical:l

Year: Il Semester: Il . ,
Prerequisite: NIL Practical:1

GOAL: Thiscourse is designed to enable students acgnoe/ledgeand skillsof.solar PV policies, regulations, and standards.

GENERAL OBJECTIVES: On completion of this course, the students should.-be able to:

1.0Know Policy Frameworks for solar PV systems

2.0Understandinancial Mechanisms and Incentives fwlar PV Systems
3.0Understand th&egulations Governing Solar PV Systems

4.0Understand licencing and regulatory compliance for solarPV installation
5.0Understandrechnical Standards and Quality Assurange-for solar PV systems
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOKOGY

COURSE TITLE : Solar PV Policy, Regulation, and

Standards

COURSE CODE 421

CONTACTHOURS: 2

CREDIT UNIT : 2

THEORETICAL :

1

YEAR:

Il SEMESTER: I

PRE-REQUISITE: NIL

PRACTICAL:

1

COURSE SPECIFICATION: THEORETICAL& PRACTICAL

GOAL: This course is designed to enable students ackiawledgeand Skillsof solar PV policies, regulations, and standards.

GENERAL OBJECTIVE 1.0: Know Policy Frameworks for solar PV system

THEORETICAL CONTENT

PRACTICAL €CONTENT

WEEK | SPECIFIC LEARNING | TEACHEROG S RESOURCES | SPECIFIC LEARNING | T EA CHE R RESOURCES
OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1-3 1.1 Explain the need for| Explain the need for | Journals Participate in group Guide the Journals
solar PV energy policies| solar PV energy policig Textbooks discussion student to Textbooks
Whiteboard Organizen Whiteboard
1.2 Explain the Marker group Marker
incentives, tariffs, and | Explain the incentives,| Internet discussion Internet
subsidy programs tariffs, and subsidy Computer Computer
associated with PV programs associated | Projector Evaluate the level of Evaluate the | Projector
energy policies with PV energy policieq policies implementation | level of policieg Policy
implementation documents

1.3 Explain national

policies of government ir

solar PV energy

promotion.

1 Renewable Energy
Master PlaiREMP)

1 National Renewable
Energy and Engy
Efficiency Policy
(NREEEP),

1 Electricity Act 2023
etc.

Explain national
policies of government
in solar PV energy
promotion.

1 Renewable Energy
Master Plan
(REMP)

I\, National Renewabls
Energy and Energy|
Efficiency Policy
(NREEEP),

Participate irSeminars

Organise
Seminars
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1.4 Explain the technical
and safetystandards
applicable to solar PV
installations in Nigeria.

1.5 Explain the roles of
relevant standard
regulatory bodies e.g.:
1 SON

1 IEC. Etc.

1 Electricity Act
2023 etc.

Explain thetechnical
and safety standards
applicable to solar PV
installations in Nigeria.

Explain the roles of
relevant standard
regulatory bodies e.qg.:
1 SON,

1 IEC, etc.

GENERAL OBJECTIVE 2.0: Understanfinancial Mechan

isms and Incenti

ves Bwolar PV System

4-6

2.1 Explain financial
models and incentives

2.2 Explainfinancial
models, incentives, and
investment opportunities
in Nigeria's solar energy
sector

2.3 Explain the following
financial model
PowerPurchase
AgreementgPPA)
Leasing models

Explain financial
models and incentives

Explainfinancial

models, incentives, an( Internet

investment
opportunities in
Nigeria's solar energy
sector

Explain the following
financial medel
PowerPurchase
AgreementgPPA)
Leasing models

Journals
Textbooks
Whitebeard
Marker

Camputer
Projector
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2.4 Explain the following
financial incentives

1 Feedin-tariff

1 Tax incentives

2.5 Explain thdollowing

financial investment

opportunities:

1 Large scale solar
project

1 Off-Grid and Mint
grid systems

1 Solar component
Manufacturing

2.6 Explain the use of
PPA and leasing for solg
PV projects

Explain the following
financial incentives
1 Feedin-tariff
 Tax incentives

Explain the following

financial investment

opportunities:

9 Large scale solar
project

1 Off-Grid and Mint
grid systems

1 Solar component
Manufacturing

Explain the use of PPA
and leasing for solar P]
projects

GENERAL OBJECTIVE 3.0: Understand thRegulations Governing Solar PV Systems

7-9

3.1-Defineregulation

3.2 Explain legal and
policy framework for
solar PV sector in Nigeri|

3.3 Explain Electricity ac
2023 and its implications
in Nigeria PV sector

Explain regulation

Explain legal and'polic]
frame work for_solar P\
sector in Nigeria

Explain Electricity act
2023-and‘its
implications in Nigeria
P\ sector

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector
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3.4-Explainthelevels of
policies implementation
and their roles in solar P
deployment.

3.5 Explain the roles anc
mandate of the following
regulatory bodies in
Nigeria:

NERC

COREN

REA

NEMSA

SON

ECN

Federal Ministry of
Power

1 NESREA

1 SERCs

= =4 =4 -8 -8 -9 -9

Explainthelevels of
policies implementatiol
and their roles in solar
PV deployment.

Explain the roles and
mandate of the
following regulatory
bodies in Nigeria:
NERC

COREN

REA

NEMSA

SON

ECN

Federal Ministry of
Power

1 NESREA

1 SERCs

= =8 -a_-a_-a_-9_-°

GENERAL OBJECTIVE 4.0: Understand licencing and.regulatory compliance for solar PV installation

10-12

4.1 Explain licencing

4.2 Explainprocedures
and requirements for
obtaining necessary
licenses

4.3 Explain the types of
licenses for :

1 Generation;

9 Distribution,

Explain licencing

Explainprocedures.anc
requirements for
obtaining.necessary
licenses

Explain the types of
licenses for :

' Generation;

9 Distribution,

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector
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1 Embedded generatio

4.4 Explain theorocedure
for compliance with
regulation for mirigrid
PV installations for:

1 NERC

1 NEMSA

4.5 Explain strategies fol
maintaining compliance
throughout project

i Embedded
generation

Explain theprocedure
for compliance with
regulation formini-grid
PV installations for:

1 NERC

1 NEMSA

Explain strategies for
maintaining complianci
throughout project

lifecycles. lifecycles.
GENERAL OBJECTIVE 5.0: Understandechnical Standards afglality’Assurance for solar PV systems
1315 | 5.1 ExplainTechnical ExplainTechnical Journals
Standards Standards Texthooks
Whiteboard
5.2 Explain Quality Explain Quality Marker
Assurance Assurance Internet
Computer
5.3 Explainquality Explainquality Projector

assurance measures
essential for solar PV
system integrity and
performance

5.4 Explaintechnical
standards essential for
solar PV system integrity
and performance

assurance measures
essential for solar PV
system integrity and
performance

Explaintechnical
standards essential for|
solar PV system
integrity and

performance
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)l
T
1

T

5.5 Explain the following
technical standards:

5.6 Explain the following
guality assurance
measure:

Component standard
System Design and
Installation Standardj
Inspection and
Compliance
Importation and
Quiality Control
International
Standards Integratior

PreProduction
Quiality Assurance

technical standards:

)

91 Production and quality assurance
Manufacturing measure:
Oversight 1 Assurance

1 PreShipment and 1 Production and
PostDelivery Manufacturing
Inspections Oversight

1 Installation Quality |9 PreShipmentiand
Assurance PostDelivery

1 Operational Inspections
Monitoring and 1 Installation Quality
Maintenance Assurance

1 Documentation and” [ Operational
Continuous Monitoring and
Improvement Maintenance

Explain the following

T Component
standards

1 System Design ang
Installation
Standards

1 Inspection and
Compliance

1 Importation and
Quality Control

1 International
Standards
Integration

Explain thefollowing
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Documentation and
Continuous
Improvemeng

ASSESSMENT:

Examination: 60%

Continuous Assessment (CA): 40%
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Maintenance of Solar PV Systems
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING - TECHNOLOGY

COURSE TITLE : Maintenance of Solar PV Systems Course Code: SPE 422 Centact Hours: 3
Credit Unit: 3 Theoretical: 1

Year: |l Semester: |l - .
Prerequisite: Practical: 2

GOAL: This course is designed to equip students with knowledge and skills of maintenance of solar PV systems

GENERAL OBJECTIVES: On completion of this course, the students shouldbe.able to:

1.0Know Solar PV System Components and Configurations

2.0 Know maintenance techniques for optimized PV system

3.0 Know Routine Maintenance of Solar PV Systems

4.0: Know the Operational, Maintenance, and Monitoring of Solar, PV/Mini Grids
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV)

ENGINEERING TECHNOLOGY

COURSE TITLE : Maintenance of

COURSE CODE SPE 422

Contact. Hours3

Solar PV Systems

Credit Unit:3

Theoretical: 1

Year: | Semester: |

Prerequisite:

Practical: 2

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to equip students with knowledge and skills of maintenance of’solar PV systems

GENERAL OBJECTIVE 1.0: Know Solar PV System Components and Configurations

THEORETICAL CONTENT

PRACTICAL.CONTENT

Week | Specific Learning Outcome

Speeific Lrearning
Outcome

Teacher 6 s|Resources

1.1 Explain Solar PV
1-4 components:

Solar panels
Inverters

Charge controllers,
Batteries
Protection devices
Cables etc.

E R

1.2 Explain the types of each
components in 1.1

1.3Explain the function of eac
componentin 1.1

1.4Explain different charging
algorithms:

Teacher 6s | Resources

Explain Solar PV Journals

components: Textbooks

1 Solar panels Whiteboard

1 Inverters Marker

1 Charge Internet
controllers, Computer

q Batteries Projector

1 Protection device!

1 Cables, etc.

Explainithe'types of
eachecomponent in 1.

Explain the function
of each component if
1.1

ldentify Solar PV
System
Components:
1 Solar panels
T Inverters

1 Charge
controllers,
Batteries
Protection
devices

1 Cablesegetc.

il
il

Trace the flow of
energy in a physica
PV system based o
a provided
schematic diagram

Guide students to: | PPE
Identify Solar PV

System Multimeter
Components:

Solar panels Wire strippers
Inverters

Charge controllers,| Crimping tool
Batteries
Protection devices | Sample

Cables etc. system

schematic
Trace the flow of | diagrams.
energy in a physica
PV system baseah | Solar panels
a provided
schematic diagram| Inverters

Identify the flow of | Charge
energy through controllers
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1 Pulse Width Modulation

Explain different

different PV.system

(PWM)

(PWM) charging algorithms: Identify the flow of | configurations;
1 Maximum Power Point 1 Pulse Width energy through MPPT
Tracking (MPPT). Modulation different PV system
(PWM) configurations. Batteries
T Maximum Power
1.5Explain the principle of Point Tracking Cables
operation of each component (MPPT).
1.1 Demonstrate how t{ Screwdrivers
Explain the principle configure PV
1.6 Define Configuration of operation of each systems Pliers
componentin 1.1 Identify how to
1.7 Explain types of Solar PV configure PV Insulation
system configurations Explain Configuration System tapes
Explain types of Sola MC4
PV system connector
configurations
Cable lug
General Objective 2.0: Know maintenance techniques for optimized PV system
5-7 2.1Define Maintenance Define Maintenance | Journals Guide students to | Cleaning
Textbooks | Carryoutroutine Carryoutroutine materials
2.2 Explain types of Explain types of Whiteboard | maintenance check maintenance check
Maintenance Maintenance Marker including; including; Data logger
1 Preventive 1 Preventive Internet 1 Cleaning, Cleaning,
1 Corrective 1 Corrective Computer q Visual 1 Visual Hydro phobic
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2.3 Explain different types of Projector inspections, anc inspections, and solution
Maintenance actions System health 1 System health
1 Perfect Explain different assessments. assessments. | Anti-soiling
1 Minimal repair types of Maintenance coating
T Imperfect actions

1 Perfect

1 Minimal repair
2.4Explain preventative 1 Imperfect

maintenance in PV system
1 Systematic

Explain preventative

1 Conditional maintenance in PV
T Predictive system

1 Systematic

1 Conditional
2.5 Explain corrective 1 Predictive

maintenance
9 Deferred
1 Emergency

2.6 Explain dust and debris
management in PV system

2.6 Explain electrical and
mechanical integrity check
in PV system

Explain corrective
maintenance

1 Deferred

1 Emergency

Explain dust‘and
debris management i
PV system

Explain.electrical ang
mechanical integrity
checks in PV system
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

General Objective 3.now Routine Maintenance of Solar PV Systems

8-10

3.1Explain Faults in PV
system

3.2 ExplainFailure in PV
System

3.3 Explain Failure and its

characteristics

 Human erro

1 Natural event

1 Design flows

1 Failure related to
componenetc.

3.4 Explain failure causes

Interconnector failure

1 Corrosion

9 Delamination

1 Hotspot

1 Potential Induced
Degradatior(PID)

1 Cables etc.

3.5 Explain the impact of
shading on PV system
performance

Explain Faults in PV
system

ExplainFailure in PV
System

Explain Failure and it

characteristics

 Human error

1 Natural event

1 Design flows

9 Failure related to
component etc.

Explain failure cause|

Interconnector failure

1 Corrosion

1 Delamination

1 Hotspot

1 Potential Induced
Degradation.(P1D

1 Cables ete:

Explain-the’ impact of

shading’on PV systel
performance

Describe

environmental

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

Identify faults in
solar PV System
components

Simulate the effect
of shading on a
small PV array.
(using opaque
materials) power
curve

Identify potential
areas where
environmental
degradation might
occur on a physical
system.

Carry Out Repairs/
Replacements on
Solar PV system
components

Demonstrate reco#(
keeping for
maintenance
activities

Guide students to:
Identify, faults in
solar PV System
components

Simulate the effect
of shading on a
small PV array
(using opaque
materials) power
curve

Identify potential
areas where
environmental
degradation might
occur on a physical
system.

Carry Out Repairs/
Replacements on
Solar PV system
components

Demonstrate reco#(
keeping for
maintenance
activities

PPE

Solar PV
System
components
Multimeter,

Ladder

Imaging
camera

Inspection
mirror

Cleaning
materials
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1 3.6 Describe environmenta
degradation factors
affecting PV systems

UV radiation

Temperature cycling
Humidity

Dust accumulation

E R

3.7 Explain the importance of
recordkeeping for maintenang
activities

degradation factors

affecting PV systems

1 UV radiation

1 Temperature
cycling

1 Humidity

1 Dust accumulatiol

Explain the
importance of record
keeping for
maintenance activitie

General Objective 4.0: Know the Operational, Maintenance

, and Monitoring-of Solar PV systems

11-15

4.1 Explain operations of sola
PV systems

4.2 Explain maintenance, ang
monitoring of solar PV systen

4.3 Explain monitoring and
control tools use for solar PV
systems

44 Explain Key Performance
Indicators (KPIs) to consider

while assessing the efficiency
and health of the system: e.g
Performance ratio,

Battery efficiency,

Explain operations of
solar PV systems

Explain maintenance
and monitoring of
solar PV systems

Explain monitoring
and controktools use
for solar RV systems

Explain Key
Performance
Indicators (KPIs) to
consider while
assessing the
efficiency and health

Journals
Textbooks
Whiteboard
Marker
Internet
Computer
Projector

Carryout system
maintenance and
troubleshooting

Simulation of
common failures,
troubleshooting ang
repairing the
system.

Guide students to:
Carryout system
maintenance and
troubleshooting

Simulation of
common failures,
troubleshooting ang
repairing the
system.

PV system
PPE

Solar PV
System
components

Multimeter,

Imaging
camera

Inspection
mirror

Cleaning
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Power output of the system: e.g.: materials
Performance ratio,
Battery efficiency, Demonstratio
Power output n board

4.5 Explain the use of advanc
monitoring devices such as | Explain the use of

Data Loggers advancemonitoring

Sensoretc, devices such as
Data Loggers
Sensoretc.

EVALUATION: CA 70%
EXAMINATION: 30%
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HIGHT VOLTAGE SOLAR PV AND INDUSTRIAL APPLICATION

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : HIGHT VOLTAGE SOLAR PV AND INDUSTRIAL
APPLICATION

COURSE CODE SPE 423

CONTACT HOURS: 3

CREDIT UNIT : 3

THEORETICAL : 1

YEAR: Il SEMESTER: Il

PRE-REQUISITE:

PRACTICAL: 2

GOAL: This course is designed to enable students acquire knowledge and skillsiirvbigtye.solar PV and industrial application

1.0 Know the principles of high voltage solar PV
2.0 Know working mechanism of high voltage solar PV
3.0 Know the Industrial Application of High Voltage Solar PV

GENERAL OBJECTIVE: On completion of this course, the students should be able to:
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE: HIGHT VOLTAGE SOLAR PV AND

COURSE CODE SPE423

CONTACT HOURS: 3

INDUSTRIAL APPLICATION

CREDIT UNIT : 3

THEORETICAL : 1

YEAR: Il  SEMESTER: Il

PRE-REQUISITE:

PRACTICAL: 2

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to enable students acquire knowledge and skillsiirvbigiye.selar PV and industrial application

GENERAL OBJECTIVE 1.0: Know the principles of high voltage solar PV

THEORETICAL CONTENT

PRACTICAL CONTENT

storage devices
Higher voltage
Inverter/ Charge
controller

System balancing
component

High voltage solar
panel

Monitoring system
High voltage power
system network

Al

== =

storage devices: Battery
bank

System balancing
component:
Transformers, Blocking
diodes

High.voltage solar pane
aboye48 volts
Menitering system:
Computers

High voltage power

Computer,
Projector,
Charts,

lines
Grid
Battery bank
Inverter/ Charge controller

system network:

Transmission towers
and lines

Grid

Battery bank
Inverter/ Charge
controller

WEEK |SPECIFIC LEARNING TEACHERGS RESOURCES [SPECIFIC LEARNING [TEACHERO® SRESOURCES
OUTCOME ACTIVITIES OUTCOME ACTIVITIES
1.1 Define high voltage P[Explain hgh voltagePV [Textbooks, Guidestudents to: [Charts

Journals, Demonstrate the use of thDemonstrate the use

1.2 Explain the operationiExplain the operational Publications, = [following devices: of the following Pictorials
components of high components of high  |Whiteboard, [Transformers devices:
voltage PV voltage PV in 1.2 Markers, Blocking Diodes Transformers Videos

1-4 1 High voltage energy [High voltage energy _[Internet Transmission towers and Blocking Diodes
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1.3 List the Application off
components in 1.2

1.4 List the main types of

high voltage solar PV

system

7 Standalone System

1 Gridi connected
System

Transmission towers an
lines

Explain the Application
of high voltage PV

Explain the main types

high voltage solar PV

system

7 Standalone System

1 Gridi connected
System

GENERAL OBJECTIVE 2.0:Know working mechanism of

high voltage solarPV.System

2.1. Explain the working |[Explain the working Textbooks, Guide students to: [Charts
mechanism of high voltagmechanism ohigh Journals, Demonstrate on the Demonstrate on the
Standalone PV Systems |voltageStandalond®V  [Publications, “categories of High Voltagecategories of High |Pictorials
System Whitebeard, * standalone PV system  |Voltage standalone
2.2 List the categorizatior] Markers; PV system \Videos
5-9 of high voltage StandalonExplain the Internet
PV System: categorization ohigh  |Computer,
voltageStandalone Rrojector,
Directcoupled System Charts

1

1 with battery storage
M with batteries and
Charge controller
with AC and DC Load
Hybrid Standalone
System

1
1

2.3 Explain each of the
Standalone System

7 Directcoupled:

1 with battery storage

1 with*batteries and
Charge controller

9. ~with AC and DC
Loads

1 Hybrid Standalone

categorization in 2:2

System
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2.4 Explain the working
mechanism of Grid
connected high vadige PV
System in 2.2 based on:
1 Dependency

1 Usage

1 Connection

2.5 Explain the merits ang
demerits of Standalone
System categorization in
2.2

Explain each of the
Standalone System
categorization in 2.2

Explain the working
mechanism of Grid
connected high voltage
PV Systemin 2.2 base
on:

1 Dependency

1 Usage

1 Connection

Explain the merits and
demerits of Standalone
System categorization i
2.2

GENERAL OBJECTIVE 3.0: Know the Industrial Application’of High Volta

e Solar PV

10- 14

3.1 Explain the applicatio
of high voltage PV systen
in the following Industries
1 Power

1 Transportation

1 Telecommunications
1 Agricultureetc.

3.2List the economic
feasibility of Industrial
high voltage solar PV,

Explain the application
1 of high voltage PV
system in the
following Industries:
1 Power

7 Transportation
1 Telecommunications
1 Agricultureetc.
Explain the economic
feasibility of Industrial
high voltage solar PV

Application

Textbooks,
Journals,
Publications,
Whiteboard,
Markers,
Internet
Computer,
Projector

Application

Visit an industrial high
voltage PV plants

Guide students to
\Visit an industrial
high voltage PV
plants
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3.3 Explain the Explain the maintenanc
maintenance associated [associated with Industri
with Industrial high high voltage solar PV
voltage solar PV

ASSESSMENT:

Continuous Assessment (CA0%
Examination:40%
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Application ofAl for Energy Trading

NIGERIA

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING-TECHNOLOGY

COURSE TITLE : Application of Al for Energy Course Code: SPE 424 Contact Hours:3
Trading Credit Unit:3 Theoretical: 1
Year: |l Semester: I - y

Prerequisite: Python Practical:2Hour/week:

GOAL: This course is designed to provide students with knowladdeApplication ofAl ferenergy trading

GENERAL OBJECTIVES : On completion of this course, the students shouldbe.able to:

1.0Know the fundamentals of blockchain technology, machine learning, algorithms and their application in energy markets
2.0Know models that can predict energy production, consumption, and pricing

3.0Understand smart contracts for automated P2P energy transactions

4.0Know Decentralized Applications (DApps) for Energy Trading\Platforms

5.0Know energy trading using reinforcement learning

6.0 Know security, privacy, and regulatory challenges in bleckchaised energy systems
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PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR PHOTOVOLTAIC (PV) ENGINEERING TECHNOLOGY

COURSE TITLE : Application ofAl for
Energy Trading

COURSE CODESPE424

Contact. Hours3

Credit Unit:3

Theoretical: 1

Year:

I Semester: |l

Prerequisite: Python

Practical: 2

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to provide students with knowledg@ppiitation of Al for energy.trading.

GENERAL OBJECTIVEL.O: Know the fundamentals of blockchain technology, machine\earning algorithms and their application in

markets
THEORETICAL CONTENT PRACTICAL CONTENT
Week | Specific Learning Outcome Teacher 6 s AResources: -Specific Learning | T e a ¢ h e r § Resources
Outcome Activities
1-3 1.1 Explain blockchain technolog Explain blockchain Whiteboard Guide student to] Computer
and distrbuted ledgers foenergy | technology and Marker Usemachine Use machine system
markes distributed ledgers for | Internet learningto learning to Software
energy markets Computer forecast: forecast:
Projector Energy demand | Energy demand
1.2 Explainpeer to -peer P2P | Explain peer to~peer.. | Textbooks Energy Market Energy Market
energy market fundamentals (P2P energy.market Videos Energy output etc.| Energy output
fundamentals USB drives etc.

1.3 ExplainAl and its application

Explain Aland its

Write a simple

Write a simple
machine learning

in energymarket. application inenergy machine learning | language
market. language Python
Python

1.4 ExplainMachine learningNIL)
basics with a focus on energy
applications

ExplainMachine
learning ML) basics
with a focus on energy
applications
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1.5 Explain Datatructures and
cryptography for blockchain
systems

Explain Data structures
and cryptography for
blockchain systems

General Objective2.0: Know models that

can predict energy production, consum

tion, and pricing

4-6

2.1ExplainTime series forecastin
for energy production and
consumptiorusing the following
economidndicators:

1 GDP,

1 Unemployment,

1 Inflation

2.2 Explain Price forecasting
models and market dynamics

2.3Explain Anomaly detection in
energy data streams

ExplainTime series
forecasting for energy
production and
consumptiorusing the
following economic
indicators:

1 GDP,

1 Unemployment,

1 Inflation

Explain Price forecastin
models and market
dynamics

Explain Anomaly
detection in energy. date
streams

Whiteboard
Marker
Internet
Computer
Projector
Textbooks
Videos
USB drives

Demonstratdime
seriesforecasting
for energy
productionand
consumption using
the fallowing
Software:
MATLAB
Python

Guide students
to:

Demonstrate
Time series
forecasting for
energy
production and
consumption
using the
following
Software:
MATLAB
Python

Software:
MATLAB
Python
RETScrea
SQL
Pandas

General Objective 3.@nderstand smart contracts forautomated P2P energy transactions

6-9

3.1 ExplainSmart contract
development for automated ener,
transactions

3.2 Explain Token economics an
incentive design foenergy market

3.3 Explain Interoperability.

Explain Smairt contract
development for
automated energy
transactions

Explain Token
economics and incentiv
design for energy
markets

between energy tradingyplatform:

Explain Interoperability

Whiteboard
Marker
Internet
Computer
Projector
Textbooks
Videos
USB drives
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3.4 Explainthe intersection of Al
and energy systems

3.5Explaindifferent types of
energy data:

Production,

Consumption,

Pricing etc.

3.6 Explainsmart contracivriting
specifically for energy transactior

between energy trading
platforms

Explainthe intersection
of Al and energy systen

Explain different types ¢
energy data
Production,
Consumption,

Pricing Etc.

Explainsmart contract
writing specifically for
energy transactions

General Objective4.0: Know Decentralized Application®Apps) for

Energy Trading Platforms

1011

4.1 Explain the concept of
decentralized energy trading.

4.2 Explain how different
decentralized energy trading
platforms works
Transparency

Efficiency

Security, etc.

4.3 Explain the benefits of
decentralized energy.trading

Explain the concept.of
decentralized energy
trading.

Explain how different
decentralized energy
trading, platforms works
JTransparency
Efficiency

Security, etc.

Explain the benefits of
decentralized energy

Whiteboard
Marker
Internet
Computer
Projector
Textbooks
Videos
USB drives

trading

Simulate stability
in decentralized

grid control
systems

Guide student to
Simulate grid
stability in
decentralized gri
control systems

Software:
Python

Prophet

Cloud base
platform
(AWS,
google
colab)

Siemens
spectrum
power
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4.4 Explain the merits and demer
of differentenergytrading
platforms.

4.5Explain how to asuresolar
grid stability with decentralized
control systems

Explain the merits and
demerits of different
energytrading platforms

Explain how to asure
solargrid stability with
decentralized control
systems

General Objective5.0: Know energy trading using reinforcement learning

12-13

5.1 ExplainReinforcement
learning.

5.2 Explain multragent systems f(
decentralized energy coordinatio

5.4 Explain theimpact ofenergy
market volatility, and the need fol
automatedstrategies

Explain the concept dflarkov
Decision ProcesseMDPy)
through a simplified game with
states, actions, rewards, and
transitions.

Explain Reinforcement
learning.

Explain multragent
systems for decentralizé
energy coordination

Explain theimpact of
energymarket volatility,
and the need far
automated)strategies

Explain the concept of
Markoyv Decision
Processes (MDPs)
through a simplified
game with states, actior
rewards, and transitions

Whiteboard
Marker
Internet
Computer
Projector
Textbooks
Videos
USB drives

Simulate energy
trading using
MDPs software

Guide students
to:

Simulate energy
trading using
MDPs software

MATLAB

Video clips

General Objective6.0: Know security, privacy, and regulatory challengebliockchainbased energy systems
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14-15 | Explain Blockchain Energy Explain Blockchain Whiteboard | Simulate: Guidestudents t¢ MATLAB
security models Energy security models| Marker Blockchain energy simulate;
6.2 Explain: Explain: Internet security model Blockchain Video clips
Decentralization, Decentralization, Computer Threat model energy security
Immutability, Immutability, Projector Blockchain systenj 'model
Transparency Transparency Textbooks | optimization Threat model
Explain the application of Explain the application | Videos Blackout Blockchain
blockchain technology to energy | of blockchain technolog| USB drives | prevention system
networkse.g. to energy networke.g. optimization
Peerto-peer trading Peerto-peer trading Blackout
Smart grids Smart grids prevention
Renewable energy credits Renewable energy
credits

Explain the Threat

6.4 Explain the Threat modeling | modeling specific to
specific to energy infrastructure | energy infrastructure an
and grid systems grid systems

Explain theEnergy
6.5 Explain théenergy Market Market Regulations and
Regulations and Trading Rules | Trading Rules

6.6 Explain strategy for Blackout| Explain‘strategy for
Prevention Blackout Prevention
EVALUATION: CA 60%

EXAMINATION: 40%

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




5 ® Government of the Netherlands

NIGERIA

PRACTICAL MANUAL S

SPE 311 1. Identify different types of diodes
PRINCIPLES OF ELECTRONICS
2. Demonstrate forwarand reverse bias characteristics of PN Junction
diodes.

3. Carryout testing of diodes using'multimeter

4. Test the following Bipolar Junction Transistors.
NPN
PNP

5. Test the followind-ield Effect Transistors using mutteter.
N-channel type
P-channel type

6. Design and Construct Transistor Amplifier and switching circuits
7.Measure the voltage and power gains of the following;

Fixed bias.

Collectorbase bias without and with a decoupling capacitor.
Potential divider bias.

Junction FET simple bias

8. lllustrate using diagrams activities 2.2 to 2.8

9. Calculate the voltage and power gains of the amplifiers in 2.8
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10. Draw the circuit diagram of a single stage common emitter and
common source transistor amplifiers having;

Resistive load,

Transform

Tuned circuit loads.

11. Design and Construct various Operational Amplifier circuits

12. Demonstrate the effect of feedback in operational amplifier.

13. Measure the amplitude and frequency of known operatgomglifier-
basedscillators.

14. Solve problems involvinggORMP, using circuits in 3.5

15. Design and constructunultivibrators using
Switches:

Transistors

monolithic integrated circuit (ICs)

16. Draw the block diagram of a basic feedback ampilifier.
17-Draw, a simple electronic switch
18 Draw multivibrator circuits.

9. Perform logic gate operations using:

e ONOTO6 gate or inventers;
e OANDOG gat e;

e O0O0OR6 gat e;

e ONANDO gat e

e

1
-
T
T
T
T ONORG6 gat e

jun e pen S B N
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20. Use software packages to show the logic gates functions.and diffe
configuration methods.

21. Verify the output waveforms of rectifiers

22. Verify the effect of filter capacitor on the rectifiers output.
23. Draw a simpleliagram of thgpower supply circuit

24. Calculate ripple factors for half wave.and-fulive rectification

SPE 312
PRINCIPLES OF RENEWABLE ENERGY

Form and gide in group discussiopand.claspresentations on differéen
typesof energy transformation
Demonstrate using visual aids.on how energy been transform

SPE 313
FUNDAMENTALS FOR SOLAR
PHOTOVOLTAIC (PV) SYSTEM

1. lllustrate the Electromagnetic.spectrum, waves, fields on various se
conductors

2. Sketch the i built electric field created by the positively and
negatively charged junctions on seimdonductor layers

3. Identify the different types of Solar PV System

4. |dentify types of Solar PV installation Systems

SPE 314
SOLAR RESOURCE ASSESSMENT

1. Identify the types of solar radiation (DNI, GHI, DHI).
2.Demonstrate how sunlight is converted into electricity and heat
3. Demonstrate how solar energy is measured with simple tools

4. Measure temperature, tilt angle and irradiance as fafferging solar
energy availability.

5. Compare solar radiation levels in different directions
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6. Compare solar resource availability across different directions
7. Select relevant solar energy datasets
8. Use computational tools to analyze solar energy-patterns.

9. Interpret solar radiation trends to predict'energy output for solar ene
systems
10. Demonstrate basic data processing using spreadsheets.

11.Demonstrate the use of solar.energy resource measurement tools
software for Solar energy reseurces-assessment

12. Generate site assessment reports for solar energy resources

13. Conduct econaomic analysis on solar energy projects such as:
Initial capital

Maintenance

Payback period,

Return onminvestment (ROI),

Costbenefit analysisetc.

14. Evaluate environmental factors affecting solar energy projsath as
Carbon footprint reduction and
Land use reclamation.

15. Compare the feasibility of solar energy systems with alternative er
sources

16. Design solaenergysystems based on:
Performance ratio

Sizing
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Climatic condition etc.

17. Demonstrate the effect of solar collector orientationand-tilt angle

SPE 315
WORKSHOP PRACTICE AND SAFETY
PROCEDURE

1.Demonstrate the use of PPE

2. Demonstrate firsdid procedures.

3. Demonstrate emergency response.procedures
4. Demonstrate the use of fire extinguisher
5. Identifythe following handools:
Screwdrivers,

Hacksaws

Spanners ,

Drills, etc.

6. Draw and |labethe following hand tools
Screwdrivers,

Hacksaws

Spanners,

Drills, etc.

7.Handle tools and equipment appropriately

8. Maintain tools and equipment appropriately

9. Perform material cutting, welding, soldering and drilling, etc, for sol
energy system

10. Demonstrate how tAssemble and disassemigigar PVs through
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Connections (wiring and piping)
Mounting structures
Precast solar mounting base

11. Inspect fabricated components for defects and ‘compliance with
specifications

12. Carryout a risk assessment

13. Develop a safety checklist for SolarPV/Thermal system installatio
14. Identify Typesof Accidents

15. Identify The Procedurdsr, Accident Preventions

16. Use Case Study.Involving Risk of installation of RE systems

SPE 316
SMART GRIDS & 10T IN PV SYSTEM |

1. Identfy a minitraditional grid andmini smart grid

2. Monitorypower consumption by AC loads using smart meter
3. Contral AC loads using smart circuit breaker

4. Adtomate the operation of AC loads using smatrt circuit breaker

5. Identify each of these sensors used in 0T for smart grids:
Temperature sensor,

Irradiance sensor,

Voltage sensor,

Current monitoring sensor.

6. Identify each of these types of actuators used in loT for smart grids
Electromechanical Devices

Hydraulic/Pneumatic Devices
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Solid-state devices
Smart Relays
7. Carryout experimentsing loT based system

8. Carryoutanassessment dmow tomonitor and centrol-ef inverters

9. Carryout reatime monitoring of energy genération and consumptior
PV system

10. Demonstrate remote shontcuit andopen cireuit fault detection using
loT

11. Demonstrate data logging andsanalysis using IoT devices

SPE 317
ENERGY STORAGE TECHNOLOGIES IN
SOLAR PV SYSTEMS

1. Identify types of energy storage (batteries, thermal, mechanical).

2. Implement sustainable practices to minimize solar PV waste and e»
battery life.

SPE 318
MODELLING AND SIMULATION OF
SOLAR PV SYSTEMS

1. Design the layout ofva basic solar PV system
2. Assess the factors influencing solar PV system design

3. Calculate to determine the appropriate siohgomponents like
collectors, storage tanks, and heat exchangers based on system dem
and'design parameters.

4. Apply thermal performance equations to model solar collectors:
Heat transfer
Energy equations

5. Use mathematical models to calculate the behavior of heat storage
systems
Heat losses

Charging/ discharging cycle
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6. Identify commonly used software for solar PV system’simulation

7. Navigate user interface and set up basic simulation models in any
available software

8. Input system parameters and environmentahdata into simulation
software

9. Interpret softwargenerated outputs'and simulation graphs

SPE 321
POWERELECTRONICS

1. Calculate the following;

Reverse recovery current of diodes

Steady state capacitor voltage of an RC circuit and amount of stored
energy.

Steady state capacitar voltage of an RL circuit and amount of stored
energy.

Steady state capacitorwvoltage of an LC circuit and amount of stored
energy.

Steady state capacitor voltage of an RLC circuit and amount of stored
energy.

The initial di/dt and dv/dt of RLC circuits

2..Simulate the performance of diode rectifier
3. Evaluate the performance of diode rectifier
4. Determine the Fourier componentglafderectifier outputs.
5. Calculate the performance parameters of diode rectifiers

6. Designadiode rectifiercircuit.
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7. Determine the effects of load inductance on load current.
8. Designthe output side filter for diode rectifiers.

9. Determine the effects of source inductance on the-rectifier output
voltage.

10. Measure the gate drive characteristicge following transistors:
BJT

MOSFETs
IGBTs

11. Calculate the gate drive.characteristics and requireroktits
following transistors:

BJT

MOSFETs

IGBTs

12. Design di/dt protection circuits for transistors

13. Simulate the performance parameters of@CConverters
14. Measure the performance parameters oflCConverters
15. Design DEDC converter systems

16. Simulate the performance parameters of inverters.

17. Measure the performance parameters of inverters
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SPE 322
TECHNO-ECONOMIC ANALYSIS FOR
SOLAR PV SYSTEM

Carryout CAPEXOPEX spreadsheet modelling for 10 kWhsystem

Map stakeholderos .roles 1.n a sa
Perform LCOE calculations

Perform NPV/IRR calculatian

Build financial models with appropriateesoftware tools

6. Contrast PPAs vs. leasing models.

7. Develop power purchase agreement (PPAs) model for Solar PV prt

8. Design procedure for.community Solar PV Model
9. Prepare a grand‘application for solar mini grid

10. Prepare a.5kw-solar system proposal which include:

Technical specifications

Financial model

Risk mitigation plan

Palicies compliance checklist

koad profile etc.

11/Perform the SWOT analysis on an existing Nigeria solar project

12. Analyse a failed solar projects and present key lessons

SPE 323
SOLAR PV SYSTEM CONFIGURATION

1. Identify the each of following grid systems:
Mini-Grid systems.

Off-Grid systems

Hybrid systems

2. Identify the components of Solar PV MiGrid
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3. Identify the various types of Solar PV mgnd systers.
4. ldentify the components of Solar PV @ffid systens.
5. Identify the various types of Solar PV @jffidSystens.
6. Identify the components of Solar PV Hybagstens.

7. ldentify the various types of Solar PV Hybsigstens.
8. Identify thecomponents of Grid, tied system

9. Identify the various types of Grid tied system

SPE 324
RESEARCH METHODOLOGY IN SOLAR
PV

1. Write a concise and cleartitle along with background information
relevant to solar PV energy

2. Formulate.aesearch problem relating to solar PV and derive
appropriate objectives for. it

3. Create precise and researchable problem statements and research
questions

4.Draft a literature review section of a Research proposal
5. Writea comprehensivabstract

6. Summarize relevant studies and highlight research gaps in solar P}
energy

7. Select appropriate research design and methodology
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8. Develop experimental or field procedure for the research on any ar
your choice on Solar PV

9. Conduct the study using tools and techniques inireal'or simulated
environments

10. Analyze data sets using appropriate saftware.tools
11.Compile research data and analysis'into coherent sections
12. Interpret the implications of research results

13. Applycorrect citation andixeferencing styles in a technical report

SPE 325
SOLAR PV PROJECT MANAGEMENT
AND TENDERING PROCESS

1. Create New Solar PV/Project using project
management software

2. Generate Solar PV project scope and milestones

3. Use &Computer Application packages to design and document a pr

SPE 326
SMART GRIDS & loT IN PV SYSTEM Il

1. Identify"Smartgrid devices such @&mart MeterandEnd-User
Devices

2..Monitor power consumption by AC loads using smart meter

3. Control AC loads using smart circuit breaker

4. Automate the operation of AC loads using smart circuit breaker
5. Implement a smabcale Smart Grid using le@nabled PV systems

6. Connect a smart energy meter to a PV inverter

7. Use a smart plug to automate a domestic appliance based on PV o

INCLUDE

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

NIGERIA




5 ® Government of the Netherlands

8. Set up realime monitoring dashboards

9. Use simulation software for Smart Grid and PV system modeling
10. Control a smaiscale Smart Grid using le@nabled PV systems
11. Demonstrate Smart plegheduling for appliance control

12. Demonstrate Smart solar tracking for solarpanels

13. Demonstrate the use of wire verse wireless networkirgnfoaince
performance

SPE 411
ADVANCED SOLAR PV TECHNOLOGIES

1. Demonstrate the workingrineiplesef atraditional and advanced Solaj
PV modules

2. Measure-V characteristics undehe followingconditions
Load

Temperature

Irradiance

3. Measure‘thecharacteristics of Solar PV uswigr simulatar

4. Use labeledliagrams and datasheetsdentify componenti
advanced Solar PV System

5..Demonstrate the different between PWM and MPPT charge contro|

SPE 412
INSTALLATION AND COMMISSIONING
OF SOLAR PV SYSTEM

1. Performcalculaions related to loaenalysis.
2. Provide handsn training in system design software.
3. Review case studies of existing solar PV installations.

4. Perform precommissioning tests.
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5. Troubleshoot common PV faults.

6. Diagnose real or simulated system issues.

7. Apply safety procedures for electrical testing.

8. Demonstrate grounding and earthing tests.

9. Show how to use imaging cameras.

10. Demonstrate Solar Panel installation procedures

11. Verify system performance and troubleshooting comissures.
12. Test system perfarmance after installation

13. Perform solar panel routine system maintenance.

14. Identify andresolve common faults in solar PV setups.
15. Identify and repair faults in solar PV setups.

16. Mount modules and connect components.

17.formulate thecommissioning checkligif activities

SPE 413
ADVANCE PV SYSTEM PERFORMANCE
AND TROUBLESHOOTING

1. Identifythecommon faults in PV systems and troubleshigthe
following tools:

Module-level,

Inverterlevel,

Wiring
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2. ldentifyeachof thefollowing traditional troubleshooting tegls
Multimeter,

Clamp meter,

Solar PV imaging,

Power analyzer

3. Identify the following advance performance maonitoring tools
Data loggers,

Battery management system

Cloud-basedmonitoring platforms,

4. Measure thperformance of th&olar PV-component affected the
following;

Degradation of Solar PV Modulgs

Faults in inverters (e.g., overvoltage, under voltage),

Faults in MPPT controllers.

Environmental Factor&.g,.dust, shading, temperature)

5. Diagnose the.following component faults based on codes;
Inverter

Controller and

Battery

6. Calculate'the Performance Ratio (PR) in PV system

7.Compare PV system performance by replattingth underperforming
components.

8. Measure solar power generated due to panels duptavide solution.

9. Repair a faulty inverter with error code 4

SPE 414 1. Identifythetypes of mini grids in your community
SOLAR MINI-GRID AND RURAL
ELECTRIFICATION 2. Carryout solar resource assessment of a rural community

3. Develop daily/seasonal energy profile of a community
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4. Design a small solar PV Mini grid

5. Carryout nstallation setting of a smadcale solar PV mini grid
6. Carryout Field Trig.

7. Carryout system maintenance and troubleshooting

8. Simulation of common failures, troubleshooting and repairing the

system.
SPE 416 Organize ingroup discussions:and ¢lass presentations
Solar PV Policy, Climate Adaptation & Organise Seminars
Energy Transition
SPE 421 Organizeclassgroup discussion

Solar PV Policy, Regulation, and Standards
Evaluate the level of pelicies implementation

Organise Seminars

SPE 422 1. Identify thefollowing Solar PV System Components:
MAINTENANCE AND REPAIRS OF Solargpanels

SOLAR PV SYSTEMS Inverters

Charge controllers,

Batteries

Protection devices

Wiring, etc.

2. Trace the flow of energy m physical PV system based on provided
schematic diagram

Identify the flow of energy through different PV system configurations
Demonstrate how to configure PV systems
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4. Carryoutroutine maintenance checks, including;
Cleaning,

Visual inspections, and

System health assessments.

5. Identify faults in solar PV System components

6. Simulate the effect of shading on a small RV array (using opaque
materials).

7. ldentify potential areas where‘environmental degradation might occ
a physical system.

8. Carry Out Repairs/ Replacements on Solar PV system components
9. Demonstrate recoikkeping for maintenance activities
10. Carryout system maintenance and troubleshooting

11. Simulation"common failures, troubleshoot and repair the system.

SPE 423
HIGH T VOLTAGE SOLAR PV AND
INDUSTRIAL APPLICATION

lllustrate.on:

Transformers

Blocking Diodes
Transmission towers and lines
Grid

Battery bank

Inverter/ Charge controller

Demonstrate on the categories of High Voltagadalone PV system
Visit anindustrial high voltage PV plant

SPE 424
Application of Al for Energy Trading

1. Use machine learningchniqueo forecasthe following

Energy demand
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Energy Market
Energy output etc.

6. Write a simple machine learning languagengPythonprogramming
language.

7. Demonstratdime series forecasting for energy production and
consumption using the following Software:

MATLAB

Python

8. Simulatestability in decentralized, grid control systems

9. Simulate energy trading using.MDPs software

10. Simulatethe followingmodels
Blockchain energy security_model
Threat model

Blockchain system optimization
Blackout prevention

LIST OF SOLAR PV TOOLS AND EQUIPMENT

S/N | EQUIPMENT | QUANTITY | REMARKS
WORKSHOP TOOLS//EQUIPMENT

1 Ammeter 12

3 AC Bulbs Assorted

4 Bolt and Nuts Assorted

5 Controller (PWM, MPRET) 5 each

6 Nails Assorted

7 Screws Assorted

8 DC Bulbs Assorted
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9 Diagrams Assorted

10 | Digital Thermometers 10

11 | Faulty system components (Inverters, charge | Assorted
controllers, panels, batteries, breakers, diodes)

12 | Fire extinguishers 5

13 | First Aid Kit 5

14 | Inverter Assorted

15 | Irradiance meter 5

16 | Risk assessment templates Assorted

17 | Load (Resistive capacitive and inductive) Assorted

18 | Expansion bolts Assorted

19 | Flash band 2 roles

20 | Maintenance Kits 5

21 | Manufacturer Manuals Assorted

22 | Maps Assorted

23 | Multi-meter 5

24 | Pictorials Assarted

25 | PPE Set 15 sets

27 | Solar PV module Assorted

28 | Solar PV module cables Assorted

29 | Safety Charts Assorted

30 | Smart Breakers Assorted

31 | Smart DC Switches Assorted

32 | Temperature sensor Assorted

33 | Toolbox (complete) 15

34 | Batteries Assorted

35 | Batteries Equalizers 5

36 | Batteries Analyzer 2

37 | Batteries Load tester 2

38 | Cables Assorted

39 | Calculators Assorted
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40 | Checklist Assorted

41 | Clamp meter 5

42 | Resistor Assorted

43 | Magnetic compass 12

44 | Operational amplifiers Assorted

45 | Connecting cables (Jumper) Assorted

46 | Cutting & Drilling Tools 5 each

47 | Diodes Assorted

48 | Domestic appliance 2

49 | Metal Sheets 10

50 | Mounting structures Assorted

51 | Mounting Poles 5

52 | Solar PV system models (Mkugirid, Off-grid, 1 each
Hybrid, Smart Grid)

53 | Solar PV installation kits. 5

54 | Test board (MBF) Assorted

55 | Thermal cameras 5

56 | Distribution board 12

57 | MC4 connector Assorted

58 | Cable lug Assorted

59 | Insulation tapes(Different color) Assorted

60 | Cable ties/clams Assorted

61 | Insulation resistance tester(megger) 1

62 | Earth resistance tester 1

63 | Cleaningmaterials Assorted

64 | Component datasheets 10

65 | Fire Alarm Assorted

66 | Sand bucket Assorted

67 | Fire Blanket Assorted

68 | Smoke Detectors Assorted

69 | Gas Detectors Assorted
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70 | Safety signs Assorted
71 | Fabrication Materials Assorted
LABORATORY TOOLS//EQUIPMENT
S/IN | EQUIPMENT QUANTITY REMARKS
1 BJT Transistors Assorted
2 Breadboard Assorted
3 Capacitors Assorted
4 Integrated Circuit (e.g. 555 timer, LM 74, 7805. 78] Assorted
5 Cloud-based monitoring platforms Assorted
6 Electrostatic discharge kits 10
7 FET Transistors Assorted
8 GPS 5
9 IGBTs Assorted
10 | I-V curve tracer 10'sets
11 | Monolithic integrated circuit (ICs) 5
12 | MOSFETs 5
13 | Operational Amp Trainer/ module 5
14 | Oscilloscope,(storage screen 4 channel) 5
15 | Power electronics trainer, 2
16 | Solar PV trainer 1
17 | Pyranometer 1
18 | Pyrheliometer 1
19 | Semiconductor Trainer/smodule 3
20 | Router 1
21 | Smart Inverter (3kvé 5kva) Assorted
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22 | Smart plugs/sockets Assorted

23 | Smart thermostats Assorted

24 | Switches Assorted

25 | System monitoring dashboard 1

26 | Audio visual Assorted

27 | Ammeter 12

28 | Anemometers 5

29 | AC Bulbs Assorted

30 | Charts Assorted

31 | Controller (PWMMPPT) 5 each

32 | Data logger 5

33 | Dataset Assorted

34 | DC Bulbs Assorted

35 | Diagrams Assorted

36 | Digital Thermometers 10

37 | Faulty system components (Inverters, charge Assorted
controllers, panels, batteries, breakers, diodes)

38 | Fire extinguishers 5

39 | First Aid Kit 5

40 | Inverter Assorted

41 | Irradiance meter 5

42 | Risk assessment templates Assorted

43 | Load (Resistive capacitive and inductive) Assorted

44 | Logic pulser, 10

45 | Logic probe. 10

46 | SolarMaintenance Kits 5

47 | Manufacturer Manuals Assorted

48 | Maps Assorted

49 | Multi-meter 5

50 | Pictorials Assorted

51 | PPE set 15 sets
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52 | Solar PV meter 10

53 | Solar PV module Assorted

54 | Solar PV module cables Assorted

55 | SafetyCharts Assorted

56 | Smart Batteries Assorted

57 | Smart Beakers Assorted

58 | Smart DC Switches Assorted

59 | Temperature sensor, Assorted

60 | Toolbox (complete) 5

61 | Batteries Assorted

62 | Batteries Equalizers 5

63 | Cables Assorted

64 | Calculators Assorted

65 | Checklist Assorted

66 | Clamp meter, 5

67 | Cleaning materials Assorted

68 | Magnetic Compass 10

69 | Component datasheets 10

70 | Connecting cables (Jumper) Assorted

71 | Cutting & Drilling Tools 5 each

72 | Resistors Assorted

73 | Domestic appliance 2

74 | Metal Sheets 10

75 | Mounting structures Assorted

76 | Mounting Poles 5

77 | Solar PV system (Mingrid, Off-grid, Hybrid, Smart | 1 each
Grid)

78 | Solar PV installation Kits; 5

79 | Test board (MBF) Assorted

80 | Thermal cameras 1

81 | Concave mirror 5
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82 | Light beam 5
83 | Diodes Assorted
84 | Operational amplifiers Assorted
85 | Signal generator 5
86 | Inclinometer 1
87 | Spirit level 1
88 | Fire Alarm Assorted
89 | Sand bucket Assorted
90 | Fire Blanket Assorted
91 | Smoke Detectors Assorted
92 | Gas Detectors Assorted
93 | Safety signs Assorted
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STUDIO TOOLS//EQUIPMENT
S/N | EQUIPMENT QUANTITY REMARKS
1 Computers 30
2 Solar PV system design simulation software | Assorted
3 Projectors Assorted
4 Energy Audit tools Assorted
5 Software:e.g( RETScreen, PVsyst, HOMER, | Assorted
System Advisor Model(SAM), Microsoft togls
Python MATLAB, SQL, Pandas, Prophet, Clou
base platform{AWS, google colab}, Siemens
spectrum power)
SOLAR FARM
S/N | EQUIPMENT QUANTITY REMARKS
1 Demonstration Solar PV farm (5KW) 1
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LIST OF PARTICIPANTSHND SOLAR PHOTOVOLTAIC (PV) PRECRITIQUE WORKSHOP

S/N | NAME ADDRESS E-MAIL
1. Engr. Dr. Salihu Bala Federal University of Technology, Minna
2. Engr. Dr. Batholomew Paul Naanma Kaduna Polytechnic, Kaduna
3. Engr. Shobo Olufemi Lagos EnergyAcademy
4. Engr. Garba Ango Joint Admissions and Matriculation Board,
Lafia
5. | Abubakar Danladi Bello Nigerian Institute of Mining and Geoscience
Jos
NBTE STAFF
8 Prof. Idris M. Bugaje NBTE, Kaduna es@nbte.gov.ng
9 Prof. Hassan Di y|NBTE, Kaduna -

10 | Dr. Musa Hatim Koko

NBTE, Kaduna

hatimlion@gmail.com

11 | Bala Danladi Akut

NBTE, Kaduna

baladanladi2000@yahoo.ca

12 | Engr. Ibrahim Abubakar

NBTE, Kaduna

13 | Zainab Abubakar Atiku

NBTE, Kaduna

atikuazainab@amail.com

SECRETARIAT

16 | Foluke Adegoke

NBTE, Kaduna

17 | AbdulhameedJsman

NBTE, Kaduna

ASCL/INCLUDE TEAM

18 | ADETUNJI IROMINI

SOLAR CENTRIC TECHNOLOGIES

tunji.iromini@solarcentrictech.com

19 | ANIEBIET OBOT

SAABI-FINDING IMPACT CONSULTING

aniebiet0O6@gmail.com

20 | ESTHER F MAIKANO

ADVOCACY FOR POLICY AND
INNOVATION (API)

esther@apiintelligence.org

21 | SERGIO LAGARDE

MUNDUS GROUP

slagarde@mundusgroup.com

22 | VICTORIA MANYA

INCLUDE KNOWLEDGE PLATFORM

v.0.manya@asc.leidenuniv.nl
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23 | CHINENYE AJAYI OLANIWUN AJAYI LP chinenyeajayi@gmail.com
24 | FATHER CHRIS ANSO JOBITECH, OBOSI, ANAMBRA STATE chrisandy2007 @yahoo.com
(NIGERIA)
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LIST OFPARTICIPANTSHND SOLAR PHOTOVOLTAIC (PV) FINALCRITIQUE WORKSHOP

S/N | NAME ADDRESS E-MAIL

1. Engr. Dr . Ai sha |NDAKaduna a.saad@nda.edu.ng

2. Engr Achu Ekene Arinze TCN 330kv T/S Alaoji Aba arinzeachu@gmail.com

3. Engr. Maaji Musa Suleiman Exoplanet Concepts Ltd Smaajinow@agmail.com

4. Aliyu Abubakar Masanawa Kaduna Polytechnic aliyumasanawa@gmail.com

5. Engr. Nsikak John Affia Akwa lbom State Polytechnic njafia@yahoo.com

6 Engr Uche Nwafor COREN uchevivid@gmail.com

NBTE STAFF

7 Prof. Idris M. Bugaje NBTE, Kaduna es@nbte.gov.ng

8 Prof. Hassan Di y| NBTE,Kaduna -

9 Dr Hassan F. Akande NBTE akandehf@gmail.com

10 Dr. Musa Hatim Koko NBTE, Kaduna hatimlion@gmail.com

11 Ramatu Adeiza NBTE, Kaduna

12 Zainab Sulaiman N.B.T.E Kaduna

13 Jamila Jibrin

14 Yusuf Abdulaziz

15 Ahmed K. Aliyu NBTE, Kaduna kasaardo@gmail.com

ASCL/INCLUDE TEAM

16 ADETUNJI IROMINI SOLAR CENTRIC TECHNOLOGIES tunji.iromini@solarcentrictech.com

17 ANIEBIET OBOT SAABI-FINDING IMPACT CONSULTING aniebiet0O6@gmail.com

18 ESTHER F MAIKANO ADVOCACY FOR POLICY AND esther@apiintelligence.org
INNOVATION (API)

19 SERGIO LAGARDE MUNDUS GROUP slagarde@mundusgroup.com

20 VICTORIA MANYA INCLUDE KNOWLEDGE PLATFORM v.0.manya@asc.leidenuniv.nl
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21 CHINENYE AJAYI OLANIWUN AJAYI LP chinenyeajayi@gmail.com
22 FATHER CHRIS ANSO JOBITECH, OBOSI, ANAMBRA STATE chrisandy2007 @yahoo.com
(NIGERIA)
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