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Theglobal focus on sustainable energy solutions has brought the critical need for skilled profes{zﬁ%in Renewable Eodrgietechhis
Higher National Diploma in Solar Thermal Engineering Technology curriculum is designed t e skilled Solar Theremakenmigmcan
contribute significantly to Nigeria's Renewable Energy sector.

FOREWORD

It is my firm belief that the effective implementation of this curricul
play a pivotal role in harnessing Nigeria's solar energy potential, ontributing to a sustainable energy fetureraidgeowth.
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GENERAL INFORMATION: \Q

1.0 TITLE OF THE PROGRAMME: Higher National Diplontéolar Thermal Engineering Techn%&*

2.0 GOAL AND OBJECTIVES:

2.1  GOAL: The Programme is designed to equip students with the knowledge and sl@ﬂhﬂm‘ Thermal Engineering
2.2 OBJECTIVES OF THE PROGRAMME

A Diplomate of HNDSolar Thermal Engineering Technologfyould be abk& to: Q

NIGERIA

A Diplomate of HND Solar Thermal Engineering Technology should be ab .

1. Install, test, operate, commission and maintain power systems and nes for solar thermal.
2. Retrofit Solar Thermal Systems f()

3. Comply with Policy, Regulation and Standards for Solar Therrpges ms

4. Carryout Demand Side Management (DSM) in Solar Thermal SyStems

5. Carryout advanced thermal system troubleshooting and ance

6. Carryout heat transfer analysis of solar thermal syste

7. Support in the design of solar thermal systems.

8. Manage solar thermal systems life cycle.

9. Model and simulate Solar Thermal Systems

10. Install, Operate and Maintain Smart Grid T stems in power generation
11. Install, Operate and Maintain Hybrid T stems in power generation

12. Maintain low and medium temperat r thermal Collectors

13. Evaluate economic values of solar the | systems.

14. Test, operate, and maintain sglaNtheymal heating and cooling systems.

15. Manage projects in solar th

=
@ -

. Write technical reports.
. Apply Al to achieve Ené& sécurity and trading

. Register, Manageﬂ Business in Solar Thermal

. Comply with en@igeming ethics and professional practices

INCLU 5
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3.0 ENTRYREQUIREMENTS V\
The general entry requirements for the HRB8lar Thermal Engineering TechnoloByogramme are: (J

(a) In addition to the basic entry requirements for National DiplioniRenewable Energlgngine NChemical Engineering, Mechanical
Engineering, Electrical/ Electronic Engineering, Mechatronics Engineering, Agric arehii taEngineering, Petroleum and Gas
Processindengineering and Railway Engineering

(b) Candidate most pesss a NationalDiploma from any of th@above nentionedEngitJyogrammes.

(c) Compulsoryindustrial Training. \

(d) Diplomate with d.ower Creditpass in the ND examination widmeor mr rs of cognate experience in the specificlisttet in (a)
abovemay be considered.

40 CURRICULLUM &%

4.1 The curriculum of the HND programme consists ur main components. These are:
I. General studies/education 6%
II.  Foundation courses Q
[ll. Professional courses
IV. SIWES

4.2 The General Education compo@kﬂail include courses in

English Language

Communication %
Mathematics

Citizenship (the Ni onstitution),

Entrepreneursi
4.3The General @n component shall account for not more than 15% of total contact hours for the programme.
4.4 Foundation &. include courses in Mathematics, and Statistics etc. The number of hours will vary with the progranayes and
account fo 1015% of the total contact hours.

INCLU 6
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4.5ProfessionaCoursesare courses, which give the student the theory and practical skills he negé @‘ ractice his field of calling at the

technical/technologists level.

50 STRUCTUREOF PROGRAMME Q(J

This is a tweyear Programma.e. four semesters of classroom, laboratory, field and work ities in the institution. Each semester shall
be of 17 weeks duration made up as follows: 15 Contact weeks of teaching, i.e. recitationgpgaCtical exercises, guizates&weeks for
examination and registration.

\¥
6.0 EVALUATION SCHEME V\
The HNDSolar Thermal Engineering Technologyamination must be extern@'grated. In grading the students, theory shall constitute
40% while practical and project are 60% \2\
7.0 ACCREDITATION ()
Each Programmeffered at the HND level shall be accredited by@E before the Diplomates can be awarded the Higher National Diploma
me

Certificates. Details about the process of accrediting a Prog r the award of the HND are available from thihefizeaitive
Secretary, National Board for Technical Education, Plot oad, P.M.B. 2239, Kaduna, Nigeria.

8.0 CONDITIONS FOR THE AWARD OF HNEsOL RMAL ENGINEERING TECHNOLOGY

Institutions offering this Programme will award t certificate to candidates who successfully complete the Progearpassiafy
prescribed course work, examinations, Proje st have been certdietCyindustrial organization as approved by NBTE. Such
candidates should have completed a minir@ semester credit units.

D
V\"
"~
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8.1 GRADING OF COURSES: Courses shall be graded as follows: /&x
,
G{\! I&

MARKED RANGE LETTER GRADE WEI
75% and above A 4

70%i 74% AB R0
65%1 69% B

60%i 64% BC \, 300
55%1 59% C C 2.75
50%i 54% CD AN (250
45%7 49% D NN\Y 2.25
40%i 44% E ,\{\\ 2.00

8.2 CLASSIFICATION OF DIPLOMAS: Higher National ma Certificates shall be awarded based on the following classifications:
Distinction - CGPAZ. 0
Upper Credit - C 3.0083.49

.502.99

Q%G' PA 2.062.49

9.0 QUALIFICATION OF THE TEAC%S:

9.1 Holders of BSc/HND and %’Degrees in
1 Renewable Energy thg
1 Chemical Engineeg
1 Mechanical Eng#fiegri

I ‘JLUﬁE 8
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1 Electrical/ Electronic Engineering \Q
1 Mechatronics Engineering &

9.2 In addition, teachers of this programme should have been trained and certified by: < V‘
(a) Council for the Regulation of Engineering in Nigeria (COREN)

(b) Industrial certifications iEngineering @
9.3 Headship of the Department: ( E

Holders of HNDB a ¢ h edegyee i any of the Engineering listed in 9.1@&1 Higher degrees in Renewablaretiengygy

EngineeringWho must not be below the ranka®enior Lecturer
10.0 GUIDANCE NOTES FOR TEACHERS OF THE PROGRA

10.1 The new curriculum is drawn mnit courses. This is in keep ith the provisions of the National Policy on Education which stresses
the need to introduce the semester credit umhgs will enable @ent who wishto transfer the units already completed in an institution of
similar standard

10.2 In designing the units, the principle of the modul& system by product has been adopted; thus, making each of the lprafdatsna
when completedorovides the student with technici erative skills, which can be used for employmentgurpose

As the success of the credit unit system dep
has been written in behavioral objectives,

the articulation of Progratwaen the institutions and industry, the curriculum content
t1t is clear to all the expected performances of the student whdyscoogsdsteld some of
the courses or the diplomates of the me. There is a slight departure in the presentation of the pdrésedaocceiculum which
requires the conditions under which the rmance is expected to be carried out and the criteria for the acceptdlpereveisnce. It is a
deliberate attempt to further invo staff of the department teaching the Programme to write their own curricututhestaimditions
existing in the institution unde e performance can take place and to follow that with the criteria for defimiogptable level of

performance. Departmental lon on the final curriculum may be vetted by the Academic Board of the institution.
10.3 Our aim is to cogfin see to it that a solid internal evaluation system exists in each institution for ensuring ntamdarch and
guality of education ingtheYarogrammes offered throughout the Technical and Vocational Education (TVE) system.

INCLU 9
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10.4 The teaching of the theory and practical work should as much as possible be integrated @:al exercises, espedamally those
professional courses and laboratory work should not be taught in isolation from the theory. For most&ur s, theradiaaitbof theory
to practice in the ratio of 40:60 or the reverse.

10.5 Internship: Internship should be carried out in year | semester Il at a relevant industry fQr a¥ks Student placement should
be done by the department with assigned logbuagiasse grade score of 3CU has been provi curriculum table

Note that this internship ot funded by ITF because only ND students are to take part in ES.

\Y

11.0Mandatory Skills Qualification (MSQ) for Higher National Dip] ND) Programmes.
See Guidelines for the Implementation of MSQ in Polytechnics in Nigeriez\

N
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CURRICULUM TABLE FOR HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TE/C@
YEAR | SEMESTER | V\
O

NIGERIA

S/IN COURSE CODE COURSE TITLE \.J P CuU CH
V4
1 GNS 301 Use of English 11l h - 2 2
%
2 MEC 311 Engineer and Society 2 0 2 2
O
3 MSQ 311 Quality Assurance Assessor (QAA) & \J' 0 0 0 2
4  MTH311 Advanced Algebra NN 1 1 2 2
5 MEC 323 Advanced Fluid Mechanics ( ) 2 2 3 4
R&
6 SPE 312 Principles of Renewable Energy A2 2 0 2 2
7 SPE 314 Solar Resource Assessment S 1 2 3 3
8 SPE 315 Workshop Practice and Safewaures 1 1 2 2
9 STE 311 Fundamentals of Power @m\and Machines 2 1 3 3
~
10 STE 312 Introduction to Solar, Energy 2 1 3 3
11  STE 313 Heat Transfer an@xiri Solar Thermal Systems 2 1 3 3
12 STE 314 Solar Ther&aﬂ@e'ctors and Applications | 2 1 3 3
TOTAI&V 19 10 28 31
o«
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YEAR | SEMESTER I bﬁ\

S/N COURSE CODE COURSE TITLE L\ CuU CH
N
1 GNS 302 Communication in English 1l 49\’ - 2 2
2 MTH 312 Advanced Calculus N V2 0 2 2
3 ENT 326 Practice oEntrepreneurship | (w 2 2 2 4
4 MSQ 321 Quiality Assurance Assessor (QAA) ®)' 0 0 0 2
R\
5 CTE 323 Python Programming f\»‘ 1 2 3 3
6 MEA 321 Applied Thermodynamics Ng 2 2 3 4
/</\J
7 STE 321 TechneEconomic analysis for Solar NM 1 1 2 2
P
8 STE 322 Installation and Commissionin?.%br Thermal System 1 2 3 3
9 STE 323 Advanced Thermal SystemWance and Troubleshooting 1 1 2 2
10 STE 324 Solar Thermal Colle%@d Applications || 2 1 2 3
11 STE 325 Research Method im Sol@hermal Energy 1 1 2 2
N\
12 STE 326 Smart GridsW‘Solar Thermal System 1 2 2 3
13 STE 327 Thermal Projed¥Management & Tendering Process 1 1 2 2
{ N &
14  STE 328 |nter&?«e§ Weeks) 0 0 3 3

[EnN
\l
=
N
w
o
w
\'

A"
N\

INCLU i

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




?%% Government of the Netherlands
Lo

% NIGERIA

YEAR Il SEMESTER |

S/N COURSE CODE COURSE TITLE L | CuU CH
1 GNS 401 Communication in English IV Q\J - 2 2
Zz.,
2 MTH 412 Numerical Methods 0 2 2
N
3 ENT 416 Practice of Entrepreneurship Il f$y 2 2 4 4
4 EEC 324 Control Engineering \\\)‘ 1 2 3 3
=
5 STE 411 SolarThermal Heating and Cooling Technolo ° 1 2 3 3
6 STE 412 Modelling and Simulation of Solar Therg@ms 1 2 3 3
7 STE 413 Hybrid Thermal Systems and Grid IntegWer generation 2 1 3 3
9 STE 414 Retrofitting & Energy EfflClencﬂé@ues 1 2 3 3
10 STE 415 Mini-Project on Solar TherrréQW]hology 0 0 3 3
11 STE 416 Seminar Q * 0 0 2 2
O\
12 11 28 28

TOTAL
RN

2 & 13
INCLU
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YEAR Il SEMESTER I

S/N COURSE CODE COURSE TITLE L« CuU CH
\ \\}
1 MTH 422 Statistical Methods in Engineering /Q\J 1 2 2
2 SPE 424 Applications of Al for Energy Trading ‘A/v 2 3 3
N
3 STE 421 Solar Thermal Policy, Regulation, and Stanﬁgw,\VZ 0 2 2
4 STE 422 Maintenance of Solar Thermal Systems\ \J' 1 2 3 3
=
5 STE 423 Energy Efficiency and Demaride Management 1 1 2 2
XX
6 STE 424 Engineering Ethics and ProfeWactice 2 0 2 2
p 2

7 STE 425 Project /\\/ 0 0 6 6

TOTAL Q 8 6 20 20
@\

&
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YEAR | SEMESTER | COURSES
Fundamentals of Electrical power systems mnaghjr€s\

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING T INOLOGY

COURSE TITLE : Fundamentals d&lectricalpower COURSE CODE STE 311 CONTACT HOURS: 3
systens and maching CREDIT UNIT : 3 £ YHEORETICAL 2
YEAR: | SEMESTER: | PRE-REQUISITE: ng&\') PRACTICAL.: 1
GOAL: This course is designed &uip thestudentsvith knowledge and skil %Xcalpower systems and machines
GENERAL OBJECTIVES: On completion of this course, the student<s 1¥ be able to:

1.0 Know the fundamentals efectricalpower systems. &

2.0 Know the components efectricalpower systems. %

3.0 Understand the principles of electrical machines.
4.0 Know the operating principles and applications of l@ner.

5.0 Understand emerging technologies in power systemSand machines.

INCLU i
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY "
COURSE TITLE : Fundamentals dElectrical power system| COURSE CODE STE 311 CONTACW’%& 3
and machines CREDIT UNIT : 3 THEQ@REYICAL : 2
YEAR: | SEMESTER: | PRE-REQUISITE: PR/ AL: 1
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL ’G\’
GOAL: This course islesigned to equip the students with knowledge and skills of electrical p&QeMstems and machines
GENERAL OBJECTIVE 1.0:Know the fundamentals @lectricalpower systems. N\ AV
THEORETICAL CONTENT PRACTI WTENT
WEEK | SPECIFIC LEARNING | TEACHERG® S RESOURCES | SPE BWEARNING | TEACHE R® SRESOURCES
OUTCOME ACTIVITIES O & ACTIVITIES
1-3 1.1 Define terms and Explain terms and Textbooks ity the basic structureGuide students to  [Multimeter
concepts related to  [concepts related to  |Journals nction of electrical | dentify the basic | . .
electricalpower electricalpower systems|nternet wer system structure and functi0§|mpleElectr|c
systems 3 \C/:orggnet) Comp E _(?g:]esfgfg}on of etlectrical power [Circutt
u . iSSi system
T Voltage 1 Power PTo 9 Distribution / 1 Generation Pen
1 Current 1 Energy ard 1 TransmissionPaper
I Power f Frequency Maxer q Distribution
i Energy 1 Load himations Measure current and Graph Sheet
f Frequency V%Charts voltage in asimplecircuit [Measure current andcaculator
q Load Q voltage in asimple o
circuit Sample circuit
, , Explain th iC
1.2 Explain thebasic struct ﬁnction 0 Calculate power from a Power system
structure and function|g| %mwer system simple circuit Cal_culate power frofmodel
of electrical power % eneration a simple circuit
systens: <3 Transmission Rheostat
1 Generation Q 9 Distribution Cell

INCLU )
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I Transmission
9 Distribution

1.3Explain power system
stability relating to
generation and load
connected

1.4Explain how to
calculate current, voltage
and power from a simple
circuit

Explain power system
stability relating to
generation and load
connected

Explain how to calculatg
current, voltage and
power from a simple
circuit

GENERAL OBJECTIVE 2.0:Know the components @lectricalpower

4-7

2.1Explain power system

2.2 Describe the functiong

Explain power system

D

2.3Explain the

N

interconnecti

components ot y

S g
Textbook&ntify power system
components

Guide students to;

cables

Power system

components. components. Identify different model
iGenerators Generators power system
{Transformers fTransformers components Power system
{[Circuit breakers fCircuit breakers _.|Proj simulator
flisolators fisolators %/hite Board ||dentify overhead lines ~ [dentify overhead (OpenDSS,
fLines flLines % arker lines PSAT
Animations
f[Cables etc fiCables, ? .
Charts Identify underground cabl€|dentify undergroung

NIGERIA
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




?%% Government of the Netherlands
Lo

% NIGERIA
N\
power system \\)
components Explain the &
2.4 Explainoverhead linesinterconnection of powe V\
andunderground cablés |system components (J

power system \\>
Explain overhead lines @

and underground cables

in power system \/
GENERAL OBJECTIVE 3.0:Understand the principles of electrical machines (r?\'
8-10 3.1Define basic Explain basic electrical [Textbooks X\’

electrical machine machine concepts and |Journals %
concepts and terminologies _ |Internet \2\
terminologies ;&r‘] ductigrlfctromagnetlc Computer
1 Electromagnetic A torque, Projector

induction A commutation. |White 8gard
1 Torque Ma %
f Commutation. ' ns

harts
. : Explain the workin <5
3.? E?<pla|n theworking principles of DC
principles of DC machines V\
machines Q
3.3Explain the working  [Explaig th&rking
principles of AC prln% AC
machines <3 €
3.4 Describe the /&\Explain the construction
. of common electrical
INCLU ;
L g
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construction of
common electrical
machines

3.5 Explainthe role of
electrical machines in
powert
Generation
Transmission
Distribution
Utilization

machines

Discussthe role of
electrical machines in
power:
Generation
Transmission
Distribution
Utilization

&

N

N
<6

GENERAL OBJECTIVE 4.0:Know the operating principles and applicatioqé transformer

11-12

4.1 Define a transformer

4.2 Explain the working
principles of a
transformer

4.3 Explaincomponent®f

transformers

1 Core

1 Windings

1 Insulation and
cooling medium

1 Tap changeretc

4.4 Explain types &plain types of

Explain a transformer

Explain the working
principles of a
transformer

Explain types of <
transformers %
1 Core V\

1T Wi

on and

1 sul
Ing medium
% ap changeretc

Textbooks
Journals
Intern
Co

White Board
arker

Animations

Charts

tify components of
/& nsformer

Identify transformer types

Identify basic

parts

Guide students to;

transformer parts

Identify transformer

Transformer

Power system
simulator
(OpenDSS,
PSAT,

I ‘JLUSE\
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transformers and their

functions

1 Power and
distribution
transformers (step
up & stepdown)

9 Instrument
transformers

1 Auto-transformers

transformers and their

functions

1 Power and
distribution
transformers
(stepup & step
down)

1 Instrument
transformers

9 Auto-transformer

N\

)
S

GENERAL OBJECTIVE 5.0:Understand emerging technologies in power systems and machines

rwa

13-15

5.1 Explain smart grids as
emerging technology

5.2 Explain Hgh-Voltage
Direct Current(HVDC)
Transmission technology

5.3 Describe advancemer

in electrical machines ang

their control system

1 \Variable frequency
drives (VFDs)

9 Brushless DC motors

1 Energyefficient
motors etc.

Explain smart grids as
emerging technology

Explain HVYDC
Transmission technolog

Explamadvancements
electrical machines EIN
their control syst(_eric
1 Variable frequency
drives (\-‘/F‘I;)sf
 Brushless DC motor,
Al \Energyéfﬁcient

3 motors

Textbooks
Journals
Internet
Comp

harts

I ‘
mE Eatlons

rd

b

LUﬁE
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ASSESSMENT: /\\)
Continuous Assessment (CA0% &
Examination:40% r?x

U

Introduction to Solar Thermal Ea V

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGIN ING TECHNOLOGY

A

COURSE TITLE : Introduction to Solar Thermal COURSE CODE SI@ CONTACT HOURS: 3
Energy CREDIT UNIT : 3\AAM THEORETICAL : 2
YEAR: | SEMESTER: | PRE-REQUI : PRACTICAL.: 1

GOAL: This course is designed aequaintstudentswvith basic know&({ d skills Bolar ThermalSystems
GENERAL OBJECTIVES: On completion of this course, th@eﬁts should be able to:

1.0 Understand the concept®dlar Thermal Systems Q
2.0 Understand the principles ®blar Thermal Systergs,

3.0 Know the componentnd design oSolar Thermal Systems
4.0 Understand the benefits and limitation§Sofar Thermal Systems

INCLU 0
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY \
COURSE TITLE : Introduction to Solar Thermal Energy |COURSE CODE STE 312 ' C%

CREDIT UNIT : 3
YEAR: | SEMESTER: | PRE-REQUISITE:
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL R
GOAL: This course is designed to acquaint students with basic knowledge and skdlari aim;l Systems
GENERAL OBJECTIVE 1.0: Understand the concept®dlar Thermal Systems ( \ "

THEORETICAL CONTENT PRA CONTENT
WEEK | SPECIFIC LEARNING [ TEACHEROG S RESOURCES CLEARNING |TEACHE R® SRESOURCES
OUTCOME ACTIVITIES » (PO 5 OME ACTIVITIES
1-3 1.1 Define Energy Explain Energy Textbooks (</
Journals &
1.2 Explain sources of  [Explain sources of Intern€g
renewable energy: renewable energy: C
1 Solar 1 Solar
1 Wind 1 Wind <3/h e Board
 Hydro 1 Hydro % arker
1 Bio-mass T Bio-m V\ Animations
1 Tidal 1 Tid 6 Charts
1 Ocean waves 1 Oce aves
1 Ocean thermal Wn thermal
1 Geothermaletc. &othermal, etc.
1.3 Define solar ther, lain solar thermal
system ystem

2 g

INCLU i
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1.4 List types of solar
thermal systems:

1 Active

1 Passive

Explain types of solar
thermal systems:

1 Active

1 Passive

S
5

GENERAL OBJECTIVE 2.0: Understand the principles of

solar thermal systems

\J

4-7

2.1 Explain the basic
working principle of
solar thermal energy
conversion

2.2 List thekey

thermal system:
fiCollectors
fAbsorbers
fHeat transfer fluid
fIStorage units
finsulation materials

components in a solg

Explain the basic workir
principle of solar thermg
energy conversion

Explainthe key

components in a solar

t.hermal system:
fiCollectors
fAbsorbers
{Heattransfer fluid
fiStorage units.

finsulation ma@

etc
2.3 Explainthe heat Discussth ransfe
transfer mechanisms mechagism#tvolved in
involved in solar thermal [so al systems
systems % Conduction
 Conductio <3 M Convection
bl Convecti&\ I Radiation

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker

&

1

Identify the types ongblar
collectorsan \gy
operatingichafacteristics

-N entratingypes

-~
%Mat plate
Animatior& AEvacuated tube

- Concentratindypes
ALine focus
APoint focls

Guide students to:
Identify the types of
solar collectors and
their operating
characteristics:

- Non concentrating
types

AFlat plate
AEvacuated tube

- Concentrating type
ALine focus
APoint focus

flat plate,
evacuated
tube,

Line focus
Point focus

A

CLU
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9 Radiation

2.4 Explain applicationsf
Solar Thermal Systems

2.5Explain differences
betweenractive and passiv
solar thermal systems in
terms of

Design

Efficiency, and

Application.

Explain applications of
Solar Thermal Systems

Explain differences
between active and
passive solar thermal
systems in terms of:
Design
Efficiency, and
Application.

o

N\
8
V\‘/
Sl

&)

GENERAL OBJECTIVE 3.0:Know the componentand des

igrof SolarTh(irmalglstems

-

CLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

810 (3.1 Explain solar [Explain solar thermal |Textb@@Gks Identify components of  |Guide studentsto: |[Sol ar
thermal components: components: Jo solar thermal systems Identify componentsc ol | ect
1 Solar collectors 1 Solar I of solar thermal He at
oMmputer systems
1 Heat exchangers collectors ' p y exchan g
1 Heat transfer 1 Heat rojector
media exchan White Board |Demonstrate the use of |Demonstrate theusHe at t r
1 Thermal storage q Heat @ fer |[Marker solar tracking system of solartracking medi um
Animations system
systems, etc. me y Ther mal
q [hern¥al Charts
st or age
age
% ystems, etc. Demonstrate the use of thDemonstrate the us€Thermometer
< following measuring of the following
3.2 Explain thety& xplain the working devices for Solar Thermal measuring devices |Pyrheliometer
. System: for Solar Thermal |Anemometer
24
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D

and working principles |principles of solar 1 Thermometers Syste f\\)‘
of solar thermal thermal systems Y Solar irradiation h ome |Pressure
systems 1 Solar dryers meter }&ers gauges
1 Solar dryers 9 Solar cookers 1 Anemometer \(J Solar hygrometer
1 Solar cookers { Solar water Pressure ga > irradiation
f Solar water heaters 1 Relative Q/ meter
heaters M1 Solar humidi 1 Anemometer
{1 SolarDistillers Distillers Q\/ f Pressure
i Solar furnaces 9 Solar furnaces Design @v and gauges
1 Solar ponds, 1 Solar ponds medj] \ perature 1 Relative
1 Concentrated 1 Concentrated Sol %mal Systems humidity
Solar Rwer Solar Power '\z\
(CSP)  Plants, (CSP) Plants, Q>J Design a low and
etc etc & medium
temperatures
3.3 Explain  solar |[Explain solar tracking Q% Solar  Thermal
tracking system system Systems

3.4 Explain the
measuring devicedor
Solar Thermal System
1 Thermometers
9 Solar irradiation
meter
 Anemometer

1 Pressur@au&x

Explain the me

devices lar
Thermal :
T he meters

g
%'rradiation
<3 meter

 Anemometer

N

CLU
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1 Relative
humidity

3.5 Explain the basic
design principles of
Solar Thermal Systems

Y Pressure

gauges
1 Relative

humidity
Explain the basic
design principles of
Solar Thermal
Systems

\
<&
o

GENERAL OBJECTIVE 4.0:Understand the benefits and

limitationsSofar Therm

11-14

4.1 Explain the
environmental and
economic benefits of
solar thermal energy

4.2 Explaindifferences
between types of sola
thermal systems in
terms of efficiency anc
applicability

influence effectivenes
1 Geographidactors

4.3 Explainsite and cIimaﬂDiscusssil@imate
considerations that consicﬂe‘;ic.)r that

Explain the
environmental and
economic benefits of
solar thermal energy

Discuss difference
between types of solar

thermal systems in t
of efficiency and harts

applicability

inf u% ectiveness
eographic

 Climatic factor <

A

3 factors

Journals
Internet
Compute&
Proje
Whi

Textbooks \2\

I Climatic factors

sterfis

N\

CLU
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4.4 Describe common \\) "

technical and economExplain common &

limitations of theSolar technical and economic V\

thermalsystems limitations of the system \Q}

I Heatloss \>

1 Storage limitations| T Heatloss @

1 Storage
limitations. V

ASSESSMENT: Q?‘
Continuous Assessment (CA0% \
Examination:40% <\

AN
INULUﬁE ’
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Heat Transfer Analysis in Solar Thermal Systems A

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG‘&\

COURSE TITLE : Heat Transfer Analysis in Solar
ThermalSystems

Course Code: STE 313

Contact Hou

Credit Unit: 3

Year: | Semester: |

Prerequisite: Nil

\ ! :
Thﬁl@l: 2

y 2

X

Practical: 1 Hour/week

\
Y

GOAL: This course is designed tacquaintstudentsvith basic knowledge and s Weat transfeBofar Thermal Systems

GENERAL OBJECTIVES: On completion of this course, the students

1.0 Understand the concegtheattransfer in Solahermal Systems Q/
2.0 Know the working principles of heat transfeSwmlar Thermal sfte%;s

3.0 Know the functions of heat transfer equipment (\
/ e

\'‘be able to:

A
I ‘JLUﬁE
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGX\\) "
COURSE TITLE : Heat Transfer COURSE CODE STE 313 Contast Hayr's: 3

Analysis in Solar Thermal Systems C
y y Credit Unit: 3 T\ rettcal: 2
AN

Year: | Semester: | Prerequisite: NIL @e&tical: 1
S
N\

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to acquaint students with basic knowledge an(i,s

GENERAL OBJECTIVE 1.0: Understandhe concepbf heattransfer inSolar T

THEORETICAL CONTENT ﬁ ACTICAL CONTENT

e b

Week | Specific Learning Outcome | Teacher 6s £ eg" | Specific Learning Teacher 6 ¢Resources

Re
Activities
Outcome
PN

1-5 1.1 Define heat transfer Explain heat transf@axtbooks

ournals
Internet
1.2 Define heat transfer by: | Explain hea sfer by Computer
i Projector
9 Conduction . ]
9 Convection uction | White board
Convection | Marker
Animation

1 Radiation o
Radiation
_ Charts
1.3 Explain the heat transfe| Explain the heat transfe Tables

behavior in materia Wsavior in materials

1.4List the prope Explain the properties g

materials - r materials used iSolar
Thermal @yst&ms

INCLU i
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1.5Explainthe heat transfer
coefficient of different
materials

Thermal Systems

Discussthe heat transfe|
coefficient of different
materials

6-10

2.1 State the following laws
governing heat transfer:

T Fourier

T Newtono
cooling

1 StefanBoltzman law

0s
s |

2.2 Explain how to érive the
equation for:
T Fourier ds
T Newtonds |
cooling
1 StefanBoltzman law

N
2.3Explain how to aal

heat transfer mode

thermal collecto

Explainthe following
laws governing heat
transfer:

T Fourier

T Newt onbo
cooling

1 StefanBoltzman
law

Derive the eqan

T Fo e
i on

q
S

o =
0n o

fanBoltzman
aw

N\

xplain heat transfer
modes in a solar therms
collector

General Objective 2.0: Know the working principles of heat transf8olar Thermal systen§§

Textbooks
Journals
Internet
Computer ¢
Projector
White §
Mar
Ani

r
Tables

Demo

nt of
e@? re to analyze
#% of heat transfer
§ g Solar thermal

\ystem models

Derive the equation for

T Fourier

T Newt onbo
cooling

1 StefanBoltzman
law

Analyze heat transfer
modes in a solar therm
collector

Guide students to:

Demonstrate
measurement of
temperature to
analyze modes of
heat transfer using
Solar thermal
system models

Solar

thermal
system
models

LUﬁE
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General Objective 3.0: Know the fun

ctions of heat transfer equipment

3.1 List heat transfer
equipment:

1

11-15

Heat exchangers
Heaters

Boilers

Blowers
Refrigerators/ Air
conditioners etc.

= =4 -4 A

3.2 Explain the working
principle of the various heat
transfer equipment

3.3 Explain theapplications
of the various heat transfer
equipment

Explain heat transfer
equipment:
1 Heat exchangers
1 Heaters
1 Boilers
1 Blowers
1 Refrigerators/ Ail

conditioners etc.

Explain the working
principles of heat

Explain the

areas/ind%g/vhere

the var eat transfe

exchangers, heate
boilers etc. Q

Textbooks
Journals
Internet
Computer
Projector
White board ,
Marker
Animati

Charts<
T f

>

\@ exchanger
Q} aters
\ oilers

N

N

Y
Identify he

29"

equipment,

Blowers

1 Refrigerators /
Air conditioners
etc.

Demonstrate the use o
heat transfer equipmer

Guide students to:

Identify heat
transfer equipment

|l

= —a —a —A

Heat
exchangers
Heaters
Boilers
Blowers
Refrigerator
/ Air
conditionerg
S etc.

Demonstrate the
use of heatransfer
equipment

Heat
exchanger

Heaters
Boilers
Blowers

Refrigerat
ors

Air
conditione
rs

Heat
exchanger
Test rig

equ@ are applied

EVALUATION: CA 60%@

EXAMINATION: 4@
INCLU
' 4

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES
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Solar Thermal Collectors and Application
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING T LOGY

h N
COURSE TITLE : Solar Thermal Collectors and COURSE CODE STE BI?V\OONTACT HOURS: 3
Application | d
ppicat CREDIT UNIT : 3 \_)' | THEORETICAL : 2
YEAR. | SEMESTER:| PRE-REQUISITE: PRACTICAL: 1

GOAL: This course is designed acquaint thestudentswith basic knowjefige and skills of low temperature and medium tempeSatiare

Thermal Collectors and applications &

GENERAL OBJECTIVES: On completion of this course, thqugde\ts should be able to:

1.0 Understand the basic concept of solar radiant eEer&

2.0Understand the conceptﬁtblarThermalColle

3.0Understand the principle of conversion of nergy into heat for lomedidim temperatusefor Solar Thermal Collectors
4.0Know the components of low and medi eratBréar Thermal Collectors
5.0 Understand the areas of applicatio nd medium tempes&toig Thermal Collectors

6.0Know the techniques of evaluatlng coltegtor efficiency

INCLU )

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




?%ir Government of the Netherlands
Lo

NIGERIA

Q
S

PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY

COURSE TITLE : SolarThermal Collectors and COURSE CODE: STE 34 CO ,C OURS: 3

Application | CREDIT UNIT : 3 ,@ETICAL : 2

YEAR: | SEMESTER: | PRE-REQUISITE: \ RACTICAL: 1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL V\v

GOAL: This course is designed to acquaint the students with basic knowledge a kof low temperature and medium tenmaeidtersm&o

Collectors and applications
y
GENERAL OBJECTIVE 1.0: Understand the basic concept of sola @y

r radj
THEORETICAL CONTENT &RACTICAL CONTENT

Week Specific Learning Teacher 6s |Res Specific Learning Teacher 6{Resources
Outcome Activities
Q Outcome
1-2 1.1 Explain the basic Explain the basic extbooks
concepts in solar radiant concepts in solar A
. Journals
energy: radiant ener
. . Internet
Solar radiation S tion
Extraterrestrial Extrat€rrestrial | Computer
radiation V tion Proiector
Solar radiation % Solar radiation J
on inclined oninclined White Board
surface surface
Marker

INCLU i
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Animations /®)

1.2 Define the following:| Explain the following: | Charts V\

Irradiance Irradiance 9
Solar constant Solar constant \b
Insolation Insolation Q
Sunearth angles Sunearth &

Sunset and day angles
length Sunset and day ( Q
1.3Explainthe process length ®
of solar radiation \2\
measurement and Explain the process of /é)

estimation o
solar radiation
o measurement and
9 Solar radiation o
estimation:
measurement Q
1 Solar radiation <(
estimation 1 Solar radiatio;<b

methods measurem A
i Solar radiation 9 Solar radi
datastorage and esti
analysis me%

Wr radiation

WVQ a storage an
%analysis

AGENERAL OBJECTIVE 2.% and the conceptSdlar ThermalCollectors

I ‘JLUSE\ i
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2.1Define Solar Therma
Collectors

2.2 Explain the different
classifications of
Solar Thermal
Collectors

1 Low Temperaturg
Medium
Temperature
High Temperature

2.3 List types of low and
medium Solar Thermal
Collectors:
Flat plate solar
collector
Evacuated tube
collector
Integral collector
Parabolic trough
type with line
focus
Parabolic trough

type with line
focus and tr

Define Solar Thermal
Collectors

Explain the different

classifications of solar

thermal collectors
Low
Temperature
Medium

Temperature |A

High
Temperature

Explain types of low

and medium Solar

Thermal Collectors:
Flat plate solar
collector
Evacuated {
collector Q
Integr, V‘
co
Parabgfic trough

with line
% OCuUs

Parabolic trougk
type with line
focus and

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker
Animations
Charts

Construct the following
Solar Thermal

Guide %ﬂs‘to:
Conﬂ(it e

Collectors: ind Solar
Flat plate solar | @;
coIIector \bollectorS'
Parabolic tro '
type with lide Flat plate

solar
V collector
(y\ Parabolic
\ trough type
% with line
\2\ focus

Mirror

Sheet metal
plate

Glazingmaterial

insulation
material

Galvanizedsteel
/copper
Pipes

Plumbing
fittings

Support
structure

Coating

CLU
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tracker

P

Collectors

:
N
GENERAL OBJECTIVE 3.0: Understand the principle of conversion of radiant energy into hea@g@

and medium temfier&olae Thermal

5-6

3.1 Explain the working

3.2Explain the

3.3Explain the

principle of Solar
Thermal power plan
systems:

Transmissivity
Absorptivity
Reflectivity of
radiant heat withi
the solar thermal
collector

Mechanism of
converting radiant
energy to heat
in Solar Thermal
Collectors

Mechanism of h
transfer withir&

Explain the working
principle of Solar
Thermal power plant
systems:

Transmissivity
Absorptivity
Reflectivity of
radiant heat
within the solar
thermal collecto

Explain the Mech

of converting ragdia
energy to he '%’&ar
Thermal (%gs

Exp '\@Mechanisn
transfer within
ar thermal

ector

Textbooks
Journals
Internet

Computer

Aﬁ\ations

harts

|

Projector Q{/
White @
7O

QO

INC
S 4

LUDE
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solar thermal collectq \\) "
Explain Storage of heg &
3.4Explain Storage of | content and circulation N < Q )
heat content and of working fluid \b
circulation of working Q
fluid %
GENERAL OBJECTIVE 4.0: Know the components of low temperature a ard hermalCollectors
7-8 4.1 Explain the Explain the working Textbooks Guide students to: | Absorber
working principles of rinciples of solar . Plate
gp P P P Journals Identify
solar thermal collector | thermal collector
components of solg Transparent
components: components: Internet
thermal collectors | cover
91 Absorber 1 Absorber Compute (glazing)
Plate Plate V&
Transparent Transparent Proje Demonstrate the Thermal
cover cover Demonstrate the use of insulation
. . ard . use of low and
(glazing) (glazing) low and medium medium Casin
Thermal Thermal <31ar er temperature soldhermal temperature solar g
insulation insulation . . collectors Working
, . = Animations thermal collectors )
Casing Casin V\ fluids
Working fluid Wor Q Charts Thermal
Connectors flui Identify the properties of \dentify the energy
Solar ThermalCollector .
ZL’:;I?; N Sctors COMmpPonents properties ofolar | storage
y N ThermalCollectors | system
motors uxiliary components
Measuring motors Glass
instruments/\ Measuring
38
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Thermal
energy storage
system

4.2  Explain the
properties of
components used in
solar thermal
collectors:

Thermophysical
properties
Physical
properties
Environmental
Properties

4.3 Explainthe
importanceof each
componentolar
Thermal Collectors

A

instruments
Thermal
energy
storage
system

Explain the
properties of
components used in
solar thermal
collectors:

Thermophysical
properties
Physical
properties
Environmental

Properties <

@
&

Mirrors
Copper tube
Wood

Metal

Coating

CLU
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GENERAL OBJECTIVE 5.0: Understand the areas of application of low temperature and\me%ﬂ temperature solar thermal collectors

9-11 | 5.1 Explain the function | Explain the function of | Textbooks 4
of Solar Thermal Solar Thermal Collecto | Q}
Collector Journals ®

Internet
Explain the application
5.2 Explain the of low and medium | Computer %L)
application of low and | temperature Solar Projector&
medium temperature Thermal Collector:
Solar Thermal Collector Whi
Water heating T Water heatllng
. Space heating
Space heatingnd . v
. and cooling nimations
cooling
. Solar Cogkl .
Solar Cooking Charts
. Power,
Power generation ge
Drying
Solar water DryiNg,
. . lar water
disinfection or . .
. fection or
Desalination esalination
(SODIS)etc. «1 (SODIS)etc.
5.3 Explain limitatj ﬁ& ke

INCLU i
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low and medium
temperaturéolar
Thermal Collectors

Explain limitations of
low and medium
temperature Solar
Thermal Collectors

o\

Vol

GENERAEL OBJECTIVE 6.0: Know techniques of evaluating

cokchermal collector efficiency
y 4

CLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

12-14 | 6.1 DefineSolar Thermal | Explain solar thermal tBedks Demonstrate the use of | Guide students to: | Pyranometer or
Collector efficiency collector efficiency measuring devices in . . pyrheliometer
urnals ) . Identify measuring
% evaluating efficiency of - ctrument used in
[
Internet Solar ThermalCollector evaluatin
6.2 Explain the Explain the t ues - g UV-VIS-NIR
. - : Computer efficiency of solar
techniques for obtaining| for obtain spectrometers o
. . . thermal collector
thefollowing parameters follow% meters: | Projector double beam
. spectral
Useful heat V’Eeful heat White Board | Demonstrate the use of P
. . photometer
output of the output of the Marker measuring device to Demonstrate the
collector collector measure beam and diffug use of measuring
Collector syrfa Collector component of solar
41
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area
Intensity of solar
radiation on
collector surface
Transmissivity
Absorptivity
Overall heat loss
coefficient of
collector
Working fluid
temperature at
various level
within the
collector

Mass flow rate of
working fluid
Ambient
temperature

6.3 Explainthe methods
of improving effciency
of Solar Thermal
Collectors

A‘% ’s
P

surface area
Intensity of
solar radiation
on collector
surface
Transmissivity
Absorptivity
Overall heat
loss coefficient
of collector
Working fluid
temperature at
various level
within the
collector

Mass flow rate
of working fluid
Ambient

Explain t ds ol

improying eXi€iency of
Sol al
0

tem peratu r <
ég_b

Animations

Charts

radiation

Demonstrate the use of
measuring device to \

measure transmisgiy,
and absorptivity of S

V\*’

of a working
cross the solar

i
/@ermal collector

Measure temperatwgat
various levels of the
collectorand ambient
temperature

devic \\) "
to &yre beam

onent of solar

;diation

Demonstrate the
use to measuring
device to measure
transmissivity and
absorptivity of a
glass

Demonstrate the
use offlow meter to
measure the flow
rate of a working
fluid across the
solar thermal
collector

Measure
temperatureat

Flow meter or
flow sensor and

Mass flow meter

Thermometers

1 Thermocouple

9 Infrared
Thermometers

1 Digital/Analog
thermometers

CLU
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hd

variou I9 of the
coll r

b mperature

ASSESSMENT: ‘\}I
Continuous Assessment (CA0% \2\$
Examination:40% Q(J

AN
INCLUﬁE ;
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YEAR | SEMESTER Il COURSES V\
TechneEconomic Analysis for Solar Thermal Systen
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TE GY
COURSE TITLE : TechneEconomic Analysis for COURSE CODE STE 321 TACT HOURS: 2
Solar Thermal Systems
y CREDIT UNIT : 2 C NMHEORETICAL : 1
YEAR: | SEMESTER: Il PRE-REQUISITE: NI ‘\\J' PRACTICAL: 1
GOAL: This course is designed to acquaint the students with basic kn nd skills inHemhomic Analysis (TEA) in Solar
Thermal Systems
Z,

GENERAL OBJECTIVES: On completion of this course, the st eWould be able to:

1.0 Understand the technical and economic principles of S Thermal Systems

2.0 Understand the methodology of Tecttmmnomic An @ A) in Solar Thermal Systems
3.0 Know the modelling techniques used in Tecko iICVAnalysis (TEA) of Solar Thermal Systems
4.0 Know the techniques of analyzing the eco%i&jbility of Solar Thermal Systems

a

5.0 Understand Risk Assessment in Solar@

&

Systems

INCLU )
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY /(\\) M
COURSE TITLE : TechneEconomic Analysis for Solar COURSE CODE STE 312 CONTAGRHBURS: 2
TH

Thermal Systems C

\
YEAR: | SEMESTER: | PRE-REQUISITE: b ICAL: 1

CREDIT UNIT : 2 ICAL :1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL.: This course is designed to acquaint the students with basic knowledge and tb%ﬁmﬁmic Analysis (TEA) in Solar Thermal

Systems
GENERAL OBJECTIVE 1.0 Understand the technical and economic principle ar Thermal Systems
P

THEORETICAL CONTENT PRACTICAL CONTENT
Week Specific Learning Teacher 0s Resourc pecific Learning Teacher 0}Resources

Outcome Activities

(.\ Outcome
1-2 1.1 Explain technical | Explain technical ks
nalysis of Solar nalysis of Solar
analysis of Sola analysis of Sola <Dyurnals

Thermal System in Thermal System i%

terms of : terms of : V\
d

" Internet

1 System design and | § System n Computer
performance perfor _ e Projector
evaluation TE eld and

{ Energy Yield and ency White Board
Eff|C|.ency. chnical Riskand Marker

1 Technical Risk a Challenges

Animations

INCLU )
S 4
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Challenges Explain Economic Charts /®)

1.2 Explain Economic Analysis of Solar ,
. Thermal Systems in

Analysis of Solar (

. terms of: 9
Thermal Systems in \
terms of: 1 Costbenefit Q

, Analysis
1 Costbenefit navs Q/
. 1 Financial V
Analysis

¢ Einancial Evaluation metrics V\
(NPV, IRR, QJ

Evaluation metrics

(NPV. IRR Payback period) ®
’ ’ 1 Economic risks \2\

Payback period
y .p . ) and Challenges < )

1 Economic risks anc %

Challenges Explain Feasibility /\
1.3 Explain Feasibility itsgr;ez; gf Zoel ;rs %
Studies of Solar y Q
thermal Systems 1 Market analysis <(
1 Marketanalysis anc and demand <D

assessment %,

demand assessme )
) I Technic
I Site assessment ar
. econ
resource evaluatior,
I Technical and

economic V\\/
feasibility studies %
1 QO

R4

S
| ‘JLUSE i

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES
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GENERAL OBJECTIVE 2.0: Understand the methodology of Tectfmnomic Analysis (TEA) ifSolar TherWﬁs

35 2.1 Explain Techno Explain Techne Textbooks V\\
nomic analysi nomic analysi
economic analysis economic analysis Journals ’S
Internet Q\
2.2 Explain the flow Explain the flow %
Computer
process of a Solar process of a solar V

Thermal System system Projector V\
White Board \QJ
2.3 List the componenty Explain the Marker \2\$

of solar thermal system| components of solar

thermal system: Animations Q&J

Solar collector &
Charts
Thermal storage Solar collector
system Thermal storage %
Heat exchanger system <(Q
Controls, ¢c. Heat exchang
Controls, D
2.4 Explain the technice o
parameters of solar Explain the t a
thermal systems: paramete ar
systerps:

Energy balance
Mass balance rgy balance
Operating % ass balance
conditions Operating

(Temperat conditions
~

INCLU )
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N\

pressure, flow (Temperature, \\)

rate, etc) pressure, flow &

Efficiency rate, etc) V\

Plant capacity Efficiency \ﬂ (J

Plant capacit b
pacity ’9

GENERAL OBJECTIVE 3.0: Know the modelling techniques used in TeeRgonomic Analysis

of Solar Thermal Systems

y 4
6-8 3.1 Explain process Explain process Textbooks Demonstrate how to¥ | Guide the student | MS Excel

. . f [ h ;

modelling modelling Journals perorm on how to RETScreen

. . Perform modellin
3.2 Explain types of Discuss types of Internet \ Solar Th | ng
Modelling process Modelling process olar erma
Computer () System using System

Visual economic Visual economi¢ projector % software Advisor Model
model model & (SAM)
Mathematical Mathematical | White Bgard
model model @
Empirical models Empirical ’&‘
Simulation models <$n ations
models Simulation harts

models Q il
O |
3.3 Explain the %
the

ulation

simulation aspect 0 Explai
solar thermal syste %«of solar
process, including rmal system

material flow, rocess, including

energy consu& material flow,

and equipm

INCLU )
-
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performance

3.4 Explain the method:;
for the evaluation o
the following:

Component
sizing parameter
Utility
requirement of
components of
Solar Thermal
System

energy
consumption and
equipment
performance

Explain the methods fg
the evaluation of
the following:

Component
sizing
parameters
Utility
requirement of
components of
Solar Thermal

CLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

System <(
N\
GENERAL OBJECTIVE 4.0: Know the techniques o ly$ing the economic viability of Solar Thermal Systems
9-12 4.1 Explain the | Discuss Textbooks Demonstrate how to Guidestudents to: | RETScreen
following economics | following evaluate: software
of solar energy: economic olar Journals Demonstrate how
9 Capital to evaluate: MATLAB/Sim
. energw Internet . .
Capital y\/ Expenditure Cabital ulink software
Expenditure pital Computer Cost (CAPEX) P :
. . Expenditure MS Excel
Cost Expenditure . Operational
Projector ) Cost
(CAPEX) Cost Expenditure (CAPEX)
Operatio (CAPEX) Cost (OPEX)
49
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Expenditure Operational White Board Profit Operalignadl
Cost (OPEX) Expenditure Marker Net Present EXpen
Profit Cost Value (NPV) PEX)
Net Present (OPEX) Animations Internal Rate of W \_PJyofit
Value (NPV) Profit Charts Return (IRR) \b Net Present
Internal Rate Net Present Cost per Value (NPV)
of Return Value (NPV) benchmark Internal Rate
(IRR) Internal Rate prod \/ of Return
Cost per unit of  Return eg@ivalén (IRR)
benchmark (IRR) | De how to Cost per unit
product Cost per unit : benchmark
: r lite cycle analysis
equivalent benchmark product
n 3elar Thermal System .
. product equivalent
4.2 Explain .
o . equivalent
sensitivity analysis
_ Di nsitivi
4.3 Explain the types arlzu:iss sensitivity % Demonstrate how
of Life  Cycle y Q to perform life
Assessment (LCA): Discuss the . cycle analysis on
. Build an excel
following stages . : Solar Thermal
. financial model for a
Life C of Systems
4.4 Explain the | Assessment Solar Thermal system

o =X (CAPEX, OPEX, ROI, |Build an excel
following stages of : . :

: Init etc.) financial model
Life Cycle lann for a  Solar
Assessment (LCA): .g

cution Thermal system
Initiation onitoring (CAPEX,
Planning and control OPEX, RO,
Execution & Closure etc.)

INCLU i
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Monitoring \\)
and control &
Closure (y\

A

GENERAL OBJECTIVE 5.0 Understand Risk Assessment in Solar TheByatems Qy
N

1315 |51 Explain the | Explain the Textbooks Analyse ris \,%olar Guide students | Microsoft
principles of risk | principles of risk Journals Therma Q} System | to: Project
assessment in solar | assessment in solar .
thermal systems thermal systems Internet \dentify and System

y y Qp strategies for | analyserisks in Advisor Model
5.2 Explain risks | Explain risks Computer itigation Solar Thermal | (SAM)
nalysi r r nalysi r r . m . .
.a alysis  procedures ? alysis procedures Projector Q:Jﬁ/aluate the Syste RiskMatrix
in Solar Thermal |in Solar Thermal offectiveness  of risk
System System Whi RETScreen
management plan Develop
5.3 Explain strategies | Discuss strategies strategies for | MS Excel
for risk mitigation for risk mitigation N risk mitigation .
< nimations Sample risk
5.4 Explain the | Explain t Evaluate the | management
. . . " Charts .
effectiveness of risk | effectiveness_g effectiveness of | plan
management plan managem % risk
% management
. V plan

ASSESSMENT: ContinuousAs 1t (CAB0%

INCLU §
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Installation and Commissioning of S che’rmal Systems

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMA <(;&?‘THERMAL ENGINEERING TECHNOLOGY

COURSE TITLE : Installationand Commissioning of Solat Coursg%vSTE 322 Contact Hours: 3
Thermal Systems — .
Cr@nlt: 3 Theoretical: 1
N N
Year: | Semestertl Q&a)equisite: Practical: 2 Hour/week
GOAL: This course is designed &quip students i wledge and skills required to install and commBaliarThermalSystems
GENERAL OBJECTIVES:
1.0 Understand basic installation and s ceduré&ofar Thermal Systems

2.0Know the components and Iayou\@c ures used during installation.
3.0 KnowlInstallationof solar co% nd associated system components.
aures.

4.0 Know commissioning r
&y

INCLU i
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COURSE TITLE : Installation and

Course Code: STE 322

K¥
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL SOLAR THERMAL ENGINE 'N\ CHNOLOGY
,
s\o ct Hours: 3

Commissioning of Solar Thermal _ _ \ -
: N :
Systems Credit Unit: 3 @ NPheoretical: 1
Year: | Semesterll Prerequisite: Practical: 2 Hour/week

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

N\,
o

GOAL: This course is designed to equip students with knowledge and ski@gd to install and commission Solar Thermal Syster
A N

INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

GENERAL OBJECTIVE 1.0: Understand basic installation and safet edur&pfar ThermalSystems
THEORETICAL CONTENT (Q\J' PRACTICAL CONTENT
p y4
Week| Specific Learning Outcome |Teac her 6s Ac Rgsgurces Specific T e ac h e r| Resources
Q. Learning Activities
QQ Outcome
1.1Explain Solar Thermal Explain Solar mal Textbooks
System Installation System In
1-3 y y % Journals
1.2 Explain Solar Thermal QE Internet
Systeminstallation Ex% lar Thermal c ¢
procedures ystemi Installation omputer
edures Projector
1.3Explain Assessmen _
Assessment and N White Board
1 Syste Explain Assessment (Site | 8
docume n an(
53
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specifications Assessment and Planning) x\)

Regulat .

T Regulatory 1 System design &
requirements and :
) documentation
permits o < )
and specifications

1 Regulatory

\‘
1.4Explain the Factors : g Q
Affecting Site Selection requirements an %

permits

1.5Explain Installation Explain the Factors Affectin \‘Q}E
Requirement$Componen| Site Selection N
Handling and Storage) \2\

1.6 Explain the Safety Explain Installation (&é)

Procedures in Solar Requirements (Componen

Thermal System Handling and Storage)

Installation Q ~
Explain the S <(

1.7 Explain Commissioning | procedures r Thermi
And its Safety Procedure| system |§u%on

in Solar thermal systems Q

Win Commissioning
and its Safety Procedure
Q In Solar thermal systems

A

INCLU .
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General Objective 2.6Know the components and layout procedures used during installation.

S
\3)

‘0
= 4

LU

4-7 | 2.1 Explain the tools and Explain the tools and Textbooks Develop a sold Dawelop,a sold Auto-cad software
equipment in solar thermal | equipment in solar thermal thermal systen {he systenm .
equipme equipme Journals ys YS! bencil and Sketch
installation. installation. layout drawigg t drawing pad
. . . . from an om an
2.2 Explain the physical Explain the physical Internet existin Q existing design Mathematical set
attributes of Solar Thermal | attributes of Solar Thermal | Computer % J J
components components , \/ Measuring tape
Projector
: ( Apgy Apply Pencil
. . White Board\ asuring and measuring and
2.3 Explain thdayout Explain the layout . - Ruler
o . L .| Marker arking tools | marking tools
procedures during installatiol procedures during installatig .
A\ to accurately | to accurately | Spirit level
f System layout f System layout APRRUGRS | position and | position and i
drawings and drawings and & install solar | install solar | Inclinometer
schematics schematics thermal thermal MagneticCompass
f Planning, Markingan¢  § Planning, Mar - components | components
Measuring for and Measu based on a based on a
component placemen component pacéme prepared layoy prepared layoy
{1 Fixing of system Q diagram diagram
components using %
different techniques V\
(@
General Objective 3.0: Knoimstallation Wllectors and associated system components
8-11 | 3.1 Explain site preparation [\gxplaih the steps required i| Textbooks Identify the Identify the Solar collector (Flat
procedures and requirem aring fothe installation Journals components in| components in| plate)
prior to installing solar, f solar collectors a solar thermal a solar therma
Storage tank
thermal collectors Internet system and thg system and thg
. . : tools used in | tools used in
3.2 Explain th é{ll on of . : . Heat exchanger
N Explain the installation of
55
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solar collectors solar collectors Computer handling them. han | Circulation pump

%

1 Flat plate collector 1 Flat plate collector | Projector V\ Electric motor
installation installation White Board ~< Expansion tank
1 Evacuated tube 1 Evacuated tube \5
collector installation collector installation | Marker Pipes (Copper
Animations Q/ Aluminium,
Galvanized Iron)
Explain the installation of | Charts V\\/ Insulators
. . , othersolarThermal System
3.3 Explain the installation of y \‘Q}
parts Sensors
othersolarThermal System %& (Temperature and
parts (\3\ Pressure)
Q/ Valves
& Screwdriver
Q& ~ Spanners/Wrench
<( Pliers

@ Digital Multimeter
V\ Center punch
%Q HandDrilling

Machine
\/ Drill bits

Tapping bits

/&\Q Bolts andNuts

-

INCLU )
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/®) Plumbing Fittings
General Objective 4.6now commissioning procedures ?\ N
»
12-15| 4.1 Definepre- Explainpre.ccommissioning, | Textbooks Conduct vis&il duct visual Pressure gauge
commissioning, commissioning and testing. checks i ecksin a
o . Journals Pressure sensor
commissioningand testing. . . solar t solar thermal
Explain the procedures in
o Internet system Temperature gauge
pre-commissioning checks o identifying
4.2 Explain the procedures it 9§ Visual inspection Computer allation installation Temperature Senso
pre-commissioning checks f System settings i allts, system | faults, system | Thermometer
_ . _ verification . ailures and | failures and
1 Visual inspection . 3 oor Thermocouple
1 System settings f Fluid levels and (P _
ystem Seting pressure checks workmanship | workmanship | Expansion
verification q P i vessel/tank
. Fluid levels and Pump operation an
pressure checks . Actuator
9 Pump operation and | Explain the commi _ _ Pressure relief valve
flow direction procedures Check fluid Check fluid
_ levels, system | levels, system| Heat transfer fluid.
4.3 Explain the I Sysignr up pressure and | pressure and
commissioning procedures Pr temperatures, | temperatures, | PPE (Hand gloves,
ificati safety goggles etc
§ SystemStartup Il Q rateverification, measure flow | measure flow Yy 9099 )
Procedure % ;aftfes at ovel :jaftfes at ovel Spirit level
o ifferent levels| different levels
91 Flow rate verification WExplah the concept of M .
easuring Tape
otc ormance Testing and calculate | and calculate g fap
the thermal the thermal Sample photos of
4.4 Explain the conc xplain the preparation of power output t¢ power output t¢ good and bad
Performance Tes documents for Handover vezfy syste(;n vez_fy syste(T installations
4.5 Explain theyreparation ¢ 1 Commissioning SEtings an SEHiNgs an

INCLU K
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collect all data
from previous
experiments
and assemble
technical
document for
handover

collect all data
from previous
experiments
and assemble
technical
document for
handover

N\
documents for Handover checklist control contr \) Flashlight/inspection]
f Commissioning 1 As-built drawings parameters. par%. light
checklist T Cr? mponent data | V\ Stopwatch
1 As-built drawings sheesand manuals Develop a < Svelop a
1 Component data shese Sample
and manuals iSsfonig commissioning
[ checklist,
modify an
« existing systen
drawing,
% provide new | provide new
asbuilt asbuilt
drawing, drawing,

EVALUATION: CA 60%

‘0
= 4

EXAMINATION: 40%
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Advanced Thermal System Performance and Troubleshooting &'
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG »

COURSE TITLE : Advanced Thermal System Course Code: STE 323 Contact flou
Performance and Troubleshooting _ _ \ —
Credit Unit:2 Th call
y 2
Year: | Semester: Il Prerequisite: Nil @(al: 1 Hour/week

N\
GOAL: This course is designed to acquasttidentsvith theknowledgeand skills in é?‘gbﬁ thermal system performance and

troubleshooting
AN

GENERAL OBJECTIVES: On completion of this course, the students sh Eble to:

1.0Know theperformance principles for advanced thermal systems ()
2.0Know troubleshooting techniques for advanced thermal syste

3.0Know the performance of advanced thermal systems.

4.0Know the safety measures and regulations in advanced (18 mal systems
5.0Know the maintenance procedures for advanced the @ tems.

N
| ‘JLUSE i
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PROGRAMME HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLO \

COURSE TITLE : Advanced Thermg COURSE CODE STE 323 ta Hours: 2
System Performance and Credit Unit2 - call
Troubleshooting redit Unit: @eﬁretlca.
Year: | Semester:| | Prerequisite: Nil \ Practical: 1

y i
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL ( \4

»
GOAL: This course is designed to acquaint students with the knowdaabekillsSN anced thermal system performance and
troubleshooting

r
GENERAL OBJECTIVE 1.0: Know theperformance principles forQ@d thermal systems
THEORETICAL CONTENT ” \ PRACTICAL CONTENT
Week | Specific Learning Outcome| Teac her 6 &'ﬂsources Specific Learning | T e ac h er 6 s| Resources
Q Outcome
1-3 1.1 Define thermal system Explalnt I ystem| Textbooks Guide students to: | Pictorialsand
Journals _ _ animations of|
} et . | o e, | Tl modua
1.2 Define advanced therma vanced ICD:or_npl:ter y y reactors
rojector
system t | system White board Demonstrate the | Demonstrate the Pictorials an
usesof advanced | uses of advanced L
Marker thermal systems | thermal systems animations of
Animation y y Supercritical
1.3List the d|ffere Explam the difference Heat
between t m between thermal systen Exchangers
and adva rmal and advanced thermal

N

INCLU i
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systems

1.4 List types of advanced
thermal system

1.5List the characteristic of
advanced thermal syster

N\

>

systems

Explain types of
advanced thermal syste

Explain the characterist
of advanced thermal
system

O
N3
N8
&

%

N

Pictorials an
animations of
Biomass
gasification
system

Pictorials an
animations of
Biomass
pyrolysis
system

Parabolic
trough

Boilers
Furnace

Heat
exchangers

Heat pumps
Air
conditioning
systems

Pictorials an(
animations of
Steam

turbines

Pictorials an

INCLU
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animations of
Gas turbines

General Objective 2.0: Know trouble

shooting techniques for advanced thermal systems

«

4-6 2.1 Define trouble shooting |

advanced thermal system.

2.2 Explain how
troubleshooting is carried oy
with respect to advanced
thermal system

2.3List the benefits derived
from troubleshooting of
advanced thermal system.

N

Qg?*

Explain trouble shooting
in advanced thermal
system

Explain how
troubleshooting is
carried out with respect
to advanced thermal
system

Explain the benefits
derived from
troubleshooting of

O
X
\a
&

%

AN

advanced therm &
system.

Textbooks
Journals
Internet
Computer
Projector
White board
Marker

Animati%
&

9

Troublesh

spe
th

>

cifig advaficed
éa%gtems

N\

N\

€

Guide students to:

Troubleshoot some
specific advanced
thermal systems

Pictorials an(
animations of
Small
modular
reactors

Pictorials an
animations of
Supercritical
Heat
Exchangers

Pictorials an(
animations of
Biomass
gasification
system

Pictorials an(
animations of
Biomass
pyrolysis
system

Parabolic
trough

N\

INCLU
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General Objective 3.0: Know the performancédfzanced Thermal Systems

7-9

3.1 Define performance of
Advance Thermal Systems

3.2 List the relevant
parameters to be determthe
whencarrying out the
performancenalysisof
Advanceal Thermal Systems

3.3 Explain how key
parameters can be
determined. These include:

il
T
il

= =4 =4 -4 4 9

Heat transfer rate

Explain performance of
advancerhermal
Systems

Explain the relevant
parameters to be
determinedvhen
carrying out the
performancenalysisof
Advancel Thermal
Systems

Explain how key
parameters can be

determined. These
include: &
1 Heat tran{i
fi

Energy efficiency

Coefficient of 1 Ener ictency
performance 1 C g of
Thermal conductivity ance
Specific heat capacit} rmal

System efficiency % nductivity
System response ti Specif_ic heat
System capacit @ capacity

System stabilj 1 System efficienc)

A

1 System responsg
time

1 System capacity

Textbooks
Journals
Internet
Computer
Projector
White board
Marker
Animation

\
&

These incl Q
i Hea#%wsfe

(S
ergy

\Q"Jefﬁciency

\ Coefficient

,\ of
performance

1 Thermal
conductivity

1 Specific heal
capacity

1 System
efficiency

1 System
response
time

1 System
capacity

T System
stability

Demonstrate how@tudents to:
key parameters
be determined.: \ onstrate how

>key parameters car

be determined.
Thesanclude:

1 Heat transfe
rate

1 Energy
efficiency

1 Coefficient
of
performance

1 Thermal
conductivity

1 Specific hea
capacity

1 System
efficiency

1 System
response
time

1 System
capacity

1 System
stability

Illustrate how to

Pictorials an
animations of
Small
modular
reactors

Pictorials ang
animations of
Supercritical
Heat
Exchangers

Pictorials an
animations of
Biomass
gasification
system

Pictorials an(
animations of
Biomass
pyrolysis
system

Parabolic
trough

INCLU
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3.4 Explain how to determin
the performance of advance
thermal systems

3.5 Explain how advanced
thermal system are modele(

1 System stability

Explain how to
determine the
performance of advanct
thermal systems

Explain how advanced
thermal system are
modeled.

\
&

N\

Illustrate h
determe th
perfo ce of

anee thermal
ms
hDemonstrate how

advanced thermal
system are modele

AN
dete %@e

pelé%n ce of
) e thermal

systems

>Demonstrate how
advanced thermal
system are modele

General Objective 4.Know the safety measures amdjulatio

dvanced Th

ermal Systems

INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

10-11 | 4.1Enumerate the safety Explain the saf 0 Textbooks Guide students to: | Safety kit
regulations associated with | regulations assocfated | Journals
adg\]/ancedl' hermal Systems WI?h Adva ermal Internet Use of the safety | Use of the safety
including: Syste Computer kits and gadgets | kits and gadgets
Projector relevant to relevant to advance
f  American Society of erican Societ] White board | Advanced Thermal| thermal systems
Mechanical Engineer Mechanical | Marker Systems
(ASME) \ Engineers Animation
1 American Petrol V (ASME)
Institute (API) & 1 American
1 National Fye Petroleum
Protectigh AsSseCiatio Institute (API)
Stan ’r& PA) {1 National Free
64
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f Occupational Safety Protection x\)
and Health Association &

Administration Standards _\V\
(OSHA) (NFPA) ( )

1 Environmental 1 Occupational \\)
Protection Agency Safety and Healt Q
Regulations (EPA) Administration Q/

1 American Society Fol (OSHA) \/
Heating, Refrigeratiol 1 Environmental V\
and Air conditioning Protection Q}

Enginees (ASHRAE) Agency <
Regulations
(EPA) (\3\
1 American Societ) %
For Heating, &
Refrigeration
Air conditio@
EngineerQ
(ASH%)
4.2 Enumerate the safety | Explain Qﬁessaw
measures necessary when | Saf sures to be

handling advanced thermal | en handling

systemsaking cognizance | advaficed thermal
Ngystemstaking

1 Environment %Q cognizance of:

{1 Safety kits _
I Environment

1 Equipm
AP 1 Safety kits
N

INCLU -
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4.3 List the safety kits
necessary when working on
advanced thermal systems

4.4 Describethe first aid
measures to be taken in cag
of accident when handling
advanced thermal systems

1 Equipment

Explain the necessary
safety kits and gadgets
be used when working
on advanced thermal
systems

Explain first aid
measures to be taken ir
case of accident when
handling advanced
thermal systems

4

)

General Objective 5.now themaintenance procedures for ad

\/a%herm
P

al systems

CLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

12-15 | 5.1 Explainmaintenance in | Explain maintenan xtbooks Guide students to: | Pictorials anc
relation toadvanced thermal| relation toadvan ournals . .| animations of|
Internet Carry outpreventive Carry out preventiv
systems thermal systems . . Small
Computer maintenancen maintenance on modular
5.2 State thdmportance of | Explain t rtance| projector Heat Exchanger | Heat Exchanger reactors
mainenancdo Advancel of mai to White board
Thermal System Adv ermal Marker Pictorials ang
% Animation animations of
4 . Supercritical
. . Explain the different
5.3 Explain the different NP . Heat
) es of maintenance
types of maintenanc ) Exchangers
namely:
1 Predictive - Pictorials ang
1 Conditi % 1 PrEdI(.:t.Ne animations of
1 Preventy 1 Condition-based Biomass
66
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1 Corrective 1 Preventive /®)v gasification

1 Reactive/Breakdown Corrective system

etc. f Reactive/Breakd| "V\ Pictorials and
wn etc. b

5.4 Describe thenaintenance animations of
procedure on components g Discuss the maintenang > Biomass

Advanced Thermal System | procedure on @ pyrolysis

=

components of system

Advanced Thermal V\ Parabolic
System < ' trough

EVALUATION: CA 60% ,\Q/
EXAMINATION: 40% %

&
INULUﬁE K
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Solar Thermal Collectors ampplication Il A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG&\
COURSE TITLE : Solar Thermal Collectors and COURSE CODE STE 324 RS: 3
Application Il CREDIT UNIT : 3 2
YEAR: | SEMESTER: Il PRE-REQUISITE: Nil 1

hd

GOAL: This courses designed to acquaint teseudentswith basic knowledge and Skl| Na}ThermalPowerPlants

GENERAL OBJECTIVES: On completion of this course, the students shoul ab

1.0 Understand the conceptSiflar ThermalCollectors inPower Plants (\)2\%
2.0 Understand the principles &blar ThermalCollectors inPower P)&Q/

3.0 Know the components 8blar ThermalCollectors mPower%

4.0 Know the efficiency oBolar ThermalPower Plants QQ

5.0 Know the components dhermal energy storag
6.0 Understand the applicatoaof SolarThermaIP@

V\"
&\%
INCLU )
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY

COURSE TITLE : Solar Thermal Collectors and COURSE CODE STE 324 CO ,C OURS: 3
Application Il CREDIT UNIT : 3 ,@?ETICAL : 2
YEAR: | SEMESTER: Il PRE-REQUISITE: NIl \ RACTICAL: 1
COURSE SPECIFICATION: THEORETICALAND PRACTICAL V\v
GOAL: This course is designed to acquaint the students with basic knowledge a kin Solar Thermal Power Plants
GENERAL OBJECTIVE 1.0. Understandhe concept of solar thermal collec r Plants
THEORETICAL CONTENT Y S\RRACTICAL CONTENT
Week Specific Learning Teacher 6s Resources \| Specific Learning Teacher 6|Resources
Outcome Activities

Outcome
1-2 1.1 Explain solar Explain solar thermal< tbooks

thermal power systemg power systems
urnals

v

V\ Internet
1.2Explain high Explain hi Q
a

temperature solar temperatu ; Computer
thermal collectors ther Wectors Projector
E White Board

N
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1.3 List types of high
temperaturéolar
ThermalCollectors:
Solar distributed

collector therma
power plants
(Parabolic
trough unit with
line focus and
Paraboloidal
dish withpoint
focus)

Solar central
receiverpower
plants
(Heliostats or
tower concept)

Solar Chimney
power plant

1.4 Explain ®lar
tracking systemand
controt

SingleAxis
Doubleor D
AXis

Explain types of high

temperature solar
thermal

collectors:

Solar distributeq
collector therma
power plants
(Parabolic
trough unit with
line focus and
Paraboloidal
dish withpoint
focus)

Solar central
receiverpowe<
plants

(Heliosta

tow @ pt)
So&nimney

r plant

ih solartracking
msand contral

Single Axis

Animations

Charts

I ‘JLUSE
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Double or Dual \\)
Axis &

GENERAL OBJECTIVE 2.0: Understand the principles $6lar ThermalCollectors inPower Plant (_V\
3-4 2.1 Explain thevorking | Explain the working Textbooks
principle of Solar | principle of Solar

Thermal Power Thermal Power Plants: Journals @

Plants: L Internet
Transmissivity,
Transmissivity, absorptivity and| Computer < V‘
absorptivity and reflectivity of

reflectivity of radiant heat Projector ®

radiant heat within the White Board \2\

within the collector ()
Marker

collector
Explain the Mechanisn AnimagiQns
2.2Explain the of convertingradiant
. C
Mechanism of energy to heat @
converting radiant
energy to heat Explain the mechapi

of heat transfer &--

2.3 Explain the the solar the
mechanism of heat collector
transfer within the sola

thermal collector
E storage of
ntent and

2.4 Explain the storagk

of heat content ap&
L

INCLUDE :
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A

fluid

circulation of working

P

GENERAL OBJECTIVE 3.0 Know the components 8blar

ThermalCollectors inPower Plants

&

O

S-7 3.1

3.2 Explain t
working princigles

Explain

components ofolar
Thermal
Plants:

Power

Parabolic
collectors
(central
receiver)
Single or
Double/Dual
Axis sun
tracker
Heliostats
Storage tank
Boiler
Turbine

Heat transfer
fluids
condenser
Fresnel
lenses

Explain components

power plants:

principles of solar

solar thermal

Parabolic
collectors
(central
receiver)
Single or
two-plane
sun tracker
Heliostats
Storage tank
Boiler
Turbine

lain the working

Heat trans <.D
3

Textbooks
Journals
Internet
Computer
Projector

White Board

Anim@

Marker /é(;@llector

Identify components g\ Quide students to:

solarthermal pow

e

trate the use of

olar thermal

Identify
components of
solar thermal
collectors

Demonstrate the
use of high
temperature solar
thermal collectors

Parabolic
collectors

Single and
doubleplane
sun tracker

Storage tank
Boiler
Fresnel lenses

Pictorials and
animations of
Turbine

INCLU
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of solar thermal |thermal power plant
power plant | components
components
9
3.3 Explain merits . .
P . Explain merits and \
and demerits of .
. demerits of solar
solar tracking .
tracking systems
systems

GENERAL OBJECTIVE 4.0 Know the efficiency o®olar ThermalPower Plants

8-10 4.1 Define efficiency of Textbooks
Solar ThermalPower

plant system

Explain efficiencyof
Solar Thermal Power
plant system

Journals ting efficiency of

& r Thermal Power
lants

Comp%
P

. . Internet
Explain the following

energy parameters

4.2 Explain th ithi
xplain the within the solar therma

following energy

g ower plant:
parameters within the P P white Board
Solar ThermalPower Solarirradiatk()‘
Plants: absorbed tQ arker
v
. L absorber . ) Demonstrate the use of
Solarirradiation Animations . )
absorbed b Be @ measuringlevicesto
absorber y irrz%) Charts measure beam and diffus
Beam solar Watensity component of solar
irradiation rture area irradiation
intensit arabolic trough
A ertur)é collector
P Absorber Demonstrate the use of

Guide students to:

Identify measuring
instrument used in
evaluating
efficiency of solar
thermal collector

Demonstrate the
use of measuring
deviceto measure
beam and diffuse
component of solar
irradiation

Demonstrate the

ar
0

paraboli

useof measuring

Pyranometer
or
pyrheliometer

UV-VIS-NIR
spectrometers
or double
beam spectral
photometer

Flow meter or
flow sensor
and

Thermometerg

1 Thermocoupls

INCLU :
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collector temperature measuring device to devic Xre‘ sure [f] Infrared
Absorber Ambient measureanddetermine andgi mne Thermometer
temperature temperature Transmissivity and &mi sivity and f Digjital
Ambient Reflectivity, absorptivity of a glass 4\ &bsorptivity of a thermometers
temperature Transmissivity bass
Reflectivity, and absorptivity Q
Transmissivity Mass flow rate Spectrometer
and absorptivity etc. \( Demonstrate the
Demonstr, se of
Mass flow rate use of flow meter
flow m to pheasure th
etc. . to measure the flow
flow working .
. rate of a working
fli ghe Solar .
_ fluid across the
4.3 Explain the method hewnal Power Plants
£ ina th Solar Thermal
effciency ofSolar A Power Plants
iCi .
y Explain the methods of
Thermal Power . : % Measure temperature at | Measure
improving the :
Plants - various levels of the temperature at
efficiency of Solar . .
collector and ambient various levels of the
Thermal Power Plant
< temperature collector and
% ambient
V\ temperature
Measure absorptivi
Q ptivity of |\ re
theabsorber surface -
absorptivity ofthe
V absorber surface
GENERAL OBJECTIVE 5.0: Kn mponents ®hermalEnergyStorage
11-13 5.1 Describe a th scribe a thermal Textbooks Identify the different typeg Guide students to: | General
of thermal energy storage materials useq
74
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energy storage system

5.2 Explain the
classification of
thermal storage systen

Single tank
storage
Double tank
storage

5.3Explain theypes of
solar thermal energy
storage:

Sensible heat
energy storage
Latent heat
energy storage
Water storage
Packed bed
exchange
storage

Therme
chemical

storage

AP

energy storage system

Explain the
classification of
thermal storage systen

Single tank
storage
Double tank
storage

Explain the types of
solarthermal energy
storage:

Sensible heat
energy storage
Latent heat

energy storag<
Water stor

\Nwme
;chemical

Journals
Internet
Computer
Projector
White Board
Marker
Animations

Charts

[
/égystem to measure

systemsand materials

N\

operation othermal
energy storage s

O

WStrate the use of
al energy storage

Demonstrate the mode o‘)or

physical property of
material as it is subjected
to change in temperature

g

Identi
diff t tYpes of
nergy
e systemand

aterials

Demonstrate the
mode of operation
of thermal energy
storage systems

Demonstrate the
use of thermal
energy storage
system to measure
physical property of
material as it is
subjected to chang
in temperature

in Thermal
energy
storage
system:

= =4 48 4 -4 —a 2

Rock
Concrete
Sand

Iron

Iron oxide
Water
Thermal
Oil
Sodium
and
potassium
nitrate
Animal fat
Paraffin
wax

Calorimeter

Differential
scanning
calorimeters
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5.4 Explain the
techniques of thermal
analysis of a storage
system:

Thermogravimetry
Differential thermal
analysis
Differential
scanning
calorimetry

Explain the techniques
of thermal analysis of &
storage system:

Thermogravimetry
Differential thermal
analysis

Differential scanning
calorimetry

(DSC)

Thermal
energy meters

GENERAL OBJECTIVE 6.0: Understand the applicat®of

solar thermal po(e

14-15

6.1 Explain the
application of high
temperature Solar
Thermal Power Plant

Explain the application
of high temperature
Solar Thermal Power
Plant

Journ%
| =@

Textbooks&v

Medium and Medium and Computer

largescale largescale <) .

power power %, rojector

generation gener w\ White Board
6.2 Explain the Explain th cation| Marker
application of high igtemperature o
temperature Solar al Power | Animations
Thermal Power Plant if Industrial Charts
Industrial processes fq| sses for steam
steam generation,& L g€neration

76
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6.3 Explain the Explain the application /®)

application of high of high temperature

temperature Solar SolarThermalPlant in V\
Thermal Power Plant it Industrial chemical N (J
Industrial chemical processes \b
processes @

6.4 Explain the Explain the application V

application of high of high temperature V\

temperature Solar Solar Thermal Power Q}

Thermal Power Plant if Plant in High draw hot \

High draw hot water | water facilities

facilities <
Explain the application /\Q(/

6.5 Explain the of high temperature

application of high Solar Thermal Power %
temperature Solar Plant in Water Q
Thermal Power Plant it yasalination <(

Water desalination \

ASSESSMENT: : %

Continuous Assessment (CA0%

Examination40% %
\

S
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Research Methodology in Solar Thermal Energy Q
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG

COURSE TITLE : Research Methodology in Solar | COURSE CODE STE325 CONT@RS 2

Thermal Energy CREDIT UNIT : 2 THEQ|

YEAR: | SEMESTER: Il PRE-REQUISITE:

GOAL: This course is designed to acquaint students with knowledge and skills in Rese thoddimgmmaadfeport writing in

relation to Solar Thermal Systems R
GENERAL OBJECTIVES: On completion of this course, the students should be Bv

1.0Understand the fundamental concepts of research in solar thermal energy#
2.0Know the process of formulating research problems, hypotheses, and_ aj
3.0Know the design and conduct of experiments/field studies in solar
4.0Understand data collection techniques and analysis tools in sola
5.0Know the compilation, presentation, and interpretation of resgére
6.0Understand technical reporting in RE and engineering fields&
7.0Understand Supplementary elements, reviewing, editing\ resenting technical reports

dings in technical report format.

N
| ‘JLUSE §
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY %; )‘
S

Pro
1.3 Describe types of Explain types of

Research: Research:
Qnimations
Experimental Experim % harts

Descriptive Descfj &

Applied research A earch

review in research terature review

1.4 ExplainLiterature ?\\/
Li

I earch
1.5 Explain ethical i
Plagiaris 'S\

COURSE TITLE : Research Methodology in Solar Thermg COURSE CODE STE 325 CONTAC 12
Energy CREDIT UNIT : 2 THE@REYTCAL : 1
YEAR: |  SEMESTER: || PRE-REQUISITE: PRAGNEAL: 1
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL ’<\V
GOAL: This course is designed to acquaint students with knowledge and skéséarch metho@?/n relation to Solar Thermal Systems
GENERAL OBJECTIVE 1.0: Understand the fundamental concepts of research in solartgermdl energy
THEORETICAL CONTENT PRACTI?‘\WTENT
WEEK | SPECIFIC LEARNING |[TEACHEROG S | RESOURCES| SPEGIRBWEARNING |TEACHE R6 SRESOURCES
OUTCOME ACTIVITIES @) & ACTIVITIES
1.1 Define Research Explain Research Textbooks (\2\‘
1-2 Journals %}
1.2 Explain the importancExplain the importance |Internet
of Research of Research Comp

INCLU "’
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consent
Data falsification,

DiscussEthical issues
relating to Research:
Plagiarism and
consent
Data falsification

Q\‘>

GENERAL OBJECTIVE 2.0:Know the process of formula

ting research problems, hypotheses}

v

d objectives for solar thermal applicati

Problem statement,
Goal and Objectives,
etc.

2.2 Explain problem

and Research
questions

2.3Explain Literature
Review

statement, objectivegEXpPlain problem

X

Problem statement
Goal and Objective
etc.

statement, objectives ai
Research questions<

Discuss Lite ?\
Review %

\V,
ng

X

3-4 2.1 Enumerate the essen{Explain the essential pg Textbooks
parts of research: of research: Journals
Title, Title, Internet
Background Background Computer

Projector

Marker

\S

White Board

éﬂ%{ﬁ\

clear

sola | energy

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

Create precise and
researchable problem
statements

Draft a literature review
section of a Research
proposal

Summarize relevant studie
and highlight research gag
in solar thermal energy

Guide students to:

background
information relevant
to solar thermal
energy

rite a con M
itle alon c%ﬁckgrouncwme a concise and
informg vantto (clear title along with

Formulate a researc
problem relating to
solar thermal and
derive appropriate
objectives for it

Create precise and
researchable proble
statements

Draft a literature
review section of a
Research proposal

Summarize relevant
studies and highligh

Journals
Internet
Research
papers on sola
thermal

g

INCLU
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researeh baph in sol
therﬂ&'e\ergy

GENERAL OBJECTIVE 3.0: Know the design and conduct of experiments/field studies in solar therrgal ms

5-6 3.1 Define research |[Explain research Textbooks Select appropriate rese uige studentsto: [Jour nal
objectives for [objectives for Journals design and methodo lect appropriate
experimental or field [experimental orfield |jhernet research design and nterng
study study Computer % methodology. Resear g
Projector Develop ex Wtal or papers
3.2 Explain appropriate |Explain appropriate  [White Board F&fm the  Develop t her mal

research design and research design and |Marker y area of yexperimental or field

Rel evanr

methodology selection | methodology selection |Animations i olar Thermal |procedure for the Softwar
Charts research on any areS Cmul at
3.3 Outline the steps V of your choice on

. i | i c&

and instruments needed _Explaln the steps and Q/ Solar Thermal app €9
instruments needed to .

to carry out the study on carry out the study on Conduct the study using [Systems

Solar Thermal Systems  |Solar Thermal Systems % tools and techniques in rex
@ or simulated environmentsConduct the study

using tools and
techniques in real or

simulated
O\ environments
GENERAL OBJECTIVE 4.0:Understand d Wﬁon techniques and analysis tools in solar thermal research.
7-8 4.1 Explain different data [Explai j%wt data |Textbooks Analyze data sets using |Analyze data sets |Data logger
collection methods: [coll %Vmethods (e.g{Journals appropriate software toolsjusing appropriate
Surveys experiments, |Internet software tools Appropriate
Experiments or data collection) |Computer analysis
Sensor data col Projector software
& xplain data analysis |White Board tool (Excel,

INCLU i
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5.3 Explain the
implications of Researg

of Research results

results

Y

Discuss the implicationg

referencing styles in a
technical report

Apply correct citatior
and referencing styl¢

4.2 Explain data analysismethods Marker \\) MATLAB,
methods Animations & Python)
Charts V\
4.3 Describe data analysifExplain data analysis \(}
softwaretools: software tools: Q\>
Excel Excel %
MATLAB MATLAB \/
Python, etc. Python, etc. (y\
4.4 Explain the Explain the Interpretatig ®
Interpretation of resultof results from data (\2\
from data analysis in |analysis in the context %}
the context of solar [solar thermal energy /&
thermal energy systensystems
GENERAL OBJECTIVE 5.0: Know the compilation, presentatjom interpretation of research findings in technical report format.
0-10 5.1 Explain the structure ¢Explain the structure of Ws Compile research data an(Guide students to; |Papers
a technical report technical report otmnals analysis into coherent Compile research  |[Computer
0<§ternet sections data and analysis in{Printer
5.2 Explain how to Discuss how to compilg| omputer coherent sections
Compile research data anresearch data a\xv Pro!ector Interpret the implications ¢
e White Board
analysis into coherent  |analysis into coherent |\arker research results Interpret the
sections sections Animations implications of
‘w Charts Apply correct citation and research results

in a technical report

CLU
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5.4 Explain referencing
and citation in Research
report

Explain referencing and
citation in Research
report

GENERAL OBJECTIVE 6.0: Understand technical reportin

g in RE and engineering fields

11-12

7.1Explain the
importance of
technical reporting in
engineering and RE
projects

7.2 Explain the role of
communication,
documentation and
decision making
derived from technicg
reports in
RE/engineering
reports

1 Feasibility reports
1 Progress/Iinterim
reports

1 Research/project
reports

I Incident or
troubleshooting
reports

1 Closeout reports

documentation and

from technical reports ir
RE /engineering reportg
1 Feasibility report
1 Progress/Iinterim

reports

1 Research/projéc
reports

1 Incident %
troubl ting
re

1 Closegut reports

E e parts of

iCal report writing
gineering and

S

rmal project
Title page

Explain the importance [Textbooks
of technical reporting inlJournals

engineering and RE  |Internet
projects Computer
Projector
Explain the role of White Board
communication, Marker

Animations (

N

decision making derive¢Charts

&

CLU
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6.3 Explain the parts of 1 Abstract/Executi /®)

technical report writing in e summary
engineering and RE proje

f Introduction V\
1 Title page f  Methodology (J
T

9 Abstract/Executive Results/Findings \\>
summary Budget Q

{1 Introduction { Discussions and %

1 Methodology conclusions

1 Results/Findings/H | References V
udget 1 Appendices (y\

9 Discussions and \
conclusions Explain the structure an %

1 References components of a standz '\2\

1

Appendices report Q/‘ \
6.4 Explain the structure [Explain the difference &

and components of a between technical and

standard report nontechnical readers Q%

6.5 Explain the differenceExplain ethical and
between technical and ngprofessional pfaCtiCGQ
technical readers technical reportin

6.6 Explain ethical and
professional practice in
technical reporting.

6.7 Describe the steps

involved in planning a

writing a t_echnlcal ) xplain content tailoring

6.8 Describe howgrepat L 3
N to suit different report

INCLU i
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structure supports clarity types and purposes /®)

and readability

Explain the importance

6.9 Explain content of coherence, flow, and (J
tailoring to suit different technical language in

report types and purposeireport writing

\
6.10 Explain the Explain the common &

importance of c_oherence,errors in report writing
flow, and t.echnlcal ... _Jand how taavoid them
language in report writing

6.11Explain the common \2\$

errors in report writing an Q(

how to avoid them
GENERAL OBJECTIVE 7.0: Understar®lpplementary elemenmviewme‘&ting, and presenting technical reports

Q=

1315 7.1 Explain the types of [Explain the types of [T 00K3 Write a/an: Guide students to |Sample report
supplementary elements [supplementary elementJogrnals Progress/Interim reporwrite a/an:
commonly used in commonly used in Qte et 1 Feasibility report Progress/InterimZotero
technical reports technical reports Q omputer 1 Incident or report Mendeley
Projector troubleshooting report |1 Feasibility report

7.2 Explain when and hoyExplain whe w {White Board  |Demonstrate the use of | Incident or
to use visuals use visu @ Marker citation and referencing troubleshooting

i charts, M cha Animations tools report

{ tables, \\bljs, Charts Zotero Demonstrate the us¢

1 diagram angram Mendeley of citation and

% referencing tools

7.3 Explain the impor E in the importance Zotero
of source citation source citation and Mendeley
referencing referencing

INCLU i
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7.4 Explain the different
referencing styles

7.5 Explain the different
tools used for citation and
referencing

Explain the different
referencing styles

Explain the different
tools used focitation
and referencing

1 APA 1 APA
1 Chicago 1 Chicago >
9 IEEE, etc. 1 IEEE, etc.

NIGERIA

1 Zotero

1 Zotero \
1 Mendeley 1 Mendeley %
T MS Word T MS Word \2\

Reference manage Reference \_ )
1 EndNote manager %
9 EndNote &

7.6 Explain the importang
of integrating Discuss the importance
supplementary elements.of integrating

supplementary eleme Q
7.7 Explain the importang

of maintaining a consistefExplain the |mportan
and professional layout [of maintaining
throughout the report  [consistent ar %
professmnal‘lgyout

7.8 Explain the importangthroughout the report

of reviewing and editing i w
producing highquality %
reports Explain the importance

_ /gq reviewing and editing
7.9 Explain commgn in producing highquality

INCLU i
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in technical report writing
and how to correct them

7.10 List the key element
of a professional
presentation of reports

7.11 Explain best practice
for submitting or

delivering technical repor
in academic or workplace
settings

reports

Explain common errors
in technical report
writing and how to
correct them

Explain key elements of
a professional
presentation of reports

Explain best practices f
submitting ordelivering
technical reports in
academic or workplace
settings

o\

ASSESSMENT:
Continuous Assessment (CA): 60%
Examination: 40%

<
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A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG‘&\

COURSE TITLE : Smart Grids & 10T in Solar Thermg Course Code: STE 326 Contact @?
Systems . . \ Nt
Credit Unit: 3 Thwl:l
y 2
Year | Semester: |l Prerequisite: Nil @(al:z Hour/week
N\
GOAL: Thiscourse is designed to acquasttdentsvith knowledge and skills iSm SdIoT for Solar ThermalSystems

'\
GENERAL OBJECTIVES: On completion of this course, the students show to:

1.0 Understand the smart grid & I@finciples \2\

2.0 Understand the design and development of smart grid systems%
3.0 Know the development of IoT applications for smart grids /\

4.0 Know the modelling and simulation of 10T solutions to@yid problems.
5.0 Know the equipment used in smart grid & 10T appl?%

N
| ‘JLUSE i
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGX\\‘) N
COURSE TITLE : Smart Grids & loT| COURSE CODE: STE 326 Contast Houir's3
in Solar Thermal Systems C
I y Credit Unit: 3 T\ reftcal:l
N\

Year: | Semester: I| Prerequisite: Nil @aétical:z
S
N\

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL "

GOAL: This course is designed to acquaint students with knowledge and skills{nWGrid and loT for Solar Thermal Systems

S

GENERAL OBJECTIVE 1.0: Understandhe smart grid & 10T principles

THEORETICAL CONTENT §&ACTICAL CONTENT
C b
Week | Specific Learning Outcome| Teacher 6 s ARe eg" | Specific Learning Teacher 6 ¢Resources
Activities
Outcome
N
1-3 1.1 Define SmartGrid Explain smart grid xtbooks | Demonstrate the use g Guide students to:| Energy
. I . . ournals smart grid componentg meter
1.2 Explain the principles of| Explain the prin Internet g P Demonstrate the
SmartGrid. smart grid. Computer 1 Advanced use of smart grid | Arduino
. i i components:
1.3 Enumerate the ke§mart | Explain t mart Pro!ector meterlng P Internet
. . . . . White board infrastructure
Grid components with their | grid cQ nts with . 1 Advanced
: . . . Marker 1 Grid : Computer
respective examples in the | th @\ ctive exampls Animation ‘ metering
following order: i Ollowing order: managemen infrastructure | MATLAB
systems 1 Grid
1 Advanced meteri N 1 Advanced 1 Renewable Simulink
. : management
infrastructure % metering energy
_ . . . systems Bread
1 Grid mana infrastructure integration
. . . . 1 Renewable board
systems xﬁ f Grid managemer ¢ Grid animation ener
1 Rene ergy systems and control energy. Low
integration

INCLU i
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integration

1 Grid animation and
control

T Communication
networks

91 Data analytics and
management etc.

1.4 Define Internet of Things
(IoT)

1.5 List facilities needed to
set up 10T in the following
order:

1 Physical
Technical

Human resources
Infrastructure
Regulatoryetc

= =4 -4 A

1.6 List the equipm
tosetup loTint

I Sensgrs apd%ctuatol

1 Renewable
energy
integration

1 Grid animation
and control

 Communication
networks

1 Data analytics
and managemen
etc.

Explain Internet of
Things (loT)

Explain facilities need
to set up loT in the

following order: Q
1 Physj

T T
q N resource
‘@e astructure

gulatoryetc

N\

xplain the equipment
needed to set up IoT in
the order:

CS’

needeQ);
2& sical
\\ﬂ echnical

 Communication
networks

1 Data analyti
and man %

etc.
Identify th@s

p loT:

Human
resources
T Infrastructure
1 Regulatoryetc

Identify the equipment
needed to set up 1oT:

 Sensors and
actuators

I Microcontrollers

and processors

1 Communication
modules

1 Gateways and
routers

1 Power
management

e\
Wimation
nek control

ommunication
)»* networks
f Data analytics
andmanagemen
etc.

Identify the
facilities needed to
set up loT:

1 Physical

1 Technical

 Human
resources

9 Infrastructure

1 Regulatoryetc

Identify the
equipment needed
to set up loT:

1 Sensors and
actuators

9 Microcontroller
s and processo

T Communication
modules

voltage
Power

supply

pack

v
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1 Microcontrollersand | Sensors and equipment &%@Zﬁyg and
processors actuators romters
1 Communication 1 Microcontrollers ower
modules and processors (J management
 Gateways and router)  § Communication Q equipment
1 Power management modules Q
equipment 1 Gateways and %
routers V
1 Power (y\
1.7 Explain the differense maqagement ’\
between smart grids and ot} equipment §\
forms of grids such as: \2\\
. Explain thedifference ()
1 Conventional b . Q/
) etween smart grids an
T Power 9“‘?'5’ other forms of grids s &
1 Legacy gridsetc. as:
1 Convenn
1 Pow ds
dsetc
1.8 Explain the advantages { Expipic id dvarr:tages
smart grids with loT over 0 grids with loT
o€l Bon loT smart

nort IoT smart grids  grid

General Objective 2.0: Under@%/design and developm&miaofGrid Systems

N
4-5 2.1 Explain the n 7’ Explain the design of | Textbooks
smart grid sy smart grid systems Journals

Internet
INCLU N
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2.2 Explain the basic steps 1
smart grid systems design
which include:

1 Planning and analysi

1 Design and

architecture

System integration

Testing and validatiol

1 Deployment and
maintenance

1 Security and risk
management

1 Evaluation and
improvement etc.

= =4

2.3 Explain the developmen
of loT applications for smart
grid

including:
1 Req g%

Explain the basic steps
for smart gridsystems
design which include:

1 Planning and
analysis

91 Design and
architecture

1 System
integration

1 Testing and
validation

1 Deployment and
maintenance

1 Security and risk
management

N
2.4 Explain the develo plain the developmer
of smart grid syste of smart grid systems
6 including:

1 Requirements

Computer
Projector
White board
Marker
Animation

\
&

./

INCLU
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gathering

1 Design and
Development

1 Testing and validatiol

1 Development and
maintenance

1 Security and risk
management

1 Evaluation and
improvement

gathering

1 Design and
Development

1 Testing and
validation

1 Development ani
maintenance

1 Security and risk
management

1 Evaluation and
improvement

General Objective 3.0: Know the development of IoT applicat

ions for@%%ﬁ
)

.:\
—
rids

INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

6-8 3.1Enumerate the software | Explain the software T o) Demonstrate the use g Guide students to:| MATLAB
components needed in the | components needed in | JO S relevant Software N
— Internet : Demonstrate the | Simulink
development of applications thedevelopment of needed in the Use of relevant
for SmartGrid. applications for s mputer development of .| VS code
: Projector . Software needed i
. grid. ) applications for smart _
3.2 Explain the use of White board rids the development 0 LabView
relevant Software needed in Explain the f Marker grias. applications for
the development of relevant Sgftue need( Animation smart grids. Gateway
applications foiSmartGrids: | in the.d&y ment of .
PP a %" sfr smart Identify the hardware RS485
1 Python ) components needed in . Ethernet
g amely: Identify the
1 Java the development of cables
\ L hardware
1 C++,etc. V 1 Python applications for smart
1 : components need€ | gcal
_ 1 Java grid under the category .
3.3 List the hardw. 0 Cit etc in the developmen| server
components ne %t e T 1 Sensors and of applications for Smart
development @cations List the hardware actuators smart grid under mar
R 1 Communication
93
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for SmartGrid: components needed in devices t &Qt@ory: meter
the development of 1 Computing .
1 Sensors gnd.actuatm applications foSmart devices Sensors an{ Smart grid
1 Communication : actuators | model
: Grids 1 Energy st e) .
devices 1 Communics
, . and g thon : . Spreadshe
1 Computing devices f Sensors and devi tion devices ot
f Energy storage and actuators f Computing
. i L T Po .
generation devices 1 Communication ectranics devices Battery
1 Power electronics devices Wes 1 Energy Solar
' Computin
| Ee\tncesk deviceset i devices ‘,\(.D oo Z?r:g?aetuizd panels
etwork devicesetc. devices etc. _
1 Energy storage §\\ ? devices | Wind
and generation 3 1 Power turbine
devices () electronics | model
1 Power electronic /& devices
devices 1 Network

1 Network devj devicesetc.

etc. Q

General Objective 4.@nderstand the modellingmnuTation of loT solutionSmartGrid problems.
9-11 | 4.1 Enumerate problems Enumerems Textbooks

associated with smart grids | ass ith smart | Journals
terms of: rms of: Internet
Computer
1 Demand response N\ Demand Projector
1 Grid stability, \/ response White board
1 Energy effigj  Grid stability, | Marker

Animation

1 Energy
/\\ efficiency etc.

¥

INCLU )
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4.2 Explain the objectives of
the loTsolutions in terms of:

1 Energy reduction &
consumption
Improving grid
reliability, etc

T

4.3 Explain the performance

indicators (KPIs) of Sma
Grids & loT systems
indicatingmeasurement
of:
Energy efficiency
Stability

Explain the objectives g
the 10T solutions in
terms of:

1 Energy reduction

& consumption
Improving grid
reliability, etc.

T

Explain the performanci
indicators (KPIs) of
Smart Grids & loT
systems indicating
measurement of:

&

\
&

./

. Energy effi
Cost savingsetc. Stabilit Q
Cost@gs, etq
General Objective 5.Know the equipment us nart grid & 10T applications

INCLUL

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

12-15 | 5.1 Explain the use of smart E use of smar Textbooks | Demonstrate the use g Guide students to:| Smart
rid equipment such as: ipment such as| Journals smart grid equipment meters
9 quip N 9 P Internet such a%' quip Demonstrate the
1 Smart meters V I Smart meters | Computer ' use_ofsmart grid | Sensors
1 Grid manage 1 Grid Projector 1 Smart meters | equipment such as Actuators
systems management | White board 1 Grid ’
1 smart
1 Energy systems Marker management meters Gateways
Animation
systems, 1 Energy storage systems 1 Grid Communic
95
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1 Renewable energy systems, 1 Energy storage \ anageme ation
systemsetc. 1 Renewable systems, nt systems| modules
energy systems 1 Renewable 1 Energy Energy
etc. energy %mc’ storage storage
i . . . t , .
5.2 Enumerate lo€quipment Explain loT equipment etc systems equipment
such as: ) 1 Renewable
such as: ener Inverters
1 Sensors Identify 10T ipment 9y
Actuat T Sensors suc systems Rectifiers
q Gc tua ors, 1 Actuators, ’% etc.
E Ca ewayg i 1 Gateways ‘\ﬂ ensors Circuit
ommunication .
modules f Communication N Actuators, Identify 10T breakers
modules \2\ 1 Gateways equipment such as Switch
5.3 Explain the benefits of () 1 Communication gears
Smart Grid and loT % modules { Sensors _
applications in Solar Therm¢ Explain the benefits of & f Actuators, | Switches
) Demonstrag the use of
Systems Smart Grid and loT : 1 Gateways Rout
L . loT equipment . outes
5 4 Explain the chall applications in Sg T Communics
<+ Expiain the challenges @ o mal syste tion Servers
Smart Grid and loT
. . . modules
applications in Solar Thermi Explain the enges |
Systems Smart povloT Demonstree the
appli n Solar use of loT
T ystems equipment
ASSESSMENT:
Continuous Assessment (CA): 6 \/
Examination: 40% %

N
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Thermal Project Management and Tendering Process A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG »

COURSE TITLE : Thermal Project Management and CourseCode: STE 327 Cdantagt Hours: 2
Tendering Process —
Credit Unit: 2 retical: 1
Q¥
Year: | Semestertl Prerequisite: <</‘5ractical: 1 Hour/week
AN
GOAL: This course is designed &quip students with the knowledge and skills re Wmanage thermal energy,fesjdeting and
procurement processes. C
AN
GENERAL OBJECTIVES: %’

1.0 Understand project managemientieveloping solar thermal and hybfid Systems
2.0 Know the tools and techniques used in project managémemgx nd managementtbermal energy projects
(<]

3.0Understand project documentation, feasibility studies an orts

4.0Know tendering processes @

5.0 Understang@rocurement and contract manager%nk

INCLU i
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLO
,
COURSE TITLE : Thermal Project | COURSE CODE: STE 327 C\ac ours: 2
Management and Tendering Proces . . \ .
Credit Unit: 2 Q@bretlcal: 1
Year: | Semester: 2 Prerequisite: N §< ;r ractical: 1
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL (W
GOAL: This course is designed to equip students with the knowledge and skffig Yegliired to manage thermal energy projectanttpdecimgment
processes.
‘X
GENERAL OBJECTIVE 1.0: Understangroject management in dev oﬁﬁﬁolar thermal and hybrid systems
THEORETICAL CONTENT « PRACTICAL CONTENT
Week | Specific Learning Outcome [ Teacher 0s I@urcés Specific Learning Teacher 0s|Resources
Q‘Q Outcome

1-2 1.1 Define project Explain proje M Textbooks

management managem

Journals
1.2 Explain its importance in| . . Internet
engineering and energy
sectors. Computer
Projector
1.3List the characterj White Board
project mana Marker
& Explain the

-

INCLU )
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1.4Explain the importance o
project management in tf
thermal energy industry

1.5Explain the five major
stages of project
management

1.6 Explain the roles of
project management in
reatworld thermal
projects

T Initiation

1 Planning

1 Execution

1 Monitoring and
control

1 Closure

1.7 Explain the benefits of
project management in
thermal energy projects

1 Key project roles
i Stakeholders

characteristics of
project management

Explain the
importance of projec
management in the
thermal energy
industry

Explain the five
major stages of
project management

Explain the roles of
project management
in realtworld thermal
projects

=

Initiation |
Planni

q n(<
1 Exegstjion
I yogoin
%rol
% losure

ain the benefits
f project
management in

Animations

Charts

thermal energy

S
I ‘JLUSE
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projects /®)

' Key
project

roles Q
1 Stakeholds
: <

General Objective 2.0: Know the tools and techniques used in project managemen planning and management of thepnujéeisergy

7
E

35 2.1 Describe project plannin| Explain project Textbooks ( a Gantt chart| Guide the student tq Relevant software:
tools and their relevance in | planning tools and N\ & small thermal (Microsoft Excel,
: . . Journals . : Create a Gantt char| ,,. )
thermal energy projects their relevance in oject using any tor a small thermal Microsoft Project)
. thermal energy Internet  thermal energy sourq .
2.2 Define Work Breakdown . project using any
projects (preferably solar
Structure (WBS) Comp thermal) thermal energy
2 3Explain Linking of WBS Explain Work _ source (preferably
' P '<INg Breakdown Structure Feecto solar thermal)
to responsibilities and (WBS) d
costing ‘@ Boar (Group Work)
Explain Linking of Marker Develop a work
2.4 List the type of tools use > (Group Work)
in projectmanagement such WBS to imati Develop a work breakdown structurg
bro) 9 UCN responsibi d | Animations P (WBS) using any
as costin breakdown structure relevant software ar
s anni Charts (WBS) using any assig
1 b eoslour_ce b arlmlng al g type of relevant software anc tasks/responsibilitie
u .getlng tqo S_ tool ed in project assign resources and spec
T Project monitoring an gement such a tasks/responsibilities) ..~
control technique . resources and specif
I Progress repg 1l pIZi?\lijr:;eand timelines, Create sample
- rogress report
2.5 Explain the s budgeting prog P
tools Present sample

INCLU
S 4
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used in project managemen|  § Project Create sample Wr‘eport

. monitoring progress report
| M!crosoft Exc'el and control
f Microsoft Project techniques Present sample Q
f Progress progress repogt )

reporting @

Explain the software
tools used in project V
management (y\
1 Microsoft
Excel \2\
1 Microsoft ()

Project

General Objective 3.0: Understand project documentation, feasibility studiekaadut reports

6-8 3.1 Explain the importance q Explain the ( ooks
proper documentation in importance of pro
i o Journals
thermal projects documentatloQ >
. thermal prgg
3.2 Describe the structure a P Internet
key components of a Explai cture| Computer
feasibility study an ponents Proi
of ility study rojector

1 Executive summary White Board

Project description Executive

Technical asse summary Marker
Financial ana Project o
Environm @ description | Animations
social i &s

Technical
INCLU
2uW
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9 Conclusion and assessment | Charts /®)

recommendation 1 Financial
analysis '?\
1 Environmenta (')
3.3 Explain technical and social Q
proposals, its structures and impacts Q
components for a thermal 1 Conclusion Q/
energy system and \/
1 Objective and Scope (r)encommendat Qy\
1 Technical approach \\
f Implementation plan | Explain technical
and schedule proposals, its (\)2\‘

1 Cost estimate structures and
components for a /\

3.4 Explain the stages of thermal energy

reporting and their impact in system %
thermal projects ‘Q
4

T ObjectiveaQ
1 Progress reports Scope \
1 Project Closeout 1 Tec
report a
1 @hentaﬂc
an and
%chedule

\} Cost estimate

xplain the stages of
Q reporting and their
/(\ impact in thermal
N\
INCLU
& 4
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1 Progress
reports
1 Project Close Q
out report
/A
General Objective 4.6¢now tendering processes ‘(/
N\
9-11 | 4.1 Define a tender Explain tendering Textbooks Pre tender Assign students intg Sample tender
4.2 Explain tendering proces process Journals \\cu ent groups documents
4.3 Explain the importance ¢ _Explaln the Internet §\ Guide groups to:
R importance of 3
tendering in private and L Evaluate a tender Prepare a tender
. tendering in private | Comput
public sectors ; document document
and public sectors Proj »
4.4 List types of tendering Explain types of ’;2\

4.5 List Parties involved in | tendering ‘@ Board Evaluate a tender

tenderingprocess and their NViarker document
responsibilities

- - »Animations
4.6 Explain the steps in the 5])\(/?'32 dPartl
tendering process K N Charts
respo
1 Expression of interes Ex steps in
(EOD o the ering proces
1 Prequalification of \ﬁ
contractors/suppli Expression of
1 Invitation to te interest (EOI)
(ITT) 1 Prequalificatio
1 Docume ratio n of

contractors/su
I LU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




?%% Government of the Netherlands
Lo

% NIGERIA
N\
and issuance ppliers X\)
1 Bid submission 1 Invitation to &
tender (ITT)

1 Document Q )
4.7 Explain: preparation :Q

, and issuance
Bid document %
Evaluation processes Explain: V
of the bid document Bid document
Contract awarding an )

e Evaluation
notification of \
processes of

stakeholders. the bid \2\»
4.7 Explain the ethics and document ()
legal considerations in Contract Q/
thermal systems contract awarding and ’\
bidding notification of

stakeholders.‘&
Explain the ethics

legal conside@s >
in thermal

contract g
O\

General Objective 5.wnderstancprocurw{d contract management.

12-15 | 5.1 Define procurement prM procurement Textbooks

5.2 Explain its purpose plaln |ts_purpose il Journals
project delivery
Q Internet

project delivery
\ Computer

N

INCLU
S 4
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5.3 List types of procuremen| Explain types of Projector /®)

e.g.: procurement e.g.:

1 Goods White Board
1 Goods
1 Consultancy Marker )
1 Services etc T Consultancy Q
' T Services etc. | Animations Q
5.4Explain the Lifecycle of | Explain the Lifecycle| Charts %

procurement: of procurement: V
1 Planning _ V\

: 1 Planning
f Sourcing Sourc \\
1 Purchaseequest T Sourcing
1

Purchase order etc. T Purchase \2\ b
request ()

5.5Explain the methods of T Purchase %
procurement order etc. /&
f Open competitive| Explain the methods %
bidding of procurement 10
1 Restricted/selectiv <<’
e tendering
9 Direct

procurement % ]
%6 lective

5.6 Explain contract \
management in thermal te_ndermg
7 Direct

projects
1 Types of cor@?“ procureme
1 Contractl@ nt
Eleme Explain contract
1 Mo“& management in

INCLUDE o
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performance and | thermal projects \)
compliance /&\
5.7 Explain the ethical T Types of '?\
procurement practices, contracts

legal considerations of T Contract Q(_)
documentation and Key Q
managing records Elements Q/

1 Monitorin

5.8 Explain the importance o 9 Qy\\/

documentation and performan

managing records ce and \\
complianc

: N
Explain the ethical %(J
procurement &
practices, legal
considerations of ‘0%
documentation ang 4

managing rec@ N
Explain theg )

ASSESSMENT:
Continuous Assessment (CA): {@*
Examination: 40% (\
/<\.V
# L 106
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YEAR Il SEMESTER |

Solar ThermaHeating and Cooling Technologies \< :E

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TEC L

COURSE TITLE : Solar Thermal Heating and Coolinf COURSE CODE STE 411 CT HOURS: 3
Technologies

g CREDIT UNIT : 3 \J—I ORETICAL : 1
YEAR: I SEMESTER: | PRE-REQUISITE: NIL«( PRACTICAL: 2

«§
GOAL: This course is designet acquaintstudentsvith theknowledge and , ¥olar thermal heating and cooling technologies

GENERAL OBJECTIVES: On completion of this course, the student(sh 1d be able to:

N

1.0 Know the concept of solar thermal heating and cooling %
n

2.0 Know the components of solar thermal systems fo@
c

3.0Know the principle of operation of solar heatin ling systems

d cooling

4.0 Know design consideration in developmenth heating and cooling systems

S

N
INC LUSE
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PROGRAMME : HIGHERNATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY

<

COURSE TITLE : Solar Thermal Heating and Cooling
Technologies

COURSE CODE STE 411

CO

CHHOURS: 3

CREDIT UNIT : 3

,@eﬁzEﬂCAL 1

YEAR: I SEMESTER: | PRE-REQUISITE: RACTICAL: 2
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL ( 4
GOAL: This course is designed to Acquaint students with the knowledge and sk \efar thermal heating and cooling technologies

GENERAL OBJECTIVE 1.0. Know the concept of solar thermal heating an}@g

THEORETICAL CONTENT

,\RRACTICAL CONTENT

Solarthermal
power system
Solar heating
Solar cooling

1.2 Explain the following

Technologies:

Passiveand active

Solarheating

Passive ané\c&

Exprollowmg

Passwe and
active Solar
heating

urnals
Internet
Computer
Projector
White Board

Marker

thermal systems

Demonstrate how heating
and cooling systems worl

p V4
Week | Specific Learning Teacher 6s Resources \|  Specific Learning Teacher 6|Resources
Outcome Activities
Outcome
1-3 1.1 Explain the following: | Explain the following:< tbooks Identify passive and activ] Guide students to: | Solar thermal

Identify passive anc
active thermal
systems

Demonstrate how
heating and cooling
systems work

heating models
equipped with
sensorAneters

Solarthermal
cooling models|
equipped with
sensors/meters

CLU
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Solarcooling

1.3 Explain the types of
technologies for solar
thermal heating

Unglazed solar
collector
Glazedsolar air
collector

Flat plate solar
collector
Evacuated tube
solar collector
Concentrating sola
collector

1.4Explain the types of
technologies for solar
thermal cooling

Vapaur
compression
Sorption based
cooling (absorption
and adsorption
chilling)

Evaporative &

Passive and
Active Solar
cooling

Explain the types of
technologies for solar
thermal heating

Unglazed solar
collector
Glazedsolar air
collector

Flat plate solar
collector
Evacuated tube
solar collector
Concentrating
solar collector<

Explain the typ
technologie
thermal c

apau
pression
% orption based

cooling

Charts

(absorption and

Animations

Identify the properties of
solar thermal collector
components

g

Identi
propEnjesyef solar

ollector

b onents

CLU
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cooling
Solar ejectors

adsorption
chilling)
Evaporative
cooling

Solar ejectors

GENERAL OBJECTIVE 2.0: Know the components of solar thermal systems for heating and

S

ing

46

2.1 Explain the working
principles of the
following components:

Solar Collector
(Flat plate,
Evacuated tube
and
concentrating
Collector)

Heat exchanger
Chiller
Coolingtower
Thermal storage
Absorber
Generator
Direct
expansion
system
Fan (blower)

Explain the working

principles of the

following

components:
Solar
Collector
(Flat plate,
Evacuated
tube and

concentratin

g Collector <
Heat

exch

Textbooks
Journals
Internet

Computer

=

i Charts

%storage
Absorber
Generator

)nimations

g,e,w ]
. % components of solar
Projector

Visit a ne stry to
Identi pgnents of
sola %;a heating ano

thermal heating and
cooling systems

Measurgemperature and
pressure at different leve
of the solar thermal
system

Guide students to:

Visit a nearby
industry to Identify
components of
solar thermal
heating and cooling
systems

Demonstrate
assembling of
components of
solar thermal
heating and cooling
systems

Measure
temperature
differentlevels on
the solar thermal

Solar
collectors

Heat
exchanger

chiller

Heat transfer
medium

Thermal
storage
material

Thermometers

Heat pump

Sampleof:

Ammonia
Zeolite

CLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

110

NIGERIA



¥ s Government of the Netherlands
A

oSt ':
% NIGERIA

Heat pump Direct syste nent Silica gel
expansion Activated
system V\ carbon
Fan (blower) (J Calcium
Heat pump b chloride

properties of the
2.2 List the properties | following liquids V\
of the following liquids and adsorbents used Q}
and adsorbents used in |in  sorptiorbased ®
sorptiorrbased cooling: cooling: \2\
Ammonia Ammonia ()
Lithium- Lithium- /é{/
Bromide Bromide
Lithium- Lithium- Q%

\
Explain the @
\%

Chloride Chloride <(
Zeolite Zeolite
Silica gel Silica gel <D
Activated Activate %'
carbon carbo
Calcium C
chloride chlo

2.3 Explain the v.‘T the

selection criteria for B(gelion criteria for
liquids and dsorbent and
in sorption basedsolé adsorbents in

INCLUDE .
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thermal cooling systems

2.4 Explain the
applications of liquids
and adsorbents in
sorption based solar
thermal cooling systems

sorption based solar

thermal cooling
systems

Explain the
applications of
liquids and
adsorbents in

sorption based solar
thermal cooling
systems

V4

(@

GENERAL OBJECTIVE 3.0:Know the principle of operation of solarWnd cooling systems

7-10

3.1 Explain the principle o
operation of the following
systems:

Solar air heater

Solar wall
Trombe wall
Hydronicheating
and cooling
Solar Mechanical
cooling
Absorption cooling
Hybrid cooling wit

concentrating?salar

Explain the principle of
operation of the
following
systems:
Solar air heat<

Solarwall

S

ar
echanical

cooling

Absorption

w

Textb@ N
Jo @
Inté net

Qomputer

Projector
White Board
Marker
Animations

Charts

Demonstrate the
maintenance procedure ¢
SolarthermalDryer

Guide students to:

Demonstrate the
maintenance

procedure of Solar

thermal Dryer

Solar thermal
dryer

CLU
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N\
collectors cooling X\)
Hybrid cooling &
with evacuated V\
tubes and (J
concentrating

4
solar collectors Q
3.2 Explain the V

applications othe lain th
following solar thermal Exp.am_t € V\
heatingand coling applications othe

systems: following solar thermal \
heating and cooling \2\

Refrigeration systems: ()
Air-conditioning . :

Process cooling R_e frigeration /\Q(/
Dehydration Ar-

processes conditioning _ %

Drying Process c_:oollng Q
Pasteurization Dehydration <(

process processes D

Drying
Pasteuri
proce

3.3Explainthe V&

maintenance proceduoé the
Solar thermal heatmg intenance procedur

cooling systers f Solar thermal heatin

I LU§E
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GENERAL OBJECTIVE 4.0: Kno

w design consideration

in development of solar heating and coolin

g systems
r

11-14

4.1 Explain the load

calculations and Analysis
of a Solar Thermal heating
and cooling systems:

Assessment of site
solar radiation
Estimation of
Heating/cooling
loads

4.2 Explain system sizing

and configuration:
Estimation of
heating/cooling
size and capacity
Solar collector
sizing, orientation
and materials
Selection of chiller
and working fluid
Estimation of heat
rejection capacity

Explain the load
calculations and
Analysis of a Solar
Thermal heating and
cooling systems:

Assessment of

site solar
radiation
Estimation of
Heating/coolin
g loads

Explain system sizing
and configuration:

Estimation of<D
heating/co@'
size a V\

SJ%} ector

Selection of
chiller and

izing,
ntation and
% materials

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker

Animations

&

uet charts and
Qggﬁuals

Apply design guidelines §

in development of s
thermal systems %
g

heating anatoqlin

ﬁ%Jents of the

g standard

Select
desi

Produce layout drawing
usingstandard design
software

Denonstrate the use of
PsyCalc Software

bui the students
10:

Apply design
guidelines in
development of
solar thermal
systems for heating
and cooling

Select components
of the design using
standard product

charts and manuals

Produce layout
drawing using
standard design
software

Demonstrate the
use of PsyCalc
Software

Solar thermal
design
software

AutoCAD
Solid works

Manufacturers
manual and
charts

Psychrometric
chart

ASHRAE
Psychrometric
chart App

PsyCalc

Thermal storage
design analyg&@
N
CLU
& 4
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4.3 Explain component working fluid

selection and integration Estimation of ’&\
heat rejection V\
capacity 9 Q}

Thermal \b

storage design Q

analysis

Explain component V

selection and Q}Q v

integration &

ASSESSMENT: )

\Y
Continuous Assessment (CA): 60% ( \z\l
Examination: 40% /&

AN
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Modelling and Simulation of Solar Thermal Systems A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG »

COURSE TITLE : Modelling and Simulation of Solar| COURSE CODE STE 412 CONTAQ’I‘%IQS: 3
Thermal Systems CREDIT UNIT : 3 THEQREWCAL : 1

YEAR: Il SEMESTER: | PRE-REQUISITE: PRQ\%')\L: 2
GOAL: Thiscourse is designed to acquastuidentsvith knowledge and skills in Modelling % ulation of Solar Thermal Systems
GENERAL OBJECTIVES: On completion of this course, the students should be a@ v

1.0Know the design principles of solar thermal systems
2.0Know the application of mathematical models to simulate solar thermal@gs
3.0Know the software tools and techniques usedsioulating solar therma ms

N
INC LUSE
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY

COURSE TITLE : Modelling and Simulation of Solar
Thermal Systems

COURSE CODE STE 412

CREDIT UNIT : 3

CONTAC?‘%&& 3
1

TngqR&ftAL

YEAR:

Il SEMESTER: |

PRE-REQUISITE:

PQW'AL

2

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

GOAL: This course is designed to acquaint students with knowledge and skills in Modelllng S@Mulatlon of Solar Thermal Systems

GENERAL OBJECTIVE 1.0: Know thedesignprinciples of Solar Thermal System

THEORETICAL CONTENT

PRACT! WTENT

CLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

Week | Specific Learning Teacher 6s Resources Specifit\'®afning Teacher 6 sResources
Outcome O Activities
1-5 1.1 Explain factors Explain factors Textbooks iy the factors Guide students to |Papers
influencing thermal finfluencing thermal Journals lyencing solathermal Pen
system design: system design: Internet stem design Identify the factors
Comp influencing solar  [Computer
Geographlcal Geographlcal | ther.mal system Calculator
location location ard |Calculate to determine thedesign.
Climate Climate appropriate sizing of Sample layout
Load requirements Load nimations components like collectorgCalculate to design
System orientation requirem %Charts storage tanks, and heat |determine the Relevant
Syste % exchangers based on systappropriate sizing of design
1.2 Explain the principles ori demands and design components like coftware
of solar thermal syster parameters. collectors, storage
. . (AutoCAD)
design: Ex principles of tanks, and heat
1 Component Sizing %masystem Design the layout of a basexchangers based o
{ Placement solar thermal system system demands an
1 Integration g 1 Component design parameters.
compone & Sizing
117
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better efficiency

1.3 Describe sizing
requirements

Placement
Integration of

components for
better efficiency

Explain sizing
requirements

&
<<9\5

e\
Desig layout of
ab olar thermal

GENERAL OBJECTIVE 2.0:Know the application of mathematical models

to model solar collectors

2.3 Explain the process of
validating simulated
data using realorld
data

used to model solar
collectors

Explain the proce <
validating si at
using rea%\ a

)

heat storage systems
1 Heat losses

1 Charging/dischargir

g cycle

to simulate wermal systems
mal{performanc

Use mathematical
models to calculate
the behavior of heat
storage systems
1 Heat losses
1 Charging/disq
harging cycle

6-10 [2.1Explain the basic Explain the basic Textbooks Apply t Guide students to: |Papers
mathematical modelsmathematical models |Journals equati odel solar |Apply thermal Pen
used in solar thermallused insolar i[hgrmal Interne col performance del Computer
system simulation system simulation Computer ( Eeat transfert_ ggger‘t::%rl]lsect:(t)o?;(-) € |calculator
, nergy equations :
. | Pro!ector Q 1 Heat transfer Thermometer
2-2Explain thermal Explain thermal White BO« ('se mathematical models 1 Energy
performance equations uiperformance equations calculate the behavior of equations

GENERAL OBJECTIVE 3.0:Know the software tools and techniques used for simulating solar therm

al systems

NIGERIA

A N o
11-14 3.1 Explain commonly [Exgl Vcommonly Textbooks Identify commonly used |Guidestudentsto: |[Paper s
used software for solar software for [Journals software for solar thermal [[dentify commonly Pen
thermal syst thermal system |Internet system simulation used software for
simulation & Imulation such as Computer solar thermal systemC o mp u t ¢
118

INCLU
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D

.\
TRNSYS Projector Navigate user interface ansimulgigih\_) = [Cal cul &
TRNSYS MATLAB/SI White Board [set up basic simulation & Soft war
MATLAB/Simu mulink, Marker models in any available e user si mul at
link, Polysun Animations software N\ te. ge and_set up MATLAB/
Polysun RETScreen, Charts \ sic simulation Simulink
RETScreen, OpenSolar, Input system par models in any '
. . . RETScreer
OpenSolar, HOMER, etc and envwonmentﬁn available software
HOMER, etc simulation s r OpenSolar
Describe the g;%‘ Input system
3.2 Describe the [unctionalitiesand Interp argenerate(parameters and
functionalities and [capabilities of simulatiol out simulation  |environmental data
s software. ) . .
capabilities of into simulation
simulation software. Explain input system software
3.3 Explain input pharameters and /&
system parameters andlenvironmental data Interpret software
environmental data into |into simulation % generated outputs a
simulation software software QQ simulation graphs
3.4 Explain the |[Explain <>
simulation and |simulation %
generation of output generation %t
from the software from the
A N

ASSESSMENT:
Continuous Assessment (CA): 609
Examination: 40%

N

(@)

/&\\J

CLU
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Hybrid Thermal Systems and Gilistegrationin power generation «Q
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG Y

COURSE TITLE : Hybrid Thermal SystemasndGrid Course Code:  STE 413 C{(&a} ours: 3
Integration . . .
Credit Unit: 3 retical: 2
Re)
Year: |l Semester: | Prerequisite: %%ractical: 1Hour/week
AN
GOAL: This course is designed ¢gjuip students with the knowledge and skill re 'Wte@rﬂ&ﬂhermal&/stems withother
renewable energy sourcasdgrid integration. t )
GENERAL OBJECTIVES: %

1.0 Understand thermal systems and the principles of thermal ener g?%%tion

2.0 Understand the renewable sources that can be used for they% rgy generation
3.0 Understand the concept of Hybrid thermal systems and combination of different sources
4.0 Know the basic requirements and methods for inte@%

5.0 Know hybrid thermal system configurations. .<\

A4

brid systems into the electrical grid

INCLU
S 4
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?%ir Government of the Netherlands
Lo

>

NIGERIA

PAN

COURSE TITLE : Hybrid Thermal | COURSE CODE: STE 413

SystemsandGrid Integration

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLO%\
Hours: 3

Credit Unit: 3

oretlcal 2

Year: Il Semester: | Prerequisite:

Practical: 1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL

\
Y

energy sources and grid integration.

GOAL: This course is designed to equip students with the knowledge and s

O

red to integrate solar thermal systemgeviéwaibier

GENERAL OBJECTIVE 1.0: Understand thermal systems and the mEﬁQI& of thermal energy generation

Explain the basic principles @

THEORETICAL CONTENT « PRACTICAL CONTENT
Week | Specific Learning Outcome| Teac her 0s Reésources | Specific Learning Teacher 0| Resources
Q " Activities
Outcome
1-2 1.1 Define thermal energy | Explain therm %y and | Textbooks
and thermal systems thermal sys
Journals
1.2 List types of thermal Internet
ener
ay Ex s of thermal Computer
ener
1.3Explain the application Projector
thermal energy _
. N White
xplain the application of Board
1.4Explain the thermal energy oa
pnnmples of Marker

INCLU
S 4
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Conversion
M First and second law
of thermodynamics

Energy Conversion

9 First and second laws
of thermodynamics

Animations

Charts

Gener

al Objective 2.0: Understand

the renewable sources that can be used for thermal e

p 3

Wn'eration

2.1 Explain renewable and
nonrenewable thermal
energy sources

2.2 Explain solathermal
systems and technologies

2.3 Explain Wind energy
systems for thermal energy|
generation

1 Wind-thermal Hybrid
systems

1 Wind driven heat
pumps

2.4 Explain Hydroelectric
power and its role in thermg
energy generation

2.5 Explain Geothermal
Energy for direct thermal
applications

2.6 Explain Bioma

N:
ystems

Explainrenewable and nen
renewable thermal energy
sources

Explain solar thermal system
and technologies

Explain Wind energy system
for thermal energy generatio

1 Wind-thermal Hybrid

systems %
§  Wind driven
pumps Q
Explain Hydr ic power
and its rol al energy,
gener

Exp% thermal Energy
or di thermal applications

ain Biomass thermal

1 Biomass combustion

systems /\

9 Advanced biomass

Textbooks
Journals

Internet

Comp Q
Prof \U%
It
d
»Marker

Animations

Charts

%

S

N

v

CLU
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122




?%% Government of the Netherlands
Lo

% NIGERIVA

: .\

f Biomass combustion combustion \\)
1 Advanced biomass &

combustion
Explain the concept of hybrid (')
2.7 Explain the concept of renewable thermal systems Q
' t or backup.
hybrid renewable thermal | > PO o PAckP @

systems as support or
backup.

Explain thermal energy stora V\s/
2.8 Explain thermal energy| solutions Q}

i N
storage solutions Explain performance analysis k\
2.9 Explain performance | and optimization in hybrid (\3\

analysis and optimization in thermal systems
hybrid thermal systems &

1 Measuring and

v

1 Measuring and monitoring ther
monitoring thermal system eﬁicier@
e

system efficiency g Emphasis o& o
1 Emphasis on need tq hybridi \thother
hybridizeother rene nergy

renewable energy SO

sources , .
%% enefit analysis @

T Costbenefit analysis newable thermal

of renewable therm \/ systems
systems &\

General Objective 3.0: Un rsi the concept of Hybrid thermal systems and the combination of different sources

INC LUSE
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3.1 Define hybrid thermal
systems

3.2Explain the benefits of
hybrid thermal systems

3.3 List the types of hybrid
thermal systems with
emphasis on hydro wind an
hydro synergies

3.4 Explain the fundamenta
of energy integration

1 Energy storage for
hybrid systems
1 Energy conversion

3.5 Explain the combinatior]
of solar, wind and Hydro
systems for Hybrid thermal
energy

T SolarWind hybrid
systems

T SolarHydro hybrid
systems

1 Wind-Hydro Hybrid
systems

1 Combination
three sourc

N\

Explain hybrid thermal
systems

Explain the benefits of hybrid
thermal systems

Explain the types of hybrid
thermal systems with empha
on hydro wind and hydro
synergies

Explain the fundamentals of
energy integration

1 Energy storage for
hybrid systems
T Energy conversion

Explain the combinati %
solar, wind and Hy ten
for Hybrid thermal r

1 Solar
sy
1 dro hybrid
S
ind-Hydro Hybrid
systems
Combination of all
threesources

ybrid

o\

|

Textbooks

Journals

Internet

Computer

Projector

White
Board

Marker

Ani [

N

v

CLU
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3.6 Explain the concept of
hybrid system control and
operation

T Control mechanisms
in hybrid systems
T Smart grid integratio

3.7 Explain the economic
and environmental
considerations, challenges
and opportunities in hybrid
systems

3.8 Explain the design
considerations for Hybrid
thermal systems

T Sizing and
configurations

1 Hybrid system desig
and integration

Explain the concept of hybrid
system control and operation

1 Control mechanisms i
hybrid systems

f Smart grid integration

Explain the economic and
environmental considerations
challenges and opportunities
hybrid systems

Explain the design
considerations for Hybrid
thermal systems

1

General Objective 4.Xnow the basi

reunments and methods for integrating hybrid systems into the electrical grid

8-11 | 4.1 Explain the concep

Grid integration

lain the concept of Grid
tegration

Textbooks

Demonstrate setting
up a small hybrid

Guide students to

Existing
Solar thermal

INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

Journals system €.q Demonstrate system mode
4.2Discuss the e Explain the roles of hybrid Internet Solar+wiﬁd) and setting up a small
hybrid sys i hybrid system Wind turbine
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integration

4.3 Explain the challenges ¢
grid
integration/synchronizat
on

4.4 Explain grid connection
requirements for hybrid
systems

¢ Technical

systems in grid integration

Explain the challenges of gric

integration/synchronization

Explain grid connection
requirements for hybrid
systems

f Technical requiremen
1 Regulatory and

standards compliance

1 Safety protocols and

Computer
Projector

White
Board

Marker

Animations

integrate it with a gri
connected inverter.

Measure the ene@'
flow between ¢h
hybrid sys th
grid

A
(/6,Soldr+wind)
%egrate it

ith*a grid

onnected
inverter.

Measure the
energy flow

between the
hybrid system ang
the grid

model

Pyranometer
(To measure
solar
radiation)

Battery
storage
system

Storage tank

N
requiremen k : § Monitor th i
équirements protection mechanism Demonstrate the use onitor the .O”g“d
1 Regulatory and energy flow inverter
: . . of a control software
standards compliang Explain the different methods Q/ to monitor the between the
1 Safety protocols and| of integrating hybrid systen& hybrid system an¢ COMPuter
rotection into the Grid performance of a the grid Excel
b : % hybrid system
mechanisms L "
1 Grid tied sys Demonstrate the | SCADA
4.5 Explain the different 1 Inverters ant@oWer use of a control | System
methods of integrating conver software to
hybrid systems into the Grig i-di Adiustthe control monitor the RETScreen
- erformance of a
T Grid tied systems softwareoperation to Eybrid system OperbSS
1 Inverters and power maintain grid stability Python for
conversions and desired output | Adjust its Power
1 Bi-directional power| ®xplain GridScale Hybrid (e.g.changing the | operation to System
flow (forward and em integration energy mix based or| maintain grid Analysis
reverse : _ weather or/and stability and (PyPSA)
synchroniza@ E '\S/lrlrc:;??ggjs demand) desired output
4.6 Explain Gij | (e.g.changmg the
N energy mix based

CLU
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Hybrid system integration 1 Hybrid systems o] ther or/ang

T Microgrids
T Smart grids

1 Hybrid systems Explain Energy storage in Q("

Hybrid Grid integration

4.7 Explain Energy storage . . .
in Hybrid Grid integration Explain Grid balancing and %
demand response

4.8 Explain Grid balancing

and demand response 1 Load balancing/sharin (y\

7 Load

balancing/sharing \2\
r
A\

General Objective 5.6Know hybrid thermal systemonfigurations

12-14 | 5.1 Explain hybrid thermal | Explain hybrid thermal exXtbooks | Demonstrate system Guide students tg Reatworld
systems systems sizing and data source
»Journals optimization by using Demonstrate
5.2 Explain the role of hybril Explain the role of 1 system sizing ang Sample
: : Internet realworld datato L :
thermal systems in thermal systems in SUstainak : : optimization by | design
sustainable ener ener determine the sizes sing reaiworld
u 9y 9y Q Computer | onewable energy using ) Video clips
. . _ datto determine
5.3 Explain the synergy Explain t gy between Projector | components to meet " . Animations
between renewable and| renew other thermal , given demand profilg
White renewable energy
other thermal energy en rces Thermal
sources Board componentsto | .
meet a given ybri _p_int
_ _ Marker demand profile. (sﬂg visiti
5.4Explain energy de lain energy demands anq¢ = . availablg
and geographica eographical factors Animations
influencing h i i i i .
g hy influencing hybrid systems | Charts Evalyate va_lrlous_ Evaluate various
systems hybrid configurationg

hybrid
I “LUﬁE
L g
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4

[\
Explain Energy demand for maximum C Wions for
. Assessment for various efficiency and cost Xifpum
5.5 Explain Energy demang - . . .
. applications effectiveness whi ency and cog
Assessment for various S :
apolications ¢ Load profilin considering stokgdge | effectiveness
PP P g systems as b3 while considering
T Load profiling Explain system sizing and and/ or cg or storage systems ¢

backup and/ or

. . optimization for solar, wind
5.6 Explain system sizing compensators

L and hydropower
and optimization for solar, ydrop

wind and hydropower 1 Energy production < V\

) calculation
T Energy production

N
calculation 1 Hybrid system §
configuration (

1 Hybrid system

configuration Explain system performancg®

) and Cost Analysis
5.4 Explain system y

performance and Cost 1 Economic QQ T
Analysis consideratiﬁ
1 Return @v tment

1 Economic
considerations %

1 Return on Investmen v

N\

ASSESSMENT: "\

Continuous Assessment (CA): 60% %

Examination: 40% V
S

INCLU
S 4
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Retrofitting & Energy Efficiency Techniques /&\
e
)

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNO\

COURSE TITLE : Retrofitting & Energy Efficiency COURSE CODE STE 44 CONTA MAOURS: 3

Techniques CREDIT UNIT : 3 THEORETICAL @ 1

YEAR: I SEMESTER: | PRE-REQUISITE: NIL wAMICAL: 2

GOAL: This course is designed tuip studentsvith knowledge and skills on Retrofittils@(}gneejﬁciency relating to SolaEnergy
Systems

A\
GENERAL OBJECTIVES: On completion of this course, the students should e to:
s

1.0Understandhe principles and benefits of retrofitting in sodgergysystem §

2.0Know the assessment of existing systems for energy efficiency o n

3.0Understand the concepts and metrics used in measuring ener icigncy

4.0Know the application of basic retrofitting techniques to impr S m performance
N

N
INC LUSE
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY %; )‘
S

COURSE TITLE : Retrofitting & Energy Efficiency COURSE CODE STE 44 CONTAC : 3
Techniques CREDIT UNIT : 3 THE@R
YEAR: Il SEMESTER: | PRE-REQUISITE: PQWAL: 2
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL: This course is designed to equip students with knowledge and skills on Retrofitting aﬂQ&é y relating to Solar Energy Systen
GENERAL OBJECTIVE 1.0: Understand the principles and benefits of retrofitting in solexgysysttms
THEORETICAL CONTENT PRACTI?‘\WTENT
Week | Specific Learning Teacher 6s Resources Speg&&dﬁing Teacher 6 sResources
Activities

Outcome @)
1-3 1.1 Define retrofitting in  [Explain retrofitting in the Textbooks ( s
the context of solaenergy [context of solar thermal journals Q\)

systems systems Internet /& /
Comp

Explain the underlying

1.2Explain the und("\rlyingprinciples of retrofitting

principles of retrofitting technologies. ard
technologies A Thermal

1 Thermal performance performance nimations
f Energy conservation (™ Energy Charts

... [conservation
1 Energy optlmlzatlon Ene
optlmlzatl

1.3Explainthe benefits ofDis beneflts of
retrofitting for improving Ing for improving
energy efficiency and efficiency and

reducing operation& ucing operational
osts

INCLU
S 4
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GENERAL OBJECTIVE 2.0:Know the assessment of existing systems for energy efficiency opportunities \\)

2.2 Explaindifferent
energy efficiency
opportunities based on
technical feasibility and
costeffectiveness.

2.3 Explaln the

energysaving
technologies used in
existing systems

Discusdifferent energy
efficiency opportunities
based on technical
feasibility and cost
effectiveness.

9
w%

&

Conduct energy audits to
assess system performan
and identify opportunities
for energy savings.

Heat exchanger,
Inverters, etc.

Conduct energy
audits to assess
system performance
and identify
opportunities for
energy savings.

2.1 Explain common Explain common Textbooks Identify common students to; |Pen
4-8 components targeted in |components targeted in/Journals components targeted in ify common  |Papers

solarenergy system solar energy system |Internet solar energy system \B) ponents targete(Data collectior
retrofitting and energy  [retrofitting and energy |Computer retrofitting and en Q In solar energy templates
efficiency opportunities |efficiency opportunities |Projector efficiency opportu% system retrofitting |Multimeter
1 Collectorgpanels 1 Collectors/panels |White Board | Collector, nels and energy efficiencThermometerg
1 Piping/cabling T Piping/cabling Marker ‘ﬂ P|p|n opportunities Flow meter
T Insulation T Insulation Animations ﬁ) T Collectors/paneldPower analyze
 Storagesystems 1 Storage systems |Charts systems f Piping/cabling (Computer
M Controls M Controls rols M Insulation Data logger
1 Heat exchanger, 1 Heat exchanger, % eat exchanger, 1 Storage systems{Clamp meter
1 Inverters.etc. 1 Inverters, etc. /& Inverters, etc. f Controls

1

1

LUﬁE
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GENERAL OBJECTIVE 3.0:Understandhe concepts and metrics usedriaasuring energy efficiency \\) "
9-11 3.1 Define energy [Explain energy Textbooks R4
efficiency in sustainable [efficiency in sustainablgjournals V\
energy management ~ [ENergy management nternet \(}
Computer \>
3.2 Explain metrics Explain metrics used Projector @
used to _ _measgre to measure energy White Board
energy efficiency in efficiency in building Marker V&
puilding and and industrial Animations Q}
industrial systems systems Charts ®
Energy_ . Energy
productivity productivity (\2\
Energy intensity Energy Q>J
Coefficient  of intensity &

performance, Coefficient of %
etc. performance, Q
etc. Q

3.3 Explain the

differences between <
energy intensity and |[Explain the diff %

energy productivity as petween en ehsit

measures oéfficiency.  @nd ener ctivity
as measur f

3.4 Describe the role of efﬂc@
benchmarking in %

evaluating an

improving en scribe the role of
efficiency perfor 9& enchmarking in

INCLU
S 4
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A

evaluating and improvin
energy efficiency
performance.

GENERAL OBJECTIVE 4.0:Know the application of basietrofitting techniques to improve system pg

S

12-15

4.1 Explain the principles
of system optimizatior
and how retrofitting
contributes to enhancy
performance

4.2 Explain the role of
insulation and sealing
retrofitting to reduce
heatlosses in solar
thermal systems

4.3 Explain the role of
panel reconfiguration
andinverter upgraden
retrofitting toincrease
production insolar
photovoltaicsystems.

4.4 Describe the types of

Explain the principles of
Ssystem optimization ang
how retrofitting
contributes to enhanceq
performance

Explain the role of
insulation and sealing in]
retrofitting to reduce hes
losses in solar thermal
systems.

Explain the role of pane
re-configuration and
inverter upgrade in

retrofitting to increas<

production in solar,
6‘%

photovoltaic sy

Explain the f
energysa quipmen
used ifetroritting solar
en@%(mms

energysaving equipm

used in retrofitting &

energysystems

plain the

environmental and

Textbooks
Journals
Internet
Computer
Projector

White Board

Marker

Animations

Charts

S

Conduct an evaluati

existing systems &
e

determine the ne

retrofitting VN

Sel opriate methog
ovemenof

ation and sealing

4

Select appropriate methog

for improvement oenergy

production in solar

photovoltaic systems.

Implement measures for
optimizing fluid flow and
minimizing heat losses
duringthermalsystem
retrofitting.

Implement measures for
reducing energy losses

Quide students to;
Conduct an
evaluation of existin(
systems to determin
the need for
retrofitting

Select appropriate
methods for
improvemenbf
insulation and sealin

Select appropriate
methods for
improvement of
energy production in
solar photovoltaic
systems.

Implement measure
for optimizing fluid
flow and minimizing
heat losses during

during PV system

Multimeter
Power analyze
Solar thermal
model

Smart
controllers
Insulation
Sealants
Heat
exchanger
Solar panel
Inverter
Solar charge
controller

thermal system

CLU
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4.5 Describethe economic benefits of retrofitting retrofit
environmental and retrofitting systems for
economic benefits of ~ [Energy efficiency Apply basic retrofitting t measure
retrofitting systems for Improvements techniques such as N\JIQr rgducing energy
energy efficiency upgrading insulation \I sses during PV
improvements improving heat e risystem retrofitting
efficiency, and inteQ¢agting
smart contr Werter Apply basic
upgrade, Q&?ﬁ retrofitting
i charge techniques such as
pgradéo upgrading insulation
system improving heat
mance exchanger efficiency
& and integrating smai
controllers, inverter
% upgrade, panel re
Q configuration, chargg
<( controller upgrade tq
<> enhance system
Q~ performance
ASSESSMENT: ‘?\‘
Continuous Assessment (CA): 60% Q
Examination: 40% N %
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MINI i PROJECT ON SOLAR THERMAL SYSTEM A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR  THERMAL ENGINEERING TECHMBOLO8Y
COURSE TITLE: MINI i PROJECT ON SOLAR COURSE CODE STE 415 ACT HOURS: 3
THERMAL SYSTEM CREDIT UNIT : 3 R ORETICAL: 0
YEAR: Il SEMESTER: | PRE-REQUISITE: NIL ¢ \\YPRACTICAL: 0

GOAL: This course islesignedo acquaint students with knowledge and skills of MW[ on SolamThermalSystem
.
GENERAL OBJECTIVES: On completion of this course, the students shoque to:

1.0 Propose a mini project ddolar ThermalSystem \QJ

2.0 Carryout literature survey ddolar ThermalSystem \2\%

3.0Designaminii SolarThermalSystem

4.0 Construct théesigred Solar Thermal System %()

5.0 Testrunthe Model

6.0 Present a report %
O\

N
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Solar Thermal Policy, Regulation, and Standards /&\
X
»

PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNO\

YEAR Il SEMESTER Il

COURSE TITLE : Solar Thermal Policy, Regulation, | COURSE CODE STE 421 CONTA MOURS: 2

and Standards CREDIT UNIT : 2 HEORETICAL : 2

YEAR: || SEMESTER: Il PRE-REQUISITE: NIL RRAMTICAL: 0
V

GOAL: This course is designetib equip studentswvith knowledge of Policy, Regulatio Wandards relating to Solar Thermal Syst
GENERAL OBJECTIVES: On completion of this course, the students should b ab to;

1.0Understand the global and national policy frameworks guiding solar t nergy development
2.0Understandhe regulatory environment for solar thermal energy sy
3.0Understandhe key standards and codes applicable to the desigy, missioningmaintenancandde-commissioningpf

solar thermal systems /ga
4.0Understandhe role ofincentives and fiscal policies in promating Selar thermal adoption
5.0Understand the environmental and social consideratiop dded in solar thermal energy policies
@r nol

6.0Understanaknergy transition in relation to solar thergfa ogy

N
INC LUSE
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY %; )‘
S

COURSE TITLE : Solar Thermal Policy, Regulation, and | COURSE CODE STE 421 CONTAC 12

Standards CREDIT UNIT : 2 THEQ@REQICAL : 2

YEAR: Il SEMESTER:II PRE-REQUISITE: PRACNEAL: 0
\~

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL L
GOAL: This course is designed to equip students with knowledge of Policy, Regulation and S@n}lrds relating to Solar Thersnal System
GENERAL OBJECTIVE 1.0: Understand the global and national policy frameworks guidw SPM thermal energy development

THEORETICAL CONTENT PRACTI?‘\WTENT
Week | Specific Learning Teacher 6s Resources Specifit\'®afning Teacher 6 sResources
Outcome O Activities
1-2 1.1 Define Policy, Explain Policy, Textbooks (\2\‘
Regulation and Standard Regulation and StandarJournals \J
Internet /&Q/
1.2 Explaininternational |Discussinternational |Comp

agreements and initiativejfagreements and Pro
that support renewable alinitiatives that support
solar thermal energy: renewable and solangl

er

1 The Paris thermal energy: nimations
Agreement, 1 The Pari %Charts

1 SDG 7 (Affordable Agree‘my
and Clean Energy] 1 SD%

T Il RENAOGs 1 (Affordable and
promoting solar %n Energy)
thermal % RENAG S
technologies. 3 promoting solar

thermal

Q technologies.
INCLU
S 4
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1.3 Explain the objectives[Explain the objectives /&\
and scope of national  |and scope of national V\
energy policies related tolenergy policies related { (J
solar thermal energ¥.g. [solar thermal energy.

N\
Ni geri ads R¢g.Qg,Ni geri aods @

Energy Master Plan Renewable Energy

Master Plan
1.4 Explainthe dfferences < V\

between global policy  [Explain the differences \
trends and countrgpecificfpetween global policy \2§

regulations affecting solatrend_?_ and ccl)ut_ntry C
. Ispecific regulations \_ )
thermal energy adoption affecting solar thermal
energy adoption «

GENERAL OBJECTIVE 2.0:Understandhe regulatory environm

34 2.1ldentify the key Explain the key
regulatory bodies regulatory bodies
responsible for overseein[€Sponsible for nt
overseeing solar thefina

solar thermal energy omputer

energy systems: .
systems: 9y sy &Prolector

White Board
ECN || Marker

NERC q C Animations
NEMSA WEMSA Charts
SON % 1 SON
2.2 Explain the per& plain the permitting
and licensing
INCLU
& 4
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and licensingequirementsrequirements for solar /®)

for solar thermal project hermal project

development development (V\
2.3 Explai li A
.3 Explaincompliance

Y P Discusscompliance @)

obligations and penalties bligat q "
for violating solar thermal0P'198tI0NS and penaltie

energy regulations for violating solar therm

energy regulations QX\/
GENERAL OBJECTIVE 3.0:Understandhe key standards and codes applicable tattRe dgsign, instakkatomissioningmaintenancend de
commissioningf solar thermal systems ‘&

5-7 3.1 List international [Explaininternational andTextbooks \b\

and national standards [national standards Journals

relevant to solar thermal ;?/lset\;?;];'to solar therma|ternet &
systems: 1 1SO 9806 Computer

ISO 9806 Proje
2 IEC 62862 1 IEC62862 J

1 NESIS  NESIS
nirhations
harts
n

sola

3.2 Explain the purpose |Explain the pur
and  application  of |application of,e
design and  safety |safety sta

standards in  solar [thermal s
thermal systems

3.3 Explain various
codes of practice rel ctice related to the

INCLU
S 4
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maintenance of solar
thermal equipment

maintenance of solar
thermal equipment

N

GENERAL OBJECTIVE 4.0: Understand the role of incentives and fiscal policies in promoting sola

er

| adoption

8-10

4.1List types of financial
incentives available fo
solar thermal energy
projects:
i Tax credits
Grants
Rebates
low-interest loans
Feedin tariffs

= =4 —a A

4.2 Explain fiscal policies

influencing investment an

consumer adoption of sol

thermal technologies

1 VAT exemptions

1 Import duty
reductions

1 Government
subsidies

4.3Explainthe
effectiveness of

Explain types of financig
incentives available for
solar thermal energy
projects:

i Tax credits
Grants
Rebates
low-interest loan;
Feedin tariffs

= =4 -4 4

Explainfiscal policies
influencing investment
and consumer adoption
solar thermal
technologies
1 VAT exe
1 Impor
re [

q ovefiment
idies
&

ssthe effectivenes

selected mcentv(

selected incentive

9

Textbooks
Journals
Internet
Computer
Projector
White Board
Marker
Animations

Charts /\%\J

&

A‘
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programs in
accelerating solar
thermal deployment

programs in acceleratin
solar thermal deployme

RS

GENERAL OBJECTIVE 5.0:Understand the environmental and social considerations embedded in solar thermal energy

policies

11-12

5.1 Describe the
environmental impacts
addressed by solar therm
energy policies:
1 Reduce greenhous
gas emissions
1 Conserve water
resources
1 Minimize
ecological
disruption etc

5.2 Explain the social
benefits of integrating sol
thermal technologies into
energypolicy e.g:

1 Job creation

1 Energy access in

rural communities
9 Public health

thermal energy policies

disruption etc

benefits of integrati

solar therma(\‘(\

technologies into energ
policy e.g.:

rural

|mprovement§

m\]gb creation
§ Energy access in

communities

Explain the social<§>

Explain the Textbooks

environmental impacts (Journals

addressed by solar  |Internet
Computer

Projector

&

1 Reduce White Board
greenhouse gas |Marker
emissions Animations (

{ Conserve water [Charts Q>J
resources /&

1 Minimize
ecological

LUﬁE
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5.3 Explain policy
measures that promote
equity and inclusiveness
solar thermal energy acce

1 Public health
improvements.

Explain policy measure
that promote equity and
inclusiveness in solar
thermal energy access

S

GENERAL OBJECTIVE 6.0- Understand Energy Transition as it relates to solar t

atechnology

13-15

6.1 Define the concept of
energy transition in the
context of global energy
systems

thermal technology in
facilitating a lowcarbon
future

6.3 Explainnational and
international drivers of
energy transition policies
such as:

1 Netzero targets

1 SDGs

9 Paris Agreeme l<

Explain the concept of
energy transition in the
context of global energy
systems

6.2Explain the role of soléExplain the role of solar

thermal technology in
facilitating a lowcarbon
future

Discuss national‘a‘
international drivers of
energy transition policie
such as:

Nl\l‘et-zero targets
%sms

Paris Agreement

«* B _Fn

6.4 Describe the challengExplain the challenges

V)

Textbooks
Journals
Internet
Computer
Projector
White Boé\
Mark

Ani S

(g\gm,

INCLUDE
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and opportunities for solaand opportunities for

thermal adoption within |solar thermal adoption ’&\

energy transition strategiewithin energy transition V\
strategies . \Q/

ASSESSMENT: N
Continuous Assessment (CA0% @

Examination:40%

AN
INCLU@E
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Maintenance of Solar Thermal Systems A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG&\

COURSE TITLE : Maintenance o$olar Thermal Course Code: STE 422 Contact\ ouks:
stems »
> Credit Unit: 3 ThealSHT 2
y 2
Year: Il Semester: |l Prerequisite: Nil @(al: 1 Hour/week
N\

GOAL: This course is designed to equspudentsvith knowledge and skills in the n?iw:éofaﬂhermal&/stems

GENERAL OBJECTIVES: On completion of this course, the students shoul Xﬁb‘ﬂ‘e to:
1.0 Know the procedures of carrying out routine maintenance \§

2.0 Know the safety rules and regulations of$hkar ThermalSystem Qs)

3.0 Know the optimal performance of the system /\

4.0 Know the equipment to be used in carrying&:larTherTa%em maintenance

N
INC LUSE
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PROGRAMME HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLO

COURSE TITLE : Maintenance of | COURSE CODE STE 422 ta Hours: 3
Solar ThermalSystems _ _ N .

Credit Unit: 3 < ?ﬂbretlcal:l
Year: Il Semesterll Prerequisite: Nil N §< ;» ractical: 2
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL \¥4

GENERAL OBJECTIVE 1.0 Know the procedures of carrying out routj enance

GOAL: This course is designed to equip students with knowledge and skiIIE‘ﬁ\Yﬁ:eﬁ]aintenance of solar thermal systems

THEORETICAL CONTENT \J\ PRACTICAL CONTENT
Week | Specific Learning Outcome | Teacher 6s A (%(Aes Specific Learning Teacher ¢Resources
Activities
Outcome
1-3 1.1 Explain common issues | Explain commo Textbooks | lllustrate the Guide students | Toolbox
associated with Solar associated wiR Sd¥ar | Journals maintenance in 3. to: .
Thermal Systems: Thermal : Internet Inspection
Scalin ' Identify common issueq lllustrate the light
Corros%on Computer | associated with Solar | maintenance in Multimeter
Leaksand fluid loss rosion Pro!ector Thermal Systems: 13
. eaks and fluid | White Board . . PPE
Control system |ssue loss Marker Scaling Identify common
Degradation of V Control system | Animations Corrosion _ |s_sues associate| Solar thermal
msulatlon mat . Leaks and fluid | with Solar system model
issues
. loss Thermal
Degradation of ]
x : : Control system | Systems:
insulation .
1.2 Define Ma& issues :
Scaling

INCLU
S 4
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1.3 Explain the maintenancs
of Solar Thermal
Systems:

Predictive

Condition-based

Preventive

Corrective

Reactive/Breakdown

etc.

= =4 =4 A A

1.4 Explain the benefits and
drawbacks of types of solar
thermal systemmaintenance

materials, etc.
Explain Maintenance

Explain the maintenanc
of Solar Thermal
Systems:

Predictive
Condition-based
Preventive
Corrective
Reactive/Breakdown
etc.

= =4 -4 A

Explain the benefits and
drawbacks of types of

solar thermal system
maintenance

\
&

Degradation of
insulation
materials

Carryout maintgn
on a typical

thermal 5%
\Y;
,\\@*

>

\ rrosion

Leaks anq
fluid loss
Control

system
issues

Carryout
maintenance on
typical solar
thermal system

General Objective 2.0: Know the safety rules and ;@o?s &olheThermalSystem

INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES

4-6 2.1 Define hazards in solar | Explain hg2gfghin sola| Textbooks | Identify potential Guide students | First Aid kit
thermal systems therma?s S Journals hazards with respect tq to: PPE
. . . solar thermal systems . .
2.2 Explain potential hazard E @ tential hazarq Internet y Identify potential Toolbox
with respect to solar therma W%spect tosolar | COMPUEr | hemonstrate the safety hazards with
systems, N\ therfal systems, Pro!ector measures to be taken | respect to solar
. . . 4 . . . White Board | \yvhen working on solar| thermal systems
2.3 Define accident i d Explain accident in a Mark
arker thermal systems
plant solar plant Animations Demonstrate the
. . . . lllustrate the use of safety measures
2.4 Explain agéide Explain accident in .
. . safety kits and gadgetq to be taken wher
relation to h&sards and relation to hazards and
146
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potential hazards in solar
thermal plants

2.5 Define safety in solar
thermal systems

2.6 Explain the safety
measures to be taken when
working on solar thermal
systems

2.7 Explain the safety kits al
gadgets needed when
working in solar thermal
plants.

2.8 Define first aid with
respect to solar thermal
systems

potential hazards in sol:
thermal plants

Explain safety in solar
thermal systems

Explain the safety
measures to be taken
when working on solar
thermal systems

Explain the safety kits
and gadgets needed
when working in solar
thermal plants.

Explain first aid with

respect to solar ther
systems

\
&

in a solar thermal plan

lllustrate first aid

of safety kits ang
gadgets in a solg
thermal plant.

lllustrate first aid
measures to be
taken when an
accident occurs
in a solar therma
plant

INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES
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General Objective 3.0: Know the optimal performance r ThermalSystem
7-9 3.1 Define optimal Explain optihal Textbooks | lllustrate the operating| Guide students | Pyranometer
performance perfor Journals conditions of solar to: .
: . ) Internet thermal systems with Pyrheliometer
3.2 Explain optimal EXp @w timal . lllustrate the .
/ Computer emphasis on the ) Multimeter
performance of a solar e .-v ance of a solar _ following parameters: operating
thermal system with « therMial system with Projector " | conditions of Thermometer
examples Wamples White Board 1 Energy intake | solar thermal
% Marker 1 Solar irradiance| systems with Pressure gaug
Animations 1 System emphasis on the| Pressure
3.3 Explain th& g Explain the operating temperature following sensor
conditionsA olag thermal | conditions of solar f System pressur
147
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systems with emphasis on t
following parameters:

1 Energy intake

Solar irradiance
System temperature
System pressure
Energy output

Efficiency

= =4 -4 A -

3.4 Define benchmarking
with emphasis on:

1 Comparison with
similar systems

9 Industrial standards

3.5 Explain the optimization
techniques of solar thermal
systems taking into
cognizance:

1
settings
Upgrading system \
components

Implementatio

T

Adjustment of systen i

N

modern tm@ ies

thermal systems with
emphasis on the
following parameters:

1
T
T

Energyintake
Solar irradiance
System
temperature
System pressure
Energy output
Efficiency

1
T
T

Explain benchmarking
with emphasis on:

1 Comparison with
similar system
1 Industrial

standards%
Explain the izatior

Adjustment of
system settings
Upgrading
system
components
Implementation

1 Energy output
1 Efficiency

Demonstrate
benchmarkingisin
simulation s

' C?ﬁ?:ilar
&

on

ems
ndustrial
standards

N

Demonstrate the

optimization technique

of solar thermal systen
taking into cognizance

1 Adjustment of
system settings
Upgrading
system
components
Implementation
of modern
technologies

T

./

f  Adjustment of

nergy intake
Solar
irradiance
System
temperature
System
pressure
Energy outpu
Efficiency

T

)l
)l

Demonstrate
benchmarking
using simulation
softwarefor:

Comparison
with similar
systems
Industrial
standards

Demonstrate the
optimization
techniques of
solar thermal
systems taking
into cognizance:

Actuators
Valves

Flow meters
Stop watch
Storage tank

RETScreen

&
INCLU

KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES
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of modern eph setting
technologies Upgrading
system
< ) components
Q 1 Implemen
Q tation of moderrn
technologies
L
General Objective 4.Know the equipment used in carrying out solar thermal 33?1% tenance
10-13 | 4.1Enumerate the various | Explain the various Textbooks tify the various Guide students | Pyranometer
equipment used in carrying | equipment used in ipment used in to: .
quipm . ying | €quip : Journals § P Pyrheliometer
out maintenance in solar carrying out maintenanq |ntern b\carrylng out \dentify the
thermal systems in solar thermal systemy cq er maintenance in solar various Multimeter
. e . . thermal systems )
4.2 Explain the classificatior] Explain the classificatio B%e y equipment used | Thermometer
of equipment used in solar | of equipment used in . W oard in carrying out
thermal system maintenanc( solar thermal syste rker . . maintenance in | PTeSsure gau
. . i . o Classify equipment us¢
in the following category: maintenance th nimations | . solar thermal Pressure
following cate (%( in solar thermal systen systems censor
1 Inspection and testin( maintenance in the
| Cleaning andlushing T In and following category: Actuators
T Reﬁ)alr and . q 1 Inspection and | Classify Valves
replacement ﬂ. ng an testing equipment used
1 Safety . | o S lhg . f Cleaningand | in solar thermal Flow meters
1 Specialized equipmg) eFl)alr an t flushing system Brush
V}/ rSer;acemen 1 Repair and maintenance the
it T Sa ety ized replacement | following Blower
4.3 Explain the us . T Specialize 1 Safety category: Stop watch
various equipmget ces i equipment Specialized
K _ T Specialize 1 Inspection and
Explain the use of the

g

INCLU
S 4
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each category in 4.2 various equipment Storage tank
equment/dev!ces in Demonstrate the use le ning and
each category in 4.2 . shing
the various QJ Renair and
equipment/devi il kepair an

each categ replacement
OQ 1 Safety
% 1 Specialized

‘ V equipment
‘\QJ Demonstrate the

§\ use of the variou

\2\\ equipment/devic

QJ s in each
/® category in 4.2
ASSESSMENT: % N
Continuous Assessment (CA): 60% Q

Examination: 40% <(

&
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Energy Efficiency and Demand Side Management (DSM) A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG

COURSE TITLE : Energy Efficiency and Demand Si¢ COURSE CODE STE 43 CONTAQ’I‘%IQS: 2

Management (DSM) CREDIT UNIT : 2 THEQREWCAL : 1

YEAR: I SEMESTER: Il PRE-REQUISITE: NIL P L: 1

GOAL: This course is designed to equip students with knowledge and skills on fefigct Demand Side Management (DSM

relating toSolar energySystems
GENERAL OBJECTIVES: On completion of this course, the students should be a%\\o?

v

1.0Understandheprinciples and procedures of Demand Side Management ( Q_}

2.0Know Energy Auditing
3.0Know DSM techniques anBnergy Efficiency strategies ,\2\

&

N
INC LUSE
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOGY %; )‘
S

COURSE TITLE : Energy efficiency an®demand Side COURSE CODE STE 423 CONTAC 12
Management (DSM) CREDIT UNIT : 2 THE@R
YEAR: Il SEMESTER:II PRE-REQUISITE: PQWAL: 1

COURSE SPECIFICATION: THEORETICAL AND PRACTICAL
GOAL: This course islesigned to equip students with knowledge and skills on Exeffigiency arﬂ@%and Side Management (DSM) relatin
solar energy systems

General Objective1.07 Understandhe principles and procedures of Demand Side MafaWt (DSM)

1-5 1.1 Define Demand Side [Explain Demand Side [Textbooks
Management (DSM) [Management (DSM)  Journals

Internet \2\%

. Explain the role of DSMComputer
1.2 Bxplaintherole of in enhancing energy  |Projector QV

-~

DSMin enhancing letficiency. White Bo /
energy efficiency. Marke
ANi

1.3 Explain the benefits ofExplain the benefits of (@’

DSM DSM
General Objective 2.0 Knot#nergy Auditing o)
6-10 2.1Define Energy Define Energy \ég; Textbooks Visit Sitefor data collectionGuide students to |Spreadsheet
Auditing concept concept w\ Journals visit Site for data  MS Excel
% Internet collection Pen

2.2 Explain Energy Explaiq Ene Auditinggfor}qe%ltj;?r Paper
Auditing tools and  [to I%‘échniques: White Board Energymeter
techniques: % Marker Multimeter

Pre audit data |Animations Data collectior

Pre audit day\<3 collection Charts template
coIIectioQ Site visit Data logger

g

INCLU
S 4
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Site visit Energy data \\) Power analyse
Energy data analysis & RETScreen
analysis Energy Audit V\
Energy Audit Report etc. \(J
Report etc. Q\>
2.3 Explain the benefits o %
Energy Audmng Explain the benefItS of V
2.4 Explain energy Energy Auditing QY\
optimization techniques Explain energy ®
optimization techniques|
General Objective 3.0 Know DSM techniques and Energy Efficiency str ies\
11-15 3.1 Explaintypes of DSM [Explaintypes of DSM [Textbook %strateDSM strategies |Guidestudents to: |Power
strategies: strategies: Journa that include SolaEnergy |llustrateDSM analyzers
f Load shifting, 1 Load shifting, Icr:ner System integration for  [strategies that inclug
f Peak shaving,and f Peak shaving, ar,% i optimal energy usage. SolarEnergySystem Energymeter
1 Energy 1 Energy hite Board integration for Data logger
conservationetc. conservati Q/arker Demonstrate loaghifting |optimal energy Multimeters
@ nimations and peakshaving usage.
3.2 Describe the principleExplain the ?e\s ofCharts techniques in the operatio Software
of how DSM can be how DS of solarenergysystems to [Demonstrate load Homer
integrated into solagnergyintegrated i@ solar improve energy shifting and peak PVsyst
systems to optimize energene ms to consumption efficiency. shaving techniques Energyplus
use (@%::ergy use the operation of sold ~ Odyssey
Conduct cosbenefit energysystems to  [SolarPV
3.3 Explain energy plain energy analyses of DSM measureimprove energy System
consumption pat /go consumption patterns tg to evaluate their consumption training kit

CLU
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g

identify opportunities for |identify opportunities fo effectiveness and proposeefficiepéy? Solar thermal
DSM implementation in [DSM implementation in improvements based on System
different types of buildingidifferent types of performance outcomes t'cosbenefit ftraining kit
or industries. buildings or industries. alyses of DSM
Use energy manage easures to evaluatEnergy
software tool like their effectiveness |efficient
Energyplus or Ho&b and propose appliances
monitor and e DSMimprovements base(
activities @?\%Iy on performance
outcomes

p\2§ Use energy
\J management
/\ software tool like

Energyplus or Home

% to monitor and
<(Q manage DSM

activities effectively
ASSESSMENT: \)
Continuous Assessment (CA0% %
Examination:40% (\V\

INCLU
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Engineering ethics and professional practice A
PROGRAMME: HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOLOG&\

COURSE TITLE : Engineering ethics and professionf COURSE CODE STE 424 CONTA\@ORS: 2

practice IC
CREDIT UNIT : 2 THE@ICAL © 2
y 2
YEAR: I SEMESTER: Il PRE-REQUISITE: NIL WlCAL: Nil

GOAL: The Course is designed to acquaint the students with the knowledge of e

r

ing ethics and professional practice

GENERAL OBJECTIVES: On completion of this course, the students shoul
1.0Understand the basic concepts of engineering ethics
2.0Understand the principles of ethics in Renewable energy (\3\

3.0Understand social impacts of Renewable energy %
4.0Understand environmental impacts of Renewable energy /\
5.0Understand professional practice in s@aergyprojects Q~

P\

»

N
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PROGRAMME : HIGHER NATIONAL DIPLOMA SOLAR THERMAL ENGINEERING TECHNOL

$
:

COURSE TITLE : Engineering ethicy COURSE CODE STE 424 tagbHours2
and professiongiractice N\

Credit Unit: 2 Q@bretical: 2
Year: Il Semester: |l Prerequisite: NIL %} ractical: Nil

AN
COURSE SPECIFICATION: THEORETICAL AND PRACTICAL \Y4

GOAL: The Course is designed to acquaintshalents with the knowledge of ¢hgheedring ethics and professional practice
GENERAL OBJECTIVE 1.0. Understandhe basic concepts of engine% S
,

THEORETICAL CONTENT S\J\ PRACTICAL CONTENT
(0]

Week | Specific Learning Outcome | Teacher 6s A es Specific Learning | Te ac her 0 ¢Resources

Activities
& Outcome
1-2 1.1 Define ethics Discuss ethics Q Textbooks,

Lecture notes,

1.2 Define professional Discuss p 4%Jnal related journals
practice practice QK and materials

and internet

1.3Explain the role of Expla

engineers in society. g Whiteboard

1.4Explainthe 'mporta”c&(plainthe importance | Marker

ethical decisiormaki of ethical decision

&
INCLU
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General Objective 2.0: Understand the principles of ethics in Renewable energy P \) "

3-5 2. Elxpl ai n t he|Explaintheories related Textbooks, AN
et hics (Ut i |toethics (Utilitarianism, Lecture notes,

deontology, deontology, and virtue | related journals Q(J

ethics) ethics) and materials

and internet
Explain the concept of

justice and fairness. Whiteboard

2. Bxplain the Marker V\\/
justi ce an d|Explain professional «Q}
codes of conduct %\
relevant to renewable \2\

2.B3xplain pro energy.

codes of ¢ O|Egyplain concept of /\%

t o renewabl|ethical decisiormaking.

2.E4xplain con
deci-md kinng. Q
N
General Objective 3.0: Understand social impa \@enewable Energy

6-9 3.1Explain the Social impac ocial Textbooks,
of access to energy. [ @ access to Lecture notes,
3.2Explain the social impac] related journals

N _ o and _materials
of renewable energy QUi \atplam the social impaq and internet

communities. f renewable energy on
Q communities. Whiteboard

Marker

INCLU
S 4
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3.3Explain the ethical
implications of energy
pricing and subsidies.

3.4 Explain safety issues in
Renewable energy projects

Explain the ethical
implications of energy
pricing and subsidies.

Explain safety issues in
Renewable energy
projects

./

4.2 Explain the concept of
environmental impact
assessment and
mitigation.

4.3 Explain the role of
renewable energy in
addressing climate
change.

%\/

Explain the concept ofs\\whit
environmental imp rker
assessment an&

mitigation.
Explain t Q}f

rene ergy in
a climate
c e.

xplain the
environmental impacts
of Renewable and nen

projects. /&

N,
General Objective 4.0: Understand environmental impacts of Renewable Ener?‘w
10-12 | 4.1Explain ethics of resourg Explain ethics of Textbooks, J
use and depletion. resource use and Lecture na
depletion. related o
and

board
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4.5 Explain the social
challenges of Renewable ar
non-Renewable energy
production.

Renewable Energy
projects.

Explain the social
challenges of Renewab
and norRenewable
energy production.

General Objective 5.0: Understand professional practice in solar projects

AN

13-15

5.1Explain engineer's
responsibility (concernini
solarenegy projects) to
the public.

5.2EXxplain the concepts of
confidentiality, conflicts
of interest, and
whistleblowing.

5.3 Explain the role of
engineers in promoting
sustainable practices.

5.4 Explain some ethical

Explain engineer's
responsibility
(concerning solaenergy
projects) to the public.

Explain the concepts of
confidentiality, conflicts

of interest, and
whistleblowing. &

promoting
e practices.

in some ethical

) : N
dilemmas in solaenergy Wmmas in solaenergy|

projects.

o\

projects.

Textbooks,
Lecture notes
related jour
and mate
and in t

o

Saf

ASSESSMENT:Continuous Assessment (CA): 60%

Examination: 40% /\\v
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PRACTICAL MANUAL FOR HND SOLAR THERMAL
S/N | COURSE TITLE / CODE PRACTICALS Q
1. | Fundamentals of electrical powe 1. Identify the basic structure and function of Q/
systens and maching(STE 311) electrical power system 9

1 Generation ?\V
1 Transmission Q}
{ Distribution ®
)l

Consumption

2. Measure current and v ipa simple
circuit

Calculate power f
Identify differe
Identify ove
Identify erggound cables

Identi onents of transformer

Idegtitransformer types
2. | Introduction to Solar Thermal e%y\he types of solar collectoand
Energy 6TE 313 operating characteristics
- concentrating types

N

N
®~ AFlat plate

AEvacuated tube

/&\ - - Concentrating types
I ~ L 160
4 U
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ALine focus @
APoint focus &
2. ldentify components of solar thermal syste Q(JE

w

Demonstrate the use of solar tracking syst

4. Demonstrate the use of the following @

measuring devices for Solar Thermal Syst:
Thermometers V
Solar irradiation meter QY\
Anemometer \
Pressure gauges %

Relative humidity \2\

5. Design a low and mer&é&ﬁperatures S
Thermal Systems%

= =4 =4 =4 =4

3. | Heat Transfer Analysis in Solar 1. Demonstrat rement of temperature
Thermal Systems (STE 313) analyze f heat transfer using Sola
therm models
2. equation for:
urieros | aw
e wt ono6s aw of ¢
\ StefanBoltzman Iaw
e
3. Analyze heat transfer modes in a solar
% thermal collector
\ 4. Identify heat transfer equipment:
&‘ 1 Heat exchangers

INCLU
S 4
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Heaters @
Boilers &
Blowers V\
Refrigerators / Air conditioners etc. Q< )

= =4 =4 =4

5. Demonstrate the use of heat transfer

equipment @

4. | Solar Thermal Collectors and |1. Construct the following Solar Thermal q»

Application | (STE 314) Collectors:
Flat plate solar collector g;)
Parabolic trough type with lin

2. ldentify components of solar
collectors

3. Demonstrate the use medium
temperature solar thermalcollectors

4. I|dentify the propeffiedaf Solar Thermal

Collector co
5. Demonstrate ¥{e use of measuring deviceg
evaluati iciency of Solar Thermal

6. Degiehsirate the use of measuring device
% e beam and diffuse component of
Sdlar radiation

Demonstrate the use of measuring device

7.
gy measure transmissivity and absorptivity of

glass
\ 8. Demonstrate the use of flow meter to
& measure the flow rate of a working fluid

INCLU
S 4
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across the solar thermal collector \Q
9. Measure temperatures at various levels of &

collector and ambient temperature V\
5. | TechneEconomic Analysis for (1. Demonstrate how to perform modelling Q(J

Solar Thermal Systems (STE 322. Demonstrate how to evaluate:

Capital Expenditure Cost (CAPEX) @

Operational Expenditure Cost |
(OPEX) N/
Profit (y\
Net Present Value (NPV) \
Internal Rate of Return (IR
Cost per unit bench product
equivalent ”%g

3. Demonstrate how to 0 fe cycle

analysis on Solar rmaPlSystems

4. Build an excel fj odel for a Solar
Thermal sys PEX, OPEX, ROlI, etc

5. Analyseﬁl olar Thermal System

6. Dev %mtegies for rigkitigation
7. the effectiveness of risk
gement plan

6. | Installation and Commissioning (1. elop a solar thermal system layout
Solar Thermal Systems (ST%vdrawing from an existing design

% 2. Apply measuring and marking tools to

accurately position and install solar thermal
components based on a prepared layout
/&\ diagram
3. lIdentify the components in a solar thermal

INCLU
S 4
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system and the tools used in handling them Q
4. Conduct visual checks in a solar thermal /&

system identifying installation faults, systerr
failures and poor workmanship (J
5. Check fluid levels, system pressure and Q
temperatures, measure flow rates at differe
levels, and calculate the thermal power out Q
to verify system settings and control

parameters. ‘V
i%\

6. Develop a sample commissioning che
modify an existing system drawing, id
new asbuilt drawing, collect all d Kp
previous experiments and ass a

technical document for handQJ

7. | Advanced Thermal System 1. Identify advanced the«d ems

Performance and Troubleshootin2. Demonstrate the uses of &dvanced thermg
(STE 323) systems @
3. Troubleshoot @ specific advanced

thermal systewg

4. Demons how key parameters can be
deterrpf hese include:
i nsfer rate

ergy efficiency
oefficient of performance
Thermal conductivity
Specific heat capacity
System efficiency
System response time
System capacity

/&\ System stability
5. lllustrate how to determine the performanc

INCLU
S 4
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of advance thermal systems
6. Demonstrate how advanced thermal syste
are modeled
7. Use of the safety kits and gadgets relevan
advanced thermal systems
Carry out preventive maintenance on Heat
Exchanger

8. Solar Thermal Collectors and
Application Il (STE 324)

1. Identify components of solar thernm@wer |

plants V
2. Demonstrate the use of high solar t Qr&

collector
3. Demonstrate the use of meas

in evaluating efficiency of
Power Plants

4. Demonstrate the use&%}euring device
d se component

5. to measure beam
solar radiation §
6. Demonstrat @ of measuring device

measure an&etermine Transmissivity al

g the flow rate of a working fluid

; the solar thermal collector

8\ Measure temperature at various levels of
collector and ambient temperature

9. Measure absorptivity of absorber surface
10. Identify the different types of thermal

energy storage systems and materials

11.Demonstrate the mode of operation of

INCLU
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thermal energy storage systems \Q
12. Demonstrate the use of thermal energy &

storage system to measure physical prop V\
of material as it is subjected to change in Q< '

temperature
9. | Research Methodology in Solar | 1. Write a concise and clear title along with Q
Thermal Energy (STE 325) background informatiorelevant to solar %
thermal energy 4

2. Formulate a research problem relating ?\/

solar thermal and derive appropriate<
objectives for it

3. Create precise and researcha % m
statements
4. Draft a literature review se€tiomof a

S
Research proposal @‘
5. Summarizeelevant s% d highlight
th

research gaps in selar thermal energy

6. Select appropri arch design and
methodolog

7. Develop exp&fiméntal or field procedure f
the res ort any area of your choice o

Sola | Systems
8. Co %e study using tools and
glies in real or simulated
onments

9. alyze data sets using appropriate softw
tools

N
}%.Compile research data and analysis into
% coherent sections
Q 11.Interpret the implications of research resu
\ 12. Apply correct citation and referencing styl
™,

in a technical report

2
INCLUDE -
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13. Write a/an:

Progress/Interim report /&x
1 Feasibility report V\
1 Incident or troubleshooting report (J

14. Demonstrate the use of citation and Q
referencing tools
Zotero

10. | Smart Grids & 10T in Solar 1. Demonstrate the use of smart grid 4
Thermal Systems (STE 326) components:

Advanced metering infrastructu@\

Grid management systems
Renewable energy integrati
Grid animation and con
Communication netwgr
Data analytics an agément etc.
entify the facilities nee

Physical %
Technical Q

= =4 =8 =4 =4 =4

o

2. 1

=4 —a -8 _a 2
I
c
3
o
S

e equipment needed to set up lo
nsors and actuators
Microcontrollers and processors
Communication modules

Gateways and routers

Power management equipment

\/&\ 4. Demonstrate the use of relevant Software

INCLUDE -
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needed in the development of applications Q
for smart grids. /&

5. Identify the hardware components needed

the development of applications for smart Q< Q

grid under the category:
Sensors and actuators

Communication devices @

Computing devices 4

Energy storage and generation devi \/
Power electronics devices Q}
Network devices, etc. \

6. Demonstrate the use of sm %ipm

such as:
! Smart meters %
1 Grid managemer'ég@ ms
T Energy storage'pystems,
1 Renewabld ehgxgy systems etc.

gnt such as:

1 Sens

1 A @

1 S

% unication modules
8, mphstrate the use of 0T equipment

11. | Thermal Project Management ar1. ate a Gantt chart for a small thermal
Tendering Process (327) \ oject using any thermal energy source

g}/ (preferably solar thermal)

= =4 =4 =4 =4 =9

2. (Group Work) Develop a work breakdown
structure (WBS) using any relevant softwa

\ and assign tasks/responsibilities, resource
« and specify timelines,

INCLU
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Create sample progress report Q
Present sample progress report /&

Prepare a tender document

Evaluate a tender document Q< Q

12. | Solar Thermal Heating and
Cooling Technologies (STE 411

Identify passive and active thermal system|

N Po o hw

Demonstrate how heating and cooling Q
systems work Q/

3. ldentify the properties of solar thermal 4
collectorcomponents ?\/
4. Visit a nearby industry to Identify
components of solar thermal he%
cooling systems
5. Demonstrate assembling fgc’)wf onents o
solar thermal heating g systems
6. Measure temperature’a essure at

different levels of @Iar thermal system
tenance procedure (

7. Demonstrate
Solar therma%
8. Applyd gutdelines in development of
solar @systems for heating and cool
9. Sel ponents of the design using
@ d product charts and manuals
% ce layout drawing using standard
esign software

M Demonstrate the use of PsyCalc Software

13. | Modelling and Simulati 1. Identify the factors influencing solar thermsg
Solar Thermal Syste 4 system design

2. Calculate to determine the appropriate sizi

&\
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of components like collectors, storage tank \Q
and heat exchangers based on system &
demands and design parameters. V\
3. Design the layout of a basic solar thermal (J
system Q

4. Apply thermal performance equations to @

model solar collectors: )

i Heat transfer ?\/

1 Energy equations
5. Use mathematical models to calc é‘g
behavior of heat storage syste %
1 Heat losses Q\
1 Charging/discharging @e)
6. ldentify commonly us o%are for solar

thermal system si tion
7. Navigate usein and set up basic
simulation any available softwar

8. Input sy pa¥ameters and environment
data i lation software

9. Inte twargenerated outputs and

gfmu4tion graphs

14. | Hybrid Thermal Systems (Wind 1%'Jnstrate setting up a small hybrid syste

& Hydro Synergies with Solar Solar+wind) and integrate it with a grid
Thermal, Grid Integration) ( onnected inverter.
413) 2. Measure the energy flow between the hybri

system and the grid

@ 3. Monitor the energy flow between the hybrid

system and the grid
4. Demonstrate the use of a control software t

INCLU
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KNOWLEDGE PLATFORM ON INCLUSIVE DEVELOPMENT POLICIES




?%% Government of the Netherlands
Lo

% NIGERIVA
monitor the performance of a hybrid systen Q
5. Adjust the control software operation to /&

maintain grid stability and desired output (e
changing the energy mix based on weather (J
or/and demand) Q

6. Demonstrate system sizing and optimizatio
by using realorld data to determine the Q
sizes of renewable energy components to 1

a given demand profile

7. Evaluate various hybrid configurations &\

maximum efficiency and cost effecti %9
while considering storage syste %ck
and/ or compensators.

15. | Retrofitting & Energy Efficiency |1. Identify common componenfs t

Techniques (STE 49 solar thermal retrofittin?:

efficiency opportunitieS,\gu
collectors, %
piping, Q
insulation, Q
storage@s

cont

f hanger, etc.
Z% uct energy audits to assess system

rformance anialentify opportunities for

=4 =4 =4 =4 =4 =4

N/ energy savings.

%; 3. Conduct an evaluation of existing systems

determine the need for retrofitting

\ 4. Select appropriate methods for improveme
& of insulation and sealing

INCLU
S 4
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5. Implement measures for optimizing fluid Q

flow and minimizing heat losses during /&\
system retrofitting.

6. Apply basic retrofitting techniques such as (J
upgrading insulation, improving heat Q
exchanger efficiency, and integrating smar

controllers to enhance system performanc @

16. | Maintenance of solar thermal |1. lllustrate the maintenance in 1.3 <
systems (STEB22) 2. ldentify common issues associated With%&

Thermal Systems:
Scaling \Q}
Corrosion %
Leaks and fluid loss
Control system issues S
Degradation of ins%!%p terials

3. Carryout maintenanc ical solar
thermal system
4. ldentify potentiallagases with respect to

solar thermal @
5. Demonstrate%

afety measures to be ta
when w oh solar thermal systems

6. llustrateyt se of safety kits and gadgetsd
a so 8L al plant.

7. WO irst aid measures to be taken wh
% iIdent occurs in a solar thermal plant
S%SUate the operating conditions of solar
\! ,thermal systems with emphasis on the
Vyfollowing parameters:
%  Energy intake
1 Solar irradiance

/&\Q 1 System temperature

1 System pressure

INCLU
S 4
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1 Energy output \Q
1 Efficiency &
9. Demonstrate benchmarking using simulati

software for: < R
 Comparison with similar systems Q

1 Industrial standards Q
10. Demonstrate the optimization techniques ¢ Q/
solar thermal systems taking into cognizan
1 Adjustment of system settings
1 Upgrading system components
1 Implementation of modern tec
11.1dentify the various equipment
carrying out maintenance in
systems
12. Classify equipment us r thermal
system maintenance e ¥0llowing
category:
1 Inspection sting

|l
1
1
1 ed equipment

ate the use of the various
ent/devices in each category in 4.2

13.

17. | Energy Efficiency and Demanad, |1. Wisit Site for data collection

Side Management (DSM) S§~ lllustrate DSMstrategies that include Solar

423) System integration for optimal energy usag
% 3. Demonstrate loadhifting and pealshaving

\ techniques in the operation of solar systen
& to improve energy consumption efficiency.

A
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4. Conduct cosbenefit analyses of DSM Q
measures to evaluate their effectiveness a /&

propose improvements based on performa

outcomes ( Q
5. Use energy management software tool like Q

energyplus or Hommer to monitor and

manage DSM activities effectively @

LIST OF EQUIPMENT FOR HIGHER NATION QOMA(HND) SOLAR THERMAL ENGINEERING LABORATORY

S/N NAME N QUANTITY
1. | Solar thermal system models { \\ 2
2. Heat exchangers %\J 2
3. Boilers N 2
4. Blowers \/ 10
5. Heat exchanger testg »" 2
6. Heaters Q '
1 Air 1 each
1 Water’&\\

INCLU
S 4
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7. Refrigerator
8. Solar water heater &
9. Solar AirConditioner

10. | Air-Conditioner
11. Multimeter

12. | Electric circuit model 30 Q
13. | Power system simulator %
14. | Electrical Power System Model

15. | Digital Power analyzetfEnergy loggers

WIFL[NIN|PF

|_\

N

C‘%

16. | Smart controllers 5
17. | Different efficient bulbs lot ®
18. | Solar Panel 5 X
19. | Digital pyranometer (To measure solar radiatiq 1 .
20. | Pyrheliometer 1 @J
21. | Lithium/tubular Batteries 10
22. | Thermal Storage tank 2 s
23. | Inverter ﬁ\%
24. | SCADA System hardware W)
25. | SCADA System software I
26. | Thermal hybrid plant model with differeng 5
configuration
27. | Flat plate collector N |10
28. | Evacuated tube collector - 10
29. | Parabolic trough (Line Focus or 5
30. | Parabolic Dish (Point Focys) 5

31. | Fresnel lense§Point Foc%/ 5
a

32. |Differensn t medi a |Variety
33. | Thermometers

1 Digital \ 10
1 Analoﬁ 10
N
INCLU
S 4
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' Thermocouples 10 \Q
9 Infrared 5 &

34. | Sensors V\
1 Thermocouple 30 Q(J

1 Pressure 15
35. | Anemometer 2 Q
36. | Pressure gauge Q/

37. | Hygrometer

5

i N\
38. Pressure sensor 5 V‘

5 [J

39. Actuators

40. | Flow meters ®
M1 Volumetric 5each xz\

1 Mass » (
41. | Stopwatch 10 é<\)
42. | Flashlight/Inspection light 10
43. | Arduino Board 1 M
44. | Low voltage Power supply pack 6N
45. | Bread Board %}
46. | Smart grid model 0
47. | Gateway < S 1
48. | RS485 cable, plug and port %\’ 5 each
49. | Switches and Routers P 1 each
50. | Server ) 1
51. | Ethernet cables %V 1 roll
52. | Smart meter N 3
53. | Rectifiers NNV 5
54. | Moulded case circui ers (MCCB) 15
55. | Changeover swit S 1
56. | Sample risk ent plan Assorted
57. | Mathematigal s 15

v

INCLU
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58. | UV-VIS-NIR spectrometers or double beam |1
spectraphotometer

59. | Single axis sun tracker 1

60. | Dual axis sun tracker 1

61. | Wind turbine model 3

62. | Spectrometer 1

63. | Calorimeter 1

64. | Thermal conductivity analyzer 1

65. | Differential scanning calorimeters (DSC) 1

66. | Solar thermal heating models equipped with | 1
Sensors

67. | Solar heating cooling models equipped with | 1
sensors P

68. | Chiller 1

69. | Solar thermal dryer .4 Q >

70. | Solar thermal design software 1 o N

71. | Thermal energy meter N~

72. | Electric motor %)

73. | Solar System training kit 1

74. | Expansion tank A<) 1

75. | Communication modules N~ |5

76. | Pressure relief valves r\‘?\‘ 1

77. | Sample tender documents AM ) Assorted

78. | Sample reports Assorted

79. | Data collection templat Assorted

80. | Data Logger 10

81. | Sample Iayout de %solar thermal syster| Assorted

82. | Charts Assorted
LUSE
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M Manufacturers manual and charts
1 Psychrometric chart
1 ASHRAE Psychrometric chart

Heat Transfer Media

Activated carbon

Calcium-chloride ,\Vs':

83. | Rock Assorted
84. | Concrete Assorted
85. | Sand Assorted
86. | Iron Assorted
87. | Iron oxide Assorted
88. | Water Assorted
89. | Paraffin wax Assorted
90. | Animal Fat Assorted N
91. | Thermal Qil Assorted ,
92. | Sodium and potassium nitrate Assor P
Consumables N\
93. | Samples of: @gd
Ammonia 6
Zeolite <(
Silica gel

%\)
V\‘/
S

INCLU
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LIST OF EQUIPMENT FOR HIGHER NATIONALDIPLOMA (HND) SOLAR THERMAL ENGINEERING@

SIN NAME QUANTITY

1. Toolbox

1 Electrical 6 each

1 Mechanical
2. Centre Punch 10
3. Hammer 5 each

1 Mallet

1 Claw

1 Chipping

M1 Club R
4 Hand Drilling Machine 5 N ¢
5. Inspection light 20 é<\
6. PPE kits 30
7 First Aid kit 1M
8 Flashlight/Inspection light AN
9. Mathematical set Zz )
10. | Measuring tape 60
11. | Spirit level <\ 10
12. | Oxy-acetylene welding set V1
13. | Electric arc welding machine 2
14. | Bench vice (6 inches) . 6
15. | Wire brush 7 10
16. | Pipe Brush «~ 10
17. | Furnace NNV 1
18. | Angle grinder @ 2
19. | PPE ON\\ Assorted

A Sohsumables

20. |[Casing S\ 7 Assorted

INCLUDE
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f Sheet Metal plate ’&\

1 Plywood V\
1 Wooden planks Q}
21. | Glazing Material Assorted Q

i1 Glass
1 Perspex
22. Insulation material Assorted ‘V

1 Rock wool

f Fibre glass \
1 Plaster of Paris (POP) %
1 Asbestos sz\
i Blanket (
1 Polyurethane J
23. | Pipes Assorte
1 Copper
{1 Galvanized steel (&

24. | Plumbing fittings Wrted
1 Valves
i Elbows Q

M Tees %

f Socket V\

1 Thread tape Q’)Q

1 PVCgum

25. | Support Structures »v Assorted
1 Angleiron V\
1 Square pipe %
I Round pi

26. | Reflective Sugac Assorted
1 Mirr &

# L 180
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1 Aluminium foil \
27. | Coating Assorted &
28. | Pencil and Sketch pad Assorted V\
29. | Drill bits Assorted (J
30. | Tapping bits Assorted Q
31. | Bolts and Nuts Assorted Q
32. | Brazing rod Assorted %
33. | Flux Assorted
34. | Welding electrodes Assorted \/
35. | Sealants Assorted QY\
36. | Cutting disc Assorted \
37. | Grindingdisc Assorted %
38. | Sandpaper Assorted f‘z\

39. | Emery cloth Assorteqe E )
LIST OF REQUIRED EQUIPMENT FOR COMPUTER@

SIN NAME o~ NQUANTITY
1. Software (Energyplus or Hommer) N\ Multi-user
2. Relevant design software (AutoCA wv 1

works) r&*
3. PVsyst ’ 1
4. Computers 15
5. | MS Office (Excel) N\, 1
6. | Arduino software (ID \d 1
7. VS code P 1
8. | NILab View \ 1
9. Local server £ N\ 1
10. | OpenDSS & N\ 1

INCLU
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11. | OpenSolar 1
12. | PsyCalc 1 /&\
13. | Odyssey 1 V\
14. | MATLAB 1 (}
Power System Analysis Tool Box (PSAT) Q
Simulink Q
Python %
Python for Power Systedinalysis (PyPSA)

15. | ASHRAE Psychrometric chart App
16. | System Advisor Model (SAM)

17. | RiskMatrix

18. | RETScreen software

e
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LIST OF PARTICIPANTS FOR CURRICULUM PRE -CRITIQUE WORKSHOP ON HND SOLAR THE@INEERING

4 Engr. Jibril Waziri

S/N NAME ADDRESS EMAIL AIQJ%S

1 Yusuf A. Khalil NAPTIN, Kano yuskhalil@yah \Eb'

2 Dr. Sani Umar Mohammed N. D. A Kaduna sumuhamm da.edu.ng

3 Muhammed Tijjani Yusuf HFGC Energy and Power Solutions Lt Mut@janiﬂ@gmaﬂ.com
A

Kaduna Polytechnic, Kaduna

gmail.com

Ozomata

5 ComSinEngr. Ozomata John

dzomatajohnozomata@gmail.com

6 Prof. Idris M. Bugaje

&
Afam V330kv, Themal PoweBtatj6n ']
P/H Rivers State R
NBTE STAFF A
N

NBTE, Kaduna

es@nbte.gov.ng

7 Prof. Hassan Diy

R
NBTE, Kaduna \)

8 Dr. Hassan F. Akande

akandelf@gmail.com

9 Dr. Musa Hatim Koko

NBTE, KadunQ »

NBTE, K
O\

hatimlion@gmail.com

10 | Engr. Kabir Salisu Danja

N%Wﬁna

r'.

ksdanja@gmail.com

11 | Maryam Abubakar Habib

W, Kaduna

myuabubakar@agmail.com

12 | Foluke Adegoke

N

NBTE, Kaduna

INCLU
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13

Abdulhameed Usman

NBTE, Kaduna

ASCL/INCLUDE TEAM

,@%
‘ \QJ%

14 | NORBERT EDOMAH PAN-ATLANTIC UNIVERSITY nedomah@pau@g)

15 | ANIEBIET OBOT SAABI-FINDING IMPACT aniebietQ6 %
CONSULTING

16 | ESTHER F MAIKANO ADVOCACY FOR POLICY AND @ntelllgence org
INNOVATION (API)

17 | VICTORIA MANYA INCLUDE KNOWLEDGE PLATFOR o.Mmanya@asc.leidenuniv.nl
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LIST OF PARTICIPANTS FOR CURRICULUM FINAL CRITIQUE WORKSHOP ON HIGHER NATIONAL D, @ND) SOLAR
THERMAL ENGINEERING TECHNOLOGY

S/N NAME ADDRESS EMAIL A\
1 Prof. Mubdazu Mus|SERC, (ECN)UDUS MUazu.Musa@uduso .edu.ng
.
2 Engr Uche Nwafor COREN
3 Engr Dr Said Sharif Nura HFGC Energy & Power Itd ' ' mail.com
4 Engr Dr Emmanuel Ajani NASENI, Abuja | gil.ernf anuel@naseni.gov.ng
5 | Engr Emmanuel E. Mudi Transcorp Power Plc s dbdese@gmail.com
6 Engr Abubakar Namadi Mohammed| Kaduna Polytechnjdaduna adiba_2001@yahoo.com
NBTE STAFF ) N
6 Prof. Idris M. Bugaje NBTE, Kaduna &J es@nbte.gov.ng
7 |Prof. Hassan Di y|NBTE, Kaduna N -
&
8 Dr. Hassan F. Akande NBTE, Kaduna Q\)‘ akandelf@gmail.com
9 Dr. Musa Hatim Koko NBTE, Kadu » hatimlion@gmail.com
Q.
10 | Dr. Zakari Abdullahi NBTE K zakariabdullahi@nbte.gov.ng
11 | Muhammad Umar Auna NB%Gﬂuna muhammadauna.mu@gmail.com
AN
13 | Abdulhameed Usman w Kaduna Hamidco97 @gmail.com
14 | Yusuf Rabiu Dalhat \ N | NBTE, Kaduna yrabiudalhat@gmail.com
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ASCL/INCLUDE TEAM

A
15 | NORBERT EDOMAH PAN-ATLANTIC UNIVERSITY nedomah@pau.edu.n(i;

«
16 | ANIEBIET OBOT SAABI-FINDING IMPACT aniebiet06@gmga
CONSULTING
17 | ESTHER F MAIKANO ADVOCACY FOR POLICY AND esther@ piintt&' ence.org
INNOVATION (API) N
18 | VICTORIA MANYA INCLUDE KNOWLEDGE PLATFORM . .asc.leidenuniv.nl
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