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1. Introduction

[bookmark: _Toc479859626][bookmark: _Toc4860383][bookmark: _Toc46700676]Solar energy converts energy from sunlight into electricity directly using photovoltaics (PV) Source: The use of solar energy has been significant growth across the world in the recent years due to reduction in the cost of electricity, related equipment & it also supports green skills. Solar PV system is now becoming financially competitive with conventional forms of power generation. According to the International Renewable Energy Agency (IRENA), Pakistan's total solar installed capacity was 1,244 megawatts as of 2023, an increase of 17% compared to 2021. Due to the falling cost of solar modules and the number of upcoming projects, the utility sector will likely be the most significant part of the Pakistani solar energy market over the next few years. Through the Alternative Energy Development Board, the government is attempting to construct solar power facilities     nationwide. In September 2022, the Pakistani government approved the National Solar Energy Initiative to produce 10,000 megawatts (MW) of electricity through solar energy projects. Hence, with government support, these projects are expected to make the utility sector the dominant force in Pakistan's solar energy industry in the coming years. The increased use of solar energy has maximized the demand of Solar PV Technician having the skills to install, maintain & operate solar photovoltaic systems, thus, meeting the ever-growing demand of industry. This course has been designed and developed to achieve its objectives of providing appropriate skills.




















	[bookmark: _Toc176275832][bookmark: _Toc479859627][bookmark: _Toc4860385][bookmark: _Toc46700677]Date of development:
	22-27 July, 2024

	[bookmark: _Toc176275833]Date of review &validation:
	27 July, 2024

	[bookmark: _Toc176275834]Entry requirement:
	Middle preferably Matric



[bookmark: _Toc46700687][bookmark: _Toc479859631]Code of Qualification

The International Standard Classification of Education (ISCED) is a framework for assembling, compiling and analyzing cross-nationally comparable statistics on education and training. ISCED code for this qualification is assigned as follows:

	0713-E&E34
	National Vocational Certificate Level 2 in Solar PV System Technician



[bookmark: _Toc176275836]Summary of competencies

	Competency Standards
	NVQF
	Category
	Estimated Contact Hours
	Cr Hr

	
	Level
	
	Th
	Pr
	Total
	

	0713E&E3401: Follow Occupational Health and Safety practices
	2 
	Functional
	8
	32
	40
	4

	0713E&E3402: Demonstrate Basic Communication Skills
	 2
	Generic
	10
	38
	48
	4.8

	0713E&E3403: Apply Basic Electricity Concept
	 2
	Technical
	12
	68
	80
	8

	0713E&E3404: Perform Single phase/three phase Electrical Wiring System
	 2
	Technical
	20
	100
	120
	12

	0713E&E3405: Introduction to Solar PV System
	 2
	Technical
	10
	56
	66
	6.6

	0713E&E3406: Design of Solar PV System
	 2
	Technical
	12
	44
	56
	5.6

	0713E&E3407: Installation of Solar PV System
	 2
	Technical
	14
	78
	92
	9.2

	0713E&E3408: Maintenance of Solar PV System
	 2
	Technical
	12
	38
	50
	5

	0713E&E3409: Operation of Solar PV System
	 2
	Technical
	12
	26
	38
	3.8

	Soft Skills (Annexed)
	-
	-
	10
	-
	10
	1

	Total
	 
	 
	120
	480
	600
	60





[bookmark: _Toc140057186][bookmark: _Toc172813136]0713E&E3401 Follow Occupational Health and Safety Practices

Overview:

After this Competency Standard, the Trainee will be able to develop skill and competence required to maintain Occupational Health and Safety and take remedial measures to deal with the emergencies in a professional manner, thus minimizing the losses and providing a safe and healthy working environment. The learner will also be able to practice green skills and become more environmentally friendly.

	Competency Units
	Performance Criteria

	CU1. Ensure use of personal protective equipment (PPE)

	P1. Arrange the required personal protective equipment 
P2. Check functional condition of PPE’s 
P3. Wear personal protective equipment 
P4. Store PPE at appropriate place after use.

	CU2. Maintain First-aid Box
	P1. Ensure availability of first aid box
P2. Check requisite first aid box for emergency
P3. Check expiry of medicines
P4. Perform first aid treatment against electric shocks
P5. Perform first aid treatment/bandages against minor injuries.
P7. Develop a waste management plan for first aid supplies, including proper disposal hazardous materials.
P8. Promote the use of recyclable materials in the procurement of first-aid box.


	CU3. Operate Fire Extinguisher
	P1. Asses the fire situation.
P2. Select the fire extinguisher based on the type and size of the fire.
P3. Verify the working condition of the fire extinguisher, ensuring it is properly pressurized and has a valid inspection tag or seal.
P4. Apply appropriate fire extinguishing technique such as using the PASS method (Pull, Aim, Squeeze, Sweep) for extinguishing the small fire
P5. Check expiry of fire extinguisher
P6. Operate fire extinguisher

	CU4. Adopt professional procedures
	P1. Ensure company’s safety policy
P2. Adopt company safety procedure
P3. Advocate worker with company safety policy
P4. Implement Safety sign board as per standard

	CU5. Attain health & safety training
	P1. Take required health and safety training
P2. Implement work hazardous material information system (WHMIS)
P3. Adopt first aid cardio respiratory, resuscitation and CPR

	CU6. Prepare for emergencies
	P1. Take emergency response training 
P2. Ensure practice of emergency exercises
P3. Check the emergency alarms
P4. Ensure regular practice of gathering the workers in assembly area during the emergency.

	CU7. Respond to emergencies
	P1. Follow emergency plan
P2. Communicate instructions to co workers
P3. Assess risk and determine course of action
P4. Operate emergency equipment and supplies
P5. Ensure that the ambulance is at standby (for emergency)



Knowledge & Understanding

The student must be able to demonstrate knowledge and understanding required to carry out tasks covered in this competency standards. This includes the knowledge of:

· Factors affecting Health & Safety in the workplace. 
· Personal Protective Equipment (PPE)
· First-Aid-Box.
· Emergency medicines and expiry
· Methods of treatment against electric shock
· Methods of treatment against minor injuries
· Types of Fire Extinguisher
· Explain of Fire Extinguisher
· Safety measures
· Types of work site Hazards

Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:

· Types of hazards that are most likely to cause harm to health and safety
· Health and safety signs and precautions
· Techniques and methods to identify the risks of hazards at workplace
· Safety reporting procedures and documentation
· Describe fire-fighting methods
· Demonstrate use of appropriate Personal Protective Equipment (PPE) for the assigned job
· Demonstrate removal and disposal of PPE.







Tools and Equipment

	S/NO
	Tools and Equipment

	1
	Protection suite

	2
	Safety shoes

	3
	Safety goggles

	4
	Hearing protection

	5
	Respiratory mask

	6
	First Aid Box

	7
	First Aid Kit

	8
	Stretcher

	9
	Fire Buckets

	10
	Fire Extinguisher

	11
	Emergency Alarm/Bell

	12
	Emergency response Plan

	13
	Fall Protection Plan





[bookmark: _Toc140057187][bookmark: _Toc172813137]0713E&E3402   Demonstrate Basic Communication Skills

Overview:

This Competency Standard cover the competencies required to apply communication skills at workplace in accordance with the organization’s guidelines and procedures. You are expected to work in a team to achieve common organizational goals and avoid conflicts. This competency standard would also enable you to use basic computer skills to communicate effectively and prepare work related documents and reports. This module also focuses on establishing a green environment by adopting paperless communication medium and emphasis more on digital skills. 

	Competency Units
	Performance Criteria

	CU1. Work in Team
	P1. Treat team members with respect and maintain
       Positive relationships to achieve common
       organizational goals.
P2. Note the instruction.
P3. Comply with the Instructions.
P4. Identify interrelated work activities to avoid
       confusion
P5. Adopt communication skills appropriate to work
      activities and company procedures
P6. Identify problems and resolve them through
      discussion and mutual agreement.

	CU2. Deal with Clients
	P1. Collect Demand from clients.
      using appropriate communication procedures
P2. Negotiate with client regarding wages, time, labor requirements. 
P3. Develop consensus with the Client.

	CU3. Demonstrate Basic IT
	P1. Create files and folder in Microsoft Word
P2. Demonstrate major commands of operating      system/windows
P3. Create document   
P4. Edit document    
P5. Create tables in Microsoft Word
P6. Insert header and footer, footnotes, and page number etc.
P7. Create table of contents 
P8. Print document         
P9. Use appropriate e-media internet for sending/receiving emails 
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Knowledge & Understanding

The candidate must be able to demonstrate fundamental knowledge and understanding required to carry out the tasks covered in this competency standard. This includes the knowledge of:

· Principles of effective and interactive communication 7Cs of communication and their importance.
· Cultural and organizational practices for effective communication Effective negotiation skills.
· Role of team members and functionality of the teams Team dynamics and stages of team development Conflict resolution strategies.
· Negotiation Skills.
· Basic architecture of computer system.
· Input/output devices of computer and their functions.
· Basic computer skills using MS Word, MS Excel, use of internet, sending and receiving emails etc.

Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be competed in this competency standard:

· Communicate effectively with colleagues and clients.
· Develop a job completion report for the work using computer technology


[bookmark: _Toc140057188][bookmark: _Toc172813138]0713E&E3403:        Apply Basic Electricity Concept:

Overview:
                      After this Competency Standard, the trainee will be able to develop skill and competence required to maintain the knowledge , skill about basic Electricity units, electrical quantity in Series Circuit, Parallel Circuit, series-parallel circuits, electrical power  Electrical Energy, different ratio for real power, apparent power and reactive power for Developing & design  the circuit ,making the connections , estimation of load, rectification of faults in domestic , commercial & industrial wiring.  This competency Standard also basic needs & requirement to design the parameters of Solar PV system.

	Competency Units
	Performance Criteria

	CU1. Interpret Basic Electricity units
	P1. Measure Voltage in electrical circuit                                                                                                     P2. Measure current in electrical circuit.
P3. Measure resistance in electrical circuit 
P4. Measure Power in electrical circuit
P5. Measure Power factor in electrical circuit

	CU2. Interpret Ohm’s Law
	P1. Draw the circuit diagram of Ohm’s Law 
P2. Measure Voltage in electrical circuit                                                                                                     P3. Measure current in electrical circuit.
P4. Measure resistance in electrical circuit 
P5. Verify & compare the electrical quantity V. I & R by reading of meter and Calculation method   

	CU3. Make and solve electric circuits
	P1. Verify the Open Circuit by using Multimeter
P2. Verify the Short Circuit by using Multimeter
P3. Verify the closed   Circuit by using Multimeter
P4. Verify the Series Circuit by using Multimeter
P5. Verify the Parallel Circuit by using Multimeter
P6. Draw the circuit diagram of Open/Closed/ Parallel/Series Circuit                                                                                               s

	CU4. Perform Series Circuit
	P1. Draw Series Circuit                                                                                                           P2. Measure Current in Series circuit by Ampere meter                                                                                                    P3. Measure voltage in series circuit by Voltmeter                                                                                                                               P4. Measure total series resistance of circuit by Ohm Meter 
P5. Verify the values of meters taking by direct meter reading. 
P6. Calculate electrical quantity in series-parallel circuits


	CU5. Perform Parallel Circuit

	P1. Draw Parallel Circuit                                                                                                           P2. Measure Current in Parallel circuit                                                                                                      P3. Measure voltage in Parallel circuit.                                                                                                     P4. Measure total resistance in Parallel circuit 
P5. Verify the values of meters taking by direct meter reading. 
P6. Calculate electrical quantity in series-parallel circuits                                                                                                                                                                                                                                                                             

	CU6. Perform series-parallel circuits
	P1. Draw Series-Parallel Circuit                                                                                                           P2. Measure Current in Series-Parallel circuits                                                                                         P3. Measure voltage Series Parallel                                                                                                                             P4. Measure total series-Parallel resistance
P5. Verify the values of meters taking by direct meter reading.
P6. Calculate electrical quantity in series-parallel circuits

	CU7. Perform Electrical Energy in circuits
	P1. Measure Voltage in electrical circuit                                                                                                     P2. Measure current in electrical circuit.  
P3. Measure the onload time                                                                                                                              P4. Measure energy (kwh) in electrical circuit.
P5. Verify the values of meters taking by direct meter reading (KWh) and indirect method of meter reading. 
P6. Calculate Electrical energy in electrical circuit

	CU8. Perform real power, apparent power and reactive power
	P1. Draw power triangle for electrical circuit.                                                                 P2. Measure real power (Watts) using watt meter                                                                                                       P3. Measure apparent power (VA) using Volt meter & Ampere                                    
meter                                                                                                                                                                                                                                                                                           P4. Measure reactive power (VAR) using VAR meter                                                                                                                               P5. Measure Power factor using power factor meter   
P6. Verify the values of meters taking by direct meter reading and indirect method of reading                                                                                                                              




Knowledge & Understanding

The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out the tasks covered in this competency standard. This includes the knowledge of:

· Describe Basic Electricity and units
· Explain Ohm S Law
· Understand the Electric circuits
· [bookmark: _Hlk172804620]Understand the Series Circuit
· [bookmark: _Hlk172804763]Explain the Parallel   Circuit
· Knowledge of series-parallel circuits
· Explain Electrical Energy in circuits
· Explain and calculate the different ratio for real power, apparent power and reactive power

Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:

· [bookmark: _Hlk172830532]Perform Series Circuit
· Perform measurement of Electric circuits
· Perform measurement of Electrical Energy in circuits
· Measurement of the electrical quantity’s Volt-Ampere, Resistance by using of different meters
· Measurement of real power, apparent power and reactive power 


Tools and Equipment

	S/NO
	Tools and Equipment

	1
	Electrician toolkit complete

	2
	AVO Meter

	3
	Digital Voltmeter

	4
	Digital Ampere Meter

	5
	Digital Watt meter

	6
	Digital Power Factor meter

	7
	Energy Meter

	8
	Multimeter

	9
	Variable Resistor

	10
	Variable Power Supply

	11
	VAR Meter






[bookmark: _30j0zll][bookmark: _Toc140057190][bookmark: _Toc172813139]0713E&E3404 Perform Single Phase/three phase Electrical Wiring System.

This competency standard covers the competencies required to install single phase domestic wiring according to the client’s demand. The trainee will be able to Maintain Tools & Equipment for Single Phase Wiring, Make Cable/Wire Joints for Single Phase Wiring, Prepare and Install Distribution Boards for Single Phase, lay cables, practice single phase electrical circuits and perform single phase electrical domestic wiring. This Competency Standard covers the skills and knowledge required to Make and Install a 3-phase motor connection Reverse/ forward by Magnetic contactor

	Competency Units Uni
	Performa Performance Criteria

	[bookmark: _Toc132325316]CU1. Maintain Tools & Equipment for Single Phase Wiring
	P1. Identify tools and equipment
P2. Arrange Tools and Equipment
P3. Interpret job card
P4. Insulate Tools and Equipment
P5. Calibrate measuring tools
P6. Manage Inventory of tools and equipment
P7. Maintain Tool Box



	CU2. Make Cable/Wire Joints for Single Phase Wiring
	P1. Select the cable.
P2. Strip the wire according to 50mm.
P3. Make Cross/Twist joint
P4. Make Straight/Married joint
P5. Make T-Joint
P6. Make Rat tail joint
P7. Make Britannia joint

	CU3. Prepare and Install Distribution Boards for Single Phase s for Single Phase 
	P1. Identify location of distribution boards as per drawing
P2. Select size of distribution board (DB) as per requirement
P3. Install Distribution Board
P4. Define concept of voltage drop

	CU4. Lay cables
	P1. Select cables as per calculation according to color code
P2. Verify quality and size of cables
P3. Lay cables according to drawing
P4. Insulate the joints with insulation tape


	CU5. Practice of single phase electrical circuit
	P1. Draw wiring diagram of single-phase circuit.
P2. Install accessories according to layout diagram.
P3. Lay wires in duct/pipe according to layout diagram.
P4. Make connections according to wiring diagram.
P5. Check the circuit before connect the main supply.
P6. Make connection with main supply.
P7. Check the function of circuit after connect the main supply

	CU6. Perform single phase electrical domestic wiring. (Kitchen Installation, Hall Installation)
	P1. Draw wiring diagram for single phase.
P2. Draw Current path diagram for single phase.
P3. Draw layout diagram for single phase.
P4. Mark on working board according to layout diagram.
P5. Install accessories according to layout diagram.
P6. Lay wires in duct/pipe according to layout diagram.
P7. Make connections according to wiring diagram.
P8. Check the circuit before connect the main supply.
P9. Make connection with main supply.
P10. Check the function of circuit after connect the main supply

	CU7. Install 3-phase motor connection ON -OFF by Magnetic contactor.


	P1.	Draw layout diagram of circuit.
P2.	Draw control diagram of circuit.
P3.	Draw power diagram of circuit.
P4.	Draw wiring diagram of circuit.
P5.	Install ON-OFF circuit by Magnetic contactor.
P6.	Make exercise on exercise board according to installation/  
       layout diagram along with accessories.
P7.	Lay wires in duct/pipe according to layout diagram.
P8.	Make connections according to wiring diagram.
P9.	Check the circuit before connect the main supply and
        connect the motor.
P10.	Make connection with main supply.
P11.	Check the control circuit, power circuit and motor connection 
P12.	Check the function of circuit after connect the main supply 

	[bookmark: _Hlk172684641]CU8.Install 3-phase motor connection Reverse/ forward by Magnetic contactor with indicator. by Magnetic contactor with indicator.
	P1.	Draw layout diagram of circuit.
P2.	Draw control diagram of circuit.
P3.	Draw power diagram of circuit.
P4.	Draw wiring diagram of circuit.
P5.	Install Reverse/forward circuit by Magnetic contactor.
P6.	Make exercise on exercise board according to installation/  
        layout diagram along with accessories.
P7.	Lay wires in duct/pipe according to layout diagram.
P8.	Make connections according to wiring diagram.
P9.	Check the circuit before connect the main supply and
       connect the motor.
P10.	Make connection with main supply.
P11.	Check the control circuit, power circuit and motor connection 
P12.	Check the function of circuit after connect the main supply 



Knowledge & Understanding
The student must be able to demonstrate knowledge and understanding required to carry out task covered in this competency standard. This includes the knowledge of

· Explain Various tools and equipment and their functions
· Differentiate between cable and wire.
· Differentiate between stripping and insulation removing.
· Describe the procedure of jointing & soldering. 
· Define distribution board. 
· Define wiring accessories 
· Three phase connections
· Types of connections
· Types of wiring tests
· Describe various wiring test
· Distinguish between different wiring systems Uses of each type of wiring.
· Single pole switch circuit and its use.
· Explain single pole switch socket circuit and its use.
· Explain two-way switch circuit and its use.
· Explain intermediate switch circuit and its use.
· Define Three-phase supply.
· Define installation diagram. 
· Describe types of Three-phase motor.
· Describe types of Three-phase motor connection
· Explain reverse/forward circuit and its uses.
· Explain reverse/forward circuit and its uses.

Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:

· [bookmark: _Hlk172886455]Perform single phase electrical circuit LAMP-Single Pole Switch
· Perform single phase electrical Two-Way Switch Circuit 
· Perform single phase Intermediated (4-Way) Switch circuit  
· Perform single phase domestic wiring of Kitchen Installation, 
· Perform single phase domestic wiring of Hall Installation
· Perform domestic wiring of 3 rooms with single DB
· Install a 3-phase motor connection ON-OFF by Magnetic
· Install a 3-phase motor connection Reverse/ forward by Magnetic contactor

Tools and Equipment

	S/NO
	Tools and Equipment

	1
	Electrician Tool kit.

	2
	Analog Ampere Meter

	3
	Analog Volt Meter

	4
	Analog Watt Meter

	5
	Analog Meggar

	6
	Digital Insulation Tester

	7
	Analog Multimeter

	8
	Digital Multimeter

	9
	Digital Clamp-On Meter

	10
	Circuit Breaker.

	11
	AVO meter.

	12
	Test Indicator.

	13
	Electrical drills machine with hammering

	14
	Distribution Box different sizes

	15
	MCB 2P 63A

	16
	RCCB 2P 63A 30mA

	17
	MCB 1P 16A

	18
	MCB 1P 10A

	19
	Rotary Change Over 2P 50A

	20
	Rotary Change Over 4P 100A

	21
	Indicator Lights for Panel

	22
	Intermediate Switch

	23
	Phase Sequence Meter

	24
	3 Phase induction motor

	25
	Push Button with indicator (3H)

	26
	MCCB 3P 40A

	27
	Electronic Relay

	28
	Magnetic Contactor

	29
	Phase Failure Relay












[bookmark: _3znysh7][bookmark: _Toc172813140][bookmark: _Toc140057191]0713E&E3405        Introduction to Solar PV System.

Overview:

This competency standard covers the skills and knowledge, Understand the importance of Renewable Energy Recourse, Identify Solar System Parts, Use of different types of Charge Controllers, Differentiate Types of Solar Panels, Classify the types of Invertors, Classify the different types of Batteries, Classify the types of Cables / Wires, Use of Earthing and Lighting Arrestors in solar system


	[bookmark: _Hlk172686963]Competency Units
	Performance Criteria

	CU1. Interpret Renewable Energy Recourses
	P1. Describe the importance of environmental benefits of Renewable Energy Recourses.
P2. Types of Renewable Energy Resources 

	CU2. Interpret Solar System Parts
	P1. Identify Solar Panels (Photovoltaic Modules): 
P2. Identify Inverters:   
P3. Identify Mounting and Racking Systems
P4.  Identify Battery Storage (if applicable)

	CU3. Differentiate Types of Solar Panels
	P1. Identify N Type, P-type Panel and bifacial panel.
P2. Identify Mono facial & Bifacial Panel
P3. Identify Flexible and Solid Solar Panel
P4. Define Array of solar panels
P5. Define String of solar panels

	CU4. Classify the types of Invertors
	P1. Recognize Off grid inverter
P2. Recognize On grid inverter
P3. Recognize Hybrid inverter
P4. Define String inverter
P5. Define Micro inverter

	CU5. Classify the different types of Batteries
	P1. Identify the types of Lead acid Battery based on acid medium                                                                                     
P2. Identify the types of Lead acid Battery based on plate design
P3. Define Lithium-ion battery
P4. Connect Battery Banks


	CU6. Classify the types of Cables / Wires
	P1. Identify the types of wires/cables according to Sizes (Guage)/Ampacity
P2. Identify the types of wires/cables according to core
P3. Identify Stranded and solid cables
P4. Identify the types of cables according to insulation/voltage rating

	CU7. Use of Earthing and Lighting Arrestors in solar system
	P1. Introduction the Type of earthing
P2. Classify the part of earthing system    



[bookmark: _Hlk172687375]Knowledge & Understanding
The student must be able to demonstrate knowledge and understanding required to carry out task covered in this competency standard. This includes the knowledge of

· Understand the importance of Renewable Energy Recourses
· Identify Solar System Parts
· Explain the use of different types of Charge Controllers
· Differentiate Types of Solar Panels
· Types of Invertors
· Types of Batteries 
· Types of Cables / Wires
· Explain the uses of earthing and lighting arrestors in solar system


Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:

· Identify Solar System Parts
· Calculate Panel Size
· Calculate Solar Array Size
· Use of different types of Charge Controllers
· Classify the types of Invertors
· Classify the different types of Batteries


Tools and Equipment

	S.NO
	Tools and Equipment

	1
	Solar Inverters

	2
	Batteries

	3
	Mounting Structure

	4
	Charge Controllers

	5
	Megger

	6
	Solar PV Panels

	7
	Cable Chart

	8
	SWG (standard wire guage)

	9
	Multi core cables

	10
	Earthing kit complete with all accessories

	11
	Lightening Arrestor

	12
	Earh Rod

	13
	Grounding Conductor

	14
	SPDs

	15
	Electrician Tool Kit complete

	16
	Drawing Papers

	17
	Drawing Tools





[bookmark: _4d34og8] 


[bookmark: _Toc172813141] 0713E&E3406          Design of Solar PV system	

Overview:

This competency standard covers the skills and knowledge required to calculate
load, select panels, determine backup time, assess working schedule of load and
workout of capacity of devices

	Competency Units
	Perform Performance Criteria

	CU1. Load Assessment for solar PV system Design
	P1. Perform Electrical Load calculation 
P2. Calculate connected electrical load for solar PV system design
P3. Measure the PV system load in case of existing system

	CU2. Selection of inverter
	P1. Interpret assess load 
P2. Determine the type of solar inverter (on/off grid hybrid)

	CU3. Selection of Solar Panels
	P1. Select the Type (Mono/Bi-Facial) and Wattage of PV Panel
P2. Select the required number of PV Panels as per Technical Data (Max. DC Input Power) of Inverter
P3. Perform Site Visit for determination of Solar Panel Area         (Roof/Land)
P4. Selection of Mounting Structure as per Solar Panel Area Survey
P5. Determination of Strings and Arrays of Solar Panels as per Technical Data (PV Input Voltage Range & PV Input Current) of Inverter

	CU4. Selection of Battery Bank
	P1. Estimate the required backup time of load
P2. Estimate the capacity of battery bank
P3. Select the types of batteries for backup

	CU5. Selection of Cables and Earthing System 
	P1. Selection of Cables as per Designed Load and System Voltage
P2. Selection of Earthing System Type
P3. Selection of Earthing System Parts (AC/DC SPD)

	CU6. Draw Basic design and BOQ of solar PV system
	P1. Sketch a diagram as per Design
P2. Prepare BOQ of designed solar system
P3. Get the design approved by the client




Knowledge & Understanding
The student must be able to demonstrate knowledge and understanding required to carry out task covered in this competency standard. This includes the knowledge of

· To Calculate the load to design the solar PV system.
· Explain assess working schedule of load.
· Types Solar Panels in different seniors (domestic, commercial, industries). 
· Explain the backup time of different batteries uses in the solar system 
· Explain the uses different solar panel, batteries, investors in different seniors (domestic, commercial, industries). 

Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be
competent in this competency standard:
· Calculate the load for a given electric appliances
· Calculate daily power consumption based on design
· Calculate no. of solar panels for a given load
· Calculate battery bank for given backup time
Tools and Equipment

	S/No
	Tools

	1
	Multimeter

	2
	Clamp-On Meter

	3
	Solar Inverters

	4
	Solar PV Panels

	5
	Batteries

	6
	Multi Core Cables

	7
	Earthing kit complete with all accessories

	8
	Lightening Arrestor

	9
	Earh Rod

	10
	Grounding Conductor

	11
	SPDs

	12
	Electrician toolkit complete
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0713E&E3407                Installation of Solar PV system	

Overview:

This competency standard covers the skills and knowledge required to arrange
required tools and equipment, perform PV test, erect the mounting structure, fix PV modules, connect the PV modules as per circuit diagram, Install Off grid and hybrid inverters, Installation of energy meters for solar system


	Competency Units
	                Performance Criteria

	CU1. Arrange required tools and equipment
	P1. Collect required tools and equipment
P2. Check physical status of tools and equipment
P3. Perform transportation of tools and equipment
P4. Manage safe storing of tools and equipment

	CU2. Perform PV test
	P1. Conduct short circuit current test
P2. Conduct open circuit voltage test

	CU3. Erect the mounting structure
	P1. Assemble the structure parts
P2. Fix mounting structure
P3. Adjust angles of the mounting structure

	CU4. Fix PV modules as per circuit design

	P1. Install PV module on the mounting structure
P2. Verify angle of the PV module with the help of angle finder/meter
P3. Ensure shadow overlapping

	CU5. Connect the PV modules as per circuit design
	P1. Make strings as per circuit design
P2. Make arrays as per circuit diagrams
P3. Connect arrays with junction boxes

	CU6. Installation of Inverters
	P1. Installation of off-grid, on-grid, and hybrid inverters
P2. Installation of circuit breaker/SPD for AC/DC connection with inverters
P3. Make the connection of inverter with PV panel, battery & load according to diagram
P4. Check the parameters of off-grid, on-grid & hybrid inverters before making the onload condition

	CU7. Installation of Battery Bank
	P1. Arrange batteries with accessories as per requirements
P2. Fix battery bank in the racks
P3. Make parallel series strings for batteries, as per circuit design


	CU8.  Illustrate the      Earthing System
	P1. Testing of Resistance of Earthing System 
P2. Installation of Earthing System Parts as per Drawings

	CU9.   Illustration of connections of energy meter (Green Meter) for solar system 

	P1. Illustrate Energy meter
P2. Check the Parameters of Energy Meter in on-load Condition
P3. Describe Net Metering Rules and Regulations

	CU10. Perform Test after installation of PV solar System
	P1. Physically verify the Interconnection of Invertors/battery/PV panels according to the wiring diagram
P2. Perform Test after installation of PV solar System in off-load condition
P3. Perform Test after installation of PV solar System in on-load condition
P4. Check the Parameters of the installed inverter in on-load condition



Knowledge & Understanding
The student must be able to demonstrate knowledge and understanding required to carry out task covered in this competency standard. This includes the knowledge of

· Interpret the installation related tools and equipment
· Explain the types of PV panels
· Explain the Mounting materials
· Explain the types of mounting
· Explain the uses of installation tools
· How to Effect of shadows on PV Panels
· How to Effect of dust and moisture on PV Panels
· Define the Types of solar PV systems (On/off grid, with and without back up, stand-alone)
·  Demonstration of Net metering (Smart meters)



[bookmark: _GoBack]Critical Evidence(s) Required


The student needs to produce following critical evidence(s) in order to be competent in this competency standard:
· Assemble the mounting structure
· Install PV panel on the mounting structure
· Fix the mounting structure for maximum output power
· Demonstration the battery bank as per requirement
· Demonstration the battery bank, PV module and utility with invertor for a desired
output load
· Configure the invertor according to the given job
· Interpret the circuit diagram

Tools and Equipment

	S/No
	Tools

	1
	Electrician toolkit complete

	2
	Digital Clamp-On Meter

	3
	PV Tester Meter MPPT

	4
	Solar PV Mounting Structure

	5
	Solar PV Modules

	6
	Solar PV Inverters

	7
	Batteries

	8
	Earthing kit complete with all accessories

	9
	Lightening Arrestor

	10
	Earh Rod

	11
	Grounding Conductor

	12
	SPDs

	13
	Energy Meter (Bi-directional)
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Overview:

This competency standard covers the skills and knowledge required to perform maintenance and identification of fault, solution of the faults, rectify the faults, as per procedure.

	Competency Units nits
	Performance Criteria

	CU1. Diagnose the fault
	P1. Check invertor for fault code
P2. Verify safety circuits
P3. Check status of wiring
P4. Verify status of battery
P5. Check status of PV Panels
P6. Repair the fault

	CU2. Repair as per faults
	P1. Trace out solution of fault code with the help of manual
P2. Estimate cost of rectification
P3. Report the fault to the concerned persons

	CU3. Rectify the faults
	P1. Reset the software for rectification
P2. Arrange the required tools and equipment
P3. Arrange the required material and components
P4. Repair faulty component / equipment
P5. Replace faulty component / equipment
P6. Refer irreplaceable faulty components to the concerned lab

	CU4. Carryout post rectification function test
	P1. Connect the system with the load
P2. Verify function of the system on full load
P3. Document the services as per instructions
P4. Clean and pack the store as per SOPs

	CU5. Perform wiring test
	P1. Perform continuity test
P2. Perform polarity test
P3. Perform earth test
P4. Rectify the problem



Knowledge & Understanding

The student must be able to demonstrate knowledge and understanding required to carry out task covered in this competency standard. This includes the knowledge of

· Explain the types and uses of various testing equipment
· Diagnostic Procedures
· Use of manual
· Costing of rectification
· Use of invertor user interface software
· Types of faults in Solar PV system
· Various diagnostic tests and techniques
· Standard operating procedure for troubleshooting
· 
Tools and Equipment

	S/No
	Tools

	1
	Multi-meter 

	2
	Earth resistance tester

	3
	Tool Kit (Complete)

	4
	Insulation Tester / Megger

	5
	PV Panels



Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be
competent in this competency standard:
· Perform one of the following tests as per instruction of assessor
· Continuity test
· Earth test
· Polarity test
· Identify faulty module in array
· Sort out fault from a given fault code with the help of manual
· Replace the faulty protective devices
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Overview:

This competency standard covers the skills and knowledge required to prepare
check list for maintenance, follow routine maintenance log sheet, maintain Solar PV
modules and perform post verification function of the system.

	Competency Units
	Performance Criteria

	CU1. Prepare check list for maintenance
	P1. Prepare list of tools and instruments for maintenance
P2. Prepare list of materials for maintenance
P3. Prepare list of activities for maintenance invertor / Charge 
       controller / Protection circuits / Battery

	CU2. Prepare log sheet
	P1. Collect maintenance log sheet
P2. Arrange required tools / instruments for maintenance
P3. Perform activities as per schedule
P4. Place equipment after maintenance as per SOPs

	CU3. Inspect Solar PV modules
	P1. Arrange cleaning materials
P2. Wash the panels as per instructions (Avoid washing during peak sun hours).
P3. Check connections and joints of solar PV modules
P4. Check the physical and mechanical health of modules as per standard
P5. Adjust the seasonal tilt angle

	CU4. Inspect invertor/Charge controller/ Protection circuits
	P1. Arrange servicing equipment
P2. Check the status of cooling fans
P3. Check input output terminals of invertors
P4. Perform servicing with electrical blower
P5. Maintain connection status as per standards

	CU5. Inspect battery banks
	P1. Clean terminals of battery with sand paper
P2. Maintain level of electrolytes
P3. Maintain gravity of electrolytes
P4. Maintain battery connections
P5. Apply grease to terminal to avoid corrosion / sulphation
P6. Verify the operations of battery bank

	CU6. Perform post verification function of the system
	P1. Switch on the system
P2. Observe display reading of inverter / charge controller
P3. Perform full load test
P4. Prepare the report of maintenance activities performed




Knowledge & Understanding

The candidate must be able to demonstrate underpinning knowledge and
understanding required to carry out the tasks covered in this competency standard.
This includes the knowledge of:
·  Procedure of inspection
·  Service procedures
·  Panel washing techniques
· Uses of washing materials
· Appropriate timings of service
· Types of corrosions
· Procedure of battery maintenance and level of electrolyte
· Types of batteries and their maintenance processes
· Difference of service materials
· Use of testing instruments
· Maintenance techniques of invertor / charge controller.




Critical Evidence(s) Required

The candidate needs to produce following critical evidence(s) in order to be
competent in this competency standard:
· Prepare a maintenance schedule as per standard
· Determine the level and gravity of electrolyte solution in battery bank
· Perform cleaning procedure of solar PV modules
· Perform cleaning procedure for invertor



Tools and Equipment

	Sr. No
	Tools

	1
	Multi-meter 

	2
	Earth resistance tester

	3
	Megger

	4
	Tool Kit (Complete)
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The tools and equipment required for this competency standard are provided below:

	[bookmark: _Hlk172752132]SR. NO
	NAME
	QTY. REQUIRED

	1
	Safety shoes
	10

	2
	Safety goggles
	10

	3
	Safety Helmet
	25

	4
	Safety Belt
	05

	5
	First Aid Box
	1

	6
	Fire Extinguisher
	02

	7
	AVO Meter
	05

	8
	Combination Plier.
	25

	9
	Nose plier.
	25

	10
	Wire Stripper
	25

	11
	Soldering Iron
	05

	12
	Set of Screw Drivers
	25

	13
	Ring Spanner Set
	02

	14
	Tacho Meter-Digital 
	02

	15
	Earth resistance tester (Digital)
	02

	16
	Continuity & Insulation tester
	02

	17
	IR Temperature Gun
	02

	18
	Digital Multimeter
	05

	19
	Cable Knife
	25

	20
	Phase Sequence Meter
	02

	21
	Clamp-On Meter (AC &DC)
	05

	22
	Lux Meter
	02

	23
	Lugs Punching Machine (Hydraulic and Manual)
	01

	24
	Battery Tester
	02

	25
	Micro Meter mm
	03

	26
	Hydrometer
	05

	27
	Disk Grinder Machine 
	02

	28
	Hammer
	05

	29
	Hacksaw cutter 
	05

	30
	Battery Charger
	02

	31
	Bench Vice
	02

	32
	Chisel
	02

	33
	Digital Oscilloscope
	01

	34
	3- Phase energy meter (Green Meter)
	01

	35
	Energy meter Digital Single Phase
	03

	36
	Charge Controller PWM 40 amp
	01

	37
	Charge Controller MPPT 50 amp
	01

	38
	Solar Hybrid Inverter 4KW MPPT
	01

	39
	Solar Hybrid Inverter 6KW MPPT
	01

	40
	Solar OFF-Grid Inverter MPPT 3KW
	01

	41
	Solar ON-Grid Inverter MPPT 10 KKW
	01

	42
	Inverter 1500-watt sine wave
	02

	43
	Lead Acid Battery -12 V, 150 AH
	04

	44
	DRY Battery- 12 V, 100AH
	02

	45
	Tall tubular Battery -12 V, 180AH
	02

	46
	Solar PV Module Mono PERC Half Cut P-Type, 580 W
	10

	47
	Solar PV Module Mono PERC Half Cut N-Type, 580 W
	10

	48
	Solar panel monocrystalline
	02

	49
	Solar panel thin film
	02

	50
	DC power Supply 12-to-24-volt
	01

	51
	Solar panel Structure (L2, L3)
	10

	52
	Solar PV Tester
	01

	53
	Three Phase Induction Motor 
	01

	54
	Voltmeter (Analog & Digital)
	05

	55
	Ampere Meter (Analog & Digital)
	05

	56
	Watt Meter (Analog & Digital)
	02

	57
	VAR Meter
	02

	58
	Digital Power Factor Meter
	02

	59
	Analog Multimeter
	02

	60
	Energy meter Digital- Three phase
	01

	61
	Safety gloves with leather upper cover (pair)
	10

	62
	Spanner set (Open end)
	02

	63
	Ratcheted Set  
	02

	64
	SWG Wire Gage
	05

	65
	Level 
	05

	66
	Screw Driver Set Cardless (battery operated)
	01

	67
	Printer
	01

	68
	Computer
	03

	69
	Multimedia Projector
	01

	70
	Rotary Change Over 2P 50A
	2

	71
	Rotary Change Over 4P 100A
	2

	72
	Electronic Relay 0-20Amp
	2

	73
	Stop Watch
	2



The consumables required for this competency standard are provided below:

	SR.NO
	NAME
	QTY. REQUIRED

	1
	Solder wire.
	500-Gram

	2
	Soldering paste
	10 

	3
	PVC Pipe/Duct.
	500 ft

	4
	PVC clamp.
	3Pkt

	5
	PVC board with plate.
	72 

	6
	Distribution Box-PVC 
	10

	7
	AC MCB 2P 63A
	06 

	8
	AC MCB 1P 16A
	10

	9
	AC MCB 1P 10A
	10

	10
	Rotary Box 
	4

	11
	DC Wire 4mm XLPE
	2 coils

	12
	DC Wire 6mm XLPE
	2 coils

	13
	DC Wire 10mm XLPE
	1 coil

	14
	DC Wire 25mm XLPE
	40 ft

	15
	Wire 1/0.044
	2 Coil

	16
	Wire 3/0.029
	5 Coil

	17
	Wire 7/0.029
	2 Coil

	18
	Wire 7/0.044
	1 Coil

	19
	Single Core Cable 3/0.029
	1 Coil

	20
	2 core cable 7/0.029
	1 Coil

	21
	3 core cable 7/0.029
	1 Coil

	22
	4 core cable 7/0.064
	1 Coil

	23
	Push Button (2H)
	4

	24
	Push Button (3H)
	4

	25
	Flexible Pipe 3/4”
	20 ft

	26
	Flexible Pipe 1”
	20 ft

	27
	Duct Putty 40x40
	4

	28
	Duct Putty 60x60
	4

	29
	Rawal Plug
	100

	30
	Panel indicators
	12

	31
	Intermediate Switch
	5

	32
	Screw 1.5”
	5 boxes

	33
	Single pole switch.
	50

	34
	Lamp holder
	25

	35
	Lamp AC/DC
	25

	36
	PVC Connector Strip 
	25

	37
	Hacksaw Blade
	10 

	38
	Drill bits
	10 

	39
	Electrical PVC tapes
	25

	40
	Two-way switch 
	25

	41
	Two pole switches
	25

	42
	Junction Box
	25

	43
	Photo Copy Paper -A4 
	12 Ream 

	44
	PVC Cable Ties 
	02 Pkt

	45
	PVC Elbow -3/4"    (Packet -100-No)
	02 Pkt

	46
	PVC Saddle -3/4" (Packet -100-No)
	02 Pkt

	47
	PVC Distribution Box Casing for breaker
	12

	48
	Connector MC-4 1500V (set)
	50

	49
	PVC Flexible -2 Core Cable -40/0.0076 
	3 Coils

	50
	Connector/Tumble -6mm(100nos )
	1 Pkt

	51
	Connector/Tumble -25mm (100 Nos )
	1 Pkt

	52
	Battery Terminals (set)	
	24

	53
	Battery Tonic 
	05

	54
	Rawal Bolt -13mm 
	50 

	55
	Lightning Arrester Complete Set (Copper)
	03 

	56
	PVC Pipe ¾”
	500 ft

	57
	Two Pin Socket
	36

	58
	Lamp Holder
	36

	59
	Junction Box ¾”
	20

	60
	PVC Boards 4”x4”
	60

	61
	DC MCB 2P 63A & 125A
	2

	62
	AC MCCB 3P 40A
	2

	63
	DC SPD 2P 40KA 1500V & 1000V
	2

	64
	AC SPD 2P 40KA 500V
	5

	65
	AC SPD 4P 40KA 1000V
	2

	66
	V+A Protector 2P 80A
	2

	67
	Magnetic Contactors 2+2
	20

	68
	Phase Failure Relay	
	2

	69
	Drawing Charts
	25

	70
	Exercise Board (800x1200 mm)
	12
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