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[bookmark: _Toc1403372][bookmark: _Toc133863635]Introduction
Pakistan is a developing country with 5th largest population in the world. More than 60% of our population is below 30 years of age which makes it second youngest country in South Asia. This “youth bulge” provides unique challenges as well as opportunities for the country’s social and economic development. To control the increasing un-employment, promoting entrepreneurship, alleviate poverty and provide skilled manpower for industrial/economic growth, Govt. of Pakistan has emphasized on Technical Vocational Education and Training (TVET) Sector.
The HVACR (Heating Ventilation Airconditioning and Refrigeration) Industry is a worldwide enterprise, having role including operation, maintenance, system design, construction, equipment manufacturing, sales, education and research. The HVACR industry is being regulated by the manufacturers of HVACR equipment, but organizations such as HARDI, ASHRAE, SMACNA, ACCA, etc. have been established to support the industry and to encourage high standards of achievements.
HVACR is a necessity of the day for personal comfort, medical health, food preservation, water supply and work productivity. In fact, all human activities rely on HVACR in one way or the other. This industry produces thousands of jobs in the market for its products.
The HVACR experts plan, install and maintain the climate control system that makes our environment more comfortable and functional. The areas mentioned above continuously upgrading existing system for economical cost and environment efficiency.
The HVACR field also offers variety of jobs and opportunities to grow for obtaining better bread and butter and its professionals can use their skills at any place in the world.
Homes, Office Buildings, Industries such as Chemical, Food Preservation, Medical & Textile, Airplanes, Railways, Vehicles, Mobile Refrigerating Units and Electronic Equipment, all rely on HVACR systems for their better working. Hence the HVACR technology/industry provides huge employment opportunities for HVACR professionals in the field of Designing, Manufacturing, Erection, Operation & Maintenance throughout Pakistan and abroad.
Therefore, this course is designed to uplift the employment opportunities for youth. This course aims to achieve the above highlighted objectives through hands on practical trainings, delivered by a team of dedicated professionals. Contrary to that, it is primarily aimed to equip the trainees to perform commercially in HVACR industry.
HVACR is designed to impart not only technical skills but also soft skills (communication skills and personal grooming etc.) as well as entrepreneurial skills. The course also seeks to inculcate work ethics to foster better citizenship in general and improve the image of Pakistani work force in particular. 
Therefore, industry requirement for skilled workforce is increasing which can only be managed through setting relevant competency standards in collaboration with the leading industries. Being cognizant of this fact, National Vocational & Technical Training Commission (NAVTTC) developed competency standards for HVACR under National Vocational Qualifications Framework (NVQF). These competency standards have been developed by a Qualifications Development Committee (QDC) and validated by the Qualifications Validation Committee (QVC) having representatives from academia and industry.
[bookmark: _Toc1403373][bookmark: _Toc133863636]Purpose Of the Qualification
[bookmark: _Toc1403374]The purpose of these qualifications is to set high professional standards for HVACR industry. The specific objectives of developing these qualifications are as under:
· Improve the professional competence of the trainees.
· Shift from informal and non-formal to formal technical and vocational training
· Provide opportunities for recognition of skills attained through non-formal or informal pathways.
· Improve the quality and effectiveness of training and assessment for HVACR industry.
[bookmark: _Toc133863637]Date Of Validation 
The competency standard is validated by Qualification Validation Committee (QVC) on 20-22 May, 2019, Lahore and shall be reviewed after five years.
[bookmark: _Toc1403375][bookmark: _Toc133863638]Code Of Qualification
The International Standard Classification of Education (ISCED) is a framework for assembling, compiling and analysing cross-nationally comparable statistics on education and training. ISCED codes for these qualifications are assigned as follows.

	QUALIFICATION TITLE
	CODE

	National Vocational Certificate Level-3 in HVACR Technician 
	


[bookmark: _Toc1403376][bookmark: _Toc133863639]Entry Requirements
[bookmark: _Toc498349742][bookmark: _Toc498517879][bookmark: _Toc501024847][bookmark: _Toc501030847][bookmark: _Toc519761910]The entry for National Vocational Certificate level 2, in HVACR Technician are given below:

	QUALIFICATION TITLE
	ENTRY REQUIREMENTS

	National Vocational Certificate Level-3 in HVACR Technician
	The entry requirement for this qualification is Level-2 (Junior Technician)


[bookmark: _Toc1403377][bookmark: _Toc133863640]Qualifications Development Committee
[bookmark: _Hlk80626031]The Qualifications Development Committee consisted of following members:
	Sr.#
	Name
	Designation & Organization

	1. 
	Mr. Amjad Mehmood Baloch, 
	Deputy Manager (Operations) / DACUM Punjab TEVTA Facilitator

	2. 
	Engr. Zamir Ul Hassan Gardezi,
	MEP Manager MIDJAC Construction Pvt. Ltd, Islamabad

	3. 
	Mr. Syed Shabbir Haider,
	HVAC Expert Haier, Lahore Pakistan

	4. 
	Mr. Muhammad Haroon,
	Senior Instructor HVAC Govt. College of Technology, Railway Road, Lahore

	5. 
	Mr. Muhammad Shahid Saeed,
	HVAC Expert Govt. ATC, Township, Lahore

	6. 
	Mr. Azhar Waheed,
	Instructor HVAC PVTC, Islamabad

	7. 
	Mr. Muhammad Aslam,
	HVAC Expert Textronics, Phase-,1 Pakistan Town Islamabad

	8. 
	Mr. Asad Masood,
	HVAC Supervisor Climate Control, Lahore

	9. 
	Mr. Muhammad Atif Latif,
	Sr. Technician HVAC Pakistan Railway, Lahore.

	10. 
	Mr. Muhammad Awais Arshad,
	HVAC Supervisor Climate Solution, Lahore

	11. 
	Mr. Farooq Saeed,
	In charge HVAC Greaves Air-Conditioning, Lahore

	12. 
	Mr. Muhammad Shahbaz,
	Senior Instructor HVAC Govt. College of Technology, Railway Road, Lahore

	13. 
	Mr. Shehzad Yousaf,
	HVAC Expert Cool Care, Shalimar Garden, Lahore

	14. 
	Mr. Yasir Ali,
	Senior Instructor HVAC Govt. College of Technology, Railway Road, Lahore

	15. 
	Dr. Zulfiqar Ali Cheema,
	Deputy Director (VT)NAVTTC HQ, Islamabad





[bookmark: _Toc1403378][bookmark: _Toc133863641]Qualifications Validation Committee
[bookmark: _Hlk80626162]The Qualifications Validation Committee consisted of following members:
	Sr.#
	Name
	Designation & Organization

	1. 
	Mr. Amjad Mehmood Baloch, 
	Deputy Manager (Operations) / DACUM Facilitator Punjab TEVTA

	2. 
	Mr. Muhammad Haroon,
	Senior Instructor HVAC Govt. College of Technology, Railway Road, Lahore

	3. 
	Mr. Muhammad Shahid Saeed,
	HVAC Expert Govt. ATC, Township, Lahore

	4. 
	Engr. Asad Mehmood Butt,
	Representative from P. TEVTA, Lahore

	5. 
	Mr. Ghulam Rasool Rajput,
	Representative from S. TEVTA, Karachi

	6. 
	Mr. Shoukat Ali,
	Representative From KPK. TEVTA, Bannu

	7. 
	Mr. Saulat Saeed,
	CEO (HVACR Expert) Air Comfort, Lahore.

	8. 
	Engr. Liaqat Ali Jamro,
	Director Acad & Training S. TEVTA, Karachi

	9. 
	Mr. Saddam Anwar Rana
	Research Officer PBTE, Lahore

	10. 
	Dr. Zulfiqar Ali Cheema,
	Deputy Director (VT)NAVTTC HQ, Islamabad


[bookmark: _Toc1403379]
[bookmark: _Toc133863642]Categorization and Levelling of the Competency Standards
	Code
	Competency Standards
	NVQF
Level-3
	Credits
	Category

	1. 
	Install Residential Air Conditioner
	3
	10
	Technical

	2. 
	Maintain Residential Air Conditioner
	3
	10
	Technical

	3. 
	Perform Installation of Commercial Refrigeration Unit
	3
	10
	Technical

	4. 
	Maintain Commercial Refrigeration Unit
	3
	10
	Technical

	5. 
	Perform Installation of Commercial Air Conditioning Systems
	3
	10
	Technical

	6. 
	Maintain Commercial Air Conditioning System
	3
	10
	Technical

	
	Total 
	60
	


[bookmark: _Toc133863643]Duration of the Course
Proposed course duration 	-	6 months
Estimated contact hours	-	600 hours
Estimated credit hours	-	60 credits
[bookmark: _Toc133863644]Equivalency for G-I, G-II & G-III With NVQF Levels
NVQF Level-1 Equivalent to Short Courses
NVQF Level-2 Equivalent to G-III
NVQF Level-3 Equivalent to G-II 
NVQF Level-4 Equivalent to G-I 

[bookmark: _Toc133863645]Details of Competencies Standards. 
[bookmark: _Toc133863646]Install Residential Air Conditioner
Overview: - This Competency Standard identifies the competencies required to install different types of Window type / Split type residential Air conditioners skills at workplace in accordance with the organization’s / clients’ guidelines. This unit covers the knowledge regarding safety rules, Personal Protective Equipment (PPE), and international standards for installing Residential Air conditioners to provide you the basis for your work.
	Competency Units
	Performance Criteria

	CU1 Install Window Air Conditioner
	P1. Select tools, equipment and related accessories according to job requirements
P2. Mark the location on the wall where Window Air Conditioner to be installed according to Unit specifications and client requirements
P3. Make opening at the marked area on the wall
P4. Fix Iron / wooden frame in the opening firmly and insert in it the Air Conditioner cover according to the instructional manual and standards
P5. Install the Air conditioner in the framed opening with standard slope so that condensate water drops outside
P6. Cover / Seal side air gaps of opening with insulation material
P7. Fix the fancy wooden border around the Air conditioner grill as per client’s requirement
P8. Fix the Air Conditioner condensate drain pipe and put it into main sewerage line
P9. Arrange power supply with circuit breaker near the Air Conditioner
P10. Make sure that all packing materials - Cardboard, Styrofoam, Tape and Plastic Film, have been removed from the site after installation
P11. Switch on the Air Conditioner and check Air Conditioner performance as per capacity and specifications

	CU2 Install Split Air Conditioner
	P1. Select tools, equipment and related accessories according to job requirements
P2. Select and mark the area on the wall where Indoor and Outdoor units are to be installed according to Unit specifications and client requirements
P3. Perform physical inspection of indoor and outdoor unit according to unit specifications
P4. Make opening for the refrigerant pipes, condensate pipe and control wires to pass through
P5. Mount the Indoor unit wall mounting plate according to manufacturer specifications and install the Indoor unit on it
P6. Prepare base for the fixing of Outdoor unit according to manufacturer specifications and fix the Outdoor unit there
P7. Connect the refrigerant pipes amongst both indoor and outdoor units, supply and control wires according to manufacturer manual
P8. Add additional refrigerant for additional piping according to manufacturer recommendations
P9. Make oil trap in copper pipe as per site requirement
P10. Perform leak test, evacuation procedure, charge refrigerant and open the service valves
P11. Insulate the joints and refrigerant pipes according to standards and manufacturer installation manual
P12. Make sure that all packing materials - Cardboard, Styrofoam, Tape and Plastic film, have been removed
P13. Switch on the Air Conditioner and check performance as per capacity and specifications


Knowledge and Understanding
The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out tasks covered in this competency standard. This includes the knowledge of:
· Basic load calculation for cooling / heating
· Fundamental knowledge of HVACR, Electric and Electronics
· Techniques for installation of Window / Split (DC Inverter)
· Technical Operations of all types of Split Air Conditioners
· Electrical / HVAC layout plans/wiring diagrams
· Type of Electrical wires and cables including underground cables, their ratings and applications
· Methods of Copper Tube Cutting / Reaming / Bending / Swaging / Flaring / Brazing / Jointing / Fixing
· Basic masonry and carpentry applications
· Gas welding (Soldering and Brazing)
· Types of insulation and their applications
· Compressor types and applications
· Methods of Pressurizing / Evacuations / Purging / Refrigerant Charging
· Types of Refrigerants, its properties, recycling, recovery and reclaiming
· Record Keeping and reporting
Critical Evidence(s) Required
The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:
· The candidate will demonstrate the following Installation skills in a simulated environment to provide evidence of competency:
· Mark location according to specifications and standards
· Perform electric connections to joint indoor unit and outdoor unit
· Prepare the base for condensing unit
· Install the indoor / outdoor unit according to HVAC standards


List Of Tools, Equipment and Machinery
1. Personal Protective Equipment
2. Metal Drill Bit Set
3. Masonry Drill Set
4. File Set
5. Hacksaw
6. Allen Key Set
7. Hammer Set
8. Mallet Set
9. Diagonal Side Cutter
10. Combination Plier
11. Nose Plier Set
12. Locking Plier
13. Measuring Tape
14. Adjustable Screw Wrench
15. Adjustable Pipe Wrench
16. Ratchet Wrench
17. Box Spanner Set
18. Socket Set
19. Open Ended Spanner Set
20. Box Spanner Screw Drivers
21. Steel Ruler
22. Scissors
23. Scriber
24. Try Square
25. Chisel Set
26. Gas Welding Set with All Accessories
27. Nitrogen Gas Cylinder with Hose Pipe, Regulator and Back Arrestor
28. Tube Cutter
29. Electric Hand Grinder
30. Digital Air Flow / Velocity Meter
31. Manual Screw Driver Set
32. Electric Screw Driver Set
33. Spirit Level
34. Wire Stripper
35. Digital Multi Meter
36. Digital Clamp-On Ampere Meter
37. Electric Hand Drills
38. Insulation Remover
39. HILTI Drill Machine (Piston Type)
40. Digital Optical Tacho Meter
41. Megohmmeter (0 - 1000 Volts)
42. Digital Capacitor Analyzer
43. Digital Pressure Gauges Set (High & Combine) (High& Low)
44. Fins Straightening Comb Set
45. Flaring And Swaging Tool Kit
46. Vacuum Pump 2-Stage, 6cfm
47. Tube Benders (Spring Type and Pulley Bender Type)
48. Laser Distance Measuring Device
49. Laser Temperature Measuring Device
50. Electronic Leak Detector




[bookmark: _Toc133863647]Maintain Residential Air Conditioner
[bookmark: _Toc536400637]Overview: - This Competency Standard covers the competencies required to diagnose / repair / service residential Air Conditioners at workplace in accordance with the manufacturer specifications / guidelines. This unit covers the knowledge regarding safety rules, Personal Protective Equipment, and international standards for repairing / servicing of Residential Air Conditioners to provide you the basis for your work.
	Competency Units
	Performance Criteria

	CU1 Diagnose Faults in Residential Air Conditioner
	P1. Check for obvious problem to determine which component or system is causing the problem
P2. Select tools, equipment and related accessories according to requirements and standards
P3. Check power supply, electric wiring, glass fuse and electronic components as recommended by manufacturer, and record the results
P4. Check evaporator filter and condenser coil as recommended by manufacturer, and record the results
P5. Check refrigerant pressure as recommended by manufacturer, and record the results
P6. Isolate and recheck the causes of the problem and rectify the fault

	CU2 Repair Window / Split Air Conditioner
	P1. Select tools, equipment and related accessories according to job requirements 
P2. Disconnect the Air Conditioner from electric supply and follow the manual instructions for rectification
P3. Rectify the diagnosed faults; repair / replace the components, as necessary
P4. Switch on the Air Conditioner to check the performance of electrical / electronic and mechanical components as specified in the manufacturer manual and record the results

	CU3 Service Window Air Conditioner
	P1. Select tools, equipment and related accessories according to job requirements
P2. Start the Air Conditioner, check and record performance by using specified test instruments
P3. Disconnect the Air Conditioner from electric supply and remove Air Conditioner from the cover
P4. Secure the electric / electronic components with polythene sheet
P5. Clean / wash all mechanical parts of Window Air conditioner with specified cleaning agents / detergent by using pressure pump
P6. Fix the Air conditioner in the cover, connect with electric supply, check and record performance

	CU4 Service Split Air Conditioner
	P1. Select tools, equipment and related accessories according to job requirements
P2. Start the Air Conditioner, check and record performance by using specified test instruments
P3. Pump down the split Air Conditioner and dismantle both indoor unit and condensing unit
P4. Clean the components of Air conditioner with specified cleaning agents / tools and material
P5.  Re-Install the indoor and outdoor unit; connect with refrigerant pipes, control wires and evacuation; open the service valves and leak testing
P6. Switch on the Air Conditioner, check and record performance


Knowledge & Understanding
The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out tasks covered in this competency standard. This includes the knowledge of:
· Knowledge of American Society Of Heating, Refrigeration, And Air Conditioning Engineers (ASHRAE)
· Knowledge of Ozone Protection and Synthetic Greenhouse Gas Management Act 1989
· Basic load calculation for cooling / heating
· Fundamental knowledge of HVACR, Electric and Electronics
· Techniques for repairing of Window / Split Air Conditioners
· Technical Operations of Split Air Conditioners
· Electrical / copper piping layout plans/wiring diagrams
· Type of Electrical wires and cables including underground cables, their ratings and applications
· Techniques of diagnosing and troubleshooting of Residential Air Conditioners
· Familiarity with Residential Air Conditioner error codes and solution
· Types of motors used in Residential Air Conditioners
· Types of lubricants and their properties
· Capable to replace PCB Card
· Compressor types / Specifications and applications
· Methods of Copper Tube cutting / Bending /Swaging / Flaring / Brazing / Jointing / fixing
· Gas welding (Soldering and Brazing)
· Types of Insulation and their applications
· Methods of Pressurizing / Evacuation / Purging / Refrigerant Charging
· Types of Refrigerants, its properties, recovery and reclaiming
· Record Keeping and reporting
Critical Evidence(s) Required
The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:
· The candidate will demonstrate the following repair / service skills in a simulated environment to provide evidence of competency:
· Diagnose faults of Air Conditioner by using specified tools and instruments
· Perform pump down operation in split type air conditioner
· Repair refrigerant leak in Air Conditioner 
· Replace the compressor of Air conditioner 
· Replace the printed circuit board (PCB) of split air conditioner


List Of Tools, Equipment and Machinery
1. Personal Protective Equipment (PPE)
2. Allen Key Set
3. Diagonal Side Cutter
4. Combination Plier
5. Nose Plier Set
6. Locking Plier
7. Metal Drill Bit Set
8. Masonry Drill Set
9. File Set
10. Hand Hacksaw Frame
11. Hammer Set
12. Mallet Set
13. Rivet Gun / Plier
14. Adjustable Screw Wrench
15. Adjustable Pipe Wrench
16. Ratchet Wrench
17. Box Spanner Set
18. Socket Set
19. Open Ended Spanner Set
20. Box Spanner Screw Drivers
21. Steel Ruler
22. Scissors
23. Scriber
24. Pulley Wheel Puller
25. Gas Welding Set with All Accessories
26. Nitrogen Gas Cylinder with Hose Pipe, Regulator and Back Arrestor
27. Digital Pressure Gauges Set (High & Combine)
28. Tube Cutter
29. Digital Capacitor Analyzer
30. Hand Electric Blower
31. Micron Pressure Gauge
32. Pinch-Off Plier
33. Flaring and Swaging Tool Kit
34. Vacuum Pump 2-Stage, 6cfm
35. Tube Benders (Spring Type and Pulley Bender Type)
36. Laser Temperature Measuring Device
37. Electronic Leak Detector
38. Digital Air Flow / Velocity Meter
39. Portable Refrigerant Charging Station
40. Fins Straightening Comb Set
41. Water Pressure Gun For Service
42. Hot Air Gun
43. Digital Optical Tacho Meter
44. Bearing Puller
45. Manual Screw Driver Set
46. Electric Screw Driver Set
47. Soldering Iron
48. Electric Hand Grinder
49. Insulation Remover
50. De-Soldering Tool
51. Wire Stripper
52. Digital Multi Meter
53. Digital Clamp-On Ampere Meter
54. Electric Hand Drills


	





[bookmark: _Toc132023926][bookmark: _Toc133863648][bookmark: _Toc75696667]Perform Installation Commercial Refrigeration Units 
Overview: - This Competency Standard covers the competencies required to install different types and sizes of walk-in coolers & freezers, ice making machines, chilled water tanks, along with their accessories and allied components at the workplace in accordance with the given supplier/manufacture’s guidelines. This unit covers the knowledge regarding safety rules, personal protective equipment, and international standards. 
	Competency Units
	Performance Criteria

	CU1 Install Walk-in Cooler / Freezer
	P1. Mark the location for (walk-in cooler/freezer) installation.
P2. Select tools, equipment, and accessories as per job requirement.
P3. Interpret the drawing and layout plans required to install the unit (walk-in cooler/freezer).  
P4. Prepare an insulated room for preserving the food.
P5. Prepare steel / concrete foundation / frame for installation of condensing unit following manufacturer’s guidelines.
P6. Prepare and level the place to fix the evaporator and condensing unit firmly, according to manufacturer’s specifications and as per drawing.
P7. Layout piping and control wiring from indoor to outdoor unit according to installation guide.
P8. Perform leak test, evacuation and charge the refrigerant.
P9. Connect the electric supply and operate the unit to check the performance according to unit specifications.
P10. Record all the parameters of the unit.

	CU2 Install Ice Making Machine
	P1. Mark the location for ice making machine installation.
P2. Select tools, equipment, and accessories as per job requirement.
P3. Fix the machine on potable water supply as per specifications. 
P4. Provide clearance on each side to meet the standards.
P5. Make water supply and drain connections as per the given standard.
P6. Install a shut-off valve on water supply near the machine according to unit specifications.
P7. Make electric supply “switched ON” and check performance according to machine specification by using specific instruments

	CU3 Install Chilled Water Tank
	P1. Select tools, equipment, and accessories as per job requirement.  
P2. Fix the chilled water tank with the Refrigeration system. 
P3. Provide clearance on each side to meet the standards.
P4. Make water supply and drain connections as per the given standard.
P5. Install shut-off valve and non-return valve at the main water supply line of the tank for safety purpose.
P6. Fix minimum water level protection and interlocking with refrigeration unit to prevent empty freezing such as float valve.
P7. Make power supply as per manual instructions.

	CU4 Install HVACR Allied Components for commercial refrigeration unit 
	P1. Select tools, equipment, and related allied components according to job requirements. 
P2. Install filter drier according to manufacturer’s specifications. 
P3. Install Sight Glass according to manufacturer’s specifications. 
P4. Install Vibration Absorber according to manufacturer’s specifications. 
P5. Install Liquid Receiver as per manufacturer’s specifications. 
P6. Install Service Valves as per manufacturer’s specifications. 
P7. Install Heat Exchanger by following manufacturer’s specifications. 
P8. Install Solenoid Valve according to manufacturer’s specifications. 
P9. Install Oil Separator by following manufacturer’s specifications.
P10. Record the results. 


Knowledge and Understanding
The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out the tasks/competency units covered in this competency standard. This includes:
· Fundamental knowledge of refrigeration
· Layout plans, drawing including HVAC symbols, and manufacturer’s specifications. 
· Type of pipes, pipe fittings and their applications.
· Methods of pipe cutting / welding / jointing / fixing / sealing etc. 
· Preparation of hanging supportive structures for piping.
Critical Evidence(s) Required
The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:
· The candidate will demonstrate the following Installation skills in a simulated environment to provide evidence of competency:

· Install plumbing assembly with Electric Water Cooler / Chilled Water Tank
· Make water drain connections for the installation of Ice Making Machine
· Install any accessory or component related to refrigerating equipment. 
· Appropriate use of personal protective equipment
[bookmark: _Toc132023927]List Of Tools, Equipment and Machinery 
1. Personal Protective Equipment
2. Allen Key Set
3. Bench Vice
4. Center Punch
5. Pedestal Drill Machine
6. Digital Vernier Caliper
7. Metal Drill Bit Set
8. Masonry Drill Set
9. File Set
10. Hand Hacksaw Frame
11. Hand Saw
12. Hammer Set
13. Mallet Set
14. Diagonal Side Cutter
15. Combination Plier
16. Nose Plier Set
17. Locking Plier
18. Measuring Tape
19. Rivet Gun / Plier
20. Adjustable Screw Wrench
21. Adjustable Pipe Wrench
22. Ratchet Wrench
23. Box Spanner Set
24. Socket Set
25. Open Ended Spanner Set
26. Box Spanner Screw Drivers
27. Steel Ruler
28. Scissors
29. Scriber
30. Tap and Die Set
31. Try Square
32. Chisel Set
33. Pulley Wheel Puller
34. Gas Welding Set with All Accessories
35. Nitrogen Gas Cylinder with Hose Pipe, Regulator and Back Arrestor
36. Pipe Cutter
37. Pipe Vice
38. Bearing Puller
39. Manual Screw Driver Set
40. Electric Screw Driver Set
41. Spirit Level
42. Electric Hand Grinder
43. Wire Stripper
44. Digital Multi Meter
45. Digital Clamp-On Ampere Meter
46. Electric Hand Drills
47. Hot Air Gun
48. HILTI Drill Machine (Piston Type)
49. Digital Optical Tachometer
50. Mega meter (0 - 1000 Volts)
51. De-Soldering Tool (Solder Sucker)
52. Soldering Iron
53. Crimping Tool
54. Insulation Remover
55. Digital Capacitor Analyzer
56. Tube Cutter
57. Micron Pressure Gauge
58. Digital Pressure Gauges Set (High & Combine)
59. Pinch-Off Plier
60. Flaring and Swaging Tool Kit
61. Vacuum Pump 2-Stage, 6cfm
62. Tube Benders (Spring Type and Pulley Bender Type)
63. Laser Distance Measuring Device
64. Laser Temperature Measuring Device
65. Electronic Leak Detector
66. Manometer
67. Digital Air Flow / Velocity Meter
68. Portable Refrigerant Charging Station
69. Fins Straightening Comb Set




[bookmark: _Toc132023928][bookmark: _Toc133863649]Maintain Commercial Refrigeration Units 
Overview: - This Competency Standard covers the competencies required to diagnose / repair / service commercial refrigeration units at workplace in accordance with the manufacturer specifications / guidelines. This unit covers the knowledge regarding safety rules, personal protective equipment, and international standards.
	Competency Units
	Performance Criteria

	CU1 Troubleshoot faults in commercial refrigeration unit 
	P1. Disconnect the power supply to check the fault in the unit where required.
P2. Follow operational manual to diagnose the fault.
P3. Interpret the error codes. 
P4. Select tools, equipment, and related accessories according to the job requirements. 
P5. Rectify the causes of the fault. 
P6. Start the refrigeration unit and recheck the parameters of the unit as specified by the manufacturer in the manual.
P7. Record all the parameters as per standard.

	CU2 Repair Commercial Refrigeration Units
	P1. Diagnose the fault with the help of given operation manual.
P2. Follow operational manual to diagnose the fault. 
P3. Select tools, equipment, and related accessories according to the requirements and standard.
P4. Rectify the diagnosed fault by repairing / replacing the components.
P5. Switch ON the unit and recheck the performance after repair.
P6. Record all the parameters as per standard.


Knowledge & Understanding
The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out tasks covered in this competency standard. This includes the knowledge of: 
· Fundamental knowledge of standards by American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE)
· Fundamental knowledge of Electrical and Electronics equipment
· Electrical / Copper Piping layout plans / wiring diagrams related to the commercial refrigeration unit.
· Techniques for diagnosing and troubleshooting of commercial Refrigeration Units
· Familiarity with Refrigeration Units, their error codes, and solutions
· Methods of Copper Tube Cutting / Bending / Swaging / Flaring / Brazing / Jointing / Fixing
· Types of relevant Lubricants, their properties, and use.
· Compressor types and applications
· Types of refrigerants and its properties
· Methods of Pressurizing / Evacuation / Purging / Refrigerant Charging
· Appropriate use of personal protective equipment
· Record keeping and reporting.
Critical Evidence(s) Required
The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:
· The candidate will demonstrate the following repairing/replacement skills in a simulated environment to provide evidence of competency:
· Diagnose problems in a refrigeration unit. 
· Repair leak in refrigeration unit.
· Replace the compressor.
· Replace the thermostat. 
· Repair/Replace PCB Card.
[bookmark: _Toc132023929]List Of Tools, Equipment and Machinery
1. Personal Protective Equipment
2. Allen Key Set
3. Bench Vice
4. Center Punch
5. Pedestal Drill Machine
6. Digital Vernier Caliper
7. Metal Drill Bit Set
8. Masonry Drill Set
9. File Set
10. Hacksaw Frame
11. Hand Saw
12. Hammer 
13. Mallet 
14. Digital Micro Meter
15. Diagonal Side Cutter
16. Combination Plier
17. Nose Plier Set
18. Locking Plier
19. Measuring Tape
20. Rivet Gun / Plier
21. Adjustable Screw Wrench
22. Adjustable Pipe Wrench
23. Ratchet Wrench
24. Box Spanner Set
25. Socket Set
26. Open Ended Spanner Set
27. Box Spanner Screw Drivers
28. Steel Ruler
29. Scissors
30. Scriber
31. Tap and Die Set
32. Try Square
33. Chisel Set
34. Gas Welding Set with All Accessories
35. Nitrogen Gas Cylinder with Hose Pipe, Regulator and Flash Back Arrestor
36. Pipe Cutter
37. Pipe Vice
38. Bearing Puller
39. Manual Screw Driver Set
40. Electric Screw Driver Set
41. Spirit Level
42. Electric Hand Grinder
43. De-Soldering Tool
44. Soldering Iron
45. Crimping Tool
46. Insulation Remover
47. Wire Stripper
48. Digital Multi Meter
49. Digital Clamp-On Ampere Meter
50. Electric Hand Drills
51. Hot Air Gun
52. Digital Optical Tacho Meter
53. Mega meter (0 - 1000 Volts)
54. Water Pressure Gun for Service
55. Digital Capacitor Analyzer
56. Hand Electric Blower
57. Tube Cutter
58. Micron Pressure Gauge
59. Digital Pressure Gauge Set 
60. Pinch-Off Plier
61. Flaring and Swaging Tool Kit
62. Vacuum Pump 2-Stage, 6cfm
63. Tube Benders (Spring Type and Pulley Bender Type)
64. Laser Temperature Measuring Device
65. Electronic Leak Detector
66. Manometer
67. Digital Air Flow / Velocity Meter
68. Portable Refrigerant Charging Station
69. Fins Straightening Comb Set



[bookmark: _Toc133863650]Perform Installation Commercial Air Conditioning Systems
Overview: - This Competency Standard identifies the competencies required to install commercial air conditioning units which include Packaged unit, VRF / VRV, Air/Water-cooled Chiller, Air Handling Unit (AHU)/ Fan Coil Unit (FCU), Cooling Towers and Pumps, along with their accessories at the workplace in accordance with the organizational or customers’ requirements. The installation will be performed under the supervision of HVAC Engineer. This unit covers the knowledge regarding safety rules, personal protective equipment, and international standards.
	Competency Units
	Performance Criteria

	CU1 Install Packaged unit
	P1. Mark the location to install Packaged unit.
P2. Select tools, equipment, and accessories according to the job requirements.
P3. Prepare foundation as per given drawing.
P4. Fix anchor bolts with isolators.
P5. Adjust and level the Packaged unit by following safety precautions.
P6. Connect Packaged unit with supply, return, and fresh air ducts through flexible connections as per given drawing. 
P7. Insulate the supply and return air ducts as per drawings.
P8. Connect the electric power supply and control wire with the unit.
P9. Switch ON the power supply and check the performance according to the given standards.

	CU2 Install Variable Refrigerant Flow (VRF) / Variable Refrigerant Volume (VRV) System
	P1. Mark the locations to install both indoor and outdoor units of VRF / VRV system.
P2. Select tools, equipment, and accessories according to the given job requirements.
P3. Place, adjust and level the outdoor unit on the given foundation.
P4. Install indoor units according to given layout diagrams, client requirements and manufacturer instruction manual
P5. Cut the copper tube using tube cutter as per given sizes.
P6. Rim the copper tubing after cutting.
P7. Swedge the copper tube for soldering / brazing. 
P8. Prepare piping, weld / braze by passing the nitrogen though the tubes.
P9. Connect copper tubes from indoor to outdoor unit.  
P10. Fix Shut-off valves with service ports on every indoor unit as per manufacture’s recommendation.
P11. Check leaks by applying nitrogen pressure / soapy method before the joints’ insulation.
P12. Repair leakages (if any) after the removal of nitrogen pressure.
P13. Insulate the copper pipe joints according to the given manufacturer instructions and standards.
P14. Evacuate the system. 
P15. Switch ON the system and charge the refrigerant as per requirement. 

	CU3 Install Air/Water-cooled Chiller 
	P1. Mark the location to install Air/Water-cooled chiller.
P2. Select tools, equipment, and accessories according to the given job requirements. 
P3. Prepare foundation as per given drawing.
P4. Fix anchors on foundation with vibration isolators.
P5. Place, adjust and level the chiller on isolators.

	CU4 Install Air Handling Units (AHU) / Fan Coil Unit (FCU) 
	P1.  Mark the location of AHU/FCU as per drawing
P2.  Drill the slab for fixing of rod for FCU.
P3.  Install FCU with hanging rod with drop-in anchor.
P4.  Place AHU on the given foundation as per manufacture’s standard.
P5.  Fix anchors on foundation with vibration isolators.
P6.  Install AHU on isolators.
P7.  Connect duct connection with supply, return and   fresh air points of the unit.
P8. Connect pipes for supply, return and drain connections.
P9. Insulate insulation on ducts and pipes.
P10. Establish electric power and control connections.

	CU5 Install water circulating pump
	P1. Mark location to install the pump.
P2. Mount vibration isolators between pump base and foundation.
P3. Fix the pump with chemical anchor bolts.
P4. Level and align the pump as per standard.

	CU6 Install Cooling Tower 
	P1. Mark the location for cooling tower installation as per drawing.
P2. Bifurcate cooling tower section/parts for its assembly.
P3. Assemble sump base and fix it with anchor blots on foundation.
P4. Fix all sides panels on sump base as per manufacturer’s drawing.
P5. Fix water distribution sump, fan hub, fix fan and motor with allied components.
P6. Install PVC fills in cooling tower as per manufacturer’s guidelines.

	CU7 Carry out Commissioning
	P1. Select tools, equipment and related accessories according to the given job requirements. 
P2. Switch ON power supply of condenser and chilled water pump for water circulation in the system
P3. Start the chiller and take reading of all parameters regarding temperature / pressure and electric power, check and remove unusual vibrations / noises etc. from unit, if any
P4. Perform Air Balancing, and water balancing to check the air / water distribution according to the given design requirements.
P5. Check the system performance as per given design criteria.
P6. Record the results.

	CU8 Install HVACR Accessories for commercial Air Conditioning Systems 
	P1. Select tools, equipment, and related allied components according to job requirements. 
P2. Install filter drier according to manufacturer’s specifications. 
P3. Install Sight Glass according to manufacturer’s specifications. 
P4. Install Vibration Absorber according to manufacturer’s specifications. 
P5. Install Liquid Receiver as per manufacturer’s specifications. 
P6. Install Service Valves as per manufacturer’s specifications. 
P7. Install Heat Exchanger by following manufacturer’s specifications. 
P8. Install Solenoid Valve according to manufacturer’s specifications. 
P9. Install Oil Separator by following manufacturer’s specifications.
P10. Switch ON commercial air conditioning unit and check the performance. 
P11. Record the results. 


Knowledge & Understanding
The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out tasks covered in this competency standard. This includes the knowledge of: 
· Knowledge of the standards of American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE)
· Ozone Protection and Synthetic Greenhouse Gas Management Act 1989
· Fundamental knowledge of HVACR, Electric and Electronics
· Techniques for installation of commercial Air conditioners
· Fundamental and Technical Operations of VRF / VRV system 
· Electrical / HVACR layout plans/wiring diagrams
· Types of electrical control wires, cables, including underground cables, their ratings, and its applications
· Methods of Copper Tube Cutting / Bending /Swedging / Flaring / Brazing / Y-Jointing / Fixing.
· Gas welding types and techniques
· Types of Insulation and their applications
· Types of AHUs, FCU, Chillers and Cooling Towers, Compressor, Condenser and pump types and their applications
· Types of refrigerants, its properties, recovery, and reclaiming
· Procedure regarding commissioning the central HVACR systems
· Record keeping and reporting
Critical Evidence(s) Required
The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:
· The candidate will demonstrate the following Installation skills in a simulated environment to provide evidence of competency:
· Mark location according to specifications and standards
· Perform electric connections to joint indoor unit and outdoor unit
· Install the indoor / outdoor unit according to the given HVACR standards
· Balancing the system (Air / Water) 
· Appropriate use of personal protective equipment
List Of Tools, Equipment and Machinery
1. Personal Protective Equipment 
2. Allen Key Set
3. Bench Vice
4. Center Punch
5. Pedestal Drill Machine
6. Digital Vernier Caliper
7. Metal Drill Bit Set
8. Masonry Drill Set
9. File Set
10. Hand Hacksaw Frame
11. Hammer Set
12. Mallet Set
13. Digital Micro Meter
14. Diagonal Side Cutter
15. Combination Plier
16. Nose Plier Set
17. Locking Plier
18. Measuring Tape
19. Rivet Gun / Plier
20. Adjustable Screw Wrench
21. Adjustable Pipe Wrench
22. Ratchet Wrench
23. Box Spanner Set
24. Socket Set
25. Open Ended Spanner Set
26. Box Spanner Screw Drivers
27. Steel Ruler
28. Scissors
29. Scriber
30. Tap and Die Set
31. Try Square
32. Chisel Set
33. Pulley Wheel Puller
34. Gas Welding Set with All Accessories
35. Nitrogen Gas Cylinder with Hose Pipe, Regulator and Back Arrestor
36. Pipe Cutter
37. Pipe Vice
38. Manual Screw Driver Set
39. Electric Screw Driver Set
40. Spirit Level
41. Electric Hand Grinder
42. Soldering Iron
43. Crimping Tool
44. Insulation Remover
45. De-Soldering Tool
46. LCR Meter
47. Wire Stripper
48. Digital Multi Meter
49. Digital Clamp-On Ampere Meter
50. Electric Hand Drills
51. Hot Air Gun
52. HILTI Drill Machine (Piston Type)
53. Digital Optical Tacho Meter
54. Megohmmeter (0 - 1000 Volts)
55. Digital Capacitor Analyzer
56. Hand Electric Blower
57. Tube Cutter
58. Micron Pressure Gauge
59. Digital Pressure Gauges Set (High & Combine)
60. Pinch-Off Plier
61. Flaring and Swaging Tool Kit
62. Vacuum Pump 2-Stage, 6cfm
63. Tube Benders (Spring Type and Pulley Bender Type)
64. Laser Distance Measuring Device
65. Laser Temperature Measuring Device
66. Electronic Leak Detector
67. Manometer
68. Digital Air Flow / Velocity Meter
69. Portable Refrigerant Charging Station
70. Fins Straightening Comb Set
71. Digital Humidity Meter
72. Digital Psychrometer (Hygrometer)






[bookmark: _Toc133863651]Maintain Commercial Air Conditioning System
Overview: - This Competency Standard covers the competencies required to maintain commercial air conditioning system at workplace in accordance with the given manufacturer specifications / guidelines. This unit covers the knowledge regarding basic safety rules, Personal Protective Equipment and international standards for repairing / servicing of commercial air conditioning units to provide you the basis for your work.
	Competency Units
	Performance Criteria

	CU1 Troubleshoot the Fault in Commercial Air Conditioning System
	P1. Disconnect the power supply to check the fault in the unit where required.
P2. Follow operational manual to diagnose the fault.
P3. Interpret the error codes. 
P4. Select tools, equipment, and related accessories according to the job requirements. 
P5. Rectify the causes of the fault. 
P6. Start the air conditioning unit and recheck the parameters of the unit as specified by the manufacturer in the manual.
P7. Record all the parameters as per standard.

	CU2 Repair Chiller 
	P1. Shutdown the chiller and follow the instructions given in the manual for rectification.
P2. Select required tools, equipment and related accessories according to the given job requirements. 
P3. Rectify the diagnosed faults; repair / replace the faulty components, as necessary.
P4. Switch ON the system to check the performance of electrical / mechanical components as specified in the given manufacturer manual and record the output results.

	CU3 Repair of Air Handling Unit / Fan Coil Unit
	P1. Shutdown the unit as per the job requirement.
P2. Check each component of the unit.
P3. Follow operational manual to diagnose the fault. 
P4. Select tools, equipment, and related accessories according to the requirements and standard.
P5. Rectify the diagnosed fault by repairing / replacing the components.
P6. Switch ON the unit and recheck the performance after repair.
P7. Record all the parameters as per standard.

	CU4 Repair Pumps and Cooling Tower
	P1. Detect and diagnose the fault(s) with the help of given manufacturer manual.
P2. Shut down the system and follow the instructions given in manufacturer manual for rectification.
P3. Select required tools, equipment and related accessories according to the job requirements. 
P4. Check water level (with the help of water level indicator) of cooling tower.
P5. Check the fan assembly, to check the bearings and motor abnormalities according to the given manufacturer specifications and HVAC standards.
P6. Check the float valves and strainers to maintain water level.
P7. Perform chemical treatment to prevent sludge / scaling problems according to the given manufacturer specifications and HVAC standards.
P8. Start water circulating pump and check the performance according to their given specifications; service / repair, if necessary
P9. Clean the sprinkler assembly water pan from leaves, mud, and scale, if any
P10. Rectify the fault and restart the cooling tower and pumps.



Knowledge & Understanding
The candidate must be able to demonstrate underpinning knowledge and understanding required to carry out tasks covered in this competency standard. This includes the knowledge of:
· Understanding of regulations and standards of American Society Of Heating, Refrigeration, And Air Conditioning Engineers (ASHRAE)
· Ozone Protection and Synthetic Greenhouse Gas Management Act 1989
· Fundamental knowledge of HVACR and Electrical / Electronic components 
· Technical Operations of Chillers, Cooling Tower, Pumps, AHUs & FCUs
· Types of electrical controls, wires and cables, including underground cables, their ratings and its applications
· Techniques for Diagnosing and Troubleshooting of commercial Air conditioning systems
· Copper Tube Cutting / Bending /Swaging / Flaring / Brazing / Jointing / Fixing
· Familiarity with commercial Air conditioners error codes and solution 
· Types of Motors used in commercial Air conditioners. 
· Types of controls and their functions used in commercial air conditioning systems
· Capability to use and handle the micron gauge for deep vacuum measuring
· Gas welding (Soldering and Brazing)
· Types of Insulation and their applications
· Compressor, Condenser, Evaporator types and applications
· Types of Refrigerants, its properties, recovery and reclaiming
· Record keeping and reporting.
Critical Evidence(s) Required
The candidate needs to produce following critical evidence(s) in order to be competent in this competency standard:
· The candidate will demonstrate the following repair / service skills in a simulated environment to provide evidence of competency:
· Diagnose faults of central Air Conditioning Systems by using specified tools and instruments
· Repair refrigerant leaks
· Replace the Condenser motor
· Replace the control
· Replace water pump 
· Replace motorized actuators


[bookmark: _Toc133863652]List Of Tools, Equipment and Machinery 
(For a Class Of 25 Students)

	S.#
	Description
	Quantity

	1. 
	Adjustable Pipe Wrench 10”,12”,14”
	25 Nos

	2. 
	Adjustable Screw Wrench 8”,10”,12”
	25 Nos

	3. 
	Allen Key Set
	25 Sets

	4. 
	Bearing Puller
	25 Nos

	5. 
	Bench Vice
	25 Nos

	6. 
	Box Spanner Screw Drivers
	25 Nos

	7. 
	Box Spanner Set
	25 Sets

	8. 
	Center Punch
	25 Nos

	9. 
	Chisel Set
	25 Nos

	10. 
	Combination Plier 10”
	25 Nos

	11. 
	Crimping Tool
	25 Nos

	12. 
	De-Soldering Tool
	25 Nos

	13. 
	De-Soldering Tool (Solder Sucker)
	25 Nos

	14. 
	Diagonal Side Cutter
	25 Nos

	15. 
	Digital Air Flow / Velocity Meter
	25 Nos

	16. 
	Digital Capacitor Analyzer
	25 Nos

	17. 
	Digital Clamp-On Ampere Meter
	25 Nos

	18. 
	Digital Humidity Meter
	25 Nos

	19. 
	Digital Micro Meter
	25 Nos

	20. 
	Digital Multi Meter
	25 Nos

	21. 
	Digital Optical Tachometer
	25 Nos

	22. 
	Digital Pressure Gauges Set (High & Combine) (High& Low)
	25 Sets

	23. 
	Digital Psychrometer (Hygrometer)
	25 Nos

	24. 
	Digital Vernier Caliper
	25 Nos

	25. 
	Electric Hand Drills
	05 Nos

	26. 
	Electric Hand Grinder
	05 Nos

	27. 
	Electric Screw Driver Set (Star, Flat)
	25 Nos

	28. 
	Electronic Leak Detector
	25 Nos

	29. 
	File Set
	25 Nos

	30. 
	Fins Straightening Comb Set
	25 Nos

	31. 
	Flaring and Swaging Tool Kit
	25 Nos

	32. 
	Gas Welding Set with Table and All Accessories
	05 Nos

	33. 
	Hacksaw Frame
	25 Nos

	34. 
	Hammer Set
	25 Sets

	35. 
	Hand Electric Blower
	05 Nos

	36. 
	HILTI Drill Machine (Piston Type)
	05 Nos

	37. 
	Hot Air Gun
	25 Nos

	38. 
	Insulation Remover
	25 Nos

	39. 
	Laser Distance Measuring Device
	25 Nos

	40. 
	Laser Temperature Measuring Device
	25 Nos

	41. 
	LCR Meter
	25 Nos

	42. 
	Locking Plier
	25 Nos

	43. 
	Mallet Set
	25 Nos

	44. 
	Manometer
	25 Nos

	45. 
	Manual Screw Driver Set (Star, Flat)
	25 Sets

	46. 
	Masonry Drill Set
	25 Sets

	47. 
	Measuring Tape 5 Meter
	25 Nos

	48. 
	Mega meter (0 - 1000 Volts)
	05 Nos

	49. 
	Megohmmeter (0 - 1000 Volts)
	05 Nos

	50. 
	Metal Drill Bit Set
	25 Sets

	51. 
	Micron Pressure Gauge
	25 Nos

	52. 
	Nitrogen Gas Cylinder with Hose Pipe, Regulator and Flash Back Arrestor
	05 Sets

	53. 
	Nose Plier Set
	25 Nos

	54. 
	Open Ended Spanner Set
	25 Sets

	55. 
	Pedestal Drill Machine
	02 Nos

	56. 
	Personal Protective Equipment (PPE)
	25 Nos

	57. 
	Pinch-Off Plier
	25 Nos

	58. 
	Pipe Cutter
	25 Nos

	59. 
	Pipe Vice
	25 Nos

	60. 
	Portable Refrigerant Charging Station
	05 Nos

	61. 
	Pulley Wheel Puller
	25 Nos

	62. 
	Ratchet Wrench
	25 Nos

	63. 
	Rivet Gun / Plier
	25 Nos

	64. 
	Scissors 10”
	25 Nos

	65. 
	Scriber
	25 Nos

	66. 
	Socket Set
	25 Sets

	67. 
	Soldering Iron 120 WATT
	25 Nos

	68. 
	Spirit Level 12”
	25 Nos

	69. 
	Steel Ruler 12”
	25 Nos

	70. 
	Tap and Die Set
	25 Nos

	71. 
	Try Square
	25 Nos

	72. 
	Tube Benders (Spring Type and Pulley Bender Type)
	05 Nos each

	73. 
	Tube Cutter
	25 Nos

	74. 
	Vacuum Pump 2-Stage, 6cfm
	02 Nos

	75. 
	Water Pressure Gun for Service
	25 Nos

	76. 
	Wire Stripper
	25 Nos
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