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This sample scheme of work covers classroom-based learning for the outcome Refrigeration Engineering. It is based on the PowerPoint sessions that have been developed. It does not cover every GLH for the qualification. 
It is an example of a possible scheme of work and is based on theory and practical activities within a training centre. However, it can be amended to suit all learning facilities with the necessary adjustments to meet individual learners’ needs. 
You can use the sample scheme of work as it is, adjust it or extract content to create a scheme of work to suit your delivery needs. It can also be adjusted by adding workshops to support learners who have/need additional learning time. Activity sessions have been allowed for in this scheme of work for classroom demonstrations, presentation of video material, guest lectures, revision or other learning activities at the tutor’s discretion.


It is important that tutors look for ways to build or embed Behaviours within periods of learning, as well as the Skills and Knowledge required by the qualification.
The scheme of work refers to PowerPoint presentations and worksheet tasks for learners (in black bold) that are available in this package of resources for tutors to use with learners. Any other resources listed provide guidance for the tutor as to others they may produce. Delivery timings are given; however, these can be amended to suit the group.
Please clarify to learners that the tasks in the Learner workbook are designed to support their understanding of the content. They are not intended to reflect the final assessment.






Refrigeration Engineering 
Sample scheme of work

Course/qualification:  T Level Technical Qualification in Building Services Engineering for Construction
Tutor’s name:  

Number of sessions:         	Delivery hours: 	      Venue:				Group: 

	Learning Outcomes
· Fluids (K1.1 – K1.2)
· Legislation, regulations and standards (K1.3)
· Refrigeration systems (K1.4 – K1.14)
· Sustainability (K1.15 – K1.18)
· System installation (K1.19 – K1.23)
· System commissioning (K1.24 – K1.26)
· System maintenance (K1.27 – K1.30)






	Session
	Knowledge criteria
	Range and amplification
	Activities and resources

	1

	K1.1 Types of fluids 

	How to identify the refrigerant state at different parts of the system covering saturated, superheated and subcooled conditions using temperature and pressure values around a refrigeration system.
The range and differences between a primary and secondary refrigerant and a mineral and synthetic oil:
· primary refrigerants (chlorofluorocarbons (CFC), hydrochlorofluorocarbons (HCFC), hydrofluorocarbons (HFCs), hydrofluoroolefins (HFO), hydrocarbons (HC), natural)
· secondary refrigerants (glycols)
· lubricants (mineral, synthetic)
· refrigerant vapour/liquid
· saturated refrigerant fluids.
What miscibility is and how oils behave in various volume flow and fluid velocity situations and its impact on oil return to the compressor.
Suction risers for oil return.
Different types of liquids and gases, how they flow and the effect of different pipe sizes on flow.
The effect of pressure drop on system performance and how it can change specific volumes of gases.
	Activities:

Resources:


	2

	K1.2 The safe recovery, recycling and disposal of equipment and hazardous waste transfer

	Classification of waste.
Methods of safe recovery, recycling and disposal of equipment.
The safe recovery of refrigerant (using the F-Gas regulations as a benchmark) from a system, for its re-use, its recovery for legal destruction and recovery for reclaiming and resale.
Disposal of recovered fluids:
· oil
· ammonia-contaminated water
· secondary refrigerants.

Safe electrical isolation, and removal and disposal of waste electrical equipment.
Current regulation and law applicable to waste disposal including the Environmental Protection Act 1990, F-Gas Regulation, and the Waste Electrical and Electronic Equipment (WEEE) regulations 2013.
Mandatory paperwork associated with any hazardous waste transfer and refrigerant recovery.
	Activities:
· Tutor presentation using PowerPoint K1.2 The Safe recovery, recycling and disposal of equipment and hazardous waste transfer
· Ask students for their initial thoughts on what hazardous waste is, what you do with it, and legal obligations.
· Worksheets 1-2


Resources:
· PowerPoint K1.2
· TL Refrigeration K1.2 Worksheet_1
· TL Refrigeration K1.2 Worksheet_2
· Whiteboard / digital board 
· Flipchart paper for group work 


	3





	K1.3 Key requirements of environmental legislation

	The key responsibilities and requirements of current environmental legislation and their relation to refrigeration systems:
· Climate Change Act 2008
· Control on Ozone-Depleting Substances
· F-Gas Regulations
· Environmental Protection Act 1990
· Hazardous Waste (England and Wales) Regulations 2005.
The emphasis on phasing out of environmentally damaging refrigerants.
Good practice of achieving zero leaks on refrigeration systems. 
Ensuring system pressure access is undertaken with minimal loss.
	Activities:
· Tutor presentation using K1.3 Key Requirements of Environmental Legislation
· Ask students for their initial thoughts on what legal requirements they have to the environment.


Resources:
· PowerPoint K1.3
· Whiteboard / digital board 
· Flipchart paper for group work 



	4

	K1.4 Processes of refrigeration cycles

	The laws of thermodynamics and their relationship to the refrigeration system and how heat is transferred to effect latent heat and sensible heat processes:
· temperature scales and their conversion (Celsius, Kelvin)
· laws of thermodynamics (first law, second law)
· heat transfer (conduction, convection, radiation)
· latent heat processes (melting, fusion, freezing, sublimation, condensation, evaporation, boiling)
· sensible heat processes (superheating, sub-cooling)
· evaporation
· compression
· condensation
· expansion.

The four main components of the refrigeration system and their role in the cycle.

How the processes of heat transfer are accomplished.

How latent heat and sensible heat processes are vital to the efficient operation of the cycle.

	Activities:

Resources:



	5

	K1.5 Performance parameters for running a refrigeration cycle

	Different refrigeration systems, including:
· cold storage (-20°C room temperature)
· blast freezing (-40°C, utilising individual quick freezing (IQF) blast freezers, spiral freezers, IQF tunnels)
· chilled storage (3°C including blast chilling)
· liquid chillers (utilising low -, medium - and high-temperature secondary refrigerants).
Performance parameters:
· suction and discharge pressures
· saturated suction / discharge temperatures
· superheat
· subcooling
· storage set-points
· running currents
· refrigerants (HFC, HC, HFO, natural).

Choice of refrigerants for different tasks (low -, medium - and high-temperature applications).
Optimising the system for the most efficient operation low condensing temperatures and high as possible evaporating temperatures for the application.
That optimised running conditions result in the least electrical consumption.
	Activities:
· Tutor presentation using PowerPoint K1.5 Performance Parameters for running a refrigeration system
· Worksheets 1-3

Resources:
· PowerPoint K1.5
· TL Refrigeration K1.5 Worksheet_1
· TL Refrigeration K1.5 Worksheet_2
· TL Refrigeration K1.5 Worksheet_3
· Whiteboard / digital board 
· Flipchart paper for group work 




	6

	K1.6 Refrigeration system components (compressors)

	The function of a compressor.
The operating principles of compressors:
· reciprocating
· screw
· rotary
· scroll
· centrifugal.
Their configurations (open, hermetic, semi-hermetic) and typical applications.




	Activities:
· Tutor presentation using PowerPoint K1.6a compressors


Resources:
· PowerPoint K1.6a compressors
· Examples of compressors
· Whiteboard / digital board 
· Flipchart paper for group work 



	7
	K1.6 Refrigeration system components (condensers)

	The function of a condenser.
The operating principle of condensers and their typical applications:
• air cooled
• water/liquid cooled
• evaporative.
	Activities:
· Tutor presentation using PowerPoint K1.6b condensers
· Students to identify the four main components of a refrigeration vapour compression system
· Tutor-led discussions

Resources:
· PowerPoint K1.6b condensers
· Whiteboard / digital board 
· Flipchart paper for group work 


	8
	K1.6 Refrigeration system components (evaporators)

	The function of an evaporator.
The operating principles of evaporators:
• forced draft
• induced draft
• natural convection
• liquid cooling
• direct expansion
• flooded.

	Activities:
· Tutor presentation using PowerPoint K1.6c evaporators
· Tutor-led discussions

Resources:
· PowerPoint K1.6c evaporators
· Whiteboard / digital board 
· Flipchart paper for group work 


	9
	K1.6 Refrigeration system components (metering devices)

	The function and operating principles of a metering device.
Linked to metering devices, know the difference between expansion devices and feeds to an evaporator:
· capillary tube restrictor
· thermostatic expansion valves (internally and externally equalised)
· linear/electronic expansion valves
· liquid level control.

The operating principles of a:
· capillary tube restrictor
· thermostatic expansion valve (internal and external equalisation)
· electronic expansion valve (pulse and linear)
· low-side float valve.

	Activities:
· Tutor presentation using PowerPoint K1.6d metering devices
· Tutor-led discussions

Resources:
· PowerPoint K1.6d metering devices
· Whiteboard / digital board 
· Flipchart paper for group work 


	10
	K1.6 Refrigeration system components (ancillary devices)

	The function and operating principles of a variety of ancillary devices including:
· sight glasses
· driers (suction and liquid line types),
· pressure relief valves
· strainers
· service valves
· oil separators.

	Activities:
· Tutor presentation using PowerPoint K1.6e ancillary devices
· Tutor-led discussions

Resources:
· PowerPoint K1.6e ancillary devices
· Whiteboard / digital board 
· Flipchart paper for group work 
· Tutor to show examples of:
· Sight glasses
· Driers (suction and liquid)
· Pressure relief valves
· Strainers
· Service valves
· Oil separators.


	11
	K1.6 Refrigeration system components (storage vessels)

	The function of system storage pressure vessel in industrial and commercial systems:
· liquid receiver
· suction accumulator
· surge drum.

	Activities:
· Tutor presentation using PowerPoint K1.6f storage vessels
· Tutor-led discussions

Resources:
· PowerPoint K1.6f storage vessels
· Whiteboard / digital board 
· Flipchart paper for group work 


	12
	K1.6 Refrigeration system components (control valves)

	The function and operating principles of control valves in industrial and commercial systems:
· four-way reversing
· solenoid
· evaporator
· crankcase
· differential pressure regulators
· non-return valves.

	Activities:
· Tutor presentation using PowerPoint K1.6g control valves
· Tutor-led discussions

Resources:
· PowerPoint K1.6g control valves
· Whiteboard / digital board 
· Flipchart paper for group work
· Tutor to show examples of:
· Four-way reversing valves
· Solenoid valves
· Evaporator pressure regulators
· Crankcase pressure regulators
· Non-return valves.



	13
	K1.6 Refrigeration system components (fans and motors)

	The function and operating principles of fans along with the range of electric motors used to drive them:
· axial
· propeller
· centrifugal.

	Activities:
· Tutor presentation using PowerPoint K1.6h fans and motors
· Tutor-led discussions

Resources:
· PowerPoint K1.6h fans and motors
· Whiteboard / digital board 
· Flipchart paper for group work
· Tutor to show examples of electric motors used to drive fans:
· Axial
· Propeller
· Centrifugal


	14






	K1.7 Types of components for refrigeration systems
	The different types of components and their suitability in different situations to meet differing client needs:
· direct expansion
· flooded
· pump overfeed
· cascade
· compound
· booster
· trans-critical
· blast freezing
· cold storage
· chill storage.

Flooded evaporators and the need for a surge drum and associated level control system.
Pumped overfeed systems, the importance of recirculation ratio and where such systems are used.
Cascade systems, their operating principles, where they are used and common refrigerant combinations.
Compound systems, the operating principles, and comparisons with single stage and economised operation particularly in terms of efficiency. CO2 systems in trans-critical operation, where used, pressure range, triple point, and environmental factors.
Blast freezing, typical design, expected evaporating temperatures and air velocity, commercial and industrial systems.

Cold storage systems, system types, cold store temperature range (product and regulation dependent), and expected heat loads.
Chill storage, the issues of product degradation due to improper conditions (temperature and or air flow), temperature range dependent on product.

	Activities:
· Tutor presentation using PowerPoint K1.7 Types of components for refrigeration systems
· Tutor-led discussions

Resources:
· PowerPoint K1.7 Types of components for refrigeration systems
· Whiteboard / digital board 
· Flipchart paper for group work


	15


	K1.8 The operating principles for defrost systems
	The different types of defrost systems used in the refrigeration industry and their control systems:
· off-cycle
· electric
· hot gas
· saturated gas.

The operating principles for defrost systems, including:
· initiation
· termination
· defrost sequence.
Why defrost, the reasons ice accumulates on evaporator surfaces and the impact of ice on evaporator performance.
Off-cycle defrost, use of low-pressure switch, thermostat, air flow pressure differential sensing and where used.
Electric defrost, methods of initiation and termination, sequence of operation and determination of frequency.
Hot gas defrost, uses sensible heat from discharge only, small systems including domestic refrigeration.
Saturated (latent heat) defrost, system design, including reverse cycle, use in industrial and commercial systems.





	Activities:
· Tutor presentation using PowerPoint K1.8 The operating principals for defrost systems
· Worksheets 1-3 


Resources:
· PowerPoint K1.8
· TL Refrigeration K1.8 Worksheet_1
· TL Refrigeration K1.8 Worksheet_2
· TL Refrigeration K1.8 Worksheet_3
· Various types of hot gas defrost valves
· Example of a low pressure switch
· Whiteboard / digital board 
· Flipchart paper for group work 


	16

	K1.9 Methods to apply ideal gas laws
	Methods to apply the gas laws for common refrigeration operations and when adaptations to a refrigeration system are needed:
· Boyle’s law
· Charles’ law
· Gay-Lussac’s law
· Dalton’s law
· combined gas law.

How the combined gas law is derived.

Units of pressure:
· Pascal
· bar
· millimetres of Hg
· torr.

Pressure scales:
· absolute
· gauge
· vacuum.
	Activities:

Resources:


	17




	K1.10 How to show a refrigeration cycle on pressure enthalpy charts 

	The pressure enthalpy chart, overview of the chart as a theoretical tool, its layout in terms of zones, identifying pressure, enthalpy temperature, specific volume, entropy and quality lines.
Refrigeration cycle:
· evaporation
· compression
· condensation
· expansion processes
· refrigeration effect
· compressor work done
· total heat rejection
· dryness fraction
· subcooling
· useful and non-useful superheat.

Gauge and absolute pressure conversion.
Plot a refrigeration cycle on a pressure-enthalpy chart given system operating values and identify the key thermodynamic processes.
These include work done by the compressor, evaporator and condenser.
From the system plot calculate a range of variables which must include enthalpy, work done by the compressor, evaporator and condenser, identification of useful superheat and quality of the refrigerant at the metering device outlet.
	Activities:

Resources:


	18

	K1.11 Interpret refrigeration data from pressure enthalpy charts

	How to perform calculations using refrigeration data on pressure enthalpy charts to determine cooling capacity, refrigerant flow rate, total heat rejection and compressor swept volume.

Data:
· work done
· refrigeration effect
· total heat rejected
· coefficient of performance
· mass flow rate
· pressure ratio
· compressor power input
· specific volume at suction
· cooling capacity
· heating capacity (total rate of heat rejection).

From the system plot calculate a range of variables, which must include:
· enthalpy
· specific volume at the suction inlet,
· discharge temperature,
· work done by the compressor, evaporator and condenser.
Calculate coefficient of performance, identify useful superheat, quality of the refrigerant at the metering device outlet and compression (pressure) ratio.
Additional calculations include system refrigeration capacity given a duty, refrigerant mass flow rate and compressor swept volume.
	Activities:
· Tutor presentation using PowerPoint K1.11 Interpret refrigeration data from pressure enthalpy charts
· Worksheet 1 and 2


Resources:
· PowerPoint K1.11
· TL Refrigeration K1.11 Worksheet_1
· TL Refrigeration K1.11 Worksheet_2
· Provide refrigerant tables from manufacturers
· Whiteboard / digital board 
· Flipchart paper for group work 



	19

	K1.12 The properties of air and how they are changed by vapour compression systems.
	How a vapour compression system will alter the air temperature and moisture content and the effect this has on the storage of produce:
· split system for a single room cooling application
· fruit and vegetable chill store system
· freezer cold room system.
	Activities:

Resources:



	20

	K1.13 Ideal properties of refrigerant fluids and lubricants
	The ideal properties of a range of primary refrigerants and lubricants and their uses for a range of refrigeration applications.

Primary refrigerants:
· HFC
· HFO
· HC
· natural refrigerants.

Properties:
· has an odour
· non-flammable
· non-toxic
· miscible with oil
· high latent heat value
· easily leak detectable
· efficient pressure ratio
· non-ozone depleting
· non-global warming potential
· high dielectric strength
· high density.

The ideal properties of a range of secondary refrigerants and lubricants and their uses for a range of refrigeration applications.

Secondary refrigerants:
· water
· propylene glycol
· ethylene glycol
· brines.

Properties:
· low viscosity
· non-toxic
· non-flammable
· high specific heat value
· low cost
· non-corrosive
· low freezing point.

The ideal properties of lubricants:
· low floc point
· low pour point
· low viscosity
· high dielectric strength
· low foaming tendency
· high flashpoint
· low hygroscopic effect
· low acidity
· low moisture content
· low toxicity
· high miscibility with refrigerant.

The use of only sensible heat and the limitations of such refrigerants and the implications for their use in refrigeration systems.

The differences between pure fluid, azeotropic and zeotropic refrigerants.

The hazard groups for toxicity and flammability:
· A
· B
· 1
· 2L
· 2
· 3

The environmental considerations:
· ozone depletion
· global warming/climate change.

	Activities:

Resources:

	21

	K1.14 Types of monitoring systems
	The different types of monitoring equipment and how they can be used to reduce the environmental impact of a refrigeration system:
· local
· remote
· building management system (BMS)
· pack control systems.

The types of data produced by systems and how the data is produced and extracted.
The different types of connectivity available.
	Activities:

Resources:



	22

	K1.15 Environmental impact of refrigerants
	The environmental impact that different refrigerants have on:
· F-gas regulations
· phasedown of refrigerants
· climate change
· ozone depletion potential (ODP)
· global warming potential (GWP).
	Activities:

Resources:

	23

	K1.16 New developments in refrigeration

	New developments in the refrigeration industry to reduce the environmental impact of refrigerant gases including using brazed joints and compulsory leak detection:
· low GWP refrigerants (HFO, HC, Natural)
· safety classifications.

New refrigerants and their toxicity, fire risks and reduced environmental impact.

	Activities:

Resources:


	24

	K1.17 Maximise efficient refrigeration system performance
	Methods to maximise the efficiency of a refrigeration system through the selection of refrigerants and components, including inverters and PID controllers.
How to set them up correctly to mitigate direct and indirect carbon emissions.

	Activities:

Resources:



	25

	K1.18 Fundamental working principles of electrical controls and components and motor starting arrangements
	The function and operation of the stated electrical controls and components and motor starting systems and their applications.

Electrical controls:
· pressure switches
· thermostats
· flow switches
· over current/over temperature (bimetal, positive temperature coefficient (PTC), negative temperature coefficient (NTC))
· relays (current, potential, solid state).

Electrical components:
· single phase motors
· coils
· transformers
· heaters
· lights.

Motor starting arrangements:
· resistance start induction run (RSIR)
· capacitor start induction run (CSIR)
· capacitor start and run (CSR).

	Activities:

Resources:



	26

	K1.19 Methods for checking refrigeration system leakages
	The methods used to check refrigeration systems for leakages in accordance with the current F- Gas Regulations and BS EN 378 for refrigerating systems and heat pumps - safety and environmental requirements:
· strength and tightness testing
· use of inert gases
· electronic leak detection
· leak test fluids 
· UV dye.
 


	Activities:

Resources:



	27

	K1.20 Types of substrates
.


	Health and safety implications of drilling into an unknown wall.
The tools and equipment (power drills, types of drill bit) required for fixing a range of system components to a range of wall, floor and ceiling substrates:
· insulated panels
· brickwork
· plasterboard
· concrete.

The implications for refrigeration system installation.

	Activities:

Resources:


	28
	K1.21 Types of protective materials
	The different types of thermal insulation material used to protect against heat gain/loss.
Their properties and how to ensure the material operates effectively.
	Activities:

Resources:


	29
	K1.22 Types of pipework
	Different types of pipework and their suitability for different purposes:
· copper
· steel
· aluminium.

How pipe characteristics affect refrigerant and oil flow.
	Activities:

Resources:


	30
	K1.23 Fix and terminate cabling
	The different types of electrical cable used in the refrigeration industry:
· multi-core flex
· steel wire armoured
· single conductor
· twin and earth
· braided sheath cable
· screened.

The methods used to fix and terminate cabling safely:
· insulated crimps
· non-insulated crimps.
	Activities:

Resources:


	31
	K1.24 System operation requirements
	The checks required for commissioning, including after a long period of non-use.
The range of tests and measurements needed to ensure a refrigeration system is operating at maximum efficiency:
· visual checks
· strength test
· tightness test
· evacuation
· charging
· system running
· measure (superheating, sub-cooling, evaporator air on and off temperature, running currents, refrigerant type and quantity, condenser air on and off)
· coil approach temperatures.

	Activities:

Resources:


	32
	K1.25 Inspection of a refrigeration system
	How to carry out an inspection using the human senses (sight, sound, smell, touch) to determine if fault conditions are present.
	Activities:

Resources:


	33
	K1.26 Expectations of a steady-state operation for refrigeration system
	Expectations of a refrigeration system when it is running at the correct steady-state conditions, including after a long period of non-use.

The checks required to confirm expectations including:
· suction and discharge pressures
· saturated suction/discharge temperatures
· superheating
· sub-cooling
· storage set-points
· running currents
· refrigerant charge.

	Activities:

Resources:


	34
	K1.27 Types of fault finding techniques
	Types of fault-finding techniques and diagnostic equipment, and how these are applied to determine a range of mechanical and electrical faults on a refrigeration system.
The suitability of different fault-finding techniques for different situations, and how they are applied in practice:
· use of human senses (sight, sound, smell, touch)
· customer reports
· historical records
· manifold gauges
· electrical test meters
· safe electrical isolation.

	Activities:

Resources:


	35
	K1.28 Cleaning of components
	The components that require cleaning and how to clean without compromising the system:
· coils
· drain pans
· drain lines.

The tools, equipment and materials used to clean components -pressure washers and cleaning fluids.
	Activities:

Resources:


	36
	K1.29 Disassembly techniques
	Considerations to safely disassemble a refrigeration system and its components prior to repair or replacement of individual components.

Considerations to include:
· use of tools
· techniques (unbrazing, brazing)
· safe electrical isolation
· refrigerant recovery.

Reference documents to include:
· manufacturer’s instructions
· method statements
· risk assessments

	Activities:
· Tutor presentation using PowerPoint K1.29 Disassembly techniques
· Students to develop a mini methos statement.
· Knowledge check
· Tutor demo of nitrogen flow
· Lockout tags
· Roles for workshop housekeeping


Resources:
· PowerPoint K1.29 
· Tutor to provide examples of: 
· tools needed for disassembly
· risk assessments
· lockout tags
· flowmeters


	37
	K1.30 Methods to extract refrigerant
	Methods to safely remove refrigerant from a system in accordance with the F-Gas Regulation and all current environmental legislation, Hazardous Waste Regulations:
· recover
· reclamation and recycling methods
· safe electrical isolation.

The purpose of Waste Transfer Notes, and methods to safely handle and manage refrigerant once extracted.

	Activities:

Resources:
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